

[image: Hyperoside Protects Human Umbilical Vein Endothelial Cells Against Anticardiolipin Antibody-Induced Injury by Activating Autophagy]
Hyperoside Protects Human Umbilical Vein Endothelial Cells Against Anticardiolipin Antibody-Induced Injury by Activating Autophagy





ORIGINAL RESEARCH

published: 21 May 2020

doi: 10.3389/fphar.2020.00762

[image: image2]


Hyperoside Protects Human Umbilical Vein Endothelial Cells Against Anticardiolipin Antibody-Induced Injury by Activating Autophagy


Aiwu Wei 1*†, Huidongzi Xiao 1†, Guangli Xu 1, Xile Yu 1, Jingjing Guo 1, Zhuqing Jing 1, Shaoqi Shi 1 and Yanli Song 2*


1 Department of Reproductive Medicine, The First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou, China, 2 Department of Reproductive Medicine, Henan Province Hospital of Traditional Chinese Medicine, Zhengzhou, China




Edited by: 
Syed Nasir Abbas Bukhari, Al Jouf University, Saudi Arabia

Reviewed by: 
Azizah Ugusman, National University of Malaysia, Malaysia

Luo Yun, Chinese Academy of Medical Sciences, China

*Correspondence: 
Aiwu Wei
 waw201912@163.com
 Yanli Song
 sylhnzy@163.com


†These authors have contributed equally to this work


Specialty section: 
 This article was submitted to Experimental Pharmacology and Drug Discovery, a section of the journal Frontiers in Pharmacology








Received: 24 February 2020

Accepted: 07 May 2020

Published: 21 May 2020

Citation:
Wei A, Xiao H, Xu G, Yu X, Guo J, Jing Z, Shi S and Song Y (2020) Hyperoside Protects Human Umbilical Vein Endothelial Cells Against Anticardiolipin Antibody-Induced Injury by Activating Autophagy. Front. Pharmacol. 11:762. doi: 10.3389/fphar.2020.00762



Anticardiolipin antibody (aCL), an important characterization of antiphospholipid syndrome, shows an intense association with vascular endothelial injury. Hyperoside is a flavonoid extracted from medicinal plants traditionally used in Chinese medicines, displaying anti-inflammatory, anti-cancer, and anti-oxidative properties in various diseases. Recent studies have shifted the focus on the protective effects of hyperoside on vascular endothelial injury. However, little is known about the mechanisms involved. In the present study, we investigated the effect of hyperoside on aCL-induced injury of human umbilical vein endothelial cells (HUVECs) in vitro. Our data illustrated that aCL induced HUVEC injury via inhibiting autophagy. Hyperoside reduced aCL-induced secretion of proinflammatory cytokines IL-1β and IL-8 and endothelial adhesion cytokines TF, ICAM1, and VCAM1 in HUVECs. Additionally, hyperoside activated autophagy and suppressed the mTOR/S6K and TLR4/Myd88/NF-κB signaling transduction pathways in aCL-induced HUVECs. To the best of our knowledge, this is the first study to investigate the effect of hyperoside on aCL-induced injury, as well as offer insights into the involved mechanisms, which is of great significance for the treatment of antiphospholipid syndrome.
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Introduction

Antiphospholipid syndrome (APS) is a rare systemic autoimmune disorder clinically characterized by recurrent thrombosis or pregnancy morbidity in combination with the persistent presence of circulating antiphospholipid antibody (aPL), including anticardiolipin antibody (aCL), anti-β2-glycoprotein I (anti-β2GPI), and lupus anticoagulant (LA) (Woo et al., 2010; Gomez-Puerta and Cervera, 2014; Linnemann, 2018). Various mechanisms have been speculated to contribute to the disease progression regarding to inflammation (Becarevic, 2016), adhesion receptors (Lopez-Pedrera et al., 2017), oxidative stress (Benhamou et al., 2015), and neutrophil extracellular traps (Meng et al., 2017) in APS patients. Usually, APS patients have a greater predisposition to cardiovascular disorders, involving coronary artery disease, myocardial infarction, and stroke (Kolitz et al., 2019). Previous studies have confirmed that aPL isolated from APS patients accelerate thrombosis progression in animal models (Manukyan et al., 2016; Papalardo et al., 2017; Sacharidou et al., 2018), but the involved mechanisms are not yet clearly understood.

Vascular endothelial cells play a pivotal role in maintaining normal physiological functions of the cardiovascular system, which secrete a series of vasoactive substances through autocrine, endocrine, or paracrine pathways to regulate blood flow, vascular wall tension, angiogenesis, and inflammation (Li and Shah, 2004; Feigerlova and Battaglia-Hsu, 2017; Montezano et al., 2017). Due to their barrier functions, vascular endothelial cells are more vulnerable to injury induced by physical or chemical risk factors (Awad et al., 2013). Vascular endothelial cell injury occurs in many clinical events, including angiogenesis, atherosclerosis, thrombosis, hypertension, and heart failure (Cheng et al., 2016; Yang et al., 2018; Yang et al., 2019; Yao et al., 2019; Yi and Gao, 2019). Confirmed evidence has validated that vascular endothelial cell injury induced by aPL plays a cardinal role in APS pathogenesis (Corban et al., 2017). Notably, aCL, an important composition of aPL, is closely associated with numerous thromboembolic phenomena (Cappell, 1994), including esophageal necrosis and perforation. The accumulation of aCL may be a vital threat for endothelial cell injury (Westerman et al., 1992). However, until now, the involving mechanisms are still elusive. Therefore, exploration of underlying mechanisms involved in endothelial injury induced aCL, are urgently needed for the treatment of APS.

Autophagy is an evolutionarily conserved process for eliminating nonessential or dysfunctional organelles in living cells (Rajawat and Bossis, 2008; Dokladny et al., 2015). It is well known that autophagic dysfunction companied by the changes in light chain 3 I/II (LC3 I/II), Beclin 1, and p62 is associated with the pathogenesis of many diseases (Li et al., 2018; Uddin et al., 2019). LC3-II, a lipidated form of LC3, has been indicated as an autophagosomal marker in mammals, and has been applied to study autophagy in multiple inflammatory conditions (Tanida et al., 2004). Beclin 1, a key component of the autophagosome nucleation complex, promotes LC3 conversion and the formation of LC3 puncta (Wu et al., 2018). p62, a classical receptor of autophagy, is a multifunctional protein involved in the autophagosomal degradation (Liu W. J. et al., 2016). When autophagy is disrupted, it usually happens that the expressions of LC3 II and Beclin 1 are decreased but p62 is increased. Some lines of evidence have demonstrated that the autophagic dysfunction in vascular endothelial cells causes endothelial dysfunction and vascular homeostasis disruption, further resulting in the pathogenesis of cardiovascular diseases (Nixon, 2013; Guo et al., 2016; Xu et al., 2018). Additionally, mammalian target of rapamycin (mTOR), a master regulator of cellular metabolism, is a crucial molecule in regulating autophagy (Kim and Guan, 2015). However, there have been no available studies on the effect of autophagy or mTOR on aCL-induced injury, as far as we know.

Hyperoside is a flavonoid glycoside compound mainly found in medicinal herbs, which is a promising agent for disease prevention (Liu Y. H. et al., 2016; Xie et al., 2016; Chen et al., 2018). Previous studies have shown that hyperoside displays anti-oxidative, anti-cancer, and anti-inflammatory properties in many molecular events (Yang et al., 2016; Kong et al., 2020). Importantly, hyperoside has been demonstrated to protect human umbilical vein endothelial cells (HUVECs) against hydrogen peroxide-induced injury (Li et al., 2012). Besides, hyperoside has been verified to mediate autophagy in some cancer cell lines (Fu et al., 2016; Zhu et al., 2017). Thus, it is possible that hyperoside prevents endothelial cells against injury by mediating autophagy.

In this study, we sought to investigate whether hyperoside could protect HUVECs from aCL-induced injury and identify the possible mechanism involved. Our data demonstrated the involvement of hyperoside-induced autophagy in aCL-induced injury of HUVECs and suggested that hyperoside might act as a potential pharmacological strategy for aCL-induced endothelial injury in APS patients.



Materials and Methods


Clinical Specimens

All studies were approved by the ethics committee of First Affiliated Hospital of Henan University of Chinese Medicine. Sixteen patients diagnosed as aCL-positive (aCL > 140 GPL) fulfilled the informed consents before sample collection in accordance with the declaration of Helsinki. Blood was collected by phlebotomist venipuncture, and serum was collected by standard methods and stored at –80°C until ready for use. All the sera was pooled together before aCL-IgG extraction was carried out. aCL-IgG fractions were extracted following the following steps: Serum was slowly added with saturated ammonium sulfate to a final mass fraction of 33%, and placed at 4°C overnight for protein precipitation. The supernatant was collected, added with saturated ammonium sulfate to a final mass fraction of 50%, and placed at 4°C overnight. Then the supernatant was discarded and the precipitate was retained, dissolved in PBS, and dialyzed for 2 days. The removal of ammonium sulfate was confirmed by addition of 1% BaCl2. The proteins were then concentrated with polyethylene glycol solution for further experiments.



HUVEC Culture and Treatment

Human umbilical vein endothelial cells (Zhong Qiao Xin Zhou Biotechnology, Shanghai, China) were used throughout this study and maintained in endothelial cell culture medium (Zhong Qiao Xin Zhou) supplemented with 10% fetal bovine serum (Sigma-Aldrich, St Louis, MO, USA) in a humidified atmosphere with the presence of 5% CO2. Hyperoside (HPLC grade) was purchased from Chengdu Purechem-Standard Co., Ltd., China. Rapamycin and 3-MA were purchased from MedChemExpress, NJ, USA (Purity of all ≥ 98%). Rapamycin is a specific inhibitor of mTOR (Li et al., 2014) and 3-MA is a widely used autophagy inhibitor (Wu et al., 2013).

For the HUVEC injury assay, HUVECs were treated with aCL-IgG in an adjusted dose and duration as previously described (Simantov et al., 1995). In this study, HUVECs were treated with aCL (200 μg/ml) for 30 min, 1 h, 2 h, and 4 h. To evaluate the effect of hyperoside on aCL-induced injury of HUVECs, cells were pre-treated with hyperoside (10, 20, 50 μM) for 24 h and then treated with aCL (200 μg/ml) for 4 h. 3-MA (10 mM) was added at the same time as hyperoside, while rapamycin (100 nM) was added at the same time as aCL.



Cell Transfection

HUVECs in the logarithmic growth phase were transfected with 2.5 µg LC3B-red fluorescent protein (RFP)-green fluorescent protein (GFP) plasmids using lipofectamine 2000 (Invitrogen, California, USA) according to the manufacturer's instructions. At 48 h after transfection, the cells were photographed with a fluorescence microscope (BX53, Olympus, Tokyo, Japan).



Immunofluorescence

Cells were seeded on glass slides, fixed with 4% paraformaldehyde (Sinopharm Chemical Reagent, Beijing, China) for 15 min, and permeabilized with 0.1% TritonX‐100 (Beyotime, Shanghai, China) for 30 min. Then cells were blocked with goat serum (Solarbio, Beijing, China) for 15 min, followed by incubation with anti‐NF‐κB p65 (Proteintech Group, IL, USA) at 1:200 dilution in PBS at 4°C overnight. After three times washed with PBS, cells were incubated with Cy3-labeled fluorescent secondary antibody (Beyotime) at 1:200 dilution in PBS and DAPI (Aladdin Regents, Shanghai, China) was used to stain the nucleus. A fluorescence microscope (BX53, Olympus) was then applied to capture images at 400× magnifications.



Western Blot

For western blot analysis, cells were lysed in RIPA buffer (Beyotime) containing 1 mM PMSF (Beyotime). The supernatants were collected and protein concentration was detected by the BCA protein assay kit (Beyotime). Proteins were loaded and separated on an 8–15% gradient SDS-PAGE gel and transferred to PVDF membranes (Millipore, MA, USA). After blocking nonspecific binding sites with non-fat milk for 1 h, the membranes were incubated with antibodies against mTOR (Proteintech, 1:500), phospho-mTORSer2448 (p-mTORSer2448, ABclonal Biotechnology, Wuhan, China, 1:1,000), p70 S6 Kinase (S6K, ABclonal, 1:3,000), phospho-S6KThr389 (p-S6KThr389, ABclonal, 1:1,000), p62 (ABclonal, 1:2,000), Beclin 1 (Proteintech, 1:400), tissue factor (TF, ABclonal, 1:1,000), intercellular cell adhesion molecule-1 (ICAM1, ABclonal, 1:1,000), vascular cell adhesion molecule-1 (VCAM1, ABclonal, 1:2,000), toll like receptor-4 (TLR4, Proteintech, 1:1,000), myeloid differential protein-88 (MyD88, Proteintech, 1:2,000), nuclear factor kappa-B p65 (NF-κB-p65, 1:1,000), phospho-p65Ser276 (p-p65Ser276, ABclonal, 1:1,000), phospho-p65Ser536 (p-p65Ser536, ABclonal, 1:1,000), or β-actin (Santa Cruz, CA, USA, 1:1000). Membranes were then incubated with horseradish peroxidase-labeled secondary antibody at 1:5,000 dilution for 1 h at room temperature. The bands were detected with an imaging system (WD-9413B, Liuyi Biotechnology, Beijing, China). ImageJ software (version 1.51a) was used to analyze band density. The experiment was performed in triplicate.



Quantitative Real-Time Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted from HUVECs using TRIpure (BioTeke Corporation, Beijing, China) reagent. cDNA was synthesized with Super M-MLV Reverse transcriptase (BioTeke). Real-time PCR was performed using Power SYBR Green PCR Master Mix (BioTeke) on ExicyclerTM96 fluorometer (Bioneer Corporation, Daejeon, Korea). mRNA levels were calculated using the 2−ΔΔCT method and normalized to the value of β-actin. The primer sequences were presented in Table 1. The experiment was performed in triplicate.


Table 1 | Primer sequences for qRT-PCR.





Enzyme-Linked Immunosorbent Assay (ELISA)

Concentrations of E-selectin, interleukin-1β (IL-1β) and interleukin-8 (IL-8) in the culture medium were determined using corresponding ELISA kits (USCN Life Science, Wuhan, China) according to the manufactures' protocols. Briefly, samples or standards were added to triplicate microplate wells precoated with corresponding monoclonal antibodies, and incubated for 1 h. The plates were washed three times and incubated with the enzyme-linked polyclonal antibodies for 2 h. Then the wells were washed five times to remove the unbound antibodies, and added with substrate solution. After incubation for 20 min, the enzyme reaction was stopped with stop solution. Optical density values were determined by a microplate reader (ELX-800, BioTek Instruments, VT, USA) and concentrations were calculated according to the standard curve. The experiment was performed in triplicate.



Data Analysis

Statistical analysis was conducted using GraphPad Prism 8.0.2 Software (Version X, CA, USA). Data were analyzed by one-way analysis of variance (ANOVA) followed by Turkey's post hoc tests and presented as mean ± SD. Values of P < 0.05 were considered as statistically significant.




Results


Autophagy Was Inhibited in aCL-Induced Injury of HUVECs

First of all, to evaluate the injury effect of aCL on HUVECs, cells were treated with 200 μg/ml aCL for 0, 30 min, 1 h, 2 h, and 4 h, respectively. The results of ELISA showed that the level of E-selectin was significantly elevated after aCL treatment for 4 h in HUVECs (Figure 1A). Moreover, real-time PCR results showed that the mRNA levels of IL-1β, IL-8, TF, VCAM-1, and ICAM-1 were significantly elevated after aCL treatment (Figure 1B), implying that HUVECs were markedly injured by aCL.




Figure 1 | HUVECs were injured by aCL treatment and autophagy was inhibited. HUVECs were treated with aCL (200 μg/ml) for 0, 30 min, 1 h, 2h, and 4 h, respectively. (A) ELISA analysis of E-selectin. (B) Real-time PCR analysis of IL-1β, IL-8, TF, ICAM1, and VCAM1. (C) Fluorescence results in cells transfected with LC3B-RFP-GFP plasmid. (D) Western blot analysis of LC3, p62, and Beclin 1 and corresponding gray values of protein bands. (E) Western blot analysis of mTOR, p-mTORSer2448, S6K, and p-S6KThr389 and corresponding gray values of protein bands. Data were presented as mean ± SD, n = 3. #P < 0.05, ##P < 0.01, ###P < 0.001, ####P < 0.0001 vs. Ctrl. Ctrl represented Control.



Next, in order to verify whether autophagy is involved in aCL-induced cell injury, HUVECs were transfected with LC3B- RFP-GFP plasmids and then treated with aCL. The results indicated that in control cells, both red LC3-RFP and green LC3-GFP signals were mostly diffused, leading to yellow staining that is indicative of autophagosomes. In comparison, numerous LC3-RFP and LC3-GFP puncta disappeared following aCL treatment (Figure 1C). The results showed that aCL treatment significantly decreased the expressions of LC3 II/I and Beclin 1 and increased p62 (Figure 1D), indicating that autophagy was markedly suppressed by aCL treatment.

Besides, we detected the expressions of signal molecules in mTOR/S6K pathway. The results showed that the protein expressions of p-mTORSer2448 and p-S6KThr389 were significantly increased following aCL treatment (Figure 1E), suggesting that the mTOR/S6K pathway was activated by aCL in HUVECs.



Hyperoside Attenuated aCL-Induced Inflammatory Response in HUVECs

To investigate the effect of hyperoside on aCL-induced injury, aCL-treated HUVECs were administrated with different concentrations of hyperoside. ELISA, real-time PCR, and western blot were performed to detect the expression of inflammatory response-related molecules. It turned out that hyperoside significantly decreased the expression levels of E-selectin, IL-1β, IL-8, TF, VCAM-1, and ICAM-1 in a dose-dependent manner, indicating that hyperoside effectively attenuated aCL-induced inflammatory response in HUVECs (Figure 2).




Figure 2 | Hyperoside reduced the secretion of proinflammatory cytokines and endothelial adhesion cytokines in aCL-treated HUVECs. HUVECs were treated with 10, 20, or 50 μM of hyperoside for 24 h followed by aCL (200 μg/ml) induction for 4 h. (A) ELISA analysis of E-selectin. (B) Real-time PCR analysis of IL-1β, IL-8, TF, ICAM1, and VCAM1. (C) ELISA analysis of IL-1β and IL-8. (D) Western blot analysis of TF, ICAM1, and VCAM1 and corresponding gray values of protein bands. Data were presented as mean ± SD, n = 3. ###P < 0.0001, ####P < 0.0001 vs. Ctrl; *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 vs. aCL. Ctrl represented Control, Hyp represented hyperoside, L represented low dose (10 μM), M represented medium dose (20 μM), H represented high dose (40 μM).





Hyperoside Attenuated aCL-Induced Autophagy Inhibition in HUVECs

Next, we explored the effect of hyperoside on autophagy in aCL-treated HUVECs. The fluorescence results showed that hyperoside promoted the formation of autophagosomes (Figure 3A). The results of western blot showed that hyperoside significantly up-regulated the expressions of LC3 II/I, Beclin1 and down-regulated the expressions of p62 in aCL-treated HUVECs, indicating that hyperoside activated autophagy in aCL-treated HUVECs (Figure 3B). Besides, hyperoside treatment down-regulated the secretion of p-mTORSer2448 and p-S6KThr389, illustrating that hyperoside inhibited the activation of mTOR/S6K signaling (Figure 3C).




Figure 3 | Hyperoside activated autophagy in aCL-induced HUVECs. HUVECs were transfected with LC3B-RFP-GFP plasmid, treated with 10, 20, or 50 μM of hyperoside for 24 h and then induced with aCL (200 μg/ml) for 4 h. (A) Fluorescence results. (B) Western blot analysis of LC3, p62, and Beclin 1 and corresponding gray values of protein bands. (C) Western blot analysis of mTOR, p-mTORSer2448, S6K, and p-S6KThr389 and corresponding gray values of protein bands. Data were presented as mean ± SD, n = 3. #P < 0.05, ###P < 0.001, ####P < 0.0001 vs. Ctrl; *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 vs. aCL. Ctrl represented Control, Hyp represented hyperoside, L represented low dose (10 μM), M represented medium dose (20 μM), H represented high dose (40 μM).





Hyperoside Inhibited TLR4/MyD88/NF-κB Signaling in aCL-Induced HUVECs

To uncover the potential pathways by which aCL-induced mTOR activation and autophagy suppression in HUVECs, we focused on toll-like receptor-4 (TLR4), which activates inflammatory response by inducing secretion of proinflammatory cytokines (Wu et al., 2020). Notably, treatment with aCL significantly increased the protein levels of TLR4, MyD88, and p-p65Ser536 (Figure 4A), which were dose-dependently decreased by hyperoside. Moreover, aCL obviously induced the translocation of NF-κB p65 into the nucleus in HUVECs, while hyperoside blocked the effect remarkably (Figure 4B).




Figure 4 | Hyperoside inhibited TLR4/MyD88/NF-κB signaling in aCL-induced HUVECs. HUVECs were treated with 10, 20, or 50 μM of hyperoside for 24 h and then induced with aCL (200 μg/ml) for 4 h. (A) Western blot analysis of TLR4, MyD88, p65, and p-p65Ser536 and corresponding gray values of protein band. (B) NF-κB nuclear translocation detected by immunofluorescence. Data were presented as mean ± SD, n = 3. ###P < 0.001, ####P < 0.0001 vs. Ctrl; *P < 0.05, ***P < 0.001, ****P < 0.0001 vs. aCL. Ctrl represented Control, Hyp represented hyperoside, L represented low dose (10 μM), M represented medium dose (20 μM), H represented high dose (40 μM).





Hyperoside Inhibited aCL-Induced Inflammatory Response in HUVECs by Activating Autophagy

Furthermore, to verify whether autophagy contributes to the protection of hyperoside against aCL-induced injury, we treated aCL-induced HUVECs with rapamycin or 3-MA. It turned out that both rapamycin and hyperoside significantly attenuated aCL-induced autophagosome degradation, which was abolished by 3-MA (Figures 5A, B). We further detected the protein expression of p-p65 and mapped p65 translocation, and found that rapamycin and hyperoside obviously inhibited p65 nuclear translocation and its phosphorylation in aCL-treated HUVECs, while 3-MA reversed the effect (Figures 5C, D) partially. In addition, we detected the expressions of inflammatory cytokines IL-1β and IL-6 and endothelial adhesion molecules TF, VCAM-1, and ICAM-1 (Figures 5E, F). Consistently, both rapamycin and hyperoside showed therapeutic effect on aCL-induced injury of HUVECs and 3-MA reversed the inhibitory effect of hyperoside on inflammation. Collectively, the above results indicated that hyperoside attenuated aCL-induced injury of HUVECs by activating autophagy.




Figure 5 | Hyperoside inhibited aCL-induced inflammatory response by activating autophagy in HUVECs. HUVECs were transfected with LC3B-RFP-GFP plasmid, treated with 10 mM of 3-MA, 50 μM of hyperoside for 24 h and then induced with aCL (200 μg/l) or 100 nM of rapamycin. (A) Fluorescence results. (B) Western blot analysis of LC3 and corresponding gray values of protein band (C) NF-κB nuclear translocation detected by immunofluorescence. (D) Western blot analysis of p65, p-p65Ser276, and p-p65Ser536 and corresponding gray values of protein band. (E) ELISA analysis of IL-1β and IL-8. (F) Western blot analysis of TF, ICAM1, and VCAM1 and corresponding gray values of protein band. Data were presented as mean ± SD, n = 3. ###P < 0.001, ####P < 0.0001 vs. Ctrl; *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 vs. aCL; &P < 0.05, &&P < 0.01, &&&P < 0.001 vs. aCL-Hyp. Ctrl represented Control, Hyp represented hyperoside, Rap represented Rapamycin.






Discussion

Antiphospholipid antibodies (aCL) are considered to be the cause of APS by activating endothelial cells and inducing oxidant-mediated injury (Yadalam et al., 2016). Previous studies have shown that aCL could be stimulated in an inflammatory context, leading to activation of vascular endothelial cells, monocytes, and platelets and thus thrombotic events in APS patients (Tsuchimoto et al., 2019). Thus, aCL may act as a possible cause of vascular endothelial cell injury in thrombotic events, especially in APS patients with positive aCL. However, to the best of our knowledge, little is known about the pathogenesis as well as therapeutic strategies in aCL-induced endothelial cell injury. Therefore, it is of great significance to investigate the underlying mechanisms and develop new therapeutic strategies for antiphospholipid syndrome.

Hyperoside, a major active ingredient in various Chinese traditional medicinal plants, is widely used in certain diseases due to its antioxidative and anti-inflammatory effects. Hyperoside has been proved to exert protective effects against H2O2-induced apoptosis in HUVECs (Hao et al., 2016), implying that hyperoside may be an effective compound for treating aCL-induced HUVEC injury. In this study, we confirmed that hyperoside protected HUVECs against aCL-induced injury via activating autophagy. We also demonstrated that the inhibition of mTOR signaling is crucial for hyperoside-mediated autophagy activation.

It has been confirmed that stimulation of monocytes and endothelial cells by aPL leads to a prothrombotic and proinflammatory state (Xia et al., 2017). To confirm the effect of aCL on cell injury, HUVECs were stimulated by aCL for different periods. E-selectin is a critical molecular marker of cell injury (Lawson, 2000). Proinflammatory cytokines IL-1β and IL-8 are two important molecules in inflammatory response (Lappas, 2017). Moreover, TF, VCAM-1, and ICAM-1 are major endothelial adhesion molecules whose levels are increased during endothelial injury (Hamilton et al., 2004). It turned out that HUVECs were markedly injured by aCL treatment, as assessed by significant decreased expressions of E-selectin, IL-1β, IL-6, TF, VCAM-1, and ICAM-1.

Autophagy, as a metabolic, cytoplasmic quality control and general homeostatic process, is primarily cytoprotective, tissue protective, and anti-inflammatory (Deretic and Levine, 2018). Many lines of evidence have demonstrated that autophagy protects against endomembrane damage triggered by various agents of endogenous or infectious origin, and prevents unnecessary or excessive inflammation (Deretic and Levine, 2018). Notably, in this study, we found that autophagy was obviously disrupted in HUVECs stimulated with aCL, as evidenced by abnormal expressions of autophagy-related molecules LC3, Beclin 1, and p62. Moreover, mTOR, an atypical serine/threonine kinase, has been confirmed to promote endogenous metabolism and suppress autophagy induction under physiological conditions (Kim and Guan, 2015). Targeting mTOR via regulating autophagy has become an important therapeutic strategy for inhibiting inflammation. Our data showed that aCL promoted the phosphorylation of mTOR and downstream S6K, implying the mTOR/S6K signaling pathway was abnormally activated by aCL stimulation.

To evaluate the therapeutic effect of hyperoside on aCL-induced injury, we pre-treated HUVECs with gradient concentrations of hyperoside and then with aCL for injury. Hyperoside markedly reduced the expressions of proinflammatory cytokines IL-1β and IL-6 and endothelial adhesion molecules E-selectin, TF, VCAM-1, and ICAM-1 in HUVECs in a dose-dependent manner, indicating that hyperoside exerted superior therapeutic activity in aCL-induced inflammatory response in HUVECs. In addition, hyperoside activated autophagy and suppressed mTOR/S6K pathway in aCL-induced HUVECs. Notably, we revealed the potential mechanisms underlying the association between mTOR activation and autophagy suppression. TLR4/MyD88/NF-κB pathway has been confirmed to quench intestinal inflammation and oxidative stress injury by boosting mTOR-dependent autophagy (Zhou et al., 2018). In line with the previous researches, hyperoside dose-dependently inhibited the TLR4/MyD88/NF-κB signaling pathway in aCL-induced injury of HUVECs, thereby reducing the secretion of proinflammatory and adhesion molecules.

To verify whether hyperoside exerts its anti-inflammatory effects against aCL induced injury through activating autophagy, we used 3-MA, a specific mTOR inhibitor, to block the effect of hyperoside. Meanwhile, rapamycin, a classic mTOR activator, was used as a positive control. Similar to the influence of rapamycin, hyperoside promoted autophagy activation, inhibited the phosphorylation and nuclear translocation of NF-κB p65, as well as decreased the secretion of proinflammatory and endothelial adhesion cytokines. On the contrary, 3-MA reversed the inhibitory effects of hyperoside on aCL-induced inflammation. These results demonstrated that hyperoside exerted its therapeutic effect against aCL-induced injury by specifically activating mTOR signaling-mediated autophagy.

In summary, this is the first study to link autophagy and aCL-induced injury together. This study not only newly documented mTOR-mediated autophagy as a cause of the pathogenesis of aCL-induced injury, but also offered insights into a candidate therapeutic strategy for APS treatment. It is conceivable that hyperoside may be developed as a potential therapeutic for attenuating aCL-induced vascular endothelial injury, thereby preventing the vessels from thrombosis in APS patients. Regrettably, the present study has several limitations, such as preliminary and incomprehensive data and lack of extensive preclinical experiments. Given the functional importance of autophagy in aCL-induced injury, more data and further explorations are needed to support our conclusion.



Conclusion

Hyperoside protects HUVECs from aCL-induced injury by reducing the secretion of proinflammatory cytokines IL-1β and IL-6 and endothelial adhesion molecules E-selectin, TF, VCAM-1, and ICAM-1 via activating mTOR-mediated autophagy.



Data Availability Statement

All datasets generated for this study are included in the article/supplementary material.



Ethics Statement

The studies involving human participants were reviewed and approved by the ethics committee of First Affiliated Hospital of Henan University of Chinese Medicine. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

The study was designed by AW and YS. The manuscript was written by AW and HX. The experiments were performed by AW, HX, YS, GX, XY, JG, ZJ, and SS. The data were analyzed by AW and HX.



Acknowledgments

This study was supported by grant from the National Natural Science Foundation of China (No. 81673735).



References

 Awad, E. M., Khan, S. Y., Sokolikova, B., Brunner, P. M., Olcaydu, D., Wojta, J., et al. (2013). Cold induces reactive oxygen species production and activation of the NF-kappa B response in endothelial cells and inflammation in vivo. J. Thromb. Haemost. 11, 1716–1726. doi: 10.1111/jth.12357

 Becarevic, M. (2016). TNF-alpha and annexin A2: inflammation in thrombotic primary antiphospholipid syndrome. Rheumatol. Int. 36, 1649–1656. doi: 10.1007/s00296-016-3569-1

 Benhamou, Y., Miranda, S., Armengol, G., Harouki, N., Drouot, L., Zahr, N., et al. (2015). Infliximab improves endothelial dysfunction in a mouse model of antiphospholipid syndrome: Role of reduced oxidative stress. Vascul. Pharmacol. 71, 93–101. doi: 10.1016/j.vph.2015.03.014

 Cappell, M. S. (1994). Esophageal necrosis and perforation associated with the anticardiolipin antibody syndrome. Am. J. Gastroenterol. 89, 1241–1245.


 Chen, Y., Dai, F., He, Y., Chen, Q., Xia, Q., Cheng, G., et al. (2018). Beneficial effects of hyperoside on bone metabolism in ovariectomized mice. BioMed. Pharmacother. 107, 1175–1182. doi: 10.1016/j.biopha.2018.08.069

 Cheng, F., Lan, J., Xia, W., Tu, C., Chen, B., Li, S., et al. (2016). Folic Acid Attenuates Vascular Endothelial Cell Injury Caused by Hypoxia via the Inhibition of ERK1/2/NOX4/ROS Pathway. Cell Biochem. Biophys. 74, 205–211. doi: 10.1007/s12013-016-0723-z

 Corban, M. T., Duarte-Garcia, A., McBane, R. D., Matteson, E. L., Lerman, L. O., and Lerman, A. (2017). Antiphospholipid Syndrome: Role of Vascular Endothelial Cells and Implications for Risk Stratification and Targeted Therapeutics. J. Am. Coll. Cardiol. 69, 2317–2330. doi: 10.1016/j.jacc.2017.02.058

 Deretic, V., and Levine, B. (2018). Autophagy balances inflammation in innate immunity. Autophagy 14, 243–251. doi: 10.1080/15548627.2017.1402992

 Dokladny, K., Myers, O. B., and Moseley, P. L. (2015). Heat shock response and autophagy–cooperation and control. Autophagy 11, 200–213. doi: 10.1080/15548627.2015.1009776

 Feigerlova, E., and Battaglia-Hsu, S. F. (2017). Cytokines in Endocrine Dysfunction of Plasma Cell Disorders. Mediators Inflammation 2017, 7586174. doi: 10.1155/2017/7586174

 Fu, T., Wang, L., Jin, X. N., Sui, H. J., Liu, Z., and Jin, Y. (2016). Hyperoside induces both autophagy and apoptosis in non-small cell lung cancer cells in vitro. Acta Pharmacol. Sin. 37, 505–518. doi: 10.1038/aps.2015.148

 Gomez-Puerta, J. A., and Cervera, R. (2014). Diagnosis and classification of the antiphospholipid syndrome. J. Autoimmun. 48–49, 20–25. doi: 10.1016/j.jaut.2014.01.006

 Guo, C., Yang, M., Jing, L., Wang, J., Yu, Y., Li, Y., et al. (2016). Amorphous silica nanoparticles trigger vascular endothelial cell injury through apoptosis and autophagy via reactive oxygen species-mediated MAPK/Bcl-2 and PI3K/Akt/mTOR signaling. Int. J. Nanomed. 11, 5257–5276. doi: 10.2147/ijn.s112030

 Hamilton, A. J., Huang, S. L., Warnick, D., Rabbar, M., Kane, B., Nagaraj, A., et al. (2004). Intravascular ultrasound molecular imaging of atheroma components in vivo. J. Am. Coll. Cardiol. 43, 453–460. doi: 10.1016/j.jacc.2003.07.048

 Hao, X. L., Kang, Y., Li, J. K., Li, Q. S., Liu, E. L., and Liu, X. X. (2016). Protective effects of hyperoside against H2O2-induced apoptosis in human umbilical vein endothelial cells. Mol. Med. Rep. 14, 399–405. doi: 10.3892/mmr.2016.5235

 Kim, Y. C., and Guan, K. L. (2015). mTOR: a pharmacologic target for autophagy regulation. J. Clin. Invest. 125, 25–32. doi: 10.1172/jci73939

 Kolitz, T., Shiber, S., Sharabi, I., Winder, A., and Zandman-Goddard, G. (2019). Cardiac Manifestations of Antiphospholipid Syndrome With Focus on Its Primary Form. Front. Immunol. 10, 941. doi: 10.3389/fimmu.2019.00941

 Kong, Y., Sun, W., and Wu, P. (2020). Hyperoside exerts potent anticancer activity in skin cancer. Front. Biosci. (Landmark Ed) 25, 463–479. doi: 10.2741/4814

 Lappas, M. (2017). The IL-1beta signalling pathway and its role in regulating pro-inflammatory and pro-labour mediators in human primary myometrial cells. Reprod. Biol. 17, 333–340. doi: 10.1016/j.repbio.2017.09.006

 Lawson, J. A. (2000). Pathophysiologic importance of E- and L-selectin for neutrophil-induced liver injury during endotoxemia in mice. Hepatology 32, 990–998. doi: 10.1053/jhep.2000.19068

 Li, J. M., and Shah, A. M. (2004). Endothelial cell superoxide generation: regulation and relevance for cardiovascular pathophysiology. Am. J. Physiol. Regul. Integr. Comp. Physiol. 287, R1014–R1030. doi: 10.1152/ajpregu.00124.2004

 Li, Z. L., Liu, J. C., Hu, J., Li, X. Q., Wang, S. W., Yi, D. H., et al. (2012). Protective effects of hyperoside against human umbilical vein endothelial cell damage induced by hydrogen peroxide. J. Ethnopharmacol. 139, 388–394. doi: 10.1016/j.jep.2011.11.020

 Li, J., Kim, S. G., and Blenis, J. (2014). Rapamycin: one drug, many effects. Cell Metab. 19, 373–379. doi: 10.1016/j.cmet.2014.01.001

 Li, Q., Han, Y., Du, J., Jin, H., Zhang, J., Niu, M., et al. (2018). Alterations of apoptosis and autophagy in developing brain of rats with epilepsy: Changes in LC3, P62, Beclin-1 and Bcl-2 levels. Neurosci. Res. 130, 47–55. doi: 10.1016/j.neures.2017.08.004

 Linnemann, B. (2018). Antiphospholipid syndrome - an update. Vasa 47, 451–464. doi: 10.1024/0301-1526/a000723

 Liu, W. J., Ye, L., Huang, W. F., Guo, L. J., Xu, Z. G., Wu, H. L., et al. (2016). p62 links the autophagy pathway and the ubiqutin-proteasome system upon ubiquitinated protein degradation. Cell Mol. Biol. Lett. 21, 29. doi: 10.1186/s11658-016-0031-z

 Liu, Y. H., Liu, G. H., Mei, J. J., and Wang, J. (2016). The preventive effects of hyperoside on lung cancer in vitro by inducing apoptosis and inhibiting proliferation through Caspase-3 and P53 signaling pathway. BioMed. Pharmacother. 83, 381–391. doi: 10.1016/j.biopha.2016.06.035

 Lopez-Pedrera, C., Aguirre-Zamorano, M. A., and Perez-Sanchez, C. (2017). Mechanisms of atherosclerosis and cardiovascular disease in antiphospholipid syndrome and systemic lupus erythematosus. New therapeutic approaches. Med. Clin. (Barc) 149, 160–169. doi: 10.1016/j.medcli.2017.05.003

 Manukyan, D., Muller-Calleja, N., Jackel, S., Luchmann, K., Monnikes, R., Kiouptsi, K., et al. (2016). Cofactor-independent human antiphospholipid antibodies induce venous thrombosis in mice. J. Thromb. Haemost. 14, 1011–1020. doi: 10.1111/jth.13263

 Meng, H., Yalavarthi, S., Kanthi, Y., Mazza, L. F., Elfline, M. A., Luke, C. E., et al. (2017). In Vivo Role of Neutrophil Extracellular Traps in Antiphospholipid Antibody-Mediated Venous Thrombosis. Arthritis Rheumatol. 69, 655–667. doi: 10.1002/art.39938

 Montezano, A. C., Neves, K. B., Lopes, R. A., and Rios, F. (2017). Isolation and Culture of Endothelial Cells from Large Vessels. Methods Mol. Biol. 1527, 345–348. doi: 10.1007/978-1-4939-6625-7_26

 Nixon, R. A. (2013). The role of autophagy in neurodegenerative disease. Nat. Med. 19, 983–997. doi: 10.1038/nm.3232

 Papalardo, E., Romay-Penabad, Z., Willis, R., Christadoss, P., Carrera-Marin, A. L., Reyes-Maldonado, E., et al. (2017). Major Histocompatibility Complex Class II Alleles Influence Induction of Pathogenic Antiphospholipid Antibodies in a Mouse Model of Thrombosis. Arthritis Rheumatol. 69, 2052–2061. doi: 10.1002/art.40195

 Rajawat, Y. S., and Bossis, I. (2008). Autophagy in aging and in neurodegenerative disorders. Hormones (Athens) 7, 46–61. doi: 10.14310/horm.2002.1111037

 Sacharidou, A., Chambliss, K. L., Ulrich, V., Salmon, J. E., Shen, Y. M., Herz, J., et al. (2018). Antiphospholipid antibodies induce thrombosis by PP2A activation via apoER2-Dab2-SHC1 complex formation in endothelium. Blood 131, 2097–2110. doi: 10.1182/blood-2017-11-814681

 Simantov, R., LaSala, J. M., Lo, S. K., Gharavi, A. E., Sammaritano, L. R., Salmon, J. E., et al. (1995). Activation of cultured vascular endothelial cells by antiphospholipid antibodies. J. Clin. Invest. 96, 2211–2219. doi: 10.1172/JCI118276

 Tanida, I., Ueno, T., and Kominami, E. (2004). LC3 conjugation system in mammalian autophagy. Int. J. Biochem. Cell Biol. 36, 2503–2518. doi: 10.1016/j.biocel.2004.05.009

 Tsuchimoto, A., Matsukuma, Y., Ueki, K., Nishiki, T., Doi, A., Okabe, Y., et al. (2019). Thrombotic microangiopathy associated with anticardiolipin antibody in a kidney transplant recipient with polycythemia. CEN Case Rep. 8, 1–7. doi: 10.1007/s13730-018-0354-x

 Uddin, M. S., Mamun, A. A., Labu, Z. K., Hidalgo-Lanussa, O., Barreto, G. E., and Ashraf, G. M. (2019). Autophagic dysfunction in Alzheimer's disease: Cellular and molecular mechanistic approaches to halt Alzheimer's pathogenesis. J. Cell Physiol. 234, 8094–8112. doi: 10.1002/jcp.27588

 Westerman, E. M., Miles, J. M., Backonja, M., and Sundstrom, W. R. (1992). Neuropathologic findings in multi-infarct dementia associated with anticardiolipin antibody. Evidence for endothelial injury as the primary event. Arthritis Rheum. 35, 1038–1041. doi: 10.1002/art.1780350908

 Woo, K. S., Kim, K. E., Kim, J. M., Han, J. Y., Chung, W. T., and Kim, K. H. (2010). Prevalence and clinical associations of lupus anticoagulant, anticardiolipin antibodies, and anti-beta2-glycoprotein I antibodies in patients with systemic lupus erythematosus. Korean J. Lab. Med. 30, 38–44. doi: 10.3343/kjlm.2010.30.1.38

 Wu, Y., Wang, X., Guo, H., Zhang, B., Zhang, X. B., Shi, Z. J., et al. (2013). Synthesis and screening of 3-MA derivatives for autophagy inhibitors. Autophagy 9, 595–603. doi: 10.4161/auto.23641

 Wu, D., Hao, Z., Ren, H., and Wang, G. (2018). Loss of VAPB Regulates Autophagy in a Beclin 1-Dependent Manner. Neurosci. Bull. 34, 1037–1046. doi: 10.1007/s12264-018-0276-9

 Wu, Y. F., Li, Z. Y., Dong, L. L., Li, W. J., Wu, Y. P., Wang, J., et al. (2020). Inactivation of MTOR promotes autophagy-mediated epithelial injury in particulate matter-induced airway inflammation. Autophagy 16, 435–450. doi: 10.1080/15548627.2019.1628536

 Xia, L., Zhou, H., Wang, T., Xie, Y., Wang, T., Wang, X., et al. (2017). Activation of mTOR is involved in anti-beta2GPI/beta2GPI-induced expression of tissue factor and IL-8 in monocytes. Thromb. Res. 157, 103–110. doi: 10.1016/j.thromres.2017.05.023

 Xie, W., Jiang, Z., Wang, J., Zhang, X., and Melzig, M. F. (2016). Protective effect of hyperoside against acetaminophen (APAP) induced liver injury through enhancement of APAP clearance. Chem. Biol. Interact. 246, 11–19. doi: 10.1016/j.cbi.2016.01.004

 Xu, Y. X., Huang, C., Liu, M., Chen, N., Chen, W., Yang, C., et al. (2018). Survivin regulated by autophagy mediates hyperglycemia-induced vascular endothelial cell dysfunction. Exp. Cell Res. 364, 152–159. doi: 10.1016/j.yexcr.2018.01.037

 Yadalam, P. K., Rajapandian, K., Ravishankar, P. L., Vartharajan, K., Subramaniam, S., and Dinakar, M. (2016). Evaluation of anticardiolipin antibodies in tobacco users and non-tobacco users with severe chronic periodontal disease. J. Int. Soc. Prev. Community Dent. 6, 256–260. doi: 10.4103/2231-0762.183115

 Yang, B., Yang, Q., Yang, X., Yan, H. B., and Lu, Q. P. (2016). Hyperoside protects human primary melanocytes against H2O2-induced oxidative damage. Mol. Med. Rep. 13, 4613–4619. doi: 10.3892/mmr.2016.5107

 Yang, S., Yin, J., and Hou, X. (2018). Inhibition of miR-135b by SP-1 promotes hypoxia-induced vascular endothelial cell injury via HIF-1alpha. Exp. Cell Res. 370, 31–38. doi: 10.1016/j.yexcr.2018.06.001

 Yang, S., Zheng, Y., and Hou, X. (2019). Lipoxin A4 restores oxidative stress-induced vascular endothelial cell injury and thrombosis-related factor expression by its receptor-mediated activation of Nrf2-HO-1 axis. Cell Signal 60, 146–153. doi: 10.1016/j.cellsig.2019.05.002

 Yao, G., Qi, J., Zhang, Z., Huang, S., Geng, L., Li, W., et al. (2019). Endothelial cell injury is involved in atherosclerosis and lupus symptoms in gld.apoE(-) (/) (-) mice. Int. J. Rheum. Dis. 22, 488–496. doi: 10.1111/1756-185x.13458

 Yi, J., and Gao, Z. F. (2019). MicroRNA-9-5p promotes angiogenesis but inhibits apoptosis and inflammation of high glucose-induced injury in human umbilical vascular endothelial cells by targeting CXCR4. Int. J. Biol. Macromol. 130, 1–9. doi: 10.1016/j.ijbiomac.2019.02.003

 Zhou, M., Xu, W., Wang, J., Yan, J., Shi, Y., Zhang, C., et al. (2018). Boosting mTOR-dependent autophagy via upstream TLR4-MyD88-MAPK signalling and downstream NF-kappaB pathway quenches intestinal inflammation and oxidative stress injury. EBioMedicine 35, 345–360. doi: 10.1016/j.ebiom.2018.08.035

 Zhu, X., Ji, M., Han, Y., Guo, Y., Zhu, W., Gao, F., et al. (2017). PGRMC1-dependent autophagy by hyperoside induces apoptosis and sensitizes ovarian cancer cells to cisplatin treatment. Int. J. Oncol. 50, 835–846. doi: 10.3892/ijo.2017.3873



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 © 2020 Wei, Xiao, Xu, Yu, Guo, Jing, Shi and Song. 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.


OEBPS/Images/fphar-11-00762-g001.jpg
SENAS
S

sok

eam

Bectin |

veamn

NPT






OEBPS/Images/fphar-11-00762-g004.jpg
A L4 oS DAPL__ _ Merge






OEBPS/Images/fphar-11-00762-g003.jpg
1O e

pacin paciin

& OEE,

§
H

P

4 pmTORMMS
SELAS s
Fodofod 4





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fphar.2020.00762_cover.jpg
, frontiers
in Pharmacology

Hyperoside Protects Human
Umbilical Vein Endothelial Cells
Against Anticardiolipin Antibody-

Induced Injury by Activating

Autophagy





OEBPS/Images/fphar-11-00762-g002.jpg
mRNA el

Ty R —






OEBPS/Images/logo.jpg
’ frontiers
in Pharmacology





OEBPS/Images/fphar-11-00762-g005.jpg





OEBPS/Text/nav.xhtml


  

    Table of Contents



    

		Cover



      		

        Hyperoside Protects Human Umbilical Vein Endothelial Cells Against Anticardiolipin Antibody-Induced Injury by Activating Autophagy

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Clinical Specimens

          



          		

            HUVEC Culture and Treatment

          



          		

            Cell Transfection

          



          		

            Immunofluorescence

          



          		

            Western Blot

          



          		

            Quantitative Real-Time Polymerase Chain Reaction (RT-PCR)

          



          		

            Enzyme-Linked Immunosorbent Assay (ELISA)

          



          		

            Data Analysis

          



        



        



        		

          Results

        

          		

            Autophagy Was Inhibited in aCL-Induced Injury of HUVECs

          



          		

            Hyperoside Attenuated aCL-Induced Inflammatory Response in HUVECs

          



          		

            Hyperoside Attenuated aCL-Induced Autophagy Inhibition in HUVECs

          



          		

            Hyperoside Inhibited TLR4/MyD88/NF-κB Signaling in aCL-Induced HUVECs

          



          		

            Hyperoside Inhibited aCL-Induced Inflammatory Response in HUVECs by Activating Autophagy

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/table1.jpg
Primer
i
Ls
"
cavs
VoM

pactin

Sequence

F: GAATCTCCGACCACCACTAC
R: CACATAAGCCTCGTTATCCC

F: CACAACTTICAGAGACAGCAG

R: GTGGAAAGGTTTGGAGTATGTC
F: TGTCTACATAGCGGGCAAGT

R: GTTCCAGCCAGCGGTTCT

F: GOAAGAAGATAGCCAACCAAT

R: TGCCAGTTCCACCCGTIC

F: GAMTGACCTICATCCCTAC

F: GCTGACCAAGACGGTTGTAT

F: CTTAGTTGCGTTACACCCTTICTTG
R: CTGTCACCTICACCGTTCCAGTTT

L1, intkckin-1 4 L8, neriukin5; TF, ssue factor, ICAMY, itercelutr cal adhesion
onoheculs. > VOT. veasultr ool achasion axohcils.?.





