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Cardiovascular disease (CVD) is one of the most common diseases seriously harmful to 
human health. The death toll associated with CVD has surpassed that of other diseases, 

including cancer and respiratory disease, and continues to increase. Atherosclerosis (AS) is 
the leading cause of the occurrence and development of CVD. AS may arise in blood vessels 
throughout the body and may promote the development of other diseases. The narrowing of 
the arteries due to cholesterol buildup in the blood vessel walls is largely responsible for AS. 
Abnormal blood lipid levels, especially hypercholesterolemia, have been regarded as a leading 
cause of cardiovascular events. In addition, abnormal lipid metabolism can also lead to hyper-
lipidemia, nonalcoholic fatty liver disease (NAFLD), cancer, and neurodegenerative diseases, 
among other diseases. However, abnormalities in cholesterol metabolism are extremely com-
plex, and a number of different associated aspects require further examination. In addition, 
more research is needed on the treatment or prevention of AS and CVD. Forums for sharing 
research results and exchanging information are thus especially welcome.
    
I am delighted to hereby introduce Lipid and Cardiovascular Research, a newly launched, open 
access, peer-reviewed, international journal available in print and online, with the aim of pro-
viding a global forum for the rapid dissemination of significant, original research results relat-
ed to all aspects of lipids and CVD. Target readers of this journal include, but are not limited 
to, medical associates, technologists, students, intern or resident physicians, clinical fellows, 
specialists in cardiology, as well as scientists who are interested in the field of lipids and cardi-
ology, and employees of pharmaceutical entities. 
    
We are currently in the process of building an outstanding international Editorial Board com-
prised of clinicians, teachers, and investigators from around the world, who seek to ensure 
that our journal is of superior quality and meets the needs of contributors and readers. The 
editorial board and its members aspire to provide prompt, impartial, high-quality service to all 
contributors and readers at all times.
   
Original articles, reviews, editorials, letters to the editor, rapid communications, and case re-
ports in English, covering basic, translational, and clinical research in the fields of lipids and 
CVD, will be considered. We look forward to your submissions to Lipid and Cardiovascular 
Research.

Introducing the Lipid and Cardiovascular Research

Jian-Jun Li, M.D., Ph.D., FESC, FACC
Professor, Cardiology
Director, Center for Dyslipidemia&CVD

Division of Dyslipidemia, State Key Laboratory of Cardiovascular Dis-
ease, Fu Wai Hospital, National Center for CVDs, Chinese Academy 
of Medical Sciences, Peking Union Medical College, Beijing 100037, 
China; Tel: +86-10-88396077; E-mail: lijianjun938@126.com
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Endoplasmic Reticulum Stress Signaling in 
Atherosclerosis
Wen-Cheng Nie*, Hui Yan, Shan Li, Wei-Guo Zhu, Fang-Yan Fan

Abstract 

There is increasing evidence for the activation of endoplasmic reticulum (ER) stress signaling in the pathogenesis of ath-
erosclerosis. The ER is one of the functional eukaryotic organelles and is responsible for the folding of immature proteins. 
Under ordinary conditions, misfolded or unfolded proteins can be recognized by the ER; however, abundant accumulation 
of unfolded proteins stimulated by various risk factors, such as oxidative stress and aberrant expression of folded proteins, 
will cause an ER stress response. The unfolded protein response (UPR) and induced reduction of unfolded proteins is such 
an initial response for ER stress. Nevertheless, once accumulated UPR exceeds the ER processing capacity, apoptosis-re-
lated signals are activated, thereby contributing to vascular dysfunction. This progress is mainly derived from incidents of 
damage by macrophages, endothelial cells, and smooth muscle cells. The progression of atherosclerosis is thereby linked 
to these ER-initiated events. This internal relation provides a prospect to explore comprehensive knowledge of the mech-
anisms underlying ER-stress-initiated molecular pathology in atherosclerosis, so as to search for new targets for medical 
and interventional treatments.

Keywords: endoplasmic reticulum stress, endothelial cells, vascular smooth muscle cell, macrophages

Department of Cardiology, the First Affiliated Hospital of Zhejiang 
University, School of Medicine, Hangzhou 310003, China

* Corresponding author: Wen-Cheng Nie
Department of Cardiology, the First Affiliated Hospital of Zhejiang 
University, School of Medicine, No. 79, Qingchun Road, Hangzhou 
310003, Zhejiang, China
Tel: +86-571-87236500; Fax: +86-571-87236794
E-Mail: jacky6665@zju.edu.cn

Received: 15 September 2015 / Accepted: 3 December 2015
Published online: 29 December 2015

ulator in multiple cellular processes, 
including the folding of secretory and 
membrane proteins, calcium homeo-
stasis, and participating in lipid and 
glucose metabolism (18-20). A variety 
of harmful factors for atherogenesis can 

Introduction-Atherosclerosis and endoplasmic 
reticulum stress

Atherosclerotic vascular disease is increasingly developing 
into a major health burden on a global scale (1). As for the 
pathological process, retention of apolipoprotein B (apo 
B)-integrating lipoproteins in the local domain of the arteri-
al subendothelium initiates the plaque formation that leads 
to atherogenesis (2, 3). These abnormal physiological states 
of lipoproteins might experience modification through 
enzymatic and oxidative patterns, and subsequently arouse 
a range of disadvantageous inflammatory responses (4-
6). Among these inflammation-related responses, primary 
monocytes move to lipoprotein retention domains around 
endothelial cells, then the directional differentiation of 
macrophages occurs (7, 8). The generated macrophages fo-
cus on internalization of the enzymatically and oxidatively 
modified low density lipoproteins (LDLs) in the endotheli-
um, thereby resulting in the formation of foam cells (9-11). 

In addition, the activated macrophages induce an inflam-
mation reaction around retained lipoproteins by recruit-
ing various inflammatory cells into the developing lesion. 
Moreover, the inflammatory reaction becomes continuously 
larger along with the continuing process of lipoprotein re-
tention (12). 
    Generally, the comprehensive interaction between cell 
biological and physiological factors constitutes the initiation 
and development of atherosclerosis. Initially, harmful hema-
tological and metabolic factors, such as diabetes (13), lipid 
metabolism disorders (14), high blood pressure (15), and 
poor lifestyle habits (16, 17), induce irritable enrichment of 
circulating apo B lipoproteins. Based on this event, athero-
matous plaques in the arterial wall progress in response to 
hematologic systemic risk factors through a series of cellular 
and molecular metabolic processes, including controlling 
apo B lipoprotein modification; inflammation in endothelial 
cells (ECs), especially activated by macrophages; then, in-
troduction of intimal vascular smooth muscle cell (VSMC) 
proliferation. On the other hand, the molecular pathology 
basis for this involves the activation of inflammatory factors, 
collagen biosynthesis, intimal cell apoptosis, and cell clear-
ance. Accumulated evidence emphasizes that endoplasmic 
reticulum (ER) stress is activated during these pathological 
processes.     
    The ER is an organelle that functions as an essential reg-
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disturb ER function, contributing to the increasing accumu-
lation of unfolded and misfolded proteins in the ER. Upon 
this aggregation, ER transmembrane sensors are activated, 
thereby inducing the unfolded protein response (UPR) to 
adapt the cell to stress (21). Under normal, non-stress con-
ditions, three transmembrane sensors, including protein 
kinase-like ER kinase (PERK), inositol-requiring kinase 1 
(IRE1), and the transcriptional factor activating transcrip-
tion factor 6 (ATF6) (22-24), are kept in inactivated states 
through interacting with the protein chaperone glucose-reg-
ulated protein 78 (GRP78)/BiP. Following the detection of 
unfolded proteins, sensors separate from GRP78, enter the 
activated state, and thereby induce initiation of the UPR. 
Proper UPR is beneficial for cell survival, however, when 
ER stress is prolonged, the cell will suffer programmed 
cell death (apoptosis). Recent studies have suggested that 
the UPR and ER-initiated apoptosis are implicated in the 
pathophysiology of various human diseases (25-27), and are 
especially closely correlated with the pathological process of 
cardiovascular disease (28). This review summarizes (1) the 
molecular mechanisms of the UPR and ER-initiated cellular 
function change; and (2) their involvement in the cellular 
pathophysiology of atherosclerosis.

Cell physiological basis of ER stress in Athero-
sclerosis 

Prolonged ER stress that is derived from sustained dysfunc-
tion of protein folding, and other processes that contribute 
to chronic disturbances in ER, are recognized as the essen-
tial basis for the pathological process of atherosclerosis (29). 
This fact is related to morphological and molecular evidence 
that have been presented in the analysis of experimental 
formation of atherosclerotic lesions in animals and human 
atherosclerotic lesions, which have shown that ER stress 
promotes the formation and maintenance of atherosclerotic 
plaques (30). Furthermore, alleviation of ER stress-initiated 

atherosclerosis-related apoptotic and inflammatory signal-
ing occurs (31, 32). Considering that the three cell types 
mentioned above (ECs, VSMC and macrophages) dominate 
the cellular basis of atherosclerotic pathogenesis, this review 
has been designed to elucidate the ER stress-related signal-
ing pathway in the pathological activity in these cells (Figure 
1). 

Macrophages and atherosclerosis

Under their normal behavior, macrophages are responsible 
for taking in apo B-carrying lipoproteins and transporting 
them to the ER for subsequent cholesterol esterification. 
Evidence of the accumulation of massive amounts of unes-
terified or “free” cholesterol (FC) in advanced macrophage 
lesions is provided by studies that suggest that the formation 
of lesions is accompanied by possible failure of the biologi-
cal process of cholesterol re-esterification (33, 34). In addi-
tion, atherosclerotic lesions generate abundant 7-ketocho-
lesterol (7KC) (35), which associates with accumulated FC 
and can cause ER stress-induced macrophage death. Apop-
totic cell debris is timely phagocytized by macrophages in 
early plaques (36), while macrophages in advanced plaques 
cannot efficiently clear dying cells and, thereby, plaques are 
transformed into inflammatory necrotic cores. This process 
is driven by anti-inflammatory cytokines such as transform-
ing growth factor- β (TGF-) (37) and interleukin-10 (IL-10) 
(38). 

VSMCs and atherosclerosis

It is considered that the presence of VSMCs within ad-
vanced atherosclerotic plaques is beneficial and protective, 
due to their pivotal role in the formation and sustenance of 
the fibrous cap that guards advanced lesions from plaque 
rupture and subsequent thrombosis (39). On the other, 
disadvantageous hand, VSMCs may undergo phenotypic 

Figure 1. Cell physiological basis of 
endoplasmic reticulum (ER) stress 
in atherosclerosis. A basis underly-
ing atherosclerosis is inflammation 
that occurs in cells of the artery 
and blood system, monocyte/mac-
rophage recruitment that occurs on 
the arterial wall, and subsequent 
endoplasmic reticulum (ER) stress. 
CHOP is the pro-apoptotic bZIP 
transcription factor that is regu-
lated mainly by PERK-, IRE1-, and 
ATF6-dependent pathways. CHOP 
has been shown to activate the tran-
scription of several genes, including 
GADD34, TRB3, Bcl-2, and DR5, 
which may facilitate apoptosis.
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modulation from a contractile to a synthetic phenotype, 
proliferation and intima-oriented migration, and transfor-
mation into foam cells, thereby promoting plaque develop-
ment and bringing about atherogenesis (40, 41). Moreover, 
apoptosis of VSMCs in plaques destabilizes the lesion and 
subsequently decreases collagen production, resulting in 
failure of the formation of the protective fibrous cap (40). A 
potential mechanism underlying all of these progressions 
is correlated with ER stress due to identification of several 
inducers of ER stress in VSMCs. In in vitro cell studies, 
C/EBP homologous protein (CHOP), a mediator for ER 
stress-induced apoptosis, was significantly elevated in 7KC 
(42), unesterified cholesterol (43), homocysteine (44), or 
hepcidin (45) treated VSMCs. Although there may be in-
creasing ER stress markers, such as UPR activation (46) 
and cholesterol overload (47) in VSMCs, which have been 
found in lesions of diabetic animal models or human hyper-
glycemia, there is little evidence focusing on a possible cor-
relation between UPR activation and VSMC apoptosis. By 
using cultured VSMCs, activation of the IRE1 branch of the 
UPR is identified in studies using 7KC (48). Thus, further 
research is needed for the investigation of the mechanism of 
ER stress-induced apoptosis in VSMCs (49). 

ECs and atherosclerosis

Activated ER stress has also been identified in endothelial 
cells both in in vitro cultured cells and in experimental 
animals (50, 51). ER stress induced by atherosclerosis-in-
terrelated inducers in ECs can activate the IRE1 branch of 
the UPR, NF kappa B, and modified forms of LDL (52-54). 
These studies demonstrated that ECs were more inclined to 
alternate lipoprotein permeability and recruit inflammatory 
cells rather than undergo autologous apoptosis. The critical 
role of unbroken endothelium in the process of athero-
sclerosis is its isolating action between the atherosclerotic 
plaque and the vessel lumen. Nevertheless, Ampem et al. 
found that ER stress can induce apoptosis of ECs via con-
trolling cellular calcium (Ca2+), independent of transient 
receptor potential canonical 3 (TRPC3) channels in in vitro 
cell culture (55). Apoptosis in ECs develops as an accident 
of procoagulant and pro-adhesiveness of platelets. The im-
mediate consequence following this development is plaque 
erosion or rupture (56). To date, clear mechanisms address-
ing the causal relationship between ER stress and endothe-
lial cell apoptosis, as well as between these occurrences, and 
atherosclerosis progress in vivo are not yet definitive and 
therefore imply a potential opportunity for further explor-
atory research in this field.

Multiple signals/mechanisms underlying ER 
stress-mediated Atherosclerosis

CHOP-mediated ER stress-induced cell death 

Probably the most significant ER stress-induced apoptotic 
pathway is mediated through CHOP. CHOP functions as a 
critical mediator connecting accumulation and aggregation 

of unfolded proteins in the ER and oxidative stress (Figure 
2). In vitro tissue analysis points out the direct evidence 
and demonstrates strong CHOP expression in advanced 
lesions (43, 57). CHOP commonly induces, through ATF6 
and PERK, UPR pathways during the pathological process 
of atherosclerosis (58, 59). The short-term induction of 
CHOP is beneficial for protective UPR, whereas prolonged 
activation of CHOP is closely correlated with cell survival, 
including apoptosis, proliferation of VSMCs (57, 60), and 
apoptosis of ECs (61), as well as driving macrophage-de-
rived foam cell apoptosis (62). These data significantly im-
plicate the CHOP pathway in ER stress-induced atheroscle-
rosis, especially in regulating cell apoptosis. Although the 
complete mechanism by which CHOP mediates apoptosis 
is unknown, it has been shown to activate the transcription 
of several genes, including GADD34 (63), TRB3(64), Bcl-2 
(65), and DR5 (death receptor 5) (66), which may facilitate 
apoptosis. Among these, GADD34 is a gene that encodes a 
subunit of protein phosphatase 2C that enhances dephos-
phorylation of eukaryotic Initiation Factor 2 (eIF2) and pro-
motes persistent protein synthesis, by which it chronically 
activates the UPR during periods of ER stress. Increased 
expression of DR5, a receptor for tumor necrosis factor 
α-related apoptosis-inducing ligand (TRAIL) can promote 
the development of VSMCs in atherosclerotic plaques (67). 
Also, Bcl-2 is a critical mediator for prolonged ER stress-in-
duced apoptosis (68-70). In addition, the mechanism un-
derlying CHOP-induced apoptosis has been explored in 
cultured cells, including the generation of reactive oxygen 
species and Toll-like receptors (TLR)-TRIF-dependent 
translational control pathway (71).  
    The promotion of apoptosis in macrophages induced by 
ER stress has been shown to be relevant to advanced athero-
sclerosis and extensive studies point out a genotype-pheno-
type correlation between CHOP and macrophage apoptosis. 
Genetic deletion of CHOP can attenuate macrophage death, 
both in in vivo and in vitro cultured cells (43, 62, 72), and 
also protect plaques from rupture in mice (73). Herein, three 
molecular mechanisms of CHOP-induced macrophage 
cell apoptosis are introduced. One recognized mechanism 
involves the increased ER oxidase 1α (ERO1α) by CHOP in 
ER stressed-macrophages. This inactivated pathway leads 
to the release of Ca2+ into the cytosol, which is mediated 
by activating the inositol triphosphate receptor (IP3R). The 
accumulation of cytosolic Ca2+ drives Ca2+-dependent sig-
naling activation and triggers apoptosis execution pathways. 
These pathways include stimulation of the Fas death recep-
tor (74) and mitochondrial release of apoptogens, as well as 
activation in the pro-apoptotic pathway such as activation of 
transcription-1 (STAT1), and reactive oxygen species ROS 
production. CHOP also regulates apoptosis by controlling 
the expression of anti-apoptosis and pro-apoptosis members 
of the Bcl family. CHOP down-regulates the anti-apoptotic 
Bcl family member protein Bcl-2 and Bcl-2 transduction of 
these cells rescues the cells from both oxidative stress and 
apoptosis (75-78). As one abundantly expressed member of 
Bcl-2, Bcl-x inactivation enhances macrophage apoptosis 
in Apoe(-/-) mice as well as accelerates the progression of 
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advanced atherosclerotic lesions (79). In addition, CHOP 
can activate the UPR via inducing the expression of its tran-
scriptional target GADD34 in ER stress-induced macro-
phage apoptosis (63). 
    Although the mechanism of ER stress-induced apopto-
sis in VSMCs is not clear, the protection of VSMCs from 
apoptosis in plaques has become a potentially important 
therapeutic target for atherosclerotic plaque stabilization 
(80, 81). In vivo hydrogen peroxide-incubated VSMCs have 
a deficiency of the novel survival factor, Wnt1-inducible 
secreted protein-1 (WISP-1) in intimal VSMCs of unstable 
coronary plaques; this suggests that there is altered Wnt/
β-catenin/T-cell factor signaling with progressive athero-
sclerosis. Restoration of the WISP-1 protein might be an 
effective stabilization factor for vulnerable atherosclerotic 
plaques (81) under conditions of oxidative stress. Pro178 
and Pro183, belonging to essential residues of Selenopro-
tein S, play pivotal roles in the progression of ER-associated 
degradation via interacting with p97 (valosin-containing 
protein) (VCP) (82). Additionally, depletion of Selenopro-
tein S-enhanced ER stress in VSMCs involves ER chaperone 
GRP78, ER stress transducer phosphorylated protein kinase 
RNA, such as PERK and CHOP. Thus, much more work is 
needed to understand the mechanisms and consequences of 
ER stress-induced VSMC survival in atherosclerosis.
In in vitro ER stress-activated ECs, two branches of the 
UPR cascades, including PERK and IRE1, are activated, 
thereby contributing to apoptosis in ECs (59, 61). All these 
processes involve CHOP pathway-mediated cell apoptosis. 
Experimental incubation with toxic, oxidized LDLs increas-
es expression of CHOP and XBP2; this effectively activates 
ER stress sensors (phosphorylation of IRE1alpha and PERK, 
nuclear translocation of ATF6) and induces ER stress-in-
duced endothelial HMEC-1 apoptosis, as well as promotes 
plaque progression (83, 84). Although cultured ECs are trig-
gered into apoptosis, in vivo evidence connecting EC death 
to atherosclerotic plaque formation is unavailable.  

    The content that ER stress/CHOP-induced macrophage, 
VSMC, and EC apoptosis is a critical pathological cell 
basis for necrotic plaque formation, and cytologic and his-
topathologic evidence, shows particular relevance to the 
rapidly growing epidemic of atherothrombotic vascular 
disease driven by risk factors. These phenomena attract the 
attention of researchers and up to now have been recog-
nized in numerous studies in vitro. However, evidence for a 
dominant pro-apoptotic mechanism in vivo is lacking and 
further study is required. 

ER-stress induced inflammations in atherosclerosis

Atherosclerosis is a pathological, chronic inflammatory 
reaction of anatomical ECs and VSMCs in the arterial wall 
(85-87), which is largely mediated by macrophage activa-
tion. Initially, ER stress-induced inflammation primarily 
serves to limit the formation of plaques and facilitate lesion 
repair. Along with aggregation in unfolded proteins in cells, 
inflammation develops into an uncontrolled state; that is, 
abnormal cell death-induced necrosis formation. It is noted 
that macrophages are observed to abundantly aggregate 
in plaques and are proven to be involved in the formation 
of arterial lesions during atherosclerosis, combining with 
sporadic inflammatory cells including dendritic cells (88), 
T cells, B cells, and NK cells (89-91). The initiation step in 
atherosclerosis is activation of ECs in response to circula-
tory risk factors and inflammatory mediators that induce 
the release of interleukin cytokines (IL-4, IL-12, IL-6) and 
chemokines (92, 93). To date, increasing evidence indicates 
that there are signaling links between the UPR and inflam-
matory reactions through various mechanisms. The dom-
inant inflammatory pathway mediator, NF-κB, is activated 
by PERK and IRE1 branches of the ER stress-triggered 
UPR (94). Also, the IRE1/α-TRAF2 complex recruits and 
activates IκB kinase (IKK), thereby leading to IκB degrada-
tion and activation of NF-κB. The integration of ATF4 with 

Figure 2. ER stress-induced proapoptotic 
signaling. During prolonged activation 
of the UPR, activation of PERK and ATF6 
leads to induction of CHOP, which in turn 
can cause changes in apoptosis-associated 
gene expression, as well as activate calci-
um signaling pathways, to cause cell death. 
Activation of IRE1 can also induce apopto-
sis mediated by Bcl-2.
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XBP1 stimulates the production of inflammatory cytokines 
IL-8 and IL-6 (95). Another inflammatory mediator, AP1 
transcriptional factor, is activated in response to oxidative 
stress (96).    
    Convincing proof has accumulated in cultured ECs that 
supports a connection between ER stress and inflammation 
in atherosclerosis. Studies using human aortic ECs found 
that inflammation-related genes IL-8, IL-6, monocyte che-
moattractant protein 1 (MCP1), and the chemokine CXC 
motif ligand 3 (CXCL3) were induced by the UPR activa-
tor tunicamycin (95). A histological identification in vivo 
supported this link by determining a finding that activated 
UPR is shown in areas of human oxidized phospholipid-en-
riched endothelium lesions. High concentrations of oxi-
dized phospholipids (OxPLs) that are commonly identified 
in atherosclerotic lesions can activate UPR in ECs, which 
is associated with genetic variation in a locus affecting the 
action of USP16 (ubiquitin-specific protease 16), a histone 
H2A deubiquitinase (97). 

Calciumion
 
The ER serves as the Ca2+ store for free Ca2+ ions in hu-
mans, and the main function is to maintain the balance of 
cellular Ca2+ in response to a variety of cellular signals. Dis-
orders of Ca2+ represent dysfunction in ER, thereby trig-
gering cardiovascular diseases (98, 99). Evidence indicates 
that various risk factors for atherosclerosis, such as diabetes 
mellitus, hypertension, and hyperlipidemia, can induce low-
er Ca2+ in the ER of VSMCs, macrophages, and platelets, 
suggesting the essential role of ER Ca2+ in the pathological 
process of atherosclerosis (100-102). The depletion of ER 
Ca2+ in aortic smooth muscle induces ER stress, and also 
accelerates atherosclerosis in homocysteine patients. The 
downstream of Ca2+ is correlated with activated Ca2+ 
dependent signaling which includes Ca2+-/calmodulin-de-
pendent protein kinase II (CaMKII) (103). As mentioned 
above, CaMKII functions as a downstream initiator of 
CHOP and is involved in cholesterol-induced macrophage 
death (104). Depletion of Ca2+/calmodulin-dependent 
protein kinase kinase (CaMKK) β in ECs increased athero-
sclerosis both in atheroprone and in atheroprotective areas 
(105). Dysregulation of Ca2+ transport during the progres-
sion of the UPR in ER stressed VSMCs has been considered 
as a characteristic of the late onset of cellular stress response, 
and occurs prior to the initiation of the UPR, rather than as 
a result of its many corrective pathways (49). This review has 
previously stated the evidence in a recognized mechanism 
of EC, VSMC, and macrophage apoptosis by unresolved 
ER stress with the subsequent persistent activation of the 
UPR. As in cultured cells, Ca2+ influx into endothelial cells 
can promote ER stress and/or contribute to mechanisms 
associated with it. Human Coronary Artery Endothelial 
Cells’ (HCAECs) activation of the UPR and subsequent ER 
stress-induced apoptosis exhibit a strong requirement for 
constitutive Ca2+ influx and transient receptor potential ca-
nonical 3 (TRPC3) contributes to this process. Evidence has 
been obtained in studies indicating that, in accordance with 

the roles of Ca2+ in non-endothelial cells, CaMKII partici-
pates in ER stress-induced apoptosis in ECs (55, 106, 107). 

Summary and Perspective 

Increasing individuals in modern societies have numerous 
atherosclerotic lesions in their coronary, carotid, and other 
susceptible peripheral arteries. A small portion of these 
lesions will develop into pathogenic plaques that tend to 
lead to obstructive vascular disease. The primary task of 
the current therapeutic strategy in preventing this deterio-
ration is acquirement of comprehensive knowledge of the 
progression between advanced plaque morphology and 
pathophysiology of plaque progression. Plaque progression 
involves a number of complex processes, including the top-
ics of this review (ER stress-induced macrophage cell death 
and VSMC/EC injury and defective efferocytosis) but also 
includes other forms of macrophage death, death of intimal 
smooth muscle cells, and possibly endothelium, and roles 
played by living macrophages in advanced plaques.
    Within the focus of this review, the hope is to com-
prehend the knowledge of how the combination of ER 
stress-induced cell physiological changes in ECs, VSMCs, 
and macrophages, and effectively release ER stress-in-
duced dysfunctional cells, will provide a valid therapeutic 
strategy for atherosclerosis. In the initiation of therapeutic 
agents targeting ER stress-induced pathology, referred to as 
chemical chaperones, are increasingly to be investigated as 
therapeutic agents; this is accomplished by alleviating ER 
stress by facilitating proper protein folding, decreasing the 
accumulation of misfolded proteins, inhibiting CHOP sig-
naling, and reducing the inflammatory response, therefore 
resulting in the suppression of atheromatous plaque forma-
tion in ECs and macrophages (31, 108, 109). However, there 
are some limitations that threaten the therapeutic efficiency, 
since many questions addressing the mechanism of ER 
stress-induced atherosclerosis remain unanswered. In sum-
mary, coordinated developments in the domain of advanced 
plaque formation, and the cellular biology of lesion/plaque 
progression, will provide the best prospect of realizing ther-
apeutic purposes. 
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LncRNA HOTAIR Promotes Atherosclerosis through 
Regulating the Expression of PCSK9 in Macrophages
Hong-Jun Zhu1, De-Guo Wang2*, Ji Yan1, Jian Xu1, Xian-Lin Sun1

Abstract

Atherosclerosis is a chronic inflammatory disorder, resulting in the accumulation of lipoproteins and the formation of 
atherosclerotic plaques. The pathological role of lncRNA HOTAIR in the development of atherosclerosis is still unclear. 
This study aims to investigate the biological role and mechanism of HOTAIR in the development of atherosclerosis. Aortic 
atherosclerotic plaques were collected from 16 patients, and normal aortas were collected from 18 normal patients. The 
aortas of apolipoprotein E deficient (ApoE-/- ) mice fed a high-fat diet (HFD) for a period of six weeks were also obtained. 
LncRNA HOTAIR gene expression analyzed by qRT-PCR and proprotein convertase subtilisin/kexin type 9 (PCSK9) protein 
expression measured by western blotting were significantly elevated in human aortic atherosclerotic plaques and in the 
aortas of mice fed the HFD. Acetylated low-density lipoprotein(LDL) and oxidized LDL dose-dependently upregulated HO-
TAIR gene and PCSK9 protein expression in THP-1 and RAW264.7 macrophages. HOTAIR and PCSK9 increased cholesterol 
levels determined by high-performance liquid chromatography and inhibited cholesterol efflux and phospholipid efflux in 
THP-1 macrophages detected by liquid scintillation counting assays. Besides, PCSK9 interference reversed the HOTAIR-in-
duced downregulation of the ATP-binding cassette transporter A1 (ABCA1) expression. Moreover, RNA pull-down and RNA 
immunoprecipitation (RIP) assays showed that HOTAIR associated with PCSK9 and elevated PCSK9 levels by enhancing 
PCSK9 protein stability. HOTAIR interference significantly reduced the lesion area, dramatically inhibited PCSK9 protein 
expression, and remarkably elevated ABCA1 protein expression in the aortas of ApoE-/- mice. These results indicated that 
lncRNA HOTAIR-mediated promotion of atherosclerosis may be due to the upregulation of PCSK9 expression in macro-
phages.

Keywords: LncRNA HOTAIR, atherosclerosis, proprotein convertase subtilisin/kexin type 9

Introduction

Atherosclerosis is the underlying cause of cardiovascular 
disease (CVD), which is initiated by the accumulation of 
lipids, mainly cholesterol and cholesterol esters, and by fi-
brous elements in the neointima of medium and large arter-
ies, in addition to the infiltration of inflammatory cells, par-
ticularly macrophages and T cells(1,2). CVD continues to 
be the leading cause of death in developed countries, and its 
incidence is rapidly increasing in developing countries(3,4). 
    Proprotein convertase subtilisin/kexin type 9 (PCSK9) is 
primarily expressed in the liver and intestines, and is tightly 

regulated by intracellular cholesterol, hormones, and met-
abolic status(5,6). The biochemical relationship between 
PCSK9 and low-density lipoprotein cholesterol (LDL-C) has 
been described in detail. It is known that PCSK9 plays an 
important role in the regulation of cholesterol homeostasis 
and the modulation of LDL-C metabolism(7), which is an 
important therapeutic target for the reduction of circulating 
LDL-C concentrations(8). PCSK9 plays a key role in the 
regulation of hepatic LDL receptor (LDL-R) activity(9), 
and inhibits the LDL-R pathway in a posttranscriptional 
manner(10). Indeed, it is believed that PCSK9 increases cir-
culating LDL-C concentrations via the promotion of LDL-R 
degradation when bound(11,12).
    Long non-coding RNAs (lncRNAs), a recently discovered 
class of non-protein coding transcribed RNA molecules 
with more than 200 nucleotides, have increasingly been 
shown to be involved in the regulation of a wide variety 
of important physiological processes(13). It is known that 
aberrant lncRNA expression is associated with human 
diseases such as cancer, Alzheimer’s, and CVD(14-16). Re-
cently, lncRNAs have been recognized 
to play an important role in cardiac 
development(17,18) and to be asso-
ciated with susceptibility to coronary 
artery disease(19,20). Previous studies 
showed that lncRNAs were involved in 
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the regulation of cholesterol metabolism(13,21). However, 
whether HOTAIR, an lncRNA, plays an important role in 
the development of atherosclerosis is still unclear.
    HOTAIR associates with the polycomb repressive complex 
2 (PRC2) and is reported to reprogram chromatin organi-
zation and to promote tumor progression(22). Although 
numerous studies have demonstrated the critical functions 
of HOTAIR in tumor development and metastasis, little is 
known about the roles of this gene in the development of 
atherosclerosis.
    To better understand the role of HOTAIR in atheroscle-
rosis development and progression, we investigated the 
expression pattern of HOTAIR in aortic atherosclerotic 
plaques in apolipoprotein E deficient (ApoE-/-) mice fed a 
high-fat diet (HFD) and its effect on macrophages, and an-
alyzed its role in cholesterol metabolism. We also explored 
the effects of HOTAIR on atherosclerotic lesions in the aor-
ta, as well as on PCSK9 and  the ATP-binding cassette trans-
porter A1(ABCA1) expression.

Materials and Methods 

Tissue samples

Aortic atherosclerotic plaques and normal aorta specimens 
were collected after obtaining informed consent from 16 
patients and 18 normal cases at Anhui Provincial Hospital, 
affiliated with Anhui Medical University. All animal exper-
iments were performed in accordance with the Guidelines 
for the Care and Use of Animals at the Southeast University 
Laboratory Animal Center. Our study protocols were ap-
proved by the Animal Care and Use Committee of Anhui 
Medical University.

Cell cultures

The human monocyte cell line (THP-1) was obtained from 
the American Type Culture Collection (ATCC, no. TIB-
202, Manassas, VA, USA). The THP-1 cells were cultured 
in Roswell Park Memorial Institute (RPMI) 1640 medium 
supplemented with 10% fetal calf serum (FCS), 2 mmol/l 
glutamine, 100 U/ml penicillin, and 100 μg/ml streptomy-
cin, and then differentiated for 72 h with 100 nM PMA. The 
differentiated THP-1 macrophages were washed extensively 
with phosphate-buffered saline (PBS) before use. The mac-
rophages were then transformed into foam cells. After the 
addition of different concentrations of oxidized low density 
lipoprotein (Ox-LDL) or acetylated low density lipopro-
tein (Ac-LDL) (0, 25, 50, and 100 μg/mL), the cells were 
incubated in serum-free RPMI 1640 medium containing 

0.3% bovine serum albumin (BSA) for 48 h. The cells were 
incubated at 37 °C with a humidified atmosphere of 5% 
CO2. The cells were seeded in 12-well plates and grown to 
80% confluence before being used in the experiments. The 
human lipoproteins (Ac-LDL and Ox-LDL) were purchased 
from Biomedical Technologies, Inc. (Stoughton, MA, USA). 
All reagents for the cell cultures were purchased from Sig-
ma-Aldrich (St. Louis, MO, USA) unless otherwise noted. 

Animals and diets

Fourteen-week-old male ApoE-/- mice with a C57BL/6 
background were obtained from the Laboratory Animal 
Center of Peking University (Beijing, China) and main-
tained five per cage at 25 °C on a 12 h light/dark cycle under 
pathogen-free conditions. To detect the effect of HOTAIR 
interference on atherosclerotic lesions, the ApoE-/- mice 
were randomized into two groups and injected via the tail 
vein with control siRNAs (si-control, n=15) or siRNA-in-
terfering mouse HOTAIR (si-HOTAIR, n=15), respectively. 
To investigate the expression levels of HOTAIR and PCSK9 
protein in the aortas of ApoE-/- mice fed a HFD compared 
to a normal diet, the mice were fed the HFD for six weeks, 
to be used as a model for spontaneous atherosclerotic de-
velopment(23). The diet was commercially prepared mouse 
food supplemented with 21% (w/w) butterfat, 0.15% (w/
w) cholesterol, and 19.5% (w/w) casein (Beijing Keao Xieli 
Feed Co., Ltd., Beijing, China). After six weeks, the mice 
were anesthetized, and 1 ml of blood was collected via car-
diac puncture before they were euthanized by cervical dislo-
cation.

Plasmid construction and cell transfection

To create a HOTAIR expression vector, we amplified a full-
length HOTAIR fragment by PCR using HOTAIR primers 
(Table 1). Oligonucleotides were designed to incorporate 
external HindIII and XhoI sites, respectively. The HOTAIR 
gene was verified and subcloned into the mammalian ex-
pression vector pcDNA3.1(+) (Invitrogen, USA) by PCR. 
The individual small interfering RNA (siRNA) and scram-
bled negative control siRNA (si-NC) were purchased from 
GenePharma (Shanghai, China). The siRNAs targeting 
HOTAIR or siRNA/control are shown in Table 1. Cultured 
THP-1 and RAW264.7 macrophages were seeded into 6-well 
plates to confluency, and transfected either with pCD-
NA3.1-HOTAIR or pCDNA3.1-NC using Lipofectamine 
2000® (Invitrogen), according to the manufacturer’s instruc-
tions. HOTAIR siRNA or si-NC was injected via the tail vein 
into the ApoE-/- mice. Forty-eight hours after transfection, 

Table 1. Sequences for plasmid construction and cell transfection

Genes Primers Sequences(5'-3')

HOTAIR Sense 5'-CATGGATCCACATTCTGCCCTGATTTCCGGAACC-3'
Antisense 5'-ACTCTCGAGCCACCACACACACACAACCTACAC-3'

siRNA/HOTAIR - 5'-UUUUCUACCAGGUCGGUAC-3'
siRNA/control - 5'-CUACAACAGCCACAACGUCdTdT-3'
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qRT-PCR or western blot were performed.

Measurement of intracellular cholesterol

Intracellular cholesterol was assessed as previously de-
scribed(24). THP-1 macrophages transfected with si-HO-
TAIR or si-control were cultured in the serum-free experi-
mental medium for 24 h. The cells were then washed twice 
in PBS. Subsequently, intracellular lipids were extracted in 
a chloroform/methanol (2:1) mix and dried under vacuum. 
Finally, the total cellular cholesterol (TC), free cholesterol 
(FC), and cholesterol ester (CE) contents were determined 
with high-performance liquid chromatography (HPLC).

Cellular cholesterol efflux assay

Cellular cholesterol efflux experiments in BHK cells were 
performed as previously described, with minor modifica-
tions(25). Briefly, THP-1 macrophages seeded into 24-well 
plates were labeled with 0.2 μCi/ml (3H)cholesterol (35-50 
Ci/mmol, Amersham Biosciences) in complete DMEM me-
dium. After 48 h, the cells were subsequently washed three 
times with PBS and incubated overnight in RPMI 1640 
medium containing 0.1% (w/v) BSA to allow equilibration 
of (3H)cholesterol overnight in DMEM containing 0.2% 
fatty-acid-free BSA (DMEM-BSA). The equilibrated (3H)
cholesterol-labeled cells were incubated overnight in 2 ml 
of efflux medium containing RPMI 1640 medium and 0.1% 
BSA with 25 g/ml human plasma ApoA-I for 12 h. Follow-
ing incubation, samples of efflux medium were collected at 
designated times, and centrifuged to remove detached cells. 
Adherent cells were washed twice in PBS at 4 °C. Radio-
activity in the media was measured directly in a Packard β 
liquid scintillation counter. Cellular lipids were extracted 
with hexane/isopropyl alcohol (3:2 v/v) for 30 min at room 
temperature. Radioactivity in the medium and cell-associat-
ed (3H)cholesterol was then measured by liquid scintillation 
counting. Efflux of cellular (3H)cholesterol to media was 
calculated by the following equation: (total media counts/
(total cellular counts + total media counts)) × 100%.

Phospholipid efflux assay

Using the same experimental protocol, cells were cultured 
as indicated above and phospholipid efflux was measured 
by radiolabeling the cells with 2 μCi/ml of (3H)choline 
chloride (Dupont NEN). After 72 h, cells were subsequently 
washed with PBS and incubated overnight in RPMI 1640 
medium containing 0.1% (w/v) BSA. After 6 h of incubation 
in the presence of 10 mg/ml ApoA-I, the efflux medium was 
collected and centrifuged to remove the cell debris as above, 
and separate wells were then used to determine the initial 
cell (3H)choline phospholipid and cell choline phospholip-
id mass (Boehringer Mannheim kit). Phospholipids were 
extracted from the medium and separated by silica gel TLC 
with developing solvents of chloroform/methanol/ammonia 
(25% w/v)/water (50:65:5:4 by volume). Phospholipid spots 
were run in parallel, visualized by iodine vapors, and iden-

tified by co-migration with standards. The spots, scraped 
directly into vials, were then mixed with scintillation fluid, 
and relative radioactivity was measured by Phosphor Screen 
and quantified by PhosphorImager (Molecular Dynamics, 
Inc.). Phospholipid efflux was expressed as a percentage of 
the supernatant versus the total count for each individual 
lipid.

Quantification of atherosclerotic plaques

To quantify the extent of atherosclerotic lesions, immedi-
ately after the mice were euthanized, the whole length of 
each aorta was excised and fixed in 10% buffered formalin 
for quantification of the plaque area by Oil Red O staining 
of lipid deposits, as previously described(26). Briefly, af-
ter carefully removing the adventitial tissue, the aorta was 
opened longitudinally, pinned on a blue wax surface, and 
incubated for 45 min with Oil Red O (0.5% in 60% isopro-
pyl alcohol) (Sigma, St. Louis, MO, USA). Excess stain was 
removed with 60% isopropyl alcohol. Images of en face 
preparations of the whole mounted aorta were obtained 
with a stereomicroscope (SZX12; Olympus, Tokyo, Japan) 
equipped with a digital camera (Dxm1200, Nikon, Tokyo, 
Japan). The percentage of plaques in relation to the entire 
aortic surface was calculated as the plaque score using the 
public domain software, Image J (NIH Image, Bethesda, 
MD, USA).

RNA extraction and quantitative real-time PCR (qRT-
PCR) analysis 

Total RNA was extracted from tissues or cultured cells using 
TRIzol reagent (Invitrogen, CA, USA) and reverse-tran-
scribed to cDNA using a Sensiscript RT Kit (Qiagen, 
Hilden, Germany) according to the manufacturer’s proto-
cols. The qRT-PCR assays were performed to detect HO-
TAIR expression using SYBR Green master mix (Applied 
Biosystems, CA, USA) and ABI GeneAmp 7500 Sequence 
Detection System (Applied Biosystems), as recommended 
by the manufacturer’s protocols. The primers used are sum-
marized in Table 2. The qRT-PCR and data collections were 
performed on an ABI 7500 Fast Sequence Detection Sys-
tem and software (Applied Biosystems) using the 2-ΔΔCT 
method normalized to the expression of β-actin.

Western blot 

Western blot analyses were performed for the determina-
tion of PCSK9 and ABCA1. Protein extracted from the cul-
tured cells was lysed in cell lysis buffer containing 1 mm of 
phenylmethanesulfonyl fluoride (PMSF). The extracted pro-
teins were separated using 12% SDS-PAGE and then electri-
cally transferred to polyvinylidene difluoride (PVDF) mem-
branes by 2 h of electroblotting. Membranes were blocked 
with TBST containing 5% BSA overnight at 4°C, probed 
with anti-PCSK9 antibody (Abcam, CA, USA), anti-ABCA1 
antibody (Abcam), or anti-β-Actin antibody (Abcam), and 
then incubated with horseradish peroxidase-conjugated 
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RNA pull-down assay

HOTAIR and its antisense RNA (NC) were in vitro tran-
scribed and biotin-labeled using a biotin RNA labeling 
mix (Roche, Indianapolis, IN, USA) and T7/SP6 RNA 
polymerase (Roche), then treated with RNase-free DNase 
I (Roche) and purified using an RNeasy mini kit (Qiagen, 
Valencia, CA, USA). One milligram of protein from THP-
1 macrophage extract was mixed with 50 pmol biotinylated 
RNA, incubated with streptavidin agarose beads (Invitro-
gen), and washed three times with NaCl/Pi at room tem-
perature. The retrieved proteins were detected using a stan-
dard western blot technique. 

RNA immunoprecipitation (RIP)

RIP experiments were performed using the Magna RIPTM 
RNA-binding protein immunoprecipitation kit (Millipore, 
Bedford, MA, USA) according to the manufacturer’s in-
structions. The antibody for RIP assays of PCSK9 (Cell 

Signaling Technology) was diluted at 1:50. Co-precipitated 
RNAs were detected by quantitative RT-PCR. 

Statistical analysis

Data are expressed as mean ± standard deviation (SD). 
Comparison between groups was performed with the un-
paired t-test using SPSS v17.0 statistical software (SPSS, 
Inc., Chicago, IL, USA). P values of <0.05 were considered 
statistically significant.

Results

LncRNA HOTAIR gene and PCSK9 protein expressions 
are significantly elevated in human aortic atherosclerotic 
plaques and in aortas of mice fed a HFD

Studies have shown that lncRNAs play an essential role in 
CVD(16). Moreover, PCSK9 has long been considered a 
potential atherogenic risk marker (27). In this study, to ex-

Figure 1. LncRNA HOTAIR gene and PCSK9 protein expression in aortic ather-
osclerotic plaques and in the aortas of mice fed a HFD. HOTAIR gene expres-
sion was analyzed with qRT-PCR. PCSK9 protein expression was assessed by 
western blot. **P<0.01 vs. control.

plore possible changes in lncRNA HOTAIR gene 
and PCSK9 protein expression in aortic athero-
sclerotic plaques, such plaques from 16 patients 
and the normal aortas of 18 normal cases were 
collected. ApoE is synthesized by the liver and 
by macrophages, and has several important an-
ti-atherogenic functions(28). We also detected 
possible changes in HOTAIR gene and PCSK9 
protein expression in the aortas of ApoE-/- mice 
fed a HFD for six weeks. Our data revealed that 
HOTAIR gene and PCSK9 protein expressions 
were significantly increased in aortic athero-
sclerotic plaques (Figure 1A and 1B) and in the 
aortas of mice fed a HFD (Figure 1C and 1D).

Ac-LDL/Ox-LDL upregulates lncRNA HO-
TAIR gene and PCSK9 protein expression 
in THP-1 and RAW264.7 macrophages in a 
dose-dependent manner

Modified LDLs, including Ac-LDL and Ox-LDL, 
are considered the main source of cholesterol 
that accumulates in monocyte-derived mac-
rophages within atherosclerotic plaques(29). 
Macrophages play a very important role in the 
pathogenesis of atherosclerosis and are one of 
the major cell types that transform into lipid-lad-
en foam cells(30). To further investigate possible 

Table 2. Primer sequences of quantitative real-time PCR.

Genes Primers Sequences(5'-3')

HOTAIR Forward 5'-CAGTGGGGAACTCTGACTCG-3'
Reverse 5'-GTGCCTGGTGCTCTCTTACC-3'

GAPDH Forward 5'-GGGA GCCAAAAGGGTCAT-3'
Reverse 5'-GAGTCCTTCCACGATACCAA-3'

secondary antibodies (Boster, Wuhan, 
China) diluted at 1:2000 for 1h in 5% 
milk/1×TBST. The immune complex-
es were visualized with an enhanced 
chemiluminescence kit (Amersham 
Biosciences, NJ, USA) according to the 
manufacturer’s instructions.
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changes in lncRNA HOTAIR gene and PCSK9 protein ex-
pression in THP-1 and RAW264.7 macrophages in the pres-
ence of Ac-LDL or Ox-LDL, we performed qRT-PCR and 
western blot analyses. THP-1 and RAW264.7 macrophages 
were treated with different concentrations of Ac-LDL/Ox-
LDL (0, 25, 50, and 100 μg/mL) for 48 h. The results demon-
strated that Ac-LDL/Ox-LDL dose-dependently elevated 
HOTAIR gene and PCSK9 protein expressions in THP-
1 (Figure 2A and 2B) and RAW264.7 (Figure 2C and 2D) 
macrophages.

The effect of lncRNA HOTAIR and PCSK9 on cholesterol 
metabolism

Atherosclerosis can be considered both a lipid metabolism 
disorder and a complex, chronic inflammatory disease 
that involves many cell types and circulating mediators, 
resulting in an inflammatory state(31). PCSK9 concentra-
tion was reported to be correlated with LDL-C, TC, and 
triglycerides(5,8,32-34), and has been considered a poten-
tial novel predictor of cardiovascular risk and a target for 
lipid-lowering therapy(8). To determine whether lncRNA 
HOTAIR and PCSK9 affect cholesterol metabolism, we first 
examined the effect of lncRNA HOTAIR and PCSK9 on 
cholesterol metabolism in THP-1 macrophages. The plas-
mid vector pcDNA3.1-HOTAIR was created and transfected 
into THP-1 macrophages. We found that HOTAIR over-
expression significantly increased TC, FC, and CE levels 
(Figure 3A). However, the elevated cholesterol content was 
further reversed by PCSK9 interference. The defect in lipi-
dation of ApoA-I has been considered a major cause of the 

impaired ability to stimulate cholesterol efflux from Tangier 
cells(35). To confirm that this process was also regulated 
by lncRNA HOTAIR and PCSK9, we further investigated 
ApoA-I-mediated cholesterol efflux and phospholipid efflux 
in THP-1 macrophages. As shown in Figure 3C and 3D, 
the efflux of cholesterol and phospholipids was decreased 
significantly when lncRNA HOTAIR was overexpressed 
in THP-1 macrophages. Interestingly, the reductions in 
cholesterol efflux and phospholipid efflux were also further 
recovered by PCSK9 interference (Figure 3C and 3D). These 
results suggest that lncRNA HOTAIR and PCSK9 increase 
cholesterol levels and inhibit cholesterol efflux and phos-
pholipid efflux in THP-1 macrophages.

PCSK9 interference reverses lncRNA HOTAIR-induced 
downregulation of ABCA1 expression 

ABCA1 is a member of a family of highly conserved trans-
membrane transport proteins that plays a crucial role in 
cholesterol metabolism, for example, in reverse cholesterol 
transport (RCT)(36,37). Here, we showed that lncRNA 
HOTAIR and PCSK9 could affect cholesterol metabolism 
and inflammation. Therefore, we hypothesized that lncRNA 
HOTAIR and PCSK9 might be involved in regulating the 
expression of ABCA1. We then examined the effect of ln-
cRNA HOTAIR and PCSK9 on ABCA1 expression in THP-
1 (Figure 4A) and RAW264.7 (Figure 4B) macrophages. 
Our data documented that overexpression of lncRNA 
HOTAIR significantly reduced ABCA1 protein expression 
levels. Similarly, the reduction of ABCA1 expression levels 
could be further rescued by PCSK9 interference.

Figure 2. Dose-dependent ef-
fects of Ox-LDL/Ac-LDL on ln-
cRNA HOTAIR gene and PCSK9 
protein expression in THP-1 
and RAW264.7 macrophages. 
THP-1 and RAW264.7 mac-
rophages were treated with 
different concentrations of 
Ac-LDL/Ox-LDL (0, 25, 50, 
and 100 μg/mL). After 48 h 
of cultivation, HOTAIR gene 
expression was evaluated with 
qRT-PCR, and PCSK9 protein 
expression was detected with 
western blot. **P<0.01 vs. con-
trol.
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LncRNA HOTAIR associates with PCSK9 and elevates 
PCSK9 levels by enhancing PCSK9 protein stability

Because PCSK9 is an RNA-binding protein, we speculated 
that lncRNA HOTAIR may also bind PCSK9 and influence 

PCSK9 protein stability. To test this hypothesis, THP-1 mac-
rophages were transfected with pcDNA-HOTAIR or empty 
pcDNA vector and an RNA pull-down experiment was per-
formed. Figure 5A shows a significant enrichment of PCSK9 
in the presence of HOTAIR RNA compared with antisense 

Figure 3.  Effects of lncRNA HOTAIR and PCSK9 on cholesterol content and inflammation in THP-1 macrophages. THP-1 macrophages were trans-
fected with empty pcDNA3.1 vector or plasmid vector pcDNA3.1-HOTAIR. (A) Cellular TC, FC, and CE were determined by HPLC. (B, C) The cells 
were labeled with 0.2 μCi/ml [3H]cholesterol for 48 h or 2 μCi/ml of [3H]choline chloride for 72 h, and then liquid scintillation counting assays 
were carried out to analyze ApoA-I-mediated cellular cholesterol efflux and phospholipid efflux. Data are expressed as mean ± SD. All experi-
ments were performed in triplicate.
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RNA (negative control). To further confirm the association 
between HOTAIR and PCSK9, we performed RNA immu-
noprecipitation (RIP) with an antibody directed against 
PCSK9 using cell extracts from THP-1 macrophages. We 
found a significant enrichment of HOTAIR mRNA using 
the PCSK9 antibody compared with the IgG control anti-
body (Figure 5B). 
    Moreover, we examined the effects of cycloheximide 
(CHX) and MG132 on PCSK9 protein expression. Our 
results showed that CHX, a protein synthesis inhibitor, 
dramatically decreased PCSK9 protein expression in HO-
TAIR-overexpressed THP-1 macrophages, whereas the 
proteasome inhibitor MG132 significantly elevated PCSK9 
protein expression levels in HOTAIR-overexpressed THP-
1 macrophages (Figure 5C). These results demonstrated a 
specific association between HOTAIR and PCSK9.

Assessment of atherosclerotic lesions in the aorta 

Six weeks of the HFD caused increased atherosclerotic 
plaques within the aorta as assessed by Oil Red O staining 
(Figure 6). The lesion areas in aortas from ApoE-/- mice 
treated with HOTAIR interference were significantly re-
duced in comparison with aortas from ApoE-/- mice treated 
with si-control (Figure 6A). Moreover, HOTAIR interfer-
ence dramatically inhibited PCSK9 protein expression and 
remarkably elevated ABCA1 protein expression (Figure 6B) 
in atherosclerotic plaques within the aorta.

Discussion

Atherosclerosis is a systemic and chronic disease that affects 
virtually all vascular beds and can remain asymptomatic for 
decades. Increasing studies have revealed that lncRNAs have 

emerged as a major class of regulatory molecules involved 
in a variety of biological processes and complex diseas-
es(38). However, until now there has been limited research 
focused on the effects of lncRNAs on CVD(39), and the full 
impact of this field on cardiovascular biology is yet to be re-
alized(40). Therefore, a better understanding of the roles of 
lncRNAs in the development of atherosclerosis will advance 
our understanding of cell regulatory and disease mecha-
nisms. In the present study, our aim was to identify whether 
lncRNA HOTAIR might play an important role in choles-
terol metabolism and in atherosclerosis. Consequently, this 
study sought to examine possible changes in HOTAIR gene 
and PCSK9 protein expressions in human aortic atheroscle-
rotic plaques and in the aortas of mice fed a HFD. We found 
that HOTAIR gene and PCSK9 protein expressions were 
significantly elevated in both tissues (Figure 1).
    Macrophages, endothelial cells, and vascular smooth 
muscle cells are the primary cells that contribute to athero-
sclerotic lesion formation(41-43). In addition, macrophages 
could accumulate lipids by taking up large-particle lipo-
proteins through non-receptor-mediated endocytosis(44). 
Furthermore, macrophages, whether engorged with lipids 
or not, play a key role in the internalization of chemically 
modified lipoproteins, such as Ox-LDL and Ac-LDL, by 
macrophages, involved in foam-cell formation(45). The 
formation of macrophage foam cells in the intima is a major 
hallmark of early-stage atherosclerotic lesions(31). THP-
1 and RAW264.7 cells have been used in lipid metabolism 
investigations(46-49). 
    Evidence from previous studies demonstrated that Ox-
LDL contributed to atherosclerotic plaque formation and 
progression via several mechanisms, including macro-
phage foam cell formation. Moreover, Ox-LDL upregulates 
ABCA1 expression at both protein and mRNA levels(50). 

Figure 4. Effects of lncRNA HOTAIR and PCSK9 
on ABCA1 expression in THP-1 and RAW264.7 
macrophages. THP-1 (A) and RAW264.7 (B) 
macrophages were transfected with empty 
pcDNA3.1 vector or plasmid vector pcD-
NA3.1-HOTAIR. Western blot assays were 
performed to detect ABCA1 protein expression. 
All results are presented as mean ± SD (n=5) 
from three independent experiments, each per-
formed in triplicate.

Figure 5. HOTAIR increases PCSK9 levels by enhancing PCSK9 protein stability. (A) An RNA pull-down assay was performed as described in the 
experimental procedures. HOTAIR or antisense RNA (NC) was incubated with cell extracts, and the PCSK9 protein was assayed with western blot. 
(B) RIP experiments were performed in THP-1 macrophages using a PCSK9 antibody or nonspecific IgG, and specific primers were used to detect 
HOTAIR. (C) HOTAIR-overexpressed THP-1 macrophages were treated with CHX and MG132, respectively. After incubation for 4 h, western blot 
analysis was performed to detect PCSK9 protein expression.
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An interesting study showed that Ox-LDL induces GPR119 
expression through lncRNA-DYNLRB2-2 in THP-1 macro-
phages(13). In the current study, we further investigated the 
effects of Ac-LDL or Ox-LDL on HOTAIR gene and PCSK9 
protein expression in THP-1 and RAW264.7 macrophages. 
Our data revealed that Ac-LDL/Ox-LDL dose-dependently 
elevated HOTAIR gene and PCSK9 protein expression in 
THP-1 (Figure 2A and 2B) and RAW264.7 (Figure 2C and 
2D) macrophages.
    PCSK9, which is a crucial modulator of cholesterol me-
tabolism(10), has been recognized for its pivotal role in 
increasing LDL-R degradation(7). LDL-R is the primary 
receptor for the binding and internalization of plasma-de-
rived LDL cholesterol, and regulates plasma LDL concen-
tration(51). PCSK9 has emerged as an important factor in 
fat metabolism since endogenous PCSK9 has been shown to 
regulate LDL-R concentrations in adipose tissue in mouse 
models(52). In addition, experiments involving PCSK9 
null mice showed that a lack of PCSK9 is protective against 
postprandial triglyceridemia(53). Furthermore, multiple 
studies have found that PCSK9 concentrations are correlat-
ed with LDL-C concentrations(27,54,55). Genetic associa-
tion studies have found that subjects with gain-of-function 
PCSK9 mutations have increased plasma LDL-C levels and 
premature atherosclerosis(56,57), whereas subjects with 
loss-of-function PCSK9 mutations have lower LDL-C levels 
and protection against CVD(27,58), which highlights the 
importance of clinical applications of PCSK9 inhibition. 
    Atherosclerosis is characterized by intimal accumulation 
of lipids(2). Previous studies have suggested that cholesterol 
and other lipids can be mobilized and excreted to prevent 
atherosclerosis in a process termed reverse cholesterol 
transport (RCT)(59). In addition, crosstalk between lipid 

metabolism and innate immunity pathways plays an im-
portant role in the development and/or prevention of ath-
erosclerosis(60). Hypercholesterolemia, which results from 
abnormalities in lipid metabolism, is one of the key risk fac-
tors for the development of atherosclerosis and its patholog-
ic complications. Evidence from several recent studies indi-
cates that reduction of plasma cholesterol levels by dietary 
and/or pharmacological means leads to a reduction in the 
risk of death from CVD(61,62). Furthermore, uncontrolled 
Ox-LDL uptake, excessive cholesterol esterification, and im-
paired cholesterol release can provoke accumulation of CE 
stored as cytoplasmic lipid droplets(63). Therefore, we pro-
ceeded to investigate the impact of HOTAIR and PCSK9 on 
cholesterol metabolism, and the results showed that elevated 
cholesterol content induced by HOTAIR overexpression was 
further reversed by PCSK9 interference (Figure 3A), and 
PCSK9 interference recovered the inhibition effect of HO-
TAIR overexpression on cholesterol efflux and phospholipid 
efflux (Figure 3B and 3C).
    ABCA1 plays an essential role in the efflux of cellular cho-
lesterol to HDL and its apolipoproteins, and affects cellular 
inflammatory cytokine secretion by modulating cholesterol 
content(37). In humans, ABCA1 mutations can cause se-
vere HDL-deficiency syndrome, leading to the development 
of sterol deposits in tissue macrophages, and to premature 
atherosclerosis(64). Because of its role in macrophage lipid 
transport, ABCA1 is an important target for the preven-
tion and treatment of atherosclerosis. We discovered that 
PCSK9 interference could reverse HOTAIR-induced down-
regulation of ABCA1 expression in THP-1 and RAW264.7 
macrophages (Figure 4). Therefore, we proposed that 
lncRNA HOTAIR upregulated PCSK9 expression, which 
decreased ABCA1 expression, resulting in the inhibition 
of ABCA1-mediated cholesterol efflux and leading to the 
promotion of atherosclerosis. To confirm this hypothesis, 
we further uncovered the molecular mechanisms by which 
HOTAIR associates with PCSK9 and elevates PCSK9 levels 
by enhancing PCSK9 protein stability (Figure 5).
    Atherosclerosis is a complex multifactorial disease with 
numerous pathogeneses that contribute synergistically to 
the development of atherosclerotic lesions(65). Athero-
sclerotic lesions are initiated by the focal accumulation of 
lipoproteins, monocytes/macrophages, smooth muscle 
cells, and lymphocytes within the arterial wall(37,59). In 
previous studies on atherosclerosis and its effective ther-
apeutic approaches, the mouse was regarded as the most 
useful, economical, and validated model to mimic humans 
metabolically and pathophysiologically(66). In this study, 
we investigated atherosclerotic lesions in ApoE-/- mice and 
found that HOTAIR interference significantly reduced the 
lesion area in aortas from these mice (Figure 6A). Indeed, 
the lesions in ApoE-/- mice resemble their human coun-
terparts and develop over time from initial fatty streaks to 
complex lesions(67,68). In addition, in this mouse model, 
HOTAIR interference significantly inhibited PCSK9 protein 
expression and markedly elevated ABCA1 protein expres-
sion (Figure 6B) in atherosclerotic plaques within the aortas 
of ApoE-/- mice.

Figure 6. Effects of HOTAIR interference on atherosclerotic lesions in 
ApoE-/- mice fed HFD. Computerized morphometry was performed to 
quantify atheroma development in the whole aorta (the aortic arch up 
to the abdominal aorta). ApoE-/- mice were fed HFD for six weeks and 
injected with si-HOTAIR or si-control. Arteries were stained with Oil 
Red O, and the results represent the lesion area (%) relative to total 
aortic surface (A). PCSK9 and ABCA1 protein expression was eval-
uated by western blot analysis (B). n=8 mice per group. *P<0.05 vs. 
si-control.
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Conclusion

In conclusion, this study demonstrated that lncRNA HO-
TAIR significantly elevated cholesterol content and dramat-
ically decreased the efflux of cholesterol and phospholipids 
though regulating the expression of PCSK9 in macrophages. 
In addition, HOTAIR interference significantly reduced the 
lesion area, dramatically inhibited PCSK9 protein expres-
sion, and remarkably elevated ABCA1 protein expression 
in the aortas of ApoE-/- mice. Together, these results sug-
gested that HOTAIR may be a promising target for treating 
atherosclerotic vascular disease. Although the current study 
demonstrated that HOTAIR-modulated PCSK9 protein ex-
pression is a key pathway for regulating cholesterol homeo-
stasis and atherosclerotic lesions, whether atherosclerosis 
can be affected by HOTAIR through other targets remains 
unclear and needs to be further explored.
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Abstract 

Objective: The vascular smooth muscle cell (VSMC) inflammatory response is the main pathological characteristic of ath-
erosclerosis (AS). This study was conducted to evaluate the effect of rosuvastatin on the inflammatory pathway of VSMCs. 
Methods: A total of 20 atherosclerosis patients were recruited for analysis of differential miR-146a expression, and 20 
persons with no visible coronary atherosclerotic plaque were analyzed as a control. Cellular miR-146a was manipulated 
by transfection of miR-146a mimic or miR-146a inhibitor in VSMCs that were isolated from Wistar neonate rats. In vi-
tro inflammatory response of the VSMCs was stimulated by lipopolysaccharide (LPS) (100nM). The expression levels of 
Phosphoryl-p65 (P-p65), total p65, and toll-like receptor 4-tumor necrosis factor receptor (TRAF6) were determined using 
Western blotting. 
Results: AS patients were characterized by a low high-density lipoprotein(HDL) to low-density lipoprotein (LDL) ratio and 
had lower serum levels of miR-146. Manipulation of cellular miR-146a in VSMCs negatively regulated inflammation-relat-
ed signals and P-p65 and TRAF6 expression. MiR-146a expression was enhanced with increasing treatment concentration 
and processing time of rosuvastatin. rosuvastatin dose-dependently suppressed LPS-induced P-p65 and TRAF6 expression 
in VSMCs, whereas this inhibitory action was abrogated by miR-146 silencing.
Conclusion: MiR-146a mediated the anti-inflammatory action of rosuvastatin in VSMCs.

Keywords: miR-146a, vascular smooth muscle cell , nuclear factor kappa B, toll-like receptor four-tumor necrosis factor      
receptor

Introduction 

As one of the inflammatory joint diseases, atherosclero-
sis (AS) and its cardiovascular complications remain the 
leading causes of death worldwide (1). AS is facilitated by 
a number of cellular events, including inflammatory re-
sponse, cell dysfunction, and death of essential vascular cells 
(2). According to hypotheses regarding the development of 
AS, the progressive inflammatory impairment of vascular 
smooth muscle cell (VSMC) function is an important step 
in the development of atherosclerotic plaques (3). Therefore, 
inhibition of VSMCs’ dysfunctional response to inflamma-
tion is increasingly proposed as an important mediator of 
atherosclerotic regression. 

    Rosuvastatin is clinically prescribed to lower cholesterol 
and triglyceride levels, and it is used to potentially cure cor-
onary heart disease secondary to AS (4, 5). Well-established 
studies have pointed out that the anti-atherosclerotic action 
of rosuvastatin increases high-density lipoprotein (HDL) 
production, reduces endothelial dysfunction (4), stabilizes 
atherosclerotic aortic plague (6), and inhibits atherosclerotic 
inflammation-related events (7). The therapeutic effects of 
rosuvastatin on AS possibly depend on its inhibitory effect 
on the activation of certain inflammatory factors, such as 
NF-κB (nuclear factor kappa B) and tumor necrosis factor 
(TNF)-α (8). However, the exact anti-AS mechanism of ro-
suvastatin is still poorly understood, especially in terms of 
its action on VSMC inflammation. 
    MicroRNA (miRNA) is a family of non-coding RNAs 
that consist of 20~22 nucleotides and are responsible for 
post-transcriptional and cell type-specific repressors of gene 
expression under both normal and pathological conditions 
(9). MiRNA expression of different cell types involved in 
the inflammation of the vascular system has already been 
widely studied. The inflammation-related miRNA expres-
sion profile of atheromatous plaques 
(10) and serum of AS (11) have also 
been observed. As the new regulatory 
layer, several miRNAs have been found 
to modulate the function of endothelial 
cells (ECs), smooth muscle cells, and 
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macrophages by controlling the expression levels of chemo-
kines, thereby affecting different stages in the progression 
of AS. Among these, miRNA-146a mediates the pathologic 
processes of AS by involving the inflammatory response of 
VSMCs (12). It has also been proven to regulate the matu-
ration and proliferation of VSMCs in AS (13, 14), and this 
process might also be mediated by miR-146a targeting the 
expression of NF-κB, a critical inflammation-related tran-
scriptional factor (15). Moreover, miR-146a has another 
inflammatory factor target: toll-like receptor four-tumor ne-
crosis factor receptor 6 (TRAF6), a gene that is essential for 
maintaining immune tolerance (16). As a signal transductor 
for TNFs, TNF6 signaling is activated in AS and functions 
as an inflammatory mediator (17). 
Thus, the aim of the current study was initially to assess the 
anti-inflammatory effects of rosuvastatin in VSMCs, and es-
pecially to explore the essential role of miR-146a associated 
with its downstream signals in this process. 

Materials and Methods 

Subjects 

Twenty coronary artery atherosclerotic patients in Affili-
ated Hospital of Nantong University were selected for this 
study between January and December, 2013. The subjects 
selected had less than 50% vascular stenosis evaluated with 
coronary artery arteriography. Another 20 participants with 
no visible coronary atherosclerotic plaque were recruited as 
a control group. All participants provided written informed 
consent before participating in the experiments. This study 
was approved by the Research Ethics Committee of Affiliat-
ed Hospital of Nantong University. Participants were invited 
to participate in a preliminary appointment during which 
a clinical evaluation was performed in order to obtain gen-
eral information. During this baseline visit, the height and 
weight of all participants were measured using a digital 
bathroom scale (TZ-150; Shanghai, China) and height and 
weight measurements were used to calculate body mass 
index (BMI). Systolic blood pressure and diastolic blood 
pressure were monitored using a hematomanometer. Blood 
samples were collected for subsequent biochemical analysis. 

Biochemical analysis 

Blood samples (10mL) were collected and were distributed 
in different tubes, as follows: (1) no anticoagulant (10mL) 
for triglyceride, cholesterol, glucose, HDL, and low-density 
lipoprotein (LDL) analysis and (2) EDTA (5mL) for RNA 
extraction. Serum and plasma were separated by centrifu-
gation for 15 minutes at 3,500g at 4°C. Samples were stored 
at 4°C and were analyzed within a 12 hour after samples 
collection. According to the manufactures’ instructions, 
Olympus laboratory kits were used to measure total choles-
terol, triglycerides, HDL, LDL, and glucose using an AU400 
chemical analyzer (Olympus, Tokyo, Japan). 

VSMC culture 

The male and female Wister rats (within 24 hours after 
birth) were provided by the Animal Center of Nantong 
University. Animals were sacrificed for VSMC culture. After 
sacrifice, the aortas were immediately collected and washed 
with ice-cold phosphate buffered saline (PBS). The clean 
aortas were carefully sheared into 1mm×1mm fragments 
and subsequently arranged evenly on the bottom of a cul-
ture vessel with 3cm of clearance between tissues. Three ml 
of high glucose dulbecco's modified eagle medium (DMEM) 
supplied with 15% fetal calf serum and 0.1 mmol/L of 
5-Bromodeoxyuridine (Brdu) were added to the vessel, and 
the vessel was shaken slightly until tissue infiltration was 
achieved, then cultured at a constant temperature of 37◦C in 
a 5% CO2 incubator. After one to two hours of incubation, 
the vessel was turned around, enabling the tissue fragments 
to become soaked in the culture medium for continuous 
static cultivation. The first passage was carried out when 
cells were observed to be stretched out around the tissue 
fragments and gradually was confluent 85% overspreading 
the bottom. For passage, tissue fragments were gently re-
moved, and 1mL of 0.1% trypsinase was added. After about 
two to five minutes of digestion, cells were placed under a 
microscope. Trypsinase was extracted when cells demon-
strated cell retraction and increased gap. Five to 10mL of 
culture medium containing 0.1mmol/L of Brdu was added 
to the cells, and cells were passaged every five to seven days. 
Cells that underwent three or four passages were used for 
further experiments. 

Experimental protocols 

Based on the aim of the drug intervention, VSMCs were 
classified into two experimental procedures: dosage-depen-
dent analysis (treated with one, five, or 10μM doses of rosu-
vastatin for 24 hours) and time-dependent analysis (treated 
with 5μM doses of rosuvastatin for 12, 24, or 48 hours). To 
evaluate the anti-inflammatory effects of rosuvastatin, cells 
were pretreated with 100nM LPS (lipopolysaccharide) for 
24 hours before rosuvastatin treatment. 

Quantitative RT-PCR 

Total RNA was isolated from VSMCs using a Trizol kit. 
After being quantified by a spectrophotometer, 2μg of RNA 
was synthesized to cDNA using the High Capacity cDNA 
Reverse Transcription Kit (Applied Biosystems, Foster City, 
CA, USA), according to the manufacturer’s protocols. The 
cDNA product was harvested and stored at -20°C until 
analysis in real time quantitative reverse transcription-PCR 
(RT-qPCR). The procedure of RT-PCR was as follows: a ho-
mogenized 50μl reaction mixture was created using cDNA 
product, primers, probes (Applied Biosystems), a dNTP 
mixture, and Tap DNA polymerase. The procedure was then 
carried out based on the manufacturer’s instructions for 
use of the Applied Biosystems ABI7500 Real Time PCR In-
strument. Relative expression of miR-146a was normalized 
to U6 and calculated using the 2--∆∆CT method; results are 
presented as the fold change from the control group mean 
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values, in which the Ct did not show a significant variation 
between groups.

Transfection 
VSMCs were transfected with commercially available syn-
thetic miRNA mimics for miR-146a, miR-146a mimic con-
trol, miRNA inhibitor for miR-146a, or scramble miR-146a 
inhibitor control (Ambion, Carlsbad, CA, USA) using the 
Oligofectamine® 2000 transfection reagent (Invitrogen, Chi-
cago, IL, USA) according to the manufacturer’s protocols. 
VSMCs were grown to 85% confluence and incubated with 
miR-146a mimic or miR-146a inhibitor or controls for 48 
hours. 

Western blotting 

Phosphoryl-p65 (P-p65), total p65, and TRAF6 protein 
levels were detected via Western blot analysis. Cells from 
experimental groups were homogenized and made into 
protein lysate. After being quantified by a BCA Protein As-
say kit, 30μg of protein were separated by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and then transferred to a polyvinylidene fluoride (PVDF) 
membrane (Millipore, USA). The filters were blocked with 
5% milk in Tris-buffered saline, followed by incubation with 
polyclonal antibodies raised against P-p65 (1:2,000 dilution; 
Abcam), total p65 (1:500 dilution; Abcam), TRAP6 (1:500 
dilution; Abcam), or GAPDH (1:5,000 dilution; Abcam). 
After overnight incubation at 4°C, the membranes were 
washed with buffer solution and then incubated with per-
oxidase-conjugated secondary antibodies (diluted 1:1,000) 
in Tris-buffered saline with 0.01% Tween-20. The ECL che-
miluminescent substrate (Beyotime, Shanghai, China) was 
used to detect the peroxidase-conjugated antibodies using 
a SmartGel 600 transilluminator. The intensity of the bands 
was evaluated with Lane 1DTM analysis software (Beijing 
Sage).The intensity of the protein bands was quantified rela-
tive to the GAPDH bands.

Statistical analysis 

All data analyses were performed using the SPSS version 
16.0 software. The significant differences between groups 
were analyzed by the one-way analysis of variance with 
Bonferroni's multiple comparisons test. Data are presented 
as mean ± standard deviation. P values < 0.05 were consid-
ered to be statistically significant.

Results 

Differential expression of miR-146a in atherosclerotic pa-
tients

We characterized the parameters of both AS patients and 
controls in Table 1. Participants in the two study groups had 
similar characteristics in terms of age, sex, and body mass 
index. Systolic blood pressure, diastolic blood pressure, and 
mean arterial blood pressure were significantly or non-sig-
nificantly higher in AS patients than in controls; however, 
these three parameters were maintained at the normal 
physiological levels indicating that AS patients were with 
atherosclerotic cardiomyopathy. On the other hand, mark-
ers for AS—significantly reduced HDL level (P = 0.005) and 
significantly elevated LDL level (P = 0.008)—were observed. 
A substantial decrease in the HDL to LDL ratio (P = 0.003) 
was also observed in atherosclerotic patients. Serum tri-
glyceride and cholesterol levels were slightly lower, but this 
difference was not statistically significant.
The results of qRT-PCR showed that atherosclerotic patients 
(n = 20) had significantly lower miR-146a expression in pe-
ripheral blood than the 20 controls (P = 0.0004) (Figure 1). 

MiR-146a regulates the expression of inflammation-relat-
ed signaling proteins 

To evaluate the potential role of miR-146a in inflamma-
tion-related signaling in VSMCs, we manipulated cellu-
lar miR-146a by miR-146a mimic or miR-146a inhibitor 
transfection in order to analyze the expression of inflam-
mation-related signaling proteins. Results from Western 
blotting showed that phosphoryl-p65 (P-p65) was downreg-

Table 1. Characteristics of the control and patient groups.

Control Group
(N = 20)

Atherosclerotic Patients 
 (N = 20) p-Value

Age (years) 52.14±6.28 51.75±9.59 0.419
Body Mass Index 23.45±6.18 26.01±12.49 0.079
Systolic Blood Pressure 123.54±8.51 130.21±15.29 0.039
Diastolic Blood Pressure 81.39±4.59 82.13±11.15 0.205
Mean Arterial Blood Pressure 91.34±6.42 97.69±13.25 0.009
Random Blood Glucose Level (mg/dl) 85.29±5.14 137.77±71.28 0.0001
Triglyceride Level (mg/dl) 91.42±27.92 92.07±46.35 0.752
Cholesterol Level (mg/dl) 139.52±20.18 141.29±43.37 0.513
HDL Level (mg/dl) 34.22±4.08 27.41±6.16 0.005
LDL Level (mg/dl) 87.54±21.36 99.59±33.19 0.008
HDL/LDL 0.42±0.25 0.25±0.13 0.003

  HDL, high-density lipoprotein; LDL, low density lipoprotein. 
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ulated in response to miR-146a overexpression, whereas it 
was upregulated in response to miR-146a silencing, suggest-
ing a negatively regulatory action of miR-146a on NF-κB 
activation (Figure 2A). In addition, TRAF6 expression was 
attenuated by miR-146 overexpression and was enhanced by 
miR-146a silencing (Figure 2B). 

Rosuvastatin dose-dependently and efficiently promotes 
miR-146a expression in VSMCs

We then examined the differential expression of miR-146a 
in response to rosuvastatin treatment. The results showed 
that rosuvastatin at doses of one, five, and 10μM effectively 
strengthened miR-146a expression, and this effect emerged 
in a dose-dependent manner (Figure 3A). In addition, the 
relative expression of miR-146a was enhanced by increased 
processing time in response to the 5μM dose of rosuvastatin 
(Figure 3B). 

Rosuvastatin inhibits inflammatory response mediated 
by miR-146a in VSMCs

To explore the anti-inflammatory action of rosuvastatin, 
we treated VSMCs with one, five, and 10μM doses of rosu-

vastatin in the presence of an LPS-induced inflammatory 
response in order to evaluate the expression of inflamma-
tory signaling proteins. As shown in Figures 4A and 4B, ro-
suvastatin dose-dependently attenuated P-p65 and TRAF6 
expression. MiR-146a pretreatment effectively abrogated 
expressional inhibition of rosuvastatin on P-p65 (Figure 
4C) and TRAF6 (Figure 4D), suggesting the involvement of 
miR-146a in the anti-inflammatory action of rosuvastatin. 

Discussion 

It is well established that people with AS often have the 
complications of abnormal blood pressure, low HDL levels 
and elevated LDL levels (Table 1), suggesting the role of 
chronic inflammation in the development of atherosclerot-
ic plaques (18, 19). One of the inflammatory pathological 
basics of atherosclerosis is the activation of inflammatory 
signaling pathways in VSMCs (20). Therefore, therapeutic 
immunosuppression of VSMCs is a possible strategy for 
treating AS. In the present study, we showed that rosuvasta-
tin inhibited the NF-κB and TRAF-6 inflammatory signals 
of VSMCs by enhancing miR-146a expression. 
    AS is often associated with aberrant miRNA expression 
and miRNA-regulated target pathways (21). In the present 
study, we found that plasma miR-146a was downregulated 
in the peripheral blood of AS patients. Previous studies have 
shown that high expression of miR-146a associating with 
its target genes was beneficial for suppressing inflamma-
tion and AS (12, 22). We thereby speculated that miR-146a 
might function as a regulator for inflammation-related gene 
expression in VSMCs. NF-κB (15) and TRAF6 (16, 23) were 
regarded as the targets of miR-146a in inflammatory dis-
ease in various cells in previous studies. These two proteins 
are essential molecules for the immune system. TRAF6 
mediated signals have proven critical to the development, 
homeostasis, and activation of immune cells. NF-κB and the 
signals that it controls regulate cellular oxidative stress and 
inflammation (24). Furthermore, TRAF6 and NF-κB have 
been proven to be activated in AS, inducing inflammatory 
mediators. These situations are shown in Figure 2, which 
shows the negative alteration of phosphoryl-p65 expression 
(a subunit of NF-κB) and presents its activation as indicated 
by phosphorylation level (25) and the expression of TRAF6 

Figure 1. MiR-146a levels in the peripheral blood of atherosclerotic 
patients in comparison to controls. 

Figure 2. Expression of inflammation-related signals in VSMCs mediated by miR-146a. (A) Representation of phosphoryl-p65 (P-p65) and total 
p65, and (B) TRAF6 in miR-146a mimic- or miR-146a inhibitor-transfected VSMCs by Western blotting. 
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by enrichment or silence of cellular miR-146a in VSMCs. 
These data suggest the miR-146a/NF-κB/TRAF6 axis in 
VSMCs. 
    In addition, the anti-atherogenic drug rosuvastatin was 
shown to efficiently and dose-dependently enhance miR-
146a expression in VSMCs in the present study, indicating 
the involvement of miR-146a in the anti-inflammatory 
action of rosuvastatin. Rosuvastatin is commonly regard-
ed as a 3-hydroxy-3-methylglutaryl coenzyme reductase 
inhibitor, and it is clinically and experimentally used in 
pleiotropic therapy for anti-inflammation and anti-AS. 
The benefit derived from rosuvastatin is primarily a result 

of achieving low LDL cholesterol levels and enhancing the 
stability of atherosclerotic plaques. The pharmacological 
effects of rosuvastatin have been evaluated through both in 
vivo animal studies and more abstract analysis of clinical 
data. The clinical data appear to indicated that rosuvastatin 
had anti-proliferation and anti-migration effects on VSMCs 
(26); however, there is little evidence focusing on its role in 
the inflammatory response. Therefore, further research is 
required to evaluate the anti-inflammatory benefits of ro-
suvastatin and to optimize its potential to treat and prevent 
cardiovascular disease. 
    This study examined whether miR-146a is involved in the 

Figure 3. Effect of rosuvastatin on miR-146a expression in VSMCs. Relative expression of miR-146a was determined (A) after a 24 hour period of 
treatment with one, five, or 10μM of rosuvastatin and (B) after a 5μM dose of rosuvastatin after 12, 24, or 36 hours treatment. Data are presented 
as mean ± standard deviation. *p < 0.05, **p < 0.01 compared with no rosuvastatin treatment.

Figure 4. Rosuvastatin inhibits inflammatory response mediated by miR-146a in VSMCs. (A) Expression levels of P-p65 and total p65, and (B) 
TRAF6 in VSMCs that have experienced a 12 hour period of treatment with one, five, or 10μM rosuvastatin and a 12 hour period of treatment 
with 100nM LPS. (C) P-p65 and total p65, and (D) TRAF6 expression were found in VSMCs that were treated with both rosuvastatin and miR-
146a inhibitor. 
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anti-inflammatory action of rosuvastatin in VSMCs. MiR-
146 was first identified as a negative regulator in innate 
immune and inflammatory responses induced by LPS (27). 
LPS-induced upregulation of P-p65 and TRAF6 expression 
are gradually attenuated by increasing the dose of rosuvas-
tatin in VSMCs. The anti-inflammatory response of rosu-
vastatin was reversed by miR-146a silencing. Several studies 
in the clinical and experimental setting have investigated 
the effects of rosuvastatin on the pathogenesis of AS-related 
disease, including its ability to alter HLD concentration, 
improve endothelial function, and stabilize atherosclerotic 
aortic plaques (6), although it does not appear to improve 
the function of VSMCs. Rosuvastatin can ameliorate the in-
flammation response through inactivation of NF-κB (28). 
In conclusion, rosuvastatin, the well-known treatment used 
in AS diseases, was found to have an anti-inflammatory ef-
fect on LPS-induced VSMCs by affecting the miR-146a/NF-
κB/TRAF6 signaling pathway. Our study provides strong 
evidence for direct, beneficial anti-inflammatory effects of 
rosuvastatin in AS-effected VSMCs. 
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Abstract

Total bilirubin (TB) is reversely associated with in-hospital outcomes of acute ST-segment elevation myocardial infarction 
(STEMI) patients during primary percutaneous coronary intervention (PCI). However, whether high TB exerts favorable 
effects on the prognosis for no-reflow patients remains in need of further investigation. A total of 135 consecutive no-re-
flow patients were enrolled in the study. Patients were divided into two groups based on TB concentrations (0.9 mg/dl). 
No-reflow was diagnosed using two different methods: Thrombolysis in myocardial infarction (TIMI) flow grade ≤ 2 or 
TIMI flow grade 3 with a TIMI myocardial perfusion grade (TMPG) ≤ 1. The primary clinical endpoints were all-cause death 
and cardiovascular outcomes. The in-hospital cardiovascular mortality of the high TB group was lower than that of the low 
TB group (1.4% vs. 12.7%, p = 0.013). By multivariate logistic regression analysis, high TB levels were a significant predictor 
of in-hospital cardiovascular mortality (odds ratio (OR) 0.083, 95% confidence intervals (CI) 0.007–0.977, p = 0.048). In the 
receiver operating characteristic curve (ROC) analysis, TB > 0.9 mg/dl was a significant indicator of no-reflow patients for 
in-hospital cardiovascular mortality (area under the curve 0.802, 95% CI; 0.613–0.990, p = 0.003). The conclusion of the 
study is that high TB level is an independent predictor of in-hospital outcomes among no-reflow patients. 

Keywords: total bilirubin, myocardial infarction, primary percutaneous coronary intervention, no-reflow, mortality

Introduction

The no-reflow phenomenon occurs in patients with ST-seg-
ment elevation myocardial infarction (STEMI) undergoing 
percutaneous coronary intervention (PCI), which hinders 
myocardial reperfusion, results in persistent myocardial 
ischemia and irreversible cell loss, and further leads to de-
teriorative cardiac function and increased mortality. The 
underlying cause of no-reflow is microvascular obstruction, 
which includes amplifying inflammatory response and ex-
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cessive reactive oxygen species (ROS) (1, 2). These factors 
might induce disruption of endothelial cells, vasospasm, 
downstream microembolization, and, ultimately, adverse 
clinical events.
    The literature to this point has suggested that total biliru-
bin (TB) possesses potent antioxidant and anti-inflamma-
tory properties (3-6). It has been reported that the TB level 
in plasma is inversely related to the risk of cardiovascular 
disease (CVD) (7-13). Although a high serum TB concen-
tration after primary PCI has been reported to be inversely 
associated with in-hospital adverse outcomes in patients 
with STEMI who undergo primary PCI (14), none of the 
studies provide evidence showing an association between 
TB level and the prognosis for no-reflow patients treated by 
primary PCI. The study was performed to assess the impact 
of TB levels after primary PCI on in-hospital and long-term 
cardiovascular mortality in no-reflow patients.

Patients and Methods 

Selection of Patients

Between January 2003 and June 2009, 
134 consecutive no-reflow patients 
with STEMI, undergoing urgent car-
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diac catheterization admitted within 12 hr after the onset of 
STEMI, were retrospectively evaluated in the Chinese PLA 
General Hospital. The study protocol was approved by the 
Ethics Committee of the  Chinese PLA General Hospital . 
The diagnosis of STEMI was based on clinical symptoms, 
cardiac enzyme concentration, and 12-lead electrocardio-
gram results. The diagnosis was also in accordance with 
coronary angiography in such patients. 

Primary PCI, angiograp hic analysis, and definition of 
no-reflow

All patients underwent primary PCI and periprocedural 
care according to a standard procedure. Antiplatelet ther-
apy consisted of chewable aspirin (300 mg at the start of 
the procedure and 75–100 mg/day continued indefinite-
ly thereafter) and oral clopidogrel (600 mg as a loading 
dose followed by a maintenance dosage of 75 mg/day for 
at least 9–12 months). All patients received intravenously 
weight-adjusted unfractionated heparin (100 U/kg) before 
PCI. Primary PCIs were performed in our healthcare cen-
ters by experienced investigators. Bare metal stents (BMS) 
or drug-eluting stents (DES) were successfully implanted in 
the infarct-related artery (IRA) after the coronary angiog-
raphy. Angiograms were analyzed using a validated quan-
titative coronary angiographic system (MEDIS, CMS 4.0, 
Leiden, the Netherlands) by personnel blinded to the clin-
ical diagnosis. The diagnosis of no-reflow was established 
according to following criteria: thrombolysis in myocardial 
infarction (TIMI) flow grade < 3, or TIMI flow grade 3 with 
final myocardial blush grade (MBG) 0–1 (15, 16), at least 10 
min after the end of primary PCI procedure [15,16]. Prima-
ry PCI success was defined as residual stenosis < 50% and 
TIMI grade 3 flow.

Data collection 

The demographic and clinical details of the patients were 
ascertained by two of the investigators from hospital files 
and electronic medical records. The traditional cardiovascu-
lar risk factors included age, smoking history, hypertension, 
hypercholesterolemia, and diabetes mellitus. Hypertension 
was defined as systolic pressure > 140 mmHg or diastolic 
pressure < 90 mmHg on two separate measurements or as 
having undergone prior antihypertensive treatment. Hyper-
cholesterolemia was defined as a level of total cholesterol in 
the blood ≥ 5.18 mmol/L, the previous use of lipid-lowering 
agents, or a previous diagnosis. Diabetes mellitus was de-
fined as having a previous diagnosis, taking oral hypogly-
cemic drugs, having insulin injection therapy, or having a 
fasting plasma glucose (FBG) concentration above 7 mmol/
L for those previously untreated patients. The fasting ante-
cubital venous blood samples were drawn on the morning 
after coronary angiography. Peak creatine kinase-MB (CK-
MB) and troponin T were determined from blood samples 
assayed every 4 hr following primary PCI. All biochemistry 
measurements employed standard methods. 
    Cardiac functions were evaluated through both clinical 

Killip classification and left ventricular ejection fraction 
(LVEF). Cardiogenic shock was defined as sustained hypo-
tension (systolic blood pressure < 80 mmHg for > 30 min-
utes) with inadequate tissue perfusion, which is secondary 
to left ventricular dysfunction. 

Clinical end points and follow-up

The follow-up deadline was May 18, 2010. The follow-up 
data was obtained by telephone contact or review of the 
hospital records. The primary end points of this study in-
cluded all-cause death, cardiovascular death, and major 
adverse cardiovascular events (MACE) which are defined as 
cardiovascular death, non-fatal myocardial infarction (MI), 
ischemic stroke, rehospitalization for unstable angina, and 
target vessel revascularization (TVR). Cardiovascular death 
was defined as sudden death and death from a definitive 
cardiovascular cause. 

Statistical analysis

All continuous variables are described as mean ± standard 
deviation (SD). All categorical variables are expressed as 
frequencies (percentages). Comparison of continuous vari-
ables between the two independent groups was performed 
with 2-tailed Student’s t test. Statistical analysis was per-
formed by means of the likelihood ratio, chi-square test for 
categorical variables.. Univariate and multivariate logistic 
regression analyses were applied to identify the independent 
predictors of in- hospital mortality. All variables in Table 1 
and Table 2 suggesting a significant correlation (p < 0.05) 
with TB concentration in no-reflow patients after primary 
PCI at univariate analyses were recruited to multivariate a 
logistic regression model. The receiver operating character-
istic (ROC) curves were used to assess the predictive value 
of TB on in-hospital mortality. Univariate Cox proportional 
hazards models were performed for all variables in Table 
1 and Table 2 to determine the independent predictors of 
long-term mortality. Next, those with p < 0.05 were entered 
into the multivariate Cox proportional hazards analysis with 
the backward variable selection method. The cumulative 
survival curve for long-term mortality was estimated by 
applying the Kaplan-Meier method and the log-rank test. 
All analyses were performed by using the SPSS 17.0 (SPSS 
Inc., Chicago, Illinois, USA) software package. P < 0.05 was 
considered as statistically significant.

Results

The study sample included 134 patients with a mean age of 
64.9 ± 12.7 years. Long-term follow-up (mean follow-up 
time 4.7 ± 2.5 years) endpoints were available for all pa-
tients. Patients were stratified into 2 groups according to 
their TB levels (14). There were 63 patients in the low TB 
group (TB ≤ 0.9 mg/dl) and 71 patients in the high TB 
group (TB > 0.9 mg/dl). Baseline clinical and laboratory 
characteristics of the study population are described in 
Table 1. Male patients were more often seen in the high TB 
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group compared with those patients in the low TB group. 
Prior myocardial infarction was more frequently seen in the 
low TB group than in the high TB group.
    The concentration of serum TB and direct bilirubin on 
admission was 1.28 ± 0.38 mg/dl and 0.31 ± 0.26 mg/dl for 
the high TB group and 0.64 ± 0.15 mg/dl and 0.22 ± 0.10 
mg/dl for the low TB group (p = 0.000 and p = 0.006, re-
spectively). Patients with high TB levels had higher plasma 
hemoglobin levels than those with low TB concentration 
(141.2 ± 16.5 vs. 132.5 ± 20.2, p = 0.008). The prevalence of 
anemia on admission in the high TB group was lower than 
that of the low TB group (p = 0.023). 
    Angiographic and procedural characteristics are stated in 
Table 2. A lower proportion of patients with 3-vessel disease 
was observed in the high TB group. In contrast, significantly 
greater rates of 1 or 2-vessel disease were found in the high 
TB group (p = 0.037).
    In-hospital prognoses based on serum TB levels are 

shown in Table 3. The incidence of in-hospital death was 
significantly lower in the high TB group than in the low TB 
group (1.4% vs. 12.7%, p = 0.013). Serious ventricular ar-
rhythmia in the high TB group was observed less frequently 
compared with that of the low TB group (p = 0.036). Al-
though no significant difference was found between groups 
with respect to cardiogenic shock necessitating an intra-aor-
tic balloon pump (IABP) (p = 0.05), a decreasing trend was 
observed from the low TB group to the high TB group. 
    As shown in Table 4, none of the long-term MACE (in-
clude all-cause mortality, non-fatal infarction, target vessel 
revascularization, ischemic stroke, rehospitalization for un-
stable angina), was noted to have any significant difference. 
Likewise, the Kaplan-Meier survival curve showed that no 
statistical difference for long-term cardiovascular mortality 
was observed between the low and high TB groups
(p = 0.621; Figure 1).  
    In order to assess the association of serum TB levels with 

Table 1. Baseline clinical and laboratory characteristics in patients with no-reflow

Variable Low TB (n=63) High TB (n=71) P value
Age (yrs) 66.5±11.4 63.5±13.7 0.178
Men 38 (60.3%) 57 (80.3%) 0.011
Body mass index (kg/ m2) 25.0±2.9 25.2±2.7 0.781
Current smoker 18 (28.6%) 26 (36.6%) 0.322
Hypertension 35 (55.6%) 43 (60.6%) 0.557
Hypercholesterolemia 19 (30.2%) 24 (33.8%) 0.692
Diabetes mellitus 22 (34.9%) 16 (22.5%) 0.112
Prior myocardial infarction 6 (9.5%) 3 (4.2%) 0.023
Prior percutaneous coronary intervention 7 (11.1%) 3 (4.2%) 0.130
Prior coronary bypass 1 (1.6%) 1 (1.4%) 0.717
Anterior myocardial infarction 28 (44.4%) 36 (50.7%) 0.469
Killip class 2/3 14 (22.2%) 20 (28.2%) 0.430
Admission systolic blood pressure <100 mmHg 19 (30.2%) 20 (28.2%) 0.800
Admissive heart rate >100 beats/min 8 (12.7%) 9 (12.7%) 0.997
Symptom-to-perfusion time 4.75±2.60 5.13±3.32 0.468
AST (U/L) 158.0±270.2 167.6±205.8 0.787
ALT (U/L) 45.5±97.8 49.6±74.8 0.332
Total bilirubin (mg/dL) 0.64±0.15 1.28±0.38 0.000
Direct bilirubin (mg/dL) 0.22±0.10 0.31±0.26 0.006
Fasting glucose (mmol/L) 8.6±5.1 7.4±2.5 0.066
Total cholesterol (mmol/L) 4.6±1.0 4.4±1.1 0.269
Triglyceride (mmol/L) 1.5±0.9 1.3±0.7 0.449
Low-density lipoprotein (mmol/L) 2.6±0.7 2.4±0.8 0.261
High-density lipoprotein (mmol/L) 1.4±0.9 1.4±0.5 0.967
Creatinine (umol/L) 93.4±58.3 78.2±28.8 0.065
Uric acid (umol/L) 334.4±114.9 336.3±114.7 0.923
White blood cell (×109) 12.1±5.3 11.5±5.4 0.470
Hemoglobin (g/L) 132.5±20.2 141.2±16.5 0.008
Peak creatinine kinase-MB (U/L) 284.8±240.7 366.0±325.8 0.101
Peak troponin T (ng/mL) 9.2±11.8 9.5±9.0 0.835
Admission left ventricular ejection fraction (%) 46.2±9.5 47.6±9.1 0.410
Anemia on admission 10 (15.9%) 3 (4.2%) 0.023

Data are described as mean ± SD for continuous data and n (%) for categorical variables. AST = aspartic transaminase; 
ALT = alanine aminotransferase.
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Table 3. In-hospital cardiac events and complications

Variable Low TB (n=63) High TB (n=71) P value
In hospital mortality 8 (12.7%) 1 (1.4%) 0.013
Non-fatal MI 1 (1.6%) 2 (2.8%) 0.627
Target vessel revascularization (PCI or CABG) 5 (7.9%) 6 (8.5%) 0.914
Ischemic stroke 0 (0.0%) 1 (1.4%) 0.258
Major adverse cardiac events 13 (20.6%) 11 (15.5%) 0.502
Intra-aortic balloon pump/cardiogenic shock 13 (20.6%) 6 (8.5%) 0.050
Serious ventricular arrhythmia 15 (23.8%) 7 (9.9%) 0.036
Complete atrioventricular block requiring transient pacemaker 16 (25.4%) 11 (15.5%) 0.196

MACE: In-hospital death, non-fatal MI, target vessel revascularization, ischemic stroke. Data are described as n (%) for 
categorical variables.

Table 2. Angiographic and procedural characteristics in patients with no-reflow

Variable Low TB (n=63) High TB (n=71) P value
Infarct related artery 0.139

Left main 0 0
Left anterior descending 30 (47.6%) 43 (60.6%)
Circumflex	 4 (6.3%) 7 (9.9%)
Right coronary artery 29 (46.0%) 21 (29.6%)
Venous bypass graft 0 0 0.137

Infarct location
Proximal	 30 (47.6%) 35 (49.3%)
Middle		  21 (33.3%) 30 (42.3%)
Distal		 12 (19.0%) 6 (8.5%)

Narrowed coronary vessels (n) 0.037
1	 18 (28.6%) 25 (35.2%)
2 15 (23.8%) 27 (38.0%)
3 30 (47.6%) 19 (26.8%)

Stent type 0.109
Drug-eluting stent 45 (71.4%) 42 (59.2%)

     Bare metal stent		  14 (22.2%) 27 (38.0%)
Stent length, average (mm)	 19.1±8.6 19.7±8.0 0.694
Stent diameter, average (mm)	 3.1±0.4 3.2±0.3 0.114
Thrombus burden 0.390

0 4 (6.3%) 6 (8.5%)
1 1 (1.6%) 4 (5.6%)
2 2 (3.2%) 1 (1.4%)
3 3 (4.8%) 4 (5.6%)
4 0 (0.0%) 3 (4.2%)
5 53 (84.1%) 53 (74.6%)

Preintervention TIMI flow grade 0.356
0-1 53 (84.1%) 54 (76.1%)
2 1 (1.6%) 4 (5.6%)
3 9 (14.3%) 13 (18.3%)

Postintervention TIMI flow grade 0.083
0-1 4 (6.3%) 1 (1.4%)
2 5 (7.9%) 13 (18.3%)
3 54 (85.7%) 57 (80.3%)

GlycoproteinⅡ b/Ⅲ a inhibitor 5 (7.9%) 11 (15.5%) 0.178
Thrombus aspiration 21 (33.3%) 19 (26.8%) 0.407

Data are described as mean ± SD for continuous data and n (%) for categorical variables.

in-hospital mortality, univariate and multivariate logistic regression analyses were performed. After adjustment for 
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heart rate, peak troponin T, TB level > 0.9 mg/dl, and ane-
mia on admission due to a significant difference found in 
univariate analysis, multivariate logistic analysis showed 
that the independent predictor of in-hospital mortality in 
no-reflow patients with STEMI after primary PCI was high 
TB level (odds ratio (OR) 0.098, 95% confidence intervals 
(CI) 0.012–0.809, p = 0.031) and anemia (OR 18.281, 95% 
CI 4.090–81.704, p = 0.000) (Table 5). 
    The ROC curve analysis further illustrated that the serum 
TB value > 0.90 mg/dl on admission are a strong indicator 
of in-hospital cardiovascular mortality in no-reflow patients 
(area under the curve 0.802, 95% CI 0.613–0.990, p = 0.003; 
Figure.2). 

Discussion

The major findings of the study are as follows: decreased 
serum TB levels were inversely associated with increased 
risk of in-hospital cardiovascular events, including car-
diovascular mortality and serious ventricular arrhythmia, 
in no-reflow patients with STEMI after primary PCI. This 
study demonstrated that high levels of fasting serum TB 
after primary PCI can independently predict in-hospital 
cardiovascular outcomes in no-reflow patients. However, 
serum TB levels cannot serve as an independent predictor 
of long-term mortality.
    No-reflow is a frustrating phenomenon for patients with 
STEMI during primary PCI due to its poor prognosis, 
which is defined by the presence of patent epicardial up-
stream coronary arteries with the onset of severe myocar-
dial tissue hypoperfusion (17). In particular, what is called 
“reperfusion no-reflow” occurs following primary PCI for 
revascularization of the infarct related artery (17). An earlier 
study demonstrated that patients with transient no-reflow 
had higher in- hospital and 6-month mortality compared 
with those without transient no-reflow during the proce-
dure (18). It was also reported that no-reflow after primary 
PCI was associated with increased risk of 1-year mortality 
(19). Another prospective study on 599 patients who un-
derwent primary PCI for STEMI found that no-reflow is a 
strong predictor of long-term mortality (20). Given the high 
risk of the no-reflow phenomenon during primary PCI, 
considerable attempts should be taken to facilitate clinical 
risk stratification and to provide a more predictable strategy 

Figure 1. Kaplan-Meier survival curve for long-term survival according 
to bilirubin levels in entire population of patients. (P = 0.621, log-rank 
test).

Table 4. Follow-up cardiovascular events

Variable Low TB (n=55) High TB (n=70) P value
All cause death 7 (12.7%) 7 (10.0%) 0.631
Cardiovascular mortality 6 (10.9%) 3 (4.3%) 0.155
Non-fatal infarction 3 (5.5%) 1 (1.4%) 0.204
Target vessel revascularization (PCI or CABG) 12 (21.8%) 11 (15.7%) 0.382
Ischemic stroke 1 (1.8%) 4 (5.7%) 0.270
Rehospitalisation for unstable angina 7 (12.7%) 4 (5.7%) 0.169
Major adverse cardiac events 24 (43.6%) 25 (35.7%) 0.368

MACE: All-cause death, non-fatal infarction, target vessel revascularization, ischemic stroke, rehospitalization 
for unstable angina. Data are described as n (%) for categorical variables.

Figure 2. The ROC curve of total bilirubin for predicting in-hospital 
mortality in no-reflow patients.
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for the prognosis of no-reflow patients. 
    In the past decades, many studies have focused on the 
association between serum bilirubin levels and coronary 
arterial disease (CAD). It was reported that serum bilirubin 
levels were significantly inversely related to CAD (7, 11, 
13). Higher bilirubin levels could be associated with a better 
prognosis for patients with cardiac syndrome X at the 5 year 
follow-up (21). Moreover, elevated serum bilirubin levels 
provide protection against coronary flow reserve (CFR) 
impairment and coronary microvascular dysfunction (22). 
Additionally, increased serum bilirubin levels are related to 
favorable coronary collateral flow in patients with chronic 
total coronary occlusion (23). Also, collateral blood flow 
may predict MBG in acute myocardial infarction patients 
undergoing primary PCI (24). Moreover, recent research 
has confirmed that the elevated serum bilirubin levels in 
patients with acute MI are positively correlated with serum 
HO-1 levels and that the bilirubin peak level, 15–18 hours 
after MI, is a favorable biomarker for myocardial injury (25). 
It is not surprising that high TB is independently related to 
in-hospital adverse outcomes in patients with STEMI who 
undergo primary PCI (14). These results suggest that high 
levels of bilirubin can attenuate endothelial dysfunction. 
    Although the underlying cause of no-reflow is microvas-
cular obstruction, its etiology appears to be multifactorial, 
such as endothelial injury, microvascular inflammatory 
response, reactive oxygen species, vasospasm, intracellular 
calcium overload (1, 2). It is well known that bilirubin is an 
end product generated intracellularly during heme catabo-
lism by heme oxygenase (HO), which emerges as a potent 
antioxidant (3). The antioxidant capacity of bilirubin gives 
it the ability to scavenge oxygen radicals and provides a pro-
tection from oxidation for low-density lipoprotein choles-
terol (LDL-C) (26). Moreover, it also has anti-inflammatory 
and anti-complement properties (27, 28). Considering all of 
these factors, the results support the concept that bilirubin 
can potentially provide beneficial effects against the possible 
pathophysiologic mechanisms associated with the onset of 
no-reflow.

Study Limitation 

There are some limitations of the study that should be not-
ed. First, it was a retrospective, single-center study, and the 
sample size was relatively small. However, the mean fol-
low-up period of about five years was comparatively long. 
Second, white blood cells are only one kind of marker for 
inflammation response, and the other inflammatory and 
oxidative stress markers were not examined. 

Conclusion

In no-reflow patients with STEMI treated by primary cor-
onary angiography, a higher serum TB level was positively 
associated with in-hospital cardiovascular mortality, but 
it was not an independent prognostic predictor for long-
term mortality. Thus, the TB level may be an available and 
useful biomarker for risk stratification in these patients. All 
these findings need to be investigated further in the future 
through other large-scale, prospective studies.
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Abstract 

Compared with healthy controls, the concentration of total high-density lipoprotein cholesterol (HDL-C), large HDL-C, 
and medium HDL-C particles was significantly reduced in people with Coronary heart disease (CHD) compared to healthy 
controls [(41.79±10.83)mg/dl vs. (55.88±15.41) mg/dl, p<0.001; (14.01±5.46) mg/dl vs. (23.38±10.67) mg/dl, p<0.001; 
(21.08±5.26) mg/dl vs. (25.35±5.33) mg/dl, p<0.001], whereas no significant difference was found with regard to the 
concentration of small HDL-C particles. The percentage of large HDL-C particles, as a percentage of total HDL-C, was de-
creased, while the percentages of medium HDL-C and small HDL-C particles were elevated. Multivariate logistic regression 
analysis showed that age and body mass index were independent predictors of CHD. Larger HDL-C particles negatively 
correlated with CHD occurrence (OR=0.91, 95%CI: 0.836-0.991, p=0.030). Single-factor analysis of variance showed that 
the percentage of large HDL-C particles was decreased, while the percentage of small HDL-C particles was increased, ac-
cording to number of coronary artery lesion branches.

Keywords: high-density lipoprotein cholesterol particles, coronary heart disease, risk factors, coronary artery lesion 
branches
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HDL in coronary artery disease

Coronary heart disease (CHD) is defined as vascular cav-
ity stenosis or obstruction-induced myocardial ischemia, 
hypoxia, or necrosis of the heart, and is commonly caused 
by a pathological change of coronary arterial atheroscle-
rosis (1). CHD is ranked first in the global disease causes 
of death, and its occurrence is closely related to abnormal 
blood lipids. Epidemiologic data has shown that plasma 
high-density lipoprotein cholesterol (HDL-C) level is nega-
tively correlated with occurrence of coronary heart disease 
(CHD) (2, 3). Every elevated 1mg/dl HDL-C contributes 
to a 2–3% decrease in the incidence of CHD (4). Although 
decreased plasma HDL-C levels are considered as indepen-
dent risk factors for CAD, as reflected by a working group 
report (5), studies which focused on HDL-C concentration 
enrichment indicated that a simple change of HDL-C level 

does not delay the pathogenesis of atherosclerosis or reduce 
cardiovascular disease events (6, 7). Conversely, some thera-
peutic methods that act via improving HDL-C function and 
promoting reverse cholesterol transport markedly prevent 
atherosclerosis (8). 
    HDL-C is a family of heterogeneous lipoproteins of var-
ious sizes, densities, and chemical compositions, as well 
as different physiological functions (9), and is divided 
according to size into large, medium, and small particles 
(10). The change in the particle size results from a feasible 
transformation between them or the product of metabolic 
pathways. Each HDL-C particle size represents a unique 
function that is essential for maintaining the normal metab-
olism of the body (11). Although the details of the correla-
tion between HDL-C particle size and CHD remain unclear, 
it has been shown that a disorder of particle size increases 
cardiovascular risk, including myocardial injury, following 
elective percutaneous coronary intervention, cardiac auto-
nomic neuropathy (12), and acute coronary syndrome (13).
    The present study investigated HDL-C particle size in re-
lation to the occurrence and severity of CHD. 

Clinical participants 

A total of 90 stable CHD patients, 
who received interventional treatment 
in the FuWai Hospital and National 
Center for Cardiovascular Diseases, 
Beijing, China, from October 2012 
to February 2013 were included, and 
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each participant provided written, informed consent before 
enrolment. The study was approved by the hospital’s ethical 
review board and complied with the Declaration of Helsin-
ki. 
    Inclusion criteria: (I) stable CHD diagnosed by coronary 
angiogram (CAG); (II) the participants were not receiving 
any statin therapy; (III) left main, left anterior descending 
branch, swing, right coronary artery, or its main branches 
of blood vessel diameter stenosis was at least 50% CAG 
was conducted according to Judkins’ methods (14), and the 
results were interpreted by two independent interventional 
physicians. If the two physicians did not agree, the results 
were given to a third physician for analysis.
    Exclusion criteria: (I) clinical or CAG data were not avail-
able; (II) acute myocardial infarction or unstable angina 
pectoris; (III) anemic diseases; (IV) inflammatory disease; 
(V) thyroid disease; (VI) heart failure (left ventricular ejec-
tion fraction < 45%); (VII) severe hepatic or renal dysfunc-
tion; (VIII) malignant tumor; and (IX) blood diseases. 
    In addition, 40 healthy adults were recruited as controls. 

General information 

The participants were aged 56.98±8.38 years and 66.7% were 
male. Several CHD risk factors were defined as follows: 
Hypertension: systolic blood pressure ≥140mmHg (1mmH-
g=0.133kpa) and/or diastolic pressure ≥90mmHg or under-
going anti-hypertensive therapy. 

    Diabetes (diagnostic standard of American Diabetes As-
sociation): fasting plasma glucose ≥ 7.0mmol/L or plasma 
glucose ≥11.1 mmol/L at 2 hours post glucose tolerance test 
or undergoing oral antidiabetic therapy. 
    Smoking history: at least 1 cigarette per day for over 1 
year. 
    Family history: first-degree relatives with CHD - men 
aged under 55 years or women aged under 65 years. 

Laboratory measurements 

A detailed medical history was recorded for all participants, 
and physical measurements, including height and weight, 
were taken. The weight index value was calculated accord-
ing to body mass index (BMI): height (m)/weight (kg).2
EDTA anticoagulant fasting blood specimens were collected 
on the morning after hospitalization, and serum samples 
were isolated from the blood for HDL-C particle detection. 
The cholesterol contents of HDL particles were electropho-
retically determined using high-resolution 3% polyacryl-
amide gel tubes and the Lipoprint HDL System (Quanti-
metrix Corporation, Redondo Beach, CA, USA) according 
to the manufacturer’s instructions. HDL-C was then divided 
into 10 sub fractions. Sub fraction 1–3 represented large 
HDL-C particles, sub fraction 4–7 indicated intermediate 
HDL-C particles, and sub fraction 8–10 designated small 
HDL-C particles.

Table 1. The baseline data in participants with CHD and healthy controls 

Characteristics Control
(n=40) 

   CHD
  (n=90)   P

Age (years) 40.53±13.45 56.98±8.38 < 0.001
Male N (%) 13(32.5) 60(66.7) < 0.001
Body mass index (kg/m2) 22.11±2.83 25.86±3.34 < 0.001
Smoking history N (%) 3 (7.5) 43 (47.8) < 0.001
Hypertension N (%) 5 (12.5) 61 (67.8) < 0.001
Diabetes N (%) 2 (5) 25 (27.8)  0.007
Family history of premature CHD N (%) 2 (5.0) 23 (25.6)  0.012
HsCRP (mg/l) 0.97±1.15 3.19±3.32 < 0.001
Apolipoprotein A-I (g/L) 1.61±0.32 1.45±0.29  0.006
Apolipoprotein B (g/L) 0.79±0.16 1.07±0.27 < 0.001
Lp (a) (mg/L) 190.72±195.99 264.16±264.79  0.118
Total cholesterol (mmol/L) 4.99±0.57 4.99±1.06  0.978
Triglyceride (mmol/L) 1.26±0.75 3.35±14.49  0.363
LDL-C (mmol/L) 2.65±0.55 3.20±0.89 < 0.001
HDL-C (mg/dL) 55.88±15.41 41.79±10.83 < 0.001
Large particle HDL-C (mg/dL) 23.38±10.67 14.01±5.46 < 0.001
Medium HDL-C (mg/dL) 25.35±5.33 21.08±5.26 < 0.001
Small particle HDL-C (mg/dL) 6.93±1.85 6.77±2.25  0.697
Large particle HDL-C (%) 40.00±9.26 32.77±6.93 < 0.001
Medium HDL-C (%) 46.68±5.75 50.63±4.24 < 0.001
Small particle HDL-C (%) 13.33±4.12 16.48±4.92 < 0.001

Data presented as mean±SD or percentage (%). 
Abbreviation: HsCRP, (high sensitivity C reactive protein);Lp (a), Lipoprotein(a); LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoproteincholesterol. 
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Figure 1. The map of plasma HDL-C particles in a healthy control individual (A) and in a participant with CHD (B) de-
scribed by the Lipoprint HDL System
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    Figure 1A and 1B respectively show the plasma HDL-C 
particles map of one healthy control individual and one 
participant with CHD. In the healthy control, the HDL-C 
level was 63.32mg/dl, which included 33mg/dl large, 25 mg/
dl medium, and 4mg/dl small HDL-C particles. All three 
classes of particles accounted for 52% (green area), 40% 
(yellow area), and 7% (red area) of total HDL-C. In the map 
of the participant with CHD, the HDL-C level was 44.79 
mg/dl, which included 11mg/dl large, 22 mg/dl medium, 
and 11mg/dl small HDL-C particles. All three classes of 
particles accounted for 25% (green area), 49% (yellow area), 
and 25% (red area) of total HDL-C. This image shows that 
healthy people tended to possess more large HDL-C par-
ticles, whereas participants with CHD were more likely to 
have numerous medium and small HDL-C particles.

Association of blood lipid profiles and HDL-C particles with 
CHD

Atherosclerosis is a pathological, chronic inflammatory 
reaction of anatomical ECs and VSMCs in the arterial wall 
[85-87], which is largely mediated by macrophage activa-
tion. Initially, ER stress-induced inflammation primarily 
serves to limit the formation of plaques and facilitate lesion 
repair. Along with aggregation in unfolded proteins in cells, 
inflammation develops into an uncontrolled state; that is, 
abnormal cell death-induced necrosis formation. It is noted 
that macrophages are observed to abundantly aggregate 
in plaques and are proven to be involved in the formation 
of arterial lesions during atherosclerosis, combining with 
sporadic inflammatory cells including dendritic cells [88], 
T cells, B cells, and NK cells [89-91]. The initiation step in 
atherosclerosis is activation of ECs in response to circula-
tory risk factors and inflammatory mediators that induce 
the release of interleukin cytokines (IL-4, IL-12, IL-6) and 
chemokines [92, 93]. To date, increasing evidence indicates 
that there are signaling links between the UPR and inflam-
matory reactions through various mechanisms. The dom-
inant inflammatory pathway mediator, NF-κB, is activated 
by PERK and IRE1 branches of the ER stress-triggered 
UPR [94]. Also, the IRE1/α-TRAF2 complex recruits and 
activates IκB kinase (IKK), thereby leading to IκB degrada-

Statistical analysis

Statistical Package for the Social Sciences (version 19.0) 
software (SPSS Inc., Chicago, IL, USA) was used for statisti-
cal analysis. An x2 test was used for a between groups com-
parison of the categorical variables used, a t-test was used to 
compare continuous variables between the two groups, and 
a one-way analysis of variance (ANOVA) was used for com-
parison of three groups. Univariate logistic regression analy-
sis was used to detect the relationship of blood lipid profiles, 
HDL-C particles, and various traditional CHD risk factors 
with CHD. Multiple logistic regression analysis was used 
to determine the independent predictive role of blood lipid 
profiles, HDL-C particles, and different traditional CHD 
risk factors with regard to CHD. Statistical significance tests 
were bilateral, and a difference of p < 0.05 was considered 
statistically significant.

Results

Baseline c haracteristics

Age, gender, BMI, smoking history, hypertension, diabetes, 
and family history of CHD differences between participants 
with CHD and healthy controls were statistically signifi-
cant (p<0.05). Those with CHD had higher plasma levels 
of high sensitivity C reactive protein, apolipoprotein B, 
and low-density lipoprotein cholesterol (LDL-C) (p<0.05). 
There was no statistical difference in lipoprotein (a), total 
cholesterol, and triglyceride level between the two groups 
(p>0.05). The Lipoprint lipoprotein classification results 
showed that both large and medium HDL-C particles were 
markedly decreased in participants with CHD, compared 
to the healthy controls [(23.38±10.67) vs. (14.01±5.46) mg/
dl, p<0.001; (25.35±5.33) vs. (21.08±5.26) mg/dl, p<0.001, 
respectively]. In addition, the percentage of large HDL-C 
particles was significantly reduced [(40.00±9.26) vs. 
(32.77±6.93)%, p<0.001], whereas the percentages of me-
dium and small HDL-C particles were elevated, compared 
to the healthy controls [(46.68±5.75) vs. (50.63±4.24)%, 
p<0.001; (13.33±4.12) vs. (16.48±4.92)%, p<0.001]. All of 
the above data are shown in Table 1. 

Table 2. The association of lipid profiles and HDL particles with CHD (univariate regression analysis)

 Factor OR 95% CI P
Total cholesterol (mmol/L) 1.006 0.673-1.503  0.977
Triglyceride (mmol/L) 2.603 1.391-4.869  0.003
LDL-C (mmol/L) 2.512 1.446-4.364  0.001
HDL-C (mg/dL) 0.922 0.891-0.954 < 0.001
Large particle HDL-C (mg/dL) 0.862 0.811-0.915 < 0.001
Medium HDL-C (mg/dL) 0.866 0.803-0.934 < 0.001
Small particle HDL-C (mg/dL) 0.965 0.810-1.151  0.695
Large particle HDL-C (%) 0.892 0.845-0.941 < 0.001
Medium HDL-C (%) 1.179 1.084-1.283 < 0.001
Small particle HDL-C (%) 1.159 1.061-1.266 < 0.001

  LDL-C, low-density lipoproteincholesterol; HDL-C, high-density lipoproteincholesterol.



                             Lipid and Cardiovascular Research. 2015;01(1):37-43     41     

http://www.enochpublisher.com/LCR

tion and activation of NF-κB. The integration of ATF4 with 
XBP1 stimulates the production of inflammatory cytokines 
IL-8 and IL-6 [95]. Another inflammatory mediator, AP1 
transcriptional factor, is activated in response to oxidative 
stress [96].    
    Convincing proof has accumulated in cultured ECs that 
supports a connection between ER stress and inflammation 
in atherosclerosis. Studies using human aortic ECs found 
that inflammation-related genes IL-8, IL-6, monocyte che-
moattractant protein 1 (MCP1), and the chemokine CXC 
motif ligand 3 (CXCL3) were induced by the UPR activa-
tor tunicamycin [95]. A histological identification in vivo 
supported this link by determining a finding that activated 
UPR is shown in areas of human oxidized phospholipid-en-
riched endothelium lesions. High concentrations of oxi-
dized phospholipids (OxPLs) that are commonly identified 
in atherosclerotic lesions can activate UPR in ECs, which 
is associated with genetic variation in a locus affecting the 
action of USP16 (ubiquitin-specific protease 16), a histone 
H2A deubiquitinase [97]. 

Multiple logistic regression analysis to determine the in-
dependent predictors of CHD
 
TIn the multiple logistic regression analysis, lipid profiles, 
and HDL-C particle components, as well as age, gender, 
BMI, family history of CHD, and smoking history, were 
regarded as the independent variables, and CHD was con-
sidered the dependent variable. As shown in Table 3, age 
(OR=1.104, 95%CI: 1.042-1.71, p=0.001), BMI (OR=1.228, 
95%CI: 1.003-1.504, p=0.046) and large HDL-C particles 

(OR=0.91, 95%CI: 0.836-0.991, p=0.030) were independent 
predictors of CHD. 

Correlation of lipid profiles and HDL-C particles with 
coronary artery lesion branches

Participants with CHD were divided into three groups, 
namely, single, double, and treble branches, on the basis of 
coronary artery lesion branches. One-way ANOVA indi-
cated that concentration of large HDL-C particles tended 
to decline with an increasing number of coronary lesion 
branches. The comparison of single and double lesion 
branches revealed an apparent decrease in the level of large 
HDL-C particles [(16.05±6.31) vs. (12.63±4.75) mg/dl, 
p<0.05]. In addition, the comparison with lesions with three 
branches indicated that the level of large HDL-C particles 
level had a downward trend, but no statistical difference was 
observed [(16.05±6.31) vs. (13.56±5.06) mg/dl, p>0.05]. In 
contrast, the percentage of small HDL-C particles reflected 
an upward trend, as coronary lesions increased. Significant-
ly, the percentage of small HDL-C particles was elevated in 
participants with CHD with double, compared to single, 
coronary lesion branches [(14.52±4.57) vs. (18.11±4.39)%, 
p<0.05]. Participants with three lesion branches had a 
higher percentage of small HDL-C particles than those 
with a single lesion, but no statistical difference was found 
[(16.44±5.31) vs. (14.52±4.57) mg/dl, p>0.05] (Table 4, 
Figure 2). There was no correlation between all other lipid 
profiles and coronary artery lesion branches. 

Discussion

Table 3. Multivariate analysis to determine the independent predictors of CHD 

Factor   OR     95% CI    P
Age (years) 1.104 1.042-1.171 0.001
BMI (kg/m2) 1.228 1.003-1.504 0.046
Large particle HDL-C (mg/dL) 0.91 0.836-0.991 0.030

  BMI, body mass index; HDL-C, high-density lipoproteincholesterol.

Table 4. Correlation of lipid profiles and HDL-C particles with coronary artery lesion branches 

Factor
Stable coronary disease(Coronary lesion vessels)

Single
(N=24)

Double
(N=27)

Tripl
(N=39)

Total cholesterol(mmol/L) 4.69±0.85 5.03±1.21 5.05±1.04
Triglyceride(mmol/L) 1.71±0.84 2.15±1.42 1.68±0.83
LDL-C (mmol/L) 2.92±0.73 3.20±0.97 3.28±0.89
HDL-C (mg/dL) 44.27±11.36 39.53±11.23 41.40±9.76
Large particle HDL-C (mg/dL) 16.05±6.31  12.63±4.75 * 13.56±5.06
Medium HDL-C (mg/dL) 22.09±5.16 20.04±5.68 21.03±4.92
Small particle  HDL-C(mg/dL) 6.29±1.79 7.00±2.17 6.77±2.52
Large particle HDL-C (%) 35.09±7.12 31.33±6.45 32.31±7.19
Medium HDL-C (%) 50.09±3.94 50.59±3.85 51.13±4.78
Small particle HDL-C (%) 14.52±4.57  18.11±4.39 * 16.44±5.31

   Data presented as mean±SD or percentage (%). *p<0.05 compared with single vessel. 
   LDL-C, low-density lipoproteincholesterol; HDL-C, high-density lipoproteincholesterol.



42    Jianjun Li, et al:  EHDL in coronary heart disease

Enoch Publishing Corporation    All Rights Reserved

Figure 2. The concentration of large HDL-C particles (A) and larg e 
HDL-C percentage (B) in patients with single, double, and triple num-
bers of diseased coronary arteries

HDL-C possesses an atherosclerosis-resistant function and 
is involved in the process of atherosclerosis regression, via 
direct protection of the arterial vascular wall and promotion 
of cholesterol reverse transport (3). It has been convention-
ally believed that HDL-C is “good cholesterol” and plays 
a protective role in cardiovascular and cerebrovascular 
diseases. However, recent studies have pointed out that 
while certain components of HDL-C are indeed beneficial 
with regard to cardiovascular diseases, other components 
might cause atherosclerosis (15). This suggests that HDL-C 
particle sizes are closely related to function, but the role of 
different sizes of HDL-C particles in the process of athero-
sclerosis remains  unclear (16). 
    In the present study, people with CHD had lower levels of 
total HDL-C, large, and medium HDL-C particles than did 
healthy control individuals. Of total HDL-C, the percentage 
rate of large HDL-C particles was significantly reduced, 
whereas the percentages of both medium and small HDL-C 
particles were apparently increased. These data indicated 
that healthy people mainly possess large HDL-C particles, 
whereas medium and small HDL-C particles are dominant 
in people with CHD. Our findings are in accordance with 
those of previous studies (17). Controversially, Kontush et 
al. pointed out that small HDL-C particles exerted a greater 
influence on cholesterol reversal than did large HDL-C par-
ticles (18), and it is the small, rather than the large, HDL-C 
particles that play a pivotal role in anti-atherosclerosis (19). 
Therefore, the changes in concentration and percentage of 
all sizes of particles might be predictive factors in CHD. We 
next evaluated possible risk factors for the people with CHD 
by single-factor logistic regression analysis. The results re-
vealed that the distribution of triglycerides, total LDL-C, 
medium HDL-C percentage/concentration, and small 
HDL-C percentage/concentration were significantly differ-
ent between participants with CHD and healthy controls. 
Our data also suggested that percentage and concentration 
of total HDL-C, medium HDL-C, and large HDL-C were 
negatively correlated with CHD. Multiple logistic regression 
analysis revealed that age, BMI and large HDL-C particles 
were independent predictors of CHD. All of our data sug-
gested that large HDL-C particles were negatively correlated 
with CHD, and therefore large HDL-C particles are consid-
ered to be a protective factor. 
    Since CHD results from coronary artery stenosis or ob-
struction, we characterized CHD severity by the amount 
of branches OF coronary arteries lesion (20). We divided 
participants with CHD into three groups, namely, single, 
double, and triple branches, on the basis of the coronary 
angiogram results (21). The one-way ANOVA showed that 
large HDL-C particles showed a trend toward decline as the 
number of coronary lesion branches increased. In contrast, 
the percentage of small HDL-C particles was increased with 
an increased number of coronary lesion branches. These 
data indicated that the progression of CHD may relate to 
decreased large HDL-C particles in plasma, and an elevated 
level of small HDL-C particles.
    In conclusion, our study showed that the plasma level 
of large HDL-C particles is associated with occurrence of 

CHD. In addition, a decreased percentage of large HDL-C 
particles and an elevated percentage of small HDL-C parti-
cles are significantly correlated with CHD severity. 
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Cyst-like Structure in the Noncoronary Sinus of Valsalva
Su-Juan Yan, Ren-Qiang Yang, Mei-Zhen Xu,Hai Su, Yan-Na Liu, Qing-Hua Wu, Yan-Qing 
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Abstract 

The most common congenital anomaly of the sinus of valsalva is the sinus of valsalva aneurysm (SVA), which can be easily 
ruptured, causing severe outcomes. In this report, we describe the case of a 65-year-old man who developed a cyst-like 
structure in the sinus of valsalva, which can be easily misdiagnosed as an SVA. Although the cyst-like mass was thick, its 
wall was smooth and it had a low risk of rupture. Therefore, it was diagnosed as a benign anomaly. 
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Introduction

The sinuses of valsalva are 3 distinct outpouchings of the 
aortic wall and are associated with the 3 cusps of the aortic 
valve. Sinus of valsalva aneurysm (SVA) is a rare cardiac 
malformation that is congenital in most cases and is usually 
located at the right coronary or noncoronary sinus(1). Con-
genital anomalies of the sinus of valsalva are very rare(2) . 
However, they frequently co-occur with ventricular septal 
defects (VSD), aortic valve dysfunction, or other cardiac 
abnormalities. SVA has a higher incidence among Asians, 
a male preponderance, and it accounts for 0.1% to 3.5% 
of all congenital heart defects. An autopsy series reported 
its prevalence to be 0.09% (3). SVA can also be acquired 
through conditions affecting the aortic wall , such as infec-
tions, trauma, or degenerative diseases. Moreover, compres-
sion of the left coronary arteries by SVA has been identified 
as a potentially life-threatening condition (4), as it may lead 
to refractory angina, persistent myocardial dysfunction, and 
sudden cardiac death. The clinical manifestations of SVA 
vary widely. Although both unruptured and ruptured SVAs 
are associated with potentially life-threatening complica-
tions, unruptured SVAs are usually asymptomatic, originate 
mostly from the right aortic sinus, and are discovered inci-
dentally (5). On the other hand, ruptured SVAs cause symp-
toms similar to those of heart failure and produce a contin-
uous, mechanical-sounding murmur (6). The rarity of SVA 

and its scattered multinational incidence make it difficult 
to track and study. Early diagnosis and immediate surgical 
treatment can save the patient’s life in most cases. In the 
current study, we report the case of a 65-year-old man who 
developed a cyst-like structure in the noncoronary sinus of 
valsalva that was resembled an SVA.

Case Report 

A 65-year-old man presented with symptoms of chest dis-
tress, breathlessness, and cough. He had been suffering from 
hypertension for 5 years. Physical examination revealed 
that the heart had enlarged to the left and inferiorly; a grade 
2/6 blowing systolic murmur was heard over the cardiac 
apex; and moist rales were heard over the left lower lung 
field. No other abnormalities were detected. Electrocardio-
gram (ECG) showed a sinus rhythm, ventricular premature 
beats, and a complete left bundle-branch block. However, 
the echocardiogram showed a cyst-like structure extending 
from the right atria to the noncoronary sinus of valsalva; it 
was 35 × 35 mm in size with a 2.6-mm thick smooth wall. 
In addition, an enlarged left ventricle and right atrium as 
well as decreased left ventricular systolic function with an 
ejection fraction of 31% were noted (Figures 1 and 2). To 
confirm the echocardiogram findings, we performed per-
cutaneous arterial angiography and found a cyst-like mass 
connected to the noncoronary sinus and invading the right 
atrium (Figure 3).

Discussion

SVA is confined to one aortic sinus that stems from incomplete 
fusion of the aortic media and the aortic valve annulus, a weak-
ness that may result in the rupture of the 
sinus, a large left-to-right shunt, and severe 
congestive heart failure (7, 8). SVA may be 
congenital or acquired, and it consists of a 
localized diverticular outpouching of the 
coronary sinus. Approximately two-thirds 
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Figure 1. Two 4-chamber echocardiograms show a cyst-like structure in the right atrium. This structure appears to 
be adhering to the atrial septum

Figure 2.  A 4-chamber echocardiogram shows that the cyst-like structure is connected to the aorta.
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of the surgically resected SVA cases are congenital; endocarditis, 
syphilis, and atherosclerosis are the main causes for acquired cases 
(9). SVAs may be associated with other congenital anomalies such 
as VSD and atrial septal defect (10, 11). In particular, associated 
VSD was found in 15 of 129 patients (11.6%) with SVA. Normally, 
SVA is asymptomatic if unruptured. Occasionally, overstretching of 
the left main coronary stem by a large left SVA can cause an acute 
coronary syndrome or even cardiogenic shock (12, 13), but when 
the SVA ruptures or a fistula develops, symptoms begin to appear 
and the patient’s condition deteriorates rapidly (6). The rupture of 
a sinus aneurysm can create an aortocardiac fistula (14). Ruptured 
SVAs may cause cardiac arrest, congestive heart failure, acute chest 
pain, ischemic electrocardiographic changes, hypotension, and 
a sudden onset of lower extremity edema; alternatively, it can be 
asymptomatic (15). The variations in clinical manifestation and 
presentation make it difficult to diagnose ruptured SVAs, which 
are largely dependent on the cardiac chamber in which the aorto-
cardiac fistula develops. However, ruptured SVAs can be relatively 
easily detected using procedures like transesophageal and trans-
thoracic cardiography, and once detected, timely interventions in-
cluding surgical repairs and percutaneous closure of the ruptured 
SVA should be performed as they have low risk and generally an 
excellent long-term prognosis (16). On the basis of our patient’s 
symptoms and the results of the examinations, we concluded 
that the cyst-like structure in the noncoronary sinus is congenital, 
making this a rare case. This structure was quite different from an 
SVA, which has even  smooth wall and low risk of rupture. In ad-
dition, its presence does not affect the hemodynamics. Therefore, 
the structural changes in the left ventricle and other symptoms 
observed in our patient may have been caused by hypertension.

Conclusion

The cyst-like mass observed in the sinus valsalva was differ-

Figure 3. the visualization of percutaneous cardiac catheterization 
shows that the catheter can goes into the cyst-like structure

ent from an SVA. It was diagnosed as a benign congenital 
anomaly that did not need special treatment. Hence, only 
follow-up was prescribed to the patient.
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