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1. Introduction 

1.1. A short overview of Coronary artery disease (CAD) 

Coronary artery disease (CAD) also known as coronary heart disease (CHD) or 

ischemic heart disease (IHD) is characterized by atherosclerosis in the epicardial 

coronary arteries. According to the World Health Organization (WHO) 2013 

statistics report based on CAD deaths world-wide between 1995 and 2009, CAD 

(Finegold et al. 2013) is the single largest cause of death, causing 12.7% of total 

global mortality. Notably as well, a 20-fold CAD mortality difference between 

countries was observed (Finegold et al. 2013). The American Heart Association 

(AHA) 2014 statistics report (Go et al. 2014) showed that the 2010 overall rate of 

death attributable to cardiovascular disease (CVD) was 235.5 cases per 100,000 

and the death rates attributable to CVD was 31.9% in the United States. In 

particular CAD alone caused around 1 of every 6 deaths in 2010 (Go et al. 2014). 

Although CAD mortality rates have declined in many high-income countries, the 

burden of disease remains high. It is estimated that approximately every 34 

seconds, one American has a coronary event, and around every minute and 23 

seconds, an American will die of a coronary event (Go et al. 2014). Therefore, a 

better understanding of the complex pathogenesis of CAD is required for the 

identification of new therapy targets. 

1.2. Pathophysiology of CAD 

CAD is a chronic process associated with formation and progression of the 

so-called atherosclerotic plaques throughout life. The process of atherosclerosis is 

depicted in Figure 1. The most widely accepted theory of the pathophysiology is 

vascular low grade inflammation, and the vascular inflammation plays a critical role 

in formation of atherosclerosis genesis, activity and plaque stability. Viruses as well 

as numerous bacterial signatures such as nucleic acids and peptidoglycan have 

been observed in human atherosclerotic plaques (Laman et al. 2002). A broad 

variety of bacterial colonization have been detected in atherosclerotic lesions of 
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patients with CAD (Ott et al. 2006). Another evidence for the presence of 

inflammation in CAD is that a significant number of macrophages are seen in 

ruptured plaques. In clinical practice, elevated levels of high sensitive C-reactive 

protein (hs-CRP) was found in CAD patients without systemic inflammation, and 

hs-CRP has been considered as a prognostic biomarker for cardiovascular events 

(Sabatine et al. 2007). In addition, several ongoing studies including Canakinumab 

Anti-InflammatoryThrombosis Outcomes Study (CANTOS) and Cardiovascular 

Inflammation Reduction Trial (CIRT) directly investigate the potential impact of 

anti-inflammatory treatments in reducing vascular events (Ghattas et al. 2013). 

Recently, a report from the population-based prospective cohort at the Danish 

Research Center for Prevention and Health (RCPH) combined meta-analysis 

indicated that several different pro-inflammatory cytokines (Interleukin (IL)-6, IL-18, 

etc.) are each associated with CAD risk independent of conventional risk factors. 

These findings provide further evidence of the inflammation hypothesis in CAD 

(Kaptoge et al. 2014). 

 

Figure 1 The process of atherosclerosis. The damaged endothelium caused by the oxidized LDL 

molecules triggers a cascade of immune responses, fatty streaks containing atherogenic 

lipoproteins and macrophage foam cells form between the endothelium and internal elastic lamina. 

With the development of fatty streaks, an intermediate lesion containing lipid core, layers of smooth 

muscle and connective tissue matrix eventually forms a fibrous cap. Plaque rupture exposes the 

impaired lumen, results in platelet adherence, aggregation, and progressive luminal narrowing. 

Taken from http://www.tappmedical.com/atherosclerosis.htm.  

1.3. Major risk factors for CAD 

CAD has a number of well-known risk factors. Generally, they can be classified as: 

fixed factors (such as age, family history, race (Meadows et al. 2011), etc.) and 
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modifiable factors (such as smoking (Rea et al. 2002), hypertension (Allen et al. 

2012; Chobanian et al. 2003; Vasan et al. 2001), obesity (Rexrode et al. 1998), 

type 2 diabetes mellitus (T2DM) (Howard et al. 2002; Paynter et al. 2011), 

dyslipidemia (LaRosa et al. 2005), non-alcoholic fatty liver disease (NAFLD), etc.). 

They also can be divided into traditional risk factors and non-traditional risk factors. 

The major risk factors for CAD are summarized in Figure 2. 

 

Figure 2 Major risk factors for coronary artery disease. The traditional risk factors provide 

greater contribution than the expanding list of non-traditional biomarkers for predicting future 

cardiovascular events. BNP, B-type natriuretic peptide; CRP, C-reactive protein; CAD, coronary 

artery disease; HIV, human immunodeficiency virus. Taken from 

http://emedicine.medscape.com/article/164163.  

1.4. Non-alcoholic fatty liver disease (NAFLD) and CAD 

1.4.1. NAFLD as an independent risk factor for CAD 

NAFLD is characterized by a spectrum of liver disease that encompasses simple 

steatosis, steatohepatitis, fibrosis, cirrhosis and hepatocellular carcinoma. NAFLD, 

as rapidly becoming one of the most prevalent liver disease (around 20%-30%) 

(Anstee et al. 2011; Browning et al. 2004; Cobbold et al. 2010; Musso et al. 2011; 

Ratziu et al. 2010) worldwide, has been highlighted as an independent risk factor 

for CAD even in the absence of metabolic syndrome and confounding disease 

(hypertension, diabetes mellitus (DM), etc.)(Gastaldelli et al. 2009). Several studies 
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reported that NAFLD increases the instability of coronary plaques, the risk of 

having coronary calcification and developing T2DM (Assy et al. 2010; Gastaldelli et 

al. 2009; Sung et al. 2012). Recently two long-term population-based cohort 

studies have provided more evidence to clarify that NAFLD is an early independent 

predictor for carotid atherosclerotic disease and improvement of NAFLD reduce the 

risk of developing DM (The International Liver Congress, 2014). As a modifiable 

and novel non-traditional risk factor for CAD, NAFLD is now attracting more 

attention. 

1.4.2. The pathophysiological links between NAFLD and CAD 

The pathophysiological links between NAFLD and CAD are intricate. They are 

always interacted with T2DM together. Potential mechanisms of the interplay 

between the three disease conditions may originate from the development of 

expanded and inflamed visceral adipose tissue, which can provide a series of 

factors potentially involved in NAFLD as well as atherogenesis and insulin 

resistance (IR), i.e. decreased levels of adiponectin, increased levels of free fatty 

acids (FFA) as well as proinflammatory cytokines (Badman et al. 2007; Shoelson et 

al. 2007; Shulman. 2014). In IR state, the inflamed adipose tissue becomes 

resistant to the antilipolytic effect of insulin, and lipolysis is increased resulting in 

the increased influx of FFA to liver, promoting hepatic triglyceride (TG) synthesis 

and increased hepatic steatosis. In turn, hepatic steatosis induces intrahepatic 

inflammation through activation of NF-κB pathways that exacerbate IR, finally 

setting up a vicious cycle (Anstee et al. 2013; Fabbrini et al. 2010; Stefan et al. 

2008; Tilg et al. 2008; Yki-Jarvinen. 2010). See more details in Figure 3.  
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Figure 3 The putative mechanisms underlying the link between NAFLD, T2DM and CAD. 

NAFLD contributes to coronary artery disease via atherogenic dyslipidemia (high levels of 

triglycerides and small, dense LDL particles, low levels of HDL cholesterol),  insulin resistance, 

dysglycemia and increased secretion of many proinflammatory markers (i.e, CRP, IL-6, TNF) and 

hemostatic-fibrinolytic factors (i.e. fibrinogen, factor VII, PAI-1). In addition, NAFLD contributes to 

developing T2DM by increased glucose production in the liver and exacerbating insulin resistance 

possibly through proinflammatory factors and some liver-associated proteins such as fetuin-A, 

FGF-21 and RBP-4. In turn, T2DM is a well-known risk factor for the progression of NAFLD. NAFLD, 

CAD and T2DM are all strongly associated with low-grade inflammation. CAD, coronary artery 

disease; CRP, C-reactive protein; FGF-21, fibroblast growth factor 21; HDL, high-density lipoprotein; 

IL-6, interleukin-6; LDL, low-density lipoprotein; NAFLD, non-alcoholic fatty liver disease; PAI-1, 

plasminogen activator inhibitor 1; RBP-4, retinol binding protein 4; T2DM, type 2 diabetes mellitus; 

TNF, tumour necrosis factor. Derived from Nat Rev Gastroenterol Hepatol, 2013, 10(6):330-344. 

Overall, all of these metabolic abnormalities directly or indirectly contribute to the 

formation of plaque and atherosclerosis. However, the various links and 

interdependencies between the three disease entities are not fully understood. 

Since NAFLD may be considered an intermediate process or pre-CAD, fatty liver 

disease could become a potential target for preventing cardiovascular events. 

1.5. Gender disparities in CAD 

1.5.1. Emerging female-specific attention for CAD 

Men are at greater risk of CAD than women in mid-age, and the risk for women 

increases after menopause. This disparity was regarded as the female advantage. 
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Actually, CAD once viewed as a man’s disease has been underestimated in women 

in the past (Healy. 1991). More women than men have died due to cardiovascular 

events annually since 1984 (Wenger. 2012). In fact, CAD is the major cause of 

mortality for women worldwide. Compared to their male counterparts, women may 

only have 7~10 years later onset of clinical manifest CVD (Maas et al. 2011). 

Strinkingly, women with CAD have much worse outcomes than men: women with 

angina have a doubled morbidity and mortality; women with CAD (especially <50 

years) have a doubled mortality after myocardial infarction (MI) (Vaccarino et al. 

1999), although the sex gap was narrowing along with the improvements in 

treatment (Vaccarino et al. 2009); women with MI are more likely to have recurrent 

MI and to be subsequently disabled by heart failure (Wenger. 2003). There may be 

some differences in pathophsiology process of CAD between women and men. 

The gender disparities in CAD attract more specific attention and research. 

1.5.2. Potential causes of the gender disparities in CAD 

Although it is inperfect in past studies, especially the inadequate proportion (around 

30%) of women enrolled in trials and lack of gender-stratified analysis in some 

studies (Wenger. 2012), they provide some clues about the potential causes of the 

gender disparities. It is hypothesized that estrogen may delay the onset of 

atherosclerosis in women for 7~10 years (Maas et al. 2011). In addition, the 

patterns and progression of atherosclerosis are different in women at different ages: 

more diffuse pattern of atherosclerosis and plaque erosion at middle age, while the 

classical pattern of plaque rupture is more common in older women and men 

(Burke et al. 2001; Burke et al. 1998; Frink. 2009; Shaw et al. 2009). The plaque 

erosion may lead to distal embolization of the microvascular instead of the 

obstruction in the epicardial coronary arteries. The absence of obstructive coronary 

disease is thought to be an emerging paradigm for women in MI with adverse 

outcomes (Bairey et al. 2006). Moreover, the symptom presentations are different 

among women and men, more women with atypical symptom than men are 

underdiagnosed and undertreated (Canto et al. 2007; Dey et al. 2009; Pope et al. 
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2000). Although women and men share major of classic CVD risk factors, the 

prevalence and the adverse outcomes of them such as hypertension, smoking, DM 

and obesity are different. Overall, the further biological mechanisms underlying the 

gender disparities are still not completely clear. 

1.6. Monocytes 

Monocytes constitute 3~8% of peripheral blood leukocytes in humans. After 

maturation and release from bone marrow, monocytes circulate in the bloodsteam 

for about two to three days and do not proliferate, then migrate into tissues with 

differentiation into different types of tissue resident macrophages or dendritic cells 

(DC) (Geissmann et al. 2010). As main component of the innate immune system, 

monocytes are responsible for exogenous bacterial, viral and fungal infections as 

well as endogenous inflammation mainly by phagocytosis. Beside inflammation, 

monocytes play important roles in angiogenesis and tissue remodeling after injury. 

1.6.1. Monocytes classification and function in humans 

In humans, monocytes are divided into three subgroups according to the 

expression of various surface receptors. The major subset i.e. “classical” 

monocytes is defined as high expression of CD14 and lack of CD16 expression 

(CD14++CD16-), they account for 80~85% of the total circulating blood monocytes. 

These monocytes also express CCR2, L-selectin, and CD64 (Ancuta et al. 2003; 

Weber et al. 2000; Wong et al. 2011; Ziegler-Heitbrock. 2007). Another human 

monocyte subset is identified as “non-classical” monocytes (around 10% of total 

circulating monocytes) by the low expression of CD14 and high expression of 

CD16 (CD14+CD16++). They don’t express CCR2 or L-selectin but express high 

levels of CX3CR1, CCR5 (Ancuta et al. 2003; Weber et al. 2000). Recently, a third 

human monocyte subset is defined as “intermediate” monocytes (around 5% of 

total circulating monocytes) with expression of CD14++CD16+, they can be 

discriminated from the non-classical monocytes by the expression of CCR2 

(Shantsila et al. 2011), and they are predominant type of monocytes expressing 

Tie2 (an angiopoietin receptor) (Murdoch et al. 2007). 
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These three subsets differ significantly in function. The classical monocytes are 

professional phagocytes that ingest native LDL, generate reactive oxygen species 

(ROS) and secrete cytokines in response to lipopolysaccharide (LPS) (Mosig et al. 

2009). The migration of classical monocytes depends on monocyte 

chemoattractant protein-1 (MCP-1/CCL2) secreted by resident macrohages. 

Therefore, they are considered inflammatory mediators. Non-classical monocytes 

are weak on phagocytosing oxidised LDL (ox-LDL) and don’t generate ROS, but 

they secrete inflammatory cytokines such as tumor necrosis factor (TNF)-α, IL-1β 

and CCR3 once toll-like receptors (TLRs) dependent pathway activated (Belge et al. 

2002; Cros et al. 2010; Mosig et al. 2009). Their attraction and recruitment to 

endothelial surfaces depends on fractalkine (a transmembrane-anchored adhesion 

receptor expressed on activated endothelial cells) (Ancuta et al. 2003). It is 

considered that non-classical monocytes might serve as patrolling cells and are 

invovled in the innate local surveillance of tissues. They can migrate to inflamed 

tissues or sites as the classical monocytes but might emigrate out of the sites after 

certain maturation while the classical monocytes are retained within the sites. The 

intermediate monocytes are increasingly reported in a wide range of pathological 

conditions. They do not generate ROS but secrete high secretion of TNF-α and 

IL-1β in response to LPS (Cros et al. 2010). Overall, the exact function of monocyte 

subsets in human has not been fully understood. Of note, most of current 

knowledge on these cells has been acquired from animal studies. 

1.6.2. Monocytes in CAD 

Monocytes have been identified to be involved in the process of CAD. They play 

important roles in the initiation and formation of atherosclerotic plaque, plaque 

destabilization as well as cardiac remodeling after acute coronary events (Ghattas 

et al. 2013) (see Figure 4). Activated circulating monocytes are recruited to the 

damaged/activated endothlium by inflammatory chemokines, TLRs and adhesion 

molecules such as vascular cell adhesion molecule 1 (VCAM-1), intercellular 

adhesion molecule 1 (ICAM-1). Then the monocytes transmigrate across the 
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endothelium, differentiate into macrophages that ingest ox-LDL and transform into 

foam cells (Collot-Teixeira et al. 2007). The accumulation of macrophages, foam 

cells, apoptotic foam cell debris, combined with smooth muscle migration and 

proliferation as well as platelets activation and aggregation, lead to the plaque 

formation and progressive atherosclerosis, finally thrombus formation. The 

activated macrophages also secrete cytokines, matrix metalloproteinases (MMPs), 

ROS and tissue factors, induce persistent inflammatory and platelets activation/ 

attraction, and exacerbate the progression of thrombus (Badimon et al. 2011). 

MMPs are considered to promote the destabilization of the fibrous cap leading to 

the plaque rupture (Newby et al. 2009). Classical monocyte is considered to be the 

predominant subset identified in atherosclerotic plaques. 

Once plaque rupture, the downstream reaction is triggered. Monocytes affect the 

coagulation cascade resulting in thrombus propagation during the acute event 

(Altieri et al. 1988). Elevated monocyte-platelet aggregates in acute coronary 

syndrome (ACS) patients were reported (Tapp et al. 2012), and ACS patients show 

features of procoagulant monocyte activation under exposure of tissue factor 

(Altieri et al. 1988). Activated monocytes also induce the expression of 

inflammatory cytokines (e.g. TNF-α, IL-1, IL-6), platelet derived endothelial cell 

growth factor as a chemoattractant and mitogen for fibroblasts, macrophage colony 

stimulating factor (M-CSF) which is important for macrophage survival, 

transforming growth factor (TGF) α and β which contributes to fibrosis, as well as 

insulin-like growth factor (Lambert et al. 2008). Furthermore, monocytes are 

considered to involve the tissue injury via the acute inflammatory response 

activated by ROS leading to cell injury and necrosis. In addition, monocytes mature 

into DC and macrophages within the subintimal space that promotes inflammation 

and extracellular matrix destruction (Geissmann et al. 2010).  

After the myocardial damage by hypoxia, numerous monocytes are recruited to the 

infarcted areas that promote phagocytosis, fibroblast accumulation, angiogenesis 

and tissue formation, which lead to cardiac remodeling and recovery. Different 

subsets may play different roles. It was reported that classical monocytes were 
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negatively related to left ventricular recovery after ACS and associated with poor 

outcome in stroke patients (Tsujioka et al. 2009; Urra et al. 2009), intermediate and 

non-classical monocytes had no effect on ventricular remodeling which contrasted 

with animal data (Nahrendorf et al. 2007). A recent study reported that intermediate 

monocytes were over 2.5 fold up-regulated in patients with ST-segment elevation 

MI while no changes of non-classical monocytes were observed (Tapp et al. 2012). 

An increased proportion of intermediate and non-classical monocytes were 

associated with better outcome in the stroke patients was observed (Urra et al. 

2009). Combined to its increased expression of CD14 and CCR2, reduced 

expression of CD16, as well as high expression of some markers (e.g. VEGF 

receptor 2, CD163, CXCR4 and Tie2), intermediate monocytes are putative to have 

pro-reparative, pro-angiogenic, anti-inflammatory properties in cardiac recovery 

(Ghattas et al. 2013). However, some clinical studies indicated that high levels of 

intermediate monocytes have been associated with poor clinical outcome in future 

MI in stable CAD (Rogacev et al. 2012), and recurrence coronary events in patients 

with chronic kidney disease (CKD) (Rogacev et al. 2011). Collectively, the 

knowledge of human monocytes on cardiac remodeling is still limited. These data 

imply intriguing double-edged dynamics monocytes in cardiac remodeling. The 

balance between removing dead cells and prompt initiation of regeneration in 

appropriate timing may determine patients’ outcomes. Indeed, most of our current 

knowledge in monocyte function comes from murine models, the studies in human 

are still with more emphasis on monocyte numbers, the exact function of monocyte 

subsets in human beings remains unclear. 



Introduction                                                                                    11 

 

 

Figure 4 The role of Monocytes in atherosclerotic process. Circulating monocytes are prone to 

be activated by multiple factors such as lipopolysaccharide, infection, growth factors, 

pro-inflammatory cytokines, ox-LDL, oxidative stress, long-term hyperglycemia and so on. The 

dysfunction endothelial cells express exceeding inflammatory chemokines (MCP-1) and toll like 

receptors as well as adhesion molecules (VCAM-1, ICAM-1) that facilitate the monocytes 

accumulation and adhesion in the site of endothelial lesion. The monocytes transmigrate across the 

endothelium via diapedesis and MMPs assist activated by the NF-κB pathway. In subendothelial 

space, monocytes differentiate into macrophages that ingest oxidized-LDL via scavenger receptors 

and transform into foam cells. These cells undergo a process of apoptosis/necrosis that perpetuates 

the formation of further foam cells. The middle panel depicts events about plaque rupture including 

thinning of the fibrous cap and monocyte platelet aggregates. The right panel depicts cardiac repair. 

Classical and possibly intermediate monocytes reduce or abrogate to reduce inflammatory effect 

and remove myocytes form infarcted and peri-infarct areas in phase 1, and later in phase 2 

non-classical and possibly intermediate monocytes alters the extracellular matrix remodeling by 

myofibroblast deposition and angiogenesis, leading to thinning of the infarcted cells. GM-CSF, 

granulocyte colony stimulating factor; ICAM-1, intercellular adhesion molecule; LDL, low-density 

lipoprotein; MCP-1, monocyte chemotactic protein-1; M-CSF, macrophage colony stimulating factor; 

MMP, matrix metalloproteinase; PDGF, platelet-derived growth factor; RANTES, regulated upon 

activation, normal T-cell expressed and secreted; VCAM-1, vascular cell adhesion molecule. 

Modified from J Am Coll Cardiol, 2013, 62(17):1541-1551. 

1.6.3. Monocytes in NAFLD 

Kupffer cells are the liver resident macrophages (Naito et al. 1997). They have 
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been identified as one of key elements in pathogenesis of non-alcoholic 

steatohepatitis (NASH). Activation of its TLR4 signaling pathway drives Kupffer 

cells to release inflammatory cytokines and chemokines to initiate the inflammatory 

cascade (Brun et al. 2007). The inactivation of Kupffer cells can almost fully 

ameliorate inflammation, steatosis, and damage in NASH of mice (Miura et al. 2012; 

Rivera et al. 2007). Recently Satoh and co-workers found that Kupffer cells and the 

expression of CD14 on Kupffer cells were significantly up-regulated in 

postoperative NAFLD patients after pancreatoduodenectomy (Satoh et al. 2013). 

The number of CD14+ Kupffer cells increase with an increase in necroinflammatory 

grade and fibrosis stage of NAFLD (Tonan et al. 2012). Circulating monocytes, as 

“precursor”, may also participate and play key role in the process of NAFLD. A 

recent clinical study showed that the circulating monocyte fraction determined by 

standard blood cell counter was elevated in patients with NAFLD (Kim et al. 2011). 

However, a more thorough insight is lacking since the relationship between 

monocyte subsets and NAFLD has not been studied yet. 

1.7. Study purposes 

The purposes of the present work are as following: 

(1) NAFLD reaching epidemic proportions has been identified as an independent 

risk factor for CAD; the first aim was to investigate the association between 

NAFLD and alteration in circulating monocyte subsets as a cellular hallmark of 

the CAD state. 

(2) CAD patients display different outcomes over long-term follow-up, monocytes 

play key role in the cardiac remodeling. Therefore, the second aim was to 

identify key genes expressed on monocytes associated with clinical outcomes of 

CAD. 

(3) Gender disparities in CAD prevalence and outcome do exist; the third aim was 

therefore to look for gender differenecs expressed on monocytes. 

(4) Although CAD has been extensively studied, key pathways involved in the 

pathogenesis are not thoroughly understood, thus, the fourth aim was the 
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exploration of novel potential pathways related to the expression of CAD. 
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2. Materials and methods 

2.1. Study cohort 

2.1.1. Circulating monocyte phenome in NAFLD 

Subjects enrolled in “circulating monocyte phenome in NAFLD” study were 

recruited from EMIL study cohort (Echinococcus Multilocularis and other medical 

diseases in Leutkirch), the population-based cohort first recruited in year 2002. The 

baseline investigation was performed from November to December, 2002 and 

comprised of 2,445 probands (Haenle et al. 2006). In 2013 follow-up was 

conducted with focus on extreme end variants, i.e. obese or overweight subjects 

with or without fatty liver disease (FL) and normal weight subjects with FL based on 

ultrasound examination. 484 subjects were enrolled in the EMIL follow-up study. Of 

484 subjects, 73 probands were randomly selected to conduct extensive 

phenotyping of monocyte subsets. Figure 5 summarizes the subcohort examined in 

the study. 

This study was conducted in conformity to basic principles of Helsinki Declaration. 

EMIL study was approved by ethics committee of the Landesärztekammer 

Baden-Württemberg and ethical committee of Ulm University, and written informed 

consent was obtained from all study participants. 
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Assessed for eligibility (n=4000)

Excluded (n=1555)
• Declined to participate (n=1448)
• Not available (n=107)

Total participation in EMIL study 
(n=2445)

Excluded (n=1961)
• BMI<25 and without fatty liver

(n=1091)
• Unwilling to participate (n=515)
• Missing data (n=355)

Follow-up participation (n=484)

Randomly selected in present study
(n=73)

Excluded (n=30)
• Fatty liver with hepatic virus

infection (n=4) 
• Other liver disease (n=2)
• Diabetes mellitus (n=8)
• Cardiovascular disease (n=5)
• Reversed phenotype (n=11)

Stable phenotype (n=43)

NAFLD (n=17) No FL (n=26)

Enrollment
2002

Follow-up
2013

Analysis

 

Figure 5 Flow of subjects across the NAFLD study. BMI, body mass index; EMIL, Echinococcus 

Multilocularis and other medical diseases in Leutkirch; FL, fatty liver disease; NAFLD, non-alcoholic 

fatty liver disease. 

2.1.2. Gene expression profiling of monocytes in CAD 

2.1.2.1. Discovery set 

Subjects enrolled in “gene expression profiling of monocytes in CAD” microarray 

study were recruited from the LURIC study cohort (LUdwigshafen RIsk and 

Cardiovascular Health), which is an ongoing prospective study of 3316 individuals 

who were referred for coronary angiography to Ludwigshafen Heart Center in 

South-West Germany and were recruited between July 1997 and January 2000 

(Winkelmann et al. 2001). There was a follow-up for all-cause and cardiovascular 

mortality in 2010, 2580 probands with complete information recorded about the vital 

information, 755 deaths and 1825 survival. 316 of 2580 probands were collected 
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enough total ribonucleic acid (RNA) in our lab. Of total 316 participants, the mortality 

of 51 probands was due to cardiac causes including sudden death, fatal myocardial 

infarction, congestive heart failure, death after intervention to treat CAD and other 

death due to CAD, 50 probands died due to fatal stroke, infection, cancers and other 

causes for death, while the rest of 215 probands survived. The subjects including 30 

deceased due to cardiac causes as well as 41 survivors matched with age, gender 

and general status as far as possible were enrolled in this gene expression profiling 

study. Additionally, 10 healthy Caucasian donors from Ulm were also recruited in 

this study. Figure 6 summarizes the subcohort examined in this study. 

The LURIC study was conducted in accordance with the basic principles of Helsinki 

Declaration and was approved by the ethics committee at the“Ärztekammerm 

Rheinland-Pfalz”. Written informed consent was obtained from all study participants.  

 

Figure 6 Flow of subjects across the microarray study. RNA, ribonucleic acid; LURIC, 

LUdwigshafen RIsk and Cardiovascular Health. 

2.1.2.2. Replication set 

To avoid a confounding effect just be addressing Swabian patients, 8 patients were 

recruited from Medicine I - Cardiology, Pneumology, Angiology and Internal 
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Medicine Intensive Care Center, University Hospital Aachen. The diagnosis of CAD 

was based on coronary angiography. Except the 8 patients from Aachen, namely 5 

patients with T2DM and CAD, 1 patients with CAD but no DM (excluded because of 

no DM),1 patient without CAD or DM (excluded) and 1 patient without coronary 

angiography (excluded because of unclear diagnosis), the blood samples were 

taken by phlebotomy of a superficial cubital vein. In addition, total RNA samples 

from 5 healthy donors in our lab dataset were selected (see Table 1). All of the 

subjects were Caucasians. 

The study was conducted in accordance with the basic principles of Helsinki 

Declaration and was approved by the ethics committee of University Hospital 

Aachen, and written informed consent was obtained from all study participants. 

Table 1 Group settings in replication set 

CAD+ T2DM+ 

n 

Healthy control 

n 

5 5 

Note: “+” represents that subject was suffered from this disease, “-” represents that subject did not 

have this disease. CAD, coronary artery disease; T2DM, type 2 diabetes. 

2.2. Materials 

2.2.1. Microarray Gene Chip 

Affymetrix GeneChip® Human Gene 

1.0 ST Array 

  Affymetrix, Santa Clara, CA, USA 

2.2.2. Primers for qRT-PCR 

All primers for quantitative real-time reverse transcription polymerase chain reaction 

(qRT-PCR) were obtained from RT2 qRT-PCR Primer Assay, QIAGEN, see Table 2. 
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Table 2 Primer list.  

Gene symbol Catalog # RefSeq # 

PPBP PPH00533A-200 NM_002704 

CD69 PPH00831F-200 NM_001781 

CCL2 PPH00192F-200 NM_002982 

EMP1 PPH16632B-200 NM_001423 

SMAD7 PPH01905C-200 NM_005904 

THBD PPH02576A-200 NM_000361 

TNFRSF12A PPH17750C-200 NM_016639 

ID1 PPH00317B-200 NM_002165 

CD226 PPH18064A-200 NM_006566 

CCL5 PPH00703B-200 NM_002985 

CTSL1 PPH00113F-200 NM_001912 

SDC4 PPH15118E-200 NM_002999 

NAB2 PPH57666E-200 NM_005967 

PIM1 PPH00222F-200 NM_002648 

FFAR3 PPH14987A-200 NM_005304 

LDLR PPH00503E-200 NM_000527 

CCR1 PPH00611F-200 NM_001295 

MAPK14 PPH00750B-200 NM_001315 

UBR2 PPH12128B-200 NM_015255 

OGT PPH19166A-200 NM_181673 

ABL1 PPH00087E-200 NM_005157 

HPRT1 PPH01018C-200 NM_000194 

Note: All of the primers were obtained from RT2 qRT-PCR Primer Assay, QIAGEN. The RefSeq 

number refers to the representative sequence used to design the enclosed primers. ABL1 and 

HPRT1 were performed as housekeeping genes, others were target genes. qRT-PCR, quantitative 

real-time reverse transcription polymerase chain reaction. 

2.2.3. Chemicals and Reagents 

Acetic acid (100%)   Merk, Darmstadt, Germany 

Agarose powder NEEO Ultra Quality   Roth, Karlsruhe, Germany 

Anti-human CD14 Pacific blue   Biolgend, San Diego, CA, USA 

Anti-human CD16 APC   Biolgend, San Diego, CA, USA 

Anti-human CD36 PE   Biolgend, San Diego, CA, USA 

Anti-human CD45 PerCP-cy5.5   Biolgend, San Diego, CA, USA 

Anti-human CD9 FITC   Biolgend, San Diego, CA, USA 

Anti-human HLA-DR PE-cy7   Biolgend, San Diego, CA, USA 
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BD Pharm LyseTM Lysing buffer   BD Biosciences, San Diego, CA, USA 

Beads buffer   0.5% BSA, 2 mM EDTA in PBS 

Blocking buffer   1% BSA in PBS 

β-mercaptoethanol   Sigma-Aldrich, St. Louis, MO, USA 

Bovine serum albumin (BSA), pH 7.0   SERVA, Heidelberg, Germany 

Cardio Phase hs-CRP   Siemens, Eschborn, Germany 

CD14 Microbeads human kit   Miltenyi Biotec, Bergisch Gladbach, 

Germany 

Dimethylsulfoxide (DMSO)   Sigma-Aldrich, St. Louis, MO, USA 

Ethylene diamine tetraacetic acid 

(EDTA) 

  Sigma-Aldrich, St. Louis, MO, USA 

Ethidium Bromide (EB)   Sigma-Aldrich, St. Louis, MO, USA 

Fetal calf serum (FCS)   Invitrogen, Carlsbad, CA, USA 

Ficoll-paque plus   GE Healthcare, Chalfont St Giles, UK 

Freezing-Medium   10% DMSO in 90% FCS 

FTIC mouse IgG1, k isotype control   Biolgend, San Diego, CA, USA 

Glycerol (100%)   Sigma-Aldrich, St. Louis, MO, USA 

Hanks’ salt solution   Biochrom AG, Berlin, Germany 

Loading buffer   75% Glycerol, 0.5% Xylen cyanol FF in 

double-distilled water  

Monocyte isolation kit II   Miltenyi Biotec, Bergisch Gladbach, 

Germany 

Phosphate buffered saline (PBS) 

(1x), liquid, pH: 7.4 

  Invitrogen, Carlsbad, CA, USA 

PE mouse IgG2a, k isotype control   Biolgend, San Diego, CA, USA 

Penicillin/streptomycin   Invitrogen, Carlsbad, CA, USA 

QIAGEN RNeasy Micro Kit   QIAGEN, Hilden, Germany 

QIAGEN RNeasy Mini Kit    QIAGEN, Hilden, Germany 

QIAGEN RT2 First Strand Kit   QIAGEN, Hilden, Germany 

QIAGEN RT2 SYBR green 

mastermix 

  QIAGEN, Hilden, Germany 
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Quantikine HS IL-6 Immunoassay   R&D Systems, Wiesbaden, Germany 

RPMI 1640 medium (1x), liquid   Invitrogen, Carlsbad, CA, USA 

1kb ladder   Fermentas, Vilnius, Litauen 

Tris Base Ultrapure   USB Corporation, MA, USA 

Tris-Acetate-EDTA (TAE) buffer 

(50X) 

  24.2% Tris base, 5.71% Acetic acid, 

0.05M EDTA in double-distilled water 

Trypan blue   Sigma-Aldrich, St. Louis, MO, USA 

Tuerk’s solution   Merck, Darmstadt, Germany 

Xylen cyanol FF (C.I 43545)   USB Corporation, MA, USA 

Washing-Medium   100U/mL penicillin/streptomycin in 

RPMI 1640 medium 

2.2.4. Labware 

Biosphere® Filter tips (10μL, 20μL, 

200μL, 1000μL) 

  SARSTEDT, Nuembrecht, Germany 

Costar stripette serological pipet 

(5mL, 10mL, 25mL)  

  Corning Inc., Corning, NY, USA 

Eppendorf reference pipette (10μL)   Eppendorf, Hamburg, Germany 

Glass pasteur pipette (D812)   Poulten & Graf GmbH, Wertheim, 

Germany 

Hemocytometer   Carl Roth GmbH, Karlsruhe, Gemany 

MACS separator   Miltenyi Biotec, Bergisch Gladbach, 

Germany 

Micro tube (0.5 mL)   SARSTEDT, Nuembrecht, Germany 

MicroAmpTM  Fast optical 96-well 

reaction plate with barcode 

  
AppliedBiosystems, Foster, CA, USA 

MicroAmpTM Optical adhesive film   AppliedBiosystems, Foster, CA, USA 

MS/LS column   Miltenyi Biotec, Bergisch Gladbach, 

Germany 

Parafilm "M"   Pechney, Plastic Packaging, Chicago, 

IL, USA 

Pipette tips (10μL, 200μL, 1000μL)   Brand, Wertheim, Germany 
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Pipette-boy    INTEGRA Biosciences, Fernwald, 

Germany 

Pipette-man (20μL, 200μL, 1000μL)   Gilson, Villiers-le-Bel, France 

Polypropylene Round-Bottom Tube 

( 5mL, 14mL) 

  BD, Franklin Lakes, NJ, USA 

Polypropylene tubes, conical bottom 

(50 mL, 15 mL) 

  Greiner Bio-One, Frickenhausen, 

Germany 

QIAshredder spin column   QIAGEN, Hilden, Germany 

Safe-lock tube (1.5 mL)   Eppendorf, Hamburg, Germany 

SafeSeal-Tips®premium (10μL)   Biozym, Oldendorf, Germany 

SafeSeal-Tips®professional (20μL, 

200μL, 1000μL) 

  Biozym, Oldendorf, Germany 

Serological Pipet (2 mL)   BD, Franklin Lakes, NJ, USA 

Stericup and steritop vacuum filter 

cups (0.22μm Filter) 

  Millipore Corporation, Billerica, MA, 

USA 

2.2.5. Laboratory equipment 

7500 Fast Real-Time PCR system    Applied Biosystems, Darmstadt, 

Germany 

BD LSRII flow cytometer    BD, Franklin Lakes, NJ, USA 

Block Heather (SBH 130D)   Bibby Scientific Limited, Staffordshire, 

UK 

Centrifuge (5417R)   Eppendorf, Hamburg, Germany 

Centrifuge (multifuge 3S-R)   Heraeus, Hanau, Germany 

Centrifuge(multifuge X3R)   Heraeus, Hanau, Germany 

Dry block bath (Thermostat 5320)   Eppendorf, Hamburg, Germany  

OwlTM Easy-CastTM B1A Gel 

Electrophoresis Systems 

  Thermo Scientific, Wilmington, USA 

Electrophoresis power supply 

(Macro Drive 1) 

  LKB, Bromma, Schweden 

GenoSmart gel documentation 

system 

  VWR, Leuven, Belgium 
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Heating block HBT 130-2   Haep Labor Consult, Bovenden, 

Germany 

Laminar flow hood (HA 2448)   Heraeus, Hanau, Germany 

Magnetic stirrer (Ikama Rec-G)   Ika Labortechnik, Staufen, Germany 

Mcrowave oven   Bosch, Gerlingen, Germany 

Microscope (Olympus IMT-2)   Olympus, Tokyo, Japan 

Nanodrop 2000   Thermo Scientific, Wilmington, USA 

Nitrogen tank (Chronos 400)   Messer, Sulzbach ,Germany 

Refridgerator   Liebherr, Bulle, Schweiz 

Vortex shaker (REAX 2000)   Heidolph, Schwabach, Germany 

Waterbath (3043)   Koettermann, Haenigsen, Germany 

2.2.6. Software and internet resourses 

7500 Fast System SDS software 

version 1.4 

  Applied Biosystems, Darmstadt, 

Germany 

BD FACSDivaTM software version 

6.1.2 

  BD Biosciences, Franklin Lakes, NJ, 

USA 

Genesis software version 1.7.6   IGB-TUG, Graz, Austria 

GraphPad PRISM® version 5.04   GraphPad Software, La Jolla, CA, 

USA 

IBM SPSS statistical software 

version 21.0 

  IBM Inc., Chicago, IL, USA 

Ingenuity Pathway Analysis (IPA) 

2000-2013 

  Ingenuity Systems, Inc. CA, USA 

GoMiner   http://discover.nci.nih.gov/gominer/ind

ex.jsp 

RT² Profiler™ PCR Array Data 

Analysis 

  http://www.sabiosciences.com/pcrarra

ydataanalysis.php 

STRING 9.1   http://string-db.org/ 
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2.3. Methods 

2.3.1. Clinical parameters 

2.3.1.1. Circulating monocyte phenome in NAFLD 

The EMIL follow-up investigation in the year 2013 followed procedures applied 

during the first survey in the year 2002 (Haenle et al. 2006). Briefly, the personal 

information, personal medical history, family history, alcohol consumption, dietary 

habits and so on were recorded through one standardized questionnaire and the 

structured interview. Body weight, body height, hip circumference and waist 

circumstance (WC) were measured. Then the body mass index (BMI) and 

waist-to-hip ratio (WHR) were calculated according to the WHO recommendations 

(A WHO Expert Committee, 1995). 

After at least eight hours fasting, peripheral blood samples were obtained by 

phlebotomy from superficial cubital vein. Clinical laboratory parameters including 

lipids, liver enzymes and other biochemical values (TG, cholesterol, high-density 

lipoprotein cholesterol (HDL-C), LDL-C, γ-glutamyl transferase (GGT), alanine 

transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (AP), 

sex hormone binding globulin (SHBG), insulin and glucose) were performed using  

Cobas 8000 analyzer (Photometric measurement, electrochemiluminescence 

immunoassay; Roche Diagnostics, Rotkreuz, Switzerland). The fractions of 

leukocytes and its subsets were measured by the automated hematology system 

(Sysmex XE-5000, Sysmex Europe Inc., Norderstedt, Germany). The above  

laboratory tests were performed in the laboratory of University Hospital Ulm. In 

addition, hs-CRP was measured by immunonephelomtery (Cardio Phase hs-CRP, 

Siemens, Eschborn), and IL-6 was measured by enzyme-linked immunosorbent 

assay (Quantikine HS IL-6 Immunoassay, R&D Systems, Wiesbaden). The serum 

levels of hs-CRP and IL-6 were conducted in the laboratory of Professor Wolfgnag 

Koenig by Gerlinde Trischler in Laboratory for Molecular Cardiovascular 

Epidemiology and Preventive Cardiology, University of Ulm. The Fatty Liver Index 
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(FLI) was calculated by: FLI = (e0.953*loge(TG)+0.139*BMI+0.718*loge(GGT)+0.053*WC-15.745)/(1+ 

e0.953*loge(TG)+0.139*BMI+0.718*loge(GGT)+0.053*WC-15.745 )*100 (Bedogni et al. 2006). The 

Homeostasis Model Assessment -estimated Insulin Resistance Index (HOMA-IR) 

was calculated by: HOMA-IR = glucose (mg/dL)* insulin (mU/L)/405 (Matthews et 

al. 1985). 

The FL was diagnosed based on the sonographic comparison of renal and hepatic 

parenchyma, the assessment of dorsal echo attenuation by liver, the visibility of 

diaphragm and hepatic vessels. The degree of FL was graded as “severe”(grade 3), 

“moderate”(grade 2), “mild”(grade 1) and “none”(grade 0) (Hamaguchi et al. 2007). 

NAFLD was diagnosed with absence of the excessive alcohol consumption (the 

threshold is < 30g/day for male and < 20g/day for female) (Anstee et al. 2013) and 

the other reasons including hepatic virus infections and other liver diseases. 

2.3.1.2. Gene expression profiling of monocytes in CAD 

All the participants underwent standardised personal and family history 

questionnaire and laboratory examination including markers of endothelial 

dysfunction, inflammation, lipid metabolism and so on at baseline observation. 

Fasting venous blood was taken and blood or peripheral blood mononuclear cells 

(PBMC) were stored for later analysis (Winkelmann et al. 2001). CAD was 

diagnosed as following criteria: clinical symptoms as myocardial ischemia or 

stenosis of one ore more vessels ≥ 20% under coronary angiograms. Criteria for 

diagnosis of diabetes (according to American Diabetes Association 2012 criteria) 

were: subjects with elevated glycated hemoglobin A1c (HbA1c) (≥6.5%) or 

increased fasting plasma glucose (FPG) (≥126 mg/dL) or increased 2-h plasma 

glucose (2 hours after the 75 g glucose load ≥ 200 mg/dL).(American Diabetes 

Association. 2012) Furthermore, the subjects with diabetes history under treatment 

were considered as diabetic. 
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2.3.2. PBMC isolation 

PBMC isolation was performed by ficoll density gradient centrifugation (Figure 7). 

The whole blood from subjects or buffy coats was diluted 1:2 in Hanks’ salt solution 

(Biochrom AG, Berlin, Germany) and 35 mL thereof overlaid carefully on 15 mL 

Ficoll-Paque Plus solution (GE Healthcare, Uppsala, Sweden). The centrifugation at 

2000 rpm for 30 minutes without break resulted in formed different layers containing 

distinct cell types due to differential density. The interface layer containing the 

PBMC fraction was harvested, and washed twice with washing-medium (100 U/mL 

penicillin/streptomycin in RPMI 1640 medium) by centrifugation at 1800 rpm for 10 

minutes and 1200 rpm for 10 minutes respectively, cell counting was performed by 

hemocytometer with Tuerk’s solution (Merck, Darmstadt, Germany), then followed 

by aspiration of the supernatant and resuspension in PBS for downstream 

applications or freezing-medium (10% DMSO in 90% FCS) for cryopreservation. 

Interface layer of PBMC 

Ficoll

Diluted blood 

Erythrocytes and  
Granulocytes 

Ficoll 

Centrifugation 

2000 rpm, 30 minutes 
without break 

Plasma and  
Hanks’ salt solution 

 

Figure 7 Isolation of PBMC by ficoll density gradient centrifugation. PBMC from either subjects 

or buffy-coat was isolated by using Ficoll-Paque Plus, the interface layer of PBMC was collected for 

further experiments. PBMC, peripheral blood mononuclear cell. 

2.3.3. MACS cell separation 

MACS technology has been considered to be the gold standard for cell separation. It 

is based on MACS microbeads, which are 50 nanometers superparamagnetic 

particles that are conjugated to high specific antibodies against a particular antigen 

on the cell surface. There were two methods to get monocytes by MACS cell 

separation, negative selection and positive selection in the research. In discovery 

set, the positive selection method was used. To avoid activating monocytes, the 
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negative selection method was used in replication set. 

The positive selection of monocytes was performed using MACS separation kit for 

human CD14 monocyte (130-050-201; Miltenyi Biotec, Bergisch Gladbach, 

Germany). The surface marker CD14 is strongly expressed on most monocytes in 

the peripheral blood. Frozen PBMC were washed by PBS and beads buffer (0.5% 

BSA, 2 mM EDTA in PBS), then resuspended in 80 μL of beads buffer per 107 total 

cells. Subsequently, 20 μL of CD14 Microbeads per 107 total cells was added and 

incubated for 15 minutes at 4°C. Afterwards, cells were washed with beads buffer 

and resuspended in 500 μL of beads buffer for MACS separation. For MACS 

separation, a MS column was placed in the magnetic field of a MACS separator. The 

column was equilibrated by rinsing with 500 μL of beads buffer and the cell 

suspension was applied onto the column. The effluent containing unlabeled cells 

(negative fraction) was collected. The column was washed twice with 500 μL of 

beads buffer. Total effluent was collected. After removing the column from the 

magnetic separator, 1 mL of beads buffer was added onto the column, the CD14+ 

monocytes (positive fraction) were eluted by firmly pushing the plunger into the 

column. (Figure 8) The effluent containing CD14+ monocytes was centrifuged and 

the cell pellet was directly used for total RNA extraction. 

 
Figure 8 Basic principle of MACS cell separation. PBMC were labeled with indicated MACS 

microbeads at 4°C. Cells were applied onto the column placed in the magnetic field of a MACS 

separator and the flow-through was collected as negative fraction. Afterwards, the MACS column 

was removed from the magnetic field and the positively selected cells which were magnetically 

retained in column were eluted with beads buffer by using a plunger. PBMC, peripheral blood 

mononuclear cells; MACS, magnetic-activated cell sorting. Derived from 
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http://www.miltenyibiotec.com/. 

The negative selection of monocytes was performed using MACS Monocyte 

isolation kit II (130-091-153; Miltenyi Biotec, Bergisch Gladbach, Germany), 

monocytes were isolated by depletion of non-monocytes, i.e. T cells, nature killer 

(NK) cells, B cells, DC and basophils, which are indirectly magnetically labeled 

using a cocktail of biotin-conjugated antibodies against CD3, CD7, CD16, CD19, 

CD56, CD123 and Glycophorin A. In brief, frozen or fresh PBMC were washed by 

PBS and beads buffer, and resuspended in 30 μL of beads buffer per 107 total cells. 

Subsequently, 10 μL of FcR blocking reagent per 107 total cells and 10 μL of 

Biotin-antibody cocktail per 107 total cells were added and incubated for 10 minutes 

at 4°C. Afterwards, 30 μL of beads buffer per 107 total cells and 20 μL of Anti-biotin 

microbeads per 107 total cells were added and incubated for an additional 15 

minutes at 4°C. Then, cells were washed with beads buffer and resuspended in 500 

μL of beads buffer for MACS separation. For MACS separation, a MS/LS column 

was placed in the magnetic field of a MACS separator. The column was equilibrated 

by rinsing with 500 μL/3mL of beads buffer and the cell suspension was applied onto 

the column. The effluent containing unlabeled cells was collected. The column was 

washed twice with 500 μL/3mL of beads buffer. Total effluent containing monocytes 

was collected and directly used for total RNA extraction or other applications. 

2.3.4. Total RNA extraction 

Total RNA extraction was performed by QIAGEN RNeasy Mini Kit (74104; QIAGEN, 

Hilden, Germany) or RNeasy Micro Kit (74004; QIAGEN, Hilden, Germany) 

depending on cell amounts. For efficient lysis and homogenization, the pelleted 

monocytes which were loosed and thoroughly resuspended with 350 μL of buffer 

RLT were pipetted directly into a QIAshredder spin column (79656; QIAGEN, Hilden, 

Germany) placed in a 2 mL collection tube and centrifugated for 1 minute at 14,000 

rpm twice. All the following centrifugation steps were performed at 14,000 rpm for 1 

minute if not indicated otherwise. Subsequently, 1 volume (350 μL) of 70% ethanol 
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was added to the homogenized lysate with well pipetting for providing appropriate 

binding conditions. Afterwards, that lysate mixture including any precipitate was 

completely transferred to an RNeasy spin column placed in a 2 mL collection tube 

and centrifuged for making the RNA binding to the silica membrane. Then, 

on-column DNase digestion was performed by adding the premixture of 10 μL 

DNase I stock solution and 70 μL buffer RDD onto column membrane and 

incubating for 15 minutes at room temperature (20~30°C) after washing the spin 

solumn membrane by 350 μL of buffer RW1. After that, the spin membrane was 

washed by 350 μL of buffer RW1 and 500 μL of buffer RPE sequently. (Figure 9)  

 

Figure 9 RNeasy Mini/Micro Procedure. The cell pellet was lysed with buffer RLT and 

homogenized with QIAshredder. Subsequently, 1 volume of 70% ethanol was added to the 

homogenized lysate with well pipetting for providing appropriate binding conditions. Then the mixed 

lysate was applied to an RNeasy Mini (RNeasy Mini Kit)/MinElute (RNeasy Micro Kit) spin column, 

where only the total RNA longer than 200 bases binds to the silica membrane. High-quality RNA 

was then eluted in appropriate volume of RNase-free water after DNase treatment and efficient 

washing step. DNA, deoxyribonucleic acid; RNA, ribonucleic acid. Modified from 

http://www.qiagen.com/. 

There were some differences in the following steps between QIAGEN RNeasy Mini 

Kit or RNeasy Micro Kit. For RNeasy Mini spin column, the spin column membrane 
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was washed by additional 500 μL of buffer RPE, and total RNA was eluted into a 

new 1.5 mL collection tube in 50 μL of RNase-free water. For RNeasy MinElute spin 

column, the spin column membrane was washed by additional 500 μL of 80% 

ethanol; then, centrifuged for 5 minutes at 14,000 rpm with the lid open to dry the 

spin column membrane; finally, total RNA was eluted into a new 1.5 mL collection 

tube in14 μL of RNase-free water. The final total RNA reaction was placed on ice, 

and the concentration and purity of RNA was determined by Nanodrop 2000 before 

it was stored at -80°C. The quality control criteria for total RNA are as follows: A260: 

A230 ratio should be greater than 1.7; A260: A280 ratio should be greater than 1.8; 

concentration determined by A260 should be more than 50 μg/mL. 

2.3.5. Agarose gel electrophoresis 

The integrity of RNA was checked by means of electrophoresis on a 1% agarose gel. 

Briefly, 0.5 g agarose powder was dissolved in 50 mL 1x TAE buffer by heating and 

swirling. Then 1.7 μL EB was added into the dissolved agarose gel and mixed well. 

Afterwards, the cool agarose solution was poured onto the casting tray with the 

sample comb placed in. About 40 minutes later, the comb was removed when the 

gel had set, and the gel was oriented in the electrophoresis tank, which was filled 

with TAE buffer to submerge the gel. Subsequently, 4 μL of RNA or 10 μL of 

standard was mixed with 2 μL loading buffer and appropriate water. The final 10 μL 

of RNA premixture per each sample as well as 12 μL standards were loaded to the 

well. After that, the gel was run for about 25 minutes on 125 V voltages. Finally, the 

gel was placed under the ultraviolet light and photographed. The RNA size was 

determined by comparing their migration to that of standard. It was only performed 

in several samples of the replication set. For total RNA samples, thick 28S and 18S 

ribosomal RNA gel bands at an approximate mass ratio of 2:1 are indications of high 

integrity (Figure 10). 
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2.3.6. Microarray 

Microarray technology is developed to study the expression of a large number of 

genes simultaneously. In present study, the Affymetrix GeneChip® Human Gene 

1.0 ST Array (901087; Affymetrix, Santa Clara, CA, USA) was used to determine 

the gene expression profiling of human monocytes for whole transcript coverage. 

This cost-effective array interrogates 28,869 well-annotated genes with 764,885 

distinct probes, which was designed based on the March 2006 human Genome 

sequence assembly (UCSC Hg18, NCBI build 36) with comprehensive coverage of 

RefSeq, Ensembl and putative complete CDS GenBank transcripts. The probes are 

distributed across the full length of the gene, providing a more complete and 

accurate picture of overall gene expression than most 3’-based expression array. 

The genes in the following situations including alternative splicing at the 3’ end of the 

gene, utilization of a novel 3’ terminal exon, alternative polyadenylation sites, 

nonpolyadenylated messages, truncated transcript, degraded samples and 

genomic deletion can be accurate represented on this array.  

Microarray experiment and analyses were conducted by the group of Dr. Karlheinz 

Holzmann from Interdisciplinary Center for Clinical Research, Genomics Core 

 

Figure 10 Integrity of total RNA. The 18S and 28S ribosomal RNA bands are clearly visible in the 

intact RNA sample. RNA, ribonucleic acid. 
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Facility, Ulm University, Germany. The relative fold change was used for measuring 

change in the expression level of a gene, fold change <-1.5 or >1.5 (p<0.05) was 

considered down-regulated or up-regulated expression for microarray analysis. 

2.3.7. qRT-PCR 

qRT-PCR is a highly sensitive and reliable method for gene expression analysis. 

The complementary deoxyribonucleic acid (cDNA) was synthesized from extracted 

total RNA by using QIAGEN RT2 First Strand Kit (330401; QIAGEN, Hilden, 

Germany). RT2 SYBR green mastermix (330529; QIAGEN, Hilden, Germany) was 

used for real-time polymerase chain reaction (PCR). All primers were obtained from 

QIAGEN RT2 qPCR Primer (See Table 2). Gene expression profiles of genes of 

interest were determined by qRT-PCR with the 7500 Fast Real-Time PCR 

instrument from Applied Biosystems.  

For cDNA synthesis, firstly each reaction (reaction volume: 10 μL): 2 μL buffer GE, 

400 ng total RNA and appropriate volume of RNase-free water were mixed and 

incubated for 5 minutes at 42°C for eliminating genomic DNA .  

Genomic DNA elimination mix: 

RNase-free water variable 

Buffer GE 2 μL 

Total RNA (400ng) variable 

Total volume per reaction 10 μL 

Subsequently, 10 μL reverse-transcription mix which was composed of 3 μL 

RNase-free water, 4 μL 5x buffer BC3, 1 μL control P2 and 2 μL RE3 reverse 

transcriptase mix was added to each previous reaction and incubated for exactly 15 

minutes at 42°C. Then the reaction was immediately stopped by incubating at 95°C 

for 5 minutes. After that, the cDNA was diluted by 80 μL RNase-free water. All of the 

cDNA samples were stored at -20°C for later reaction. 
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Reverse-transcription mix: 

RNase-free water 3 μL 

BC3 (5X Reverse Transcription Buffer 3) 4 μL 

Control P2 (Primer and External Control Mix) 1 μL 

RE3 (Reverse Transcription Enzyme Mix 3) 2 μL 

Total volume per reaction 10 μL 

Reaction mixtures for all gene expression assays were added in 96-well plate, of 

which one reaction contains 9.5 μL RNase-free water, 12.5 μL RT2 SYBR green 

mastermix, 1 μL primer and 2μL of previous cDNA synthesis reaction. Afterwards, 

the 96-well plate was covered by optical adhesive film and centrifuged for 2 

minutes at 3000 rpm to remove bubbles. The plate was stored at -20°C wrapped in 

aluminum foil for at least 4 hours but no more than 24 hours before it was 

conducted in the real-time cycler.  

PCR components mix: 

RNase-free water 9.5 μL 

RT2 SYBR Green Mastermix 12.5μL 

RT2qPCR Primer Assay (10μM stock) 1 μL 

cDNA synthesis reaction 2 μL 

Total volume per reaction 25 μL 

All samples from discovery set for validation were assayed in single well. All 

samples of replication set were assayed in duplicate. Each plate contained two 

housekeeping genes (ABL1, HPRT1), one negative control and one 

reverse-transcription control (RTC). (Figure 11) 
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The qRT-PCR program was set as Table 3. All qRT-PCR data were analysed with 

7500 Fast System SDS software version 1.4 from Applied Biosystems. The Ct 

values were input to RT² Profiler™ PCR Array Data Analysis 

(http://www.sabiosciences. com/pcrarraydataanalysis.php) to calculate the relative 

fold change based on the ∆∆CT method. The relative fold change was used for 

measuring change in the expression level of a gene, fold change <-2 or >2 (p<0.05) 

was considered down-regulated or up-regulated expression for qRT-PCR analysis. 

Table 3 Standard qRT-PCR program 

Cycles Duration Temperature Comments 

1 10 minutes 95°C Activation of HotStart DNA Taq-Polymerase 

45 15 seconds 95°C  

 1 minute 60°C Fluorescence data collection 

1 15 seconds 95°C 

Dissociation (melting)  

curve analysis 

 20 seconds 60°C 

 15 seconds 95°C 

 15 seconds 60°C 

Note: Cycles: 7500 Fast Applied Biosystems models. DNA, deoxyribonucleic acid; qRT-PCR: 

quantitative real-time reverse transcription polymerase chain reaction. 

2.3.8. Multiparameter FACS 

The protocol of monocyte phenotyping was adapted from Heimbeck et al 

(Heimbeck et al. 2010). In briefly, 100 μL of the peripheral blood was added to one 

5 mL polystyrene round bottom tube. The erythrocyte lysis was performed with 
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Figure 11 Presentation of qRT-PCR. ABL1 and HPRT1 were detected as housekeeping genes. 

qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction; RTC, 

reverse-transcription control; Ct, cycle threshold. 
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using the BD Pharm LyseTM Lysing buffer (555899; BD Biosciences, San Diego, CA, 

USA) before the staining. After lysis, samples were washed by 3 mL of PBS 

containing 1% BSA, then incubated for 20 minutes at 4°C with the premixed 

antibody cocktail: CD45 PerCP-Cy5.5 (304028, Clone HI30), HLA-DR PE-Cy7 

(307616, Clone L243), CD14 Pacific Blue (301828, Clone M5E2), CD16 APC 

(302012, Clone 3G8), CD36 PE (336206, Clone 5-271), and CD9 FITC (312104, 

Clone HI9a). All antibodies and the isotype controls were purchased from the 

Biolegend, Germany. Prepared cells after staining were washed by 3 mL of PBS 

and resuspended in 300 μL PBS. Then the cells were analyzed by multiparameter 

flow cytometer (BD LSRII flow cytometer, USA) immediately in NAFLD study. 

Monocytes were gated by the sequential gating on CD45-positive leukocytes in 

scatter plots, HLA-DR versus CD14 staining and CD16 versus CD14 staining 

(Heimbeck et al. 2010) [Figure 12]. The surface marker levels of monocytes were 

measured as the median fluorescence intensity (MFI). Monocyte phenotyping was 

performed only in selected probands from EMIL follow-up study in 2013. 

 
Figure 12 Monocyte populations by FACS. (a) CD45 versus SSC, (b) FSC-H versus FSC-A, (c) 

HLA-DR versus CD14, (d) CD16 versus CD14, (e) CD36 versus CD9 and quadrants expressed 

isotype control staining. CD14++CD16- represents classical monocytes, CD14++CD16+ represents 

intermediate monocytes, CD14+CD16++ represents non-classical monocytes. Monocyte surface 

marker levels were measured and quantified as the median fluorescence intensity. FSC, forward 

scatter; SSC, side scatter. 

2.4. Statistical analysis 

The categorical variables were presented as percentages. The continuous variables 

were presented as medians with interquartile range (for skewed distribution) or as 

means with standard deviation (SD) values (for normal distribution). Shapiro-Wilk 
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test was used to examine for the normal distribution. Comparisons of continuous 

variables between two groups were performed with independent-sample Student’s 

t-test or Mann-Whitney U test according to their distributions. Comparisons of 

categorical variables between two groups were performed with χ2 test. The 

comparisons of variables between the baseline and follow-up in NAFLD study were 

performed by Wilcoxon signed-rank test or Paired T test. In NAFLD study, variables 

which were statistically significant (p<0.1) in the univariate Linear or Logistic 

Regression analysis and several variables of interest with no signifcant were added 

to the multiple Linear or Logistic regression analysis by enter or forward stepwise 

method. 

All statistical tests were two-tailed and the statistical significance was p<0.05. 

Statistical analysis of all data was performed using the IBM SPSS statistical 

software (version 21.0, IBM Inc., Chicago, IL).
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3. Results 

3.1. Circulating monocyte phenotypes in NAFLD 

3.1.1. Descriptive analysis between NAFLD and no fatty liver disease 

Of 73 probands selected with no alcohol abuse, 19 probands were excluded as 

follows: FL related to hepatic virus infection (4 probands), other liver diseases (2 

probands), and diabetes mellitus (8 probands), cardiovascular events (5 probands) 

such as angina, MI and stroke, bypass surgery and peripheral arterial disease. Of 

54 probands remained, the phenotype of 11 probands reversed over 11-year 

flow-up while the rest 43 probands kept the stable phenotype (Figure 5). Of 43 

probands with constant phenotype, 17 probands were diagnosed as NAFLD while 

26 with no FL. The follow-up characteristics and the most variables information of 

probands with constant phenotype are summarized in Table 4. There was no 

significant difference in BMI or age between NAFLD and no FL group, while the 

gender distribution of them was different. (The follow-up data of probands with 

reversed phenotype are given as Supplement Table 1). Our major analysis focused 

on the subjects with constant phenotype over the whole observation period unless 

noted otherwise.  

In probands with stable phenotype, monocytes and its subsets fraction were 

different significantly between NAFLD and no FL group. Compared to the no FL 

group, the probands with NAFLD showed increased total monocyte fraction 

(8.7±2.8% vs. 7.0±1.5%, p=0.028) and count (0.6 [0.4-0.6] 10^9/L vs. 0.4 [0.3-0.5] 

10^9/L; p=0.035), decreased classical monocyte fraction (73.4±10.1% 

vs.79.5±6.4%, p=0.034), elevated non-classical monocyte fraction (16.3±7.4% vs. 

12.5±4.9%, p=0.049) and elevated total CD16+ monocyte fraction (26.6±10.1% vs. 

20.5±6.4%, p=0.036) [Figure 13 a-d]. Additionally, there were no significant 

differences in the expression of CD36 (39231 [32627-45447] vs. 35772 

[29163-51740]; p=0.602) and CD9 (3444 [1109-11058] vs. 4617 [1376-10758]; 

p=0.766) on monocytes between the two groups [Figure 13 e, f]. 
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Table 4 Follow-up characteristics of enrolled subjects with stable phenotype in present study 

Characteristics NAFLD (n=17) No fatty liver (n=26) P value 

Age (years) 58.2 ±8.0  54.3 ±12.4  0.209 

Male gender, n(%) * 12 (70.6%) 7 (26.9%) 0.011 

Degree of hepatic steatosis  .Grade 1(n) 6 - 
 

Grade 2(n) 11 - 
 

Grade 3(n) 0 - 
 

Body mass index (kg/m2) 30.7 (27.1 -32.3 ) 28.5 (26.6 -32.5 ) 0.637 

Normal (<25) n(%) 

Overweight (25~30) n(%) 

Obese (>30 ) n(%) 

0 (0) 2 (7.7%) 

0.495 8 (47.1%) 12 (46.2%) 

9 (52.9%) 12 (46.2%) 

Waist circumstance (cm) ** 104.0 (98.3 -108.5 ) 94.0 (85.4 -98.3 ) 0.001 

Waist-to-hip ratio ***  0.96 ±0.08  0.84 ±0.08  <0.001 

Liver function panel 
   

Aspartate transaminase (U/L) * 27 (24 -36 ) 24 (21 -27 ) 0.029 

Alanine transaminase (U/L) ** 29 (21 -51 ) 21 (18 -30 ) 0.009 

γ-glutamyl transferase (U/L) ** 38 (29 -82 ) 20 (16 -37 ) 0.003 

Alkaline phosphatase (U/L) 65 ±14  64 ±17  0.961 

Fatty liver index ** 7.09 (1.91 -28.36 ) 1.15 (0.51 -3.68 ) 0.005 

Metabolism panel 
   

Cholesterol (mmol/L) 5.7 (4.9 -7.1 ) 5.7 (5.1 -6.0 ) 0.646 

LDL-C (mmol/L) 3.3 (2.6 -4.6 ) 3.4 (2.9 -4.0 ) 0.960 

HDL-C (mmol/L)  1.4 ±0.4  1.6 ±0.4  0.162 

Triglycerides (mmol/L) * 1.9 (1.1 -3.0 ) 1.1 (0.7 -1.8 ) 0.031 

Insulin (mU/L) * 11.9 (7.9 -17.8 ) 7.3 (5.2 -12.0 ) 0.028 

Glucose (mg/dL) 99 ±16  94 ±10  0.189 

HOMA-IR * 2.80 (1.83 -4.60 ) 1.69 (1.13 -2.93 ) 0.029 

Sex hormone binding globulin(nmol/L) 37.31 (26.38 -79.10 ) 60.09 (37.83 -75.81 ) 0.124 

Inflammatory panel 
   

High sensitive c-reactive protein(mg/L) 3.11 (1.11 -5.85 ) 1.93 (0.72 -5.27 ) 0.378 

Interleukin-6 (pg/mL) 1.73 (0.90 -3.09 ) 1.13 (0.83 -1.72 ) 0.184 

Leukocyte count (10^9/L) 6.3 (5.2 -7.9 ) 6.0 (5.2 -7.2 ) 0.737 

Leukocyte subtype 
   

Lymphocyte (%)  33.2 (28.9 -41.2 ) 30.4 (25.3 -33.2 ) 0.096 

      Neutrophil (%) * 52.5 ±11.5  58.9 ±7.2  0.030 

      Monocyte (%) * 8.7 ±2.8  7.0 ±1.5  0.028 

      Eosinophil (%) 2.4 (1.4 -3.8 )  1.7 (1.2 -2.8 )  0.258 

      Basophil (%) 0.8 ±0.4  0.9 ±0.4  0.548 

      Lymphocyte count (10^9/L) 2.3 ±0.9  2.0 ±0.5  0.172 

      Neutrophil count (10^9/L) 3.2 (2.4 -4.4 ) 3.4 (3.0 -4.8 ) 0.345 

      Monocyte count (10^9/L) * 0.6 (0.4 -0.6 ) 0.4 (0.3 -0.5 ) 0.035 

      Eosinophil count (10^9/L) 0.2 (0.1 -0.2 ) 0.1 (0.1 -0.2 ) 0.242 

      Basophil count (10^9/L) 0.1 ±0.0  0.1 ±0.0  0.764 

Neutrophil/ Lymphocyte ratio 1.60 (1.08 -2.03 ) 2.03 (1.72 -2.50 ) 0.050 

------continued on next page 
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------followed by previous page (Table 4 continued) 

Note: Values were expressed as means with standard deviation (normal distribution) or as medians 

with interquartile ranges (skewed distribution) for continuous variables and number of subjects 

(percentage) for categorical variables. Shapiro-Wilk test was used to examine for normal distribution. 

Comparisons of continuous variables between two groups were performed with 

independent-sample Student’s t test or Mann-Whitney U test. Comparisons of categorical variables 

between two groups were performed with χ2 test.* represented p<0.05, ** represented p<0.01, *** 

represented p<0.001. NAFLD, non-alcoholic fatty liver disease; LDL-C, low-density lipoprotein 

cholesterol; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model 

assessment-estimated insulin resistance. 
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Figure 13 Monocyte populations in NAFLD study (a) non-classical monocyte fraction, (b) 

intermediate monocyte fraction, (c) classical monocyte fraction, (d) total CD16+ monocyte fraction, (e) 

CD9 MFI and (f) CD36 MFI on monocytes. Data following normal distribution were represented as 

bar graph with mean and standard deviation, while data following skewed distribution were 

represented as box plot with median and 25th to 75th percentiles (boxes) and 10th to 90th 

percentiles (whiskers). Independent-sample Student’s t test or Mann-Whitney U test was used to 

determine significant differences (*p<0.05) between two groups. * represented p<0.05. NAFLD, 

non-alcoholic fatty liver disease; FL, fatty liver disease; MFI, median fluorescence intensity; n.s., not 

significant. 

The probands with NAFLD and no FL showed differences in some classical markers 

well-known to be related to obesity. The subjects with NAFLD had an increased WC 

compared to controls (104.0 [98.3-108.5] cm vs. 94.0 [85.4-98.3] cm; p=0.001), 
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increased WHR (0.96±0.08 vs. 0.84±0.08, p<0.001). Metabolic dysfunction was 

confined to the NAFLD probands with increased triglycerides (1.9 [1.1-3.0] mmol/L 

vs. 1.1 [0.7-1.8] mmol/L; p=0.031), significantly elevated insulin levels (11.9 

[7.9-17.8] mU/L vs. 7.3 [5.2-12.0] mU/L; p=0.028) and an elevated HOMA-IR index 

(2.80 [1.83-4.60] vs. 1.69 [1.13-2.93]; p=0.029). As we expected, ALT (29 [21-51] 

U/L vs. 21 [18-30] U/L; p=0.009), AST (27 [24-36] U/L vs. 24 [21-27] U/L; p=0.029), 

GGT (38 [29-82] U/L vs. 20 [16-37] U/L; p=0.003) and FLI (7.09 [1.91-28.36] vs. 1.15 

[0.51-3.68]; p=0.005) were significantly elevated in probands with NAFLD compared 

to the controls. No significant differences in serum levels of hs-CRP and IL-6 were 

found [Figure 14]. 

NAFLD No FL
0

1

2

3

4

5

10

15
n.s.

a

IL
-6

 (
p

g
/m

L
)

NAFLD No FL
0

2

4

6

8

10

20
30
40 n.s.

b
h

s
-C

R
P

 (
m

g
/L

)

 

Figure 14 Serum levels of IL-6 and hs-CRP. IL-6 and hs-CRP followed skewed distribution, they 

were represented as box plot with median and 25th to 75th percentiles (boxes) and 10th to 90th 

percentiles (whiskers). Mann-Whitney U test was used to determine significant differences (p <0.05) 

between two groups. NAFLD, non-alcoholic fatty liver disease; FL, fatty liver disease; IL-6, 

interleukin-6; hs-CRP, high sensitive C-reactive protein; n.s., not significant. 

3.1.2. Association between monocyte and NAFLD 

To investigate the relationship between NAFLD and monocytes fraction, the multiple 

logistic regression was conducted. Since WHR contributed strongly (odds ratio 

(OR)=4.47E8; 95% confidence interval (CI) =3451.757-5.80E13, p=0.001) to  

NAFLD phenotype in the univariate logistic regression and might blunt the 

contribution of the other variables, which may be due to the overfitting of small 

sample size, therefore it was excluded from multiple regression analysis. Other 

variables such as gender, WC, ALT, AST, GGT, TG, neutrophile fraction, lymphocyte 

fraction, non-classical monocyte fraction, classical monocyte fraction, intermediate 
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monocyte fraction, total monocyte fraction, cholesterol, LDL-C, HDL-C, HOMA-IR 

were all added to multiple logistic regression model with the forward stepwise 

method. The analysis revealed that total monocyte fraction, non-classical monocyte 

fraction and WC significantly contributed on NAFLD (p=0.015, 0.047, 0.013 

respectively). Since “gender” was a confounder, “gender” was incorporated into the 

reanalysis with three significant variables by the enter method. It revealed that total 

monocyte fraction (OR=1.698; 95% CI=1.010-2.854; p=0.046), non-classical 

monocyte fraction (OR=1.172; 95% CI= 1.002-1.372; p=0.047) and WC (OR=1.137; 

95% CI=1.024-1.263; p=0.017) were independent risk factors of NAFLD (Table 5). 

Table 5 Multiple logistic regression analysis associated with NAFLD 

No. Variable β SE OR 95% CI for OR p 

1 Waist circumstance 0.127 0.051 1.136 1.028 - 1.255 0.013 

 Non-classical monocyte fraction 0.158 0.080 1.171 1.002 - 1.369 0.047 

 Total monocyte fraction 0.520 0.214 1.682 1.107 - 2.556 0.015 

 
      

2 Gender -0.064 1.065 0.938 0.116 - 7.572 0.952 

 Waist circumstance 0.128 0.054 1.137 1.024 - 1.263 0.017 

 Non-classical monocyte fraction 0.159 0.080 1.172 1.002 - 1.372 0.047 

 Total monocyte fraction 0.529 0.265 1.698 1.010 - 2.854 0.046 

Note: No. means the order of analysis. No.1 analysis included the variables (gender, waist 

circumstance, AST, ALT, GGT, TG, lymphocyte fraction, neutrophil fraction, total monocyte fraction, 

non classical monocyte fraction, intermediate monocyte fraction, classical monocyte fraction, fatty 

liver index) which were significant (p<0.1) in the univariate logistic regression analysis and the 

variables of interest (LDL-C, HDL-C, cholesterol, HOMA-IR) with no significant in the model by 

forward stepwise method, WC, non-classical monocyte fraction, total monocyte fraction were the 

variables in the equation finally. No.2 analysis included “gender” and the three variables above in 

model by enter method. ALT, alanine transaminase; AST, aspartate transaminase; CI, confidence 

interval; GGT, γ-glutamyl transferase; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, 

homeostasis model assessment-estimated insulin resistance index; LDL-C, low-density lipoprotein 

cholesterol; NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; SE, standard error; TG, 

triglyceride; WC, waist circumstance; β, standardized regression coefficient. 

3.1.3. Association between monocyte and other variables 

To investigate the relationship of classical monocyte fraction, non-classical 

monocyte fraction and total monocyte fraction with other variables, the multiple 

linear regression analysis was performed. As we mentioned previously, the 

significant variables in the univariate analysis and the variables of interest were 
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added to analysis by the enter method. The result of multiple linear regression was 

shown in Table 6. As well-known, monocytes were strongly associated with gender. 

After controlling of all confounders, classical monocyte fraction and the 

non-classical monocyte fraction were both significantly associated with WHR 

(β=-1.206, p=0.015; β=1.025, p=0.022), while it was not powered enough to detect 

an association between total monocyte fraction with WHR (β=0.600, p=0.212). The 

non-classical monocyte fraction also showed weak association with HOMA-IR 

(β=-0.371, p=0.033) and total monocyte fraction showed association with ALT 

(β=-0.667, p=0.037). 

Table 6 Multiple linear regression of non-classical monocyte fraction, classical monocyte 

fraction, total monocyte fraction with other variables 

variable 

non-classical 

monocyte fraction  

classical 

monocyte fraction  

total 

monocyte fraction 

β P 
 

β P 
 

β P 

Gender  -0.613 0.010 
 

0.705 0.008 
 

0.706 0.008 

Age -0.061 0.700 
 

0.278 0.122 
 

-0.131 0.461 

         
Body mass index  -0.194 0.543 

 
0.202 0.566 

 
0.092 0.795 

Waist circumstance -0.625 0.238 
 

0.314 0.587 
 

-0.378 0.518 

Waist-to-hip ratio 1.025 0.022 
 

-1.206 0.015 
 

0.600 0.212 

         
Aspartate transaminase -0.159 0.413 

 
0.180 0.402 

 
-0.166 0.443 

Alanine transaminase 0.165 0.550 
 

0.219 0.473 
 

-0.667 0.037 

γ-glutamyl transferase 0.215 0.390 
 

-0.485 0.086 
 

0.296 0.291 

Fatty liver index 0.420 0.161 
 

-0.231 0.479 
 

0.081 0.805 

         Cholesterol 0.230 0.823 
 

-0.610 0.593 
 

-0.825 0.474 

LDL-C -0.511 0.611 
 

0.936 0.400 
 

0.697 0.533 

HDL-C -0.274 0.563 
 

0.369 0.481 
 

0.569 0.284 

Triglycerides -0.086 0.912 
 

0.332 0.700 
 

0.583 0.504 

HOMA-IR -0.371 0.033 
 

0.300 0.111 
 

0.202 0.281 

         Interleukin-6 0.090 0.613 
 

0.138 0.485 
 

-0.346 0.090 

High sensitive c-reactive protein -0.220 0.234 
 

0.133 0.512 
 

-0.053 0.795 

Note: Variables that showed significant association with non-classical monocyte fraction/classical 

monocyte fraction/total monocyte fraction and variables of interest were all included in this multiple 

linear regression analysis by enter method. HDL-C, high-density lipoprotein cholesterol; HOMA-IR, 

homeostasis model assessment-estimated insulin resistance; LDL-C, low-density lipoprotein 

cholesterol; β, standardized regression coefficient. 
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3.1.4. Association between monocyte and the severity of NAFLD 

The non-classical monocyte fraction elevated according to NAFLD severity (i.e. no 

FL, grade 1, grade 2), 12.5%, 12.6%, 18.4%, respectively; the classical monocyte 

fraction decreased according to the NAFLD severity, 79.5%, 78.3%, 71.2%, 

respectively; the total monocyte fraction increased according to the NAFLD severity, 

7.0%, 8.0%, 9.2%, respectively. However, the significant differences only existed 

between probands with no FL and probands with moderate NAFLD in all 

comparisons, see Figure 15. 
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Figure 15 Association between monocyte and the severity of hepatic steatosis. All data was 

represented as scatter plot with mean and standard deviation. ** represented p<0.01. NAFLD, 

non-alcoholic fatty liver disease; FL, fatty liver disease. 

3.1.5. Comparison between reversed phenotype and constant phenotype 

There was no significant difference in inflammatory markers (neutrophil fraction, 

leukocyte count, total monocyte fraction, monocyte subset fraction, IL-6 and 

hs-CRP) between probands with the reversed no FL (the phenotype reversed from 

NAFLD to no FL) and stable no FL. The comparison between probands with 

reversed NAFLD (the phenotype reversed from no FL to NAFLD) and stable NAFLD 

was not conducted because of the insufficient sample sizes (see Supplement Table 

2). 

3.1.6. Comparison between baseline and follow-up 

Since the measurement methods were different between baseline and follow-up, we 

only compared variables which used the same methods including BMI, WHR, WC, 

IL-6 and hs-CRP (Figure 16). The result showed that BMI, WHR, WC were 
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significantly elevated in the follow-up of probands with stable NAFLD than baseline. 

All data including probands with the reversed phenotype was displayed in 

Supplement Table 3. 
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Figure 16 Comparisons between baseline and follow-up. Comparisons between baseline and 

follow-up. All the data were represented as box plot with median and 25th to 75th percentiles (boxes) 

and 10th to 90th percentiles (whiskers). The first two boxes represented the same subjects (n=17) 

with NAFLD; the latter two boxes represented the same subjects (n=26) without FL. * represented 

p<0.05, ** represented p<0.01. NAFLD, non-alcoholic fatty liver disease; FL, fatty liver disease; 

hs-CRP, high sensitive C-reactive protein.
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3.2. Monocyte gene expression in CAD 

3.2.1. Discovery set 

3.2.1.1. Basic clinical characteristics 

The baseline characteristics of 71 patients enrolled in present study are shown in 

Table 7. All of them were diagnosed as CAD by coronary angiograms at baseline 

observation. 30 CAD patients died due to cardiac causes, while 41 CAD patients 

survived over follow-up of 7.9 ± 3.8 (mean ± SD) years without having a major 

cardiac event. The 10 healthy controls aged 20 to 47 years were also Caucasians 

without CAD and diabetes. In two disease groups (death and survivor), there was 

no significant difference in BMI, HbA1C, total cholesterol, TG, gender, smoke, 

T2DM and hypertension except age. The deceased subjects were older compared 

to the survivors (68.8±5.6 vs. 65.2±5.2, p=0.006). 

Table 7 Baseline characteristics of enrolled subjects with coronary artery disease 

Characteristics Death (cardiac causes) Survivor P value 

 n=30 n=41  

Age  68.8±5.6 65.2±5.2 0.006 

Body mass index (kg/m2) 27.1± 3.5 28.0±2.5 0.209 

Male n (%) 22 (73.3%) 22 (53.7%) 0.137 

Type 2 Diabetes n (%) 24 (80.0%) 34 (82.9%) 0.766 

HemoglobinA1C (%) 6.9±1.0 6.5±0.8 0.139 

Smoke n (%) 24 (80.0%) 25 (61.0%) 0.120 

Hypertension n (%) 19 (63.3%) 28 (68.3%) 0.800 

Total cholesterol (mg/dL) 204.9±43.4 211.8±45.1 0.523 

Triglycerides (mg/dL) 166.4±113.1 170.6±75.9 0.852 

Note: Values were expressed as means with standard deviation for countinous variables and number 

of subjects (percentage) for categorical variables. Death (cardiac causes) represented patients died 

due to cardiac causes. 

3.2.1.2. Microarray analysis 

3.2.1.2.1. CAD with death (cardiac causes) versus CAD with survivor 

The result of differentially expressed genes in CAD with death due to cardiac 

causes versus survivor was shown in Supplement Table 4. No matter the integral 
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analysis or stratification analysis, there were only a few differential genes. Most of 

them were small nucleolar RNA or other genes with high false discovery rate 

(FDR, >0.05) and have small relative fold change (<2). There was no differentially 

expressed gene in this comparison. 

3.2.1.2.2. CAD Female versus CAD Male 

The analysis of CAD Female versus Male showed the similar situation with the 

analysis in CAD with death due to cardiac causes versus survivor, see Supplement 

Table 5. After exlusion of genes with FDR (> 0.05) or small relative fold change (<2), 

the replicated genes and small nucleolar RNA, only the genes including RPS4Y1, 

DDX3Y, EIF1AY, UTY, ZFY, KDM5D and TXLNG2P (Table 8) which are linked to Y 

chromosome showed significantly differential expression in this comparison. These 

differentially expressed genes were caused by gender background not CAD. 

Table 8 Differential gene expression in CAD Female versus Male 

Gene symbol 

Y-chromosome 

Male versus Female (relative fold change) 

Type 2 Diabetes No diabetes Death (cardiac causes) Survivor 

RPS4Y1 16.48 16.72 15.73 17.17 

DDX3Y 21.53 19.34 20.28 21.98 

EIF1AY 16.3 18.48 16.74 16.71 

UTY 10.35 9.86 10.1 10.54 

ZFY 5.72 6.47 5.49 6.16 

KDM5D 3.68 2.94 3.48 3.58 

TXLNG2P 2.09 2.34 2.04 2.2 

Note: Death (cardiac causes) represented patients died due to cardiac causes. The false discovery 

rate was less than 0.05 and p value was less than 0.05. CAD, coronary artery disease. 

3.2.1.2.3. CAD with diabetes versus CAD without diabetes 

The analysis in CAD with diabetes versus without diabetes is summarized in 

Supplement Table 6. After exclusion of the replicated genes, small nucleolar RNA 

and genes with high FDR (>0.05) or small relative fold change (<2), there was no 

significant differentially expressed gene too. 
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3.2.1.2.4. CAD versus Healthy control 

The amount of differentially expressed genes in CAD versus healthy control is 

indiacted in Supplement Table 7. There were differences in the result between 

integral analysis and stratification analysis. Given the differences in all comparisons, 

to look for the most potential differential genes, the comparisons between the 

differential genes of all subgroup and total groups were performed. Finally, 186 

identical differentially expressed genes with the same regulation pattern were 

observed, 77 up-regulated genes and 109 down-regulated genes, Figure 17 

showed the heatmap of these 186 genes. 

 
Figure 17 The heatmap of 186 identical differentially expressed genes in the comparison 

between CAD and healthy control.                              ------continued on next page 
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------followed by the previous page (Figure 17 continued) 

 

Figure 17 (continued) The heatmap of 186 identical differentially expressed genes in the 

comparison between CAD and healthy control. Red indicates that the gene transcription is highly 

expressed, while the green indicates that the gene transcription is lowly expressed. Row indicates 

differential gene, column indicates experiment (case). This figure contained 71 patients with CAD 

and 10 healthy controls. CAD, coronary artery disease. 

The identical differentially expressed genes were inputed into the Ingenuity 

Pathway Analysis (IPA) database. Top diseases of these genes were related to 

inflammatory response, infectious disease, renal and urological disease, 
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connective tissue disorders and immunological disease. Top molecular and cellular 

functions of these genes were related to cellular function and maintenance, cell 

death and survival, cellular growth and proliferation, cellular development and 

cellular movement. Figure 18 showed the top ten significant canonical pathways 

involved. 

 
Figure 18 Top ten significant Canonical Pathways involved. This analysis was based on the 

data from the integral analysis of CAD versus healthy control. The ratio is calculated as the number 

of genes from our dataset that overlap with the Canonical Pathway in question divided by the total 

number of genes that are represented in that Canonical Pathway- it is meant to measure the amount 

of overlap. Significance is calculated in the same way as functional analysis- it is meant to measure 

the confidence of overlap. The threshold value indicates that p value is 0.05, above the threshold 

line means that p value is less than 0.05. The figure was adapted from IPA analysis. CAD, coronary 

artery disease; IPA, Ingenuity Pathways Analysis. 

We investigated function interactions using the IPA and found 26 significant 

differential genes involved in CVD and cardiovascular system development and 

function. Of 26 differentially expressed genes, 17 genes were associated with 

inflammatory response while 8 of them were also related to lipid metabolism. Except 

that, CD69 which was related to inflammatory response was significantly 

up-regulated in our dataset (relative fold change 5.770, p=1.00E-08, FDR 1.00E-08). 

All information of FDR and relative fold change presented here was based on the 

data from the integral analysis of CAD versus healthy control. Table 9 showed the 
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27 differential genes information in our data. Of 27 identified differentially expressed 

genes, 20 genes including PPBP, CD69, CCL2, EMP1, SMAD7, THBD, 

TNFRSF12A, ID1, CD226, CCL5, CTSL1, SDC4, NAB2, PIM1, FFAR3, LDLR, 

CCR1, MAPK14, UBR2, and OGT (relative fold chage  ≥ 2 or ≤ -2) were selected 

as candidate genes for further study. Major of them were top regulated genes in 

CAD patients. 

Table 9 The 27 of differentially expressed genes involved in cardiovascular disease, 

cardiovascular system development and function. 

Gene symbol Relative fold change p-value False discovery rate 

PPBP 6.520 <1.00E-07 <1.00E-07 

CD69 5.770 <1.00E-07 <1.00E-07 

CCL2 5.410 1.75E-05 7.43E-05 

EMP1 5.200 <1.00E-07 <1.00E-07 

SMAD7 5.120 <1.00E-07 <1.00E-07 

THBD 4.170 <1.00E-07 <1.00E-07 

TNFRSF12A 3.450 <1.00E-07 <1.00E-07 

ID1 3.390 <1.00E-07 <1.00E-07 

CD226 2.990 <1.00E-07 <1.00E-07 

CCL5 2.790 <1.00E-07 <1.00E-07 

CTSL1 2.600 <1.00E-07 <1.00E-07 

SDC4 2.550 <1.00E-07 <1.00E-07 

NAB2 2.540 <1.00E-07 <1.00E-07 

PIM1 2.480 <1.00E-07 <1.00E-07 

FFAR3 2.440 1.00E-07 7.55E-07 

LDLR 2.180 <1.00E-07 <1.00E-07 

CCR1 2.120 <1.00E-07 <1.00E-07 

RUNX3 1.840 1.00E-07 7.55E-07 

HMOX1 1.820 <1.00E-07 <1.00E-07 

GRAP2 1.810 5.40E-06 2.70E-05 

TLR1 1.720 7.00E-07 4.54E-06 

ATF4 -1.720 <1.00E-07 <1.00E-07 

PLA2G4A -1.790 5.00E-07 3.31E-06 

MAPK14 -2.040 <1.00E-07 <1.00E-07 

UBR2 -2.040 <1.00E-07 <1.00E-07 

mir-24-2 -2.56 1.00E-07 7.55E-07 

OGT -3.13 <1.00E-07 <1.00E-07 

Note: All information of false discovery rate and fold change presented here was based on the data 

from the integral analysis of CAD versus healthy control. CAD, coronary artery disease.  
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3.2.1.3. qRT-PCR validation 

20 candidate genes were validated by qRT-PCR. ABL1 and HPRT1 were detected 

as housekeeping genes. Of 71 CAD patient samples, 38 patient samples as well as 

the whole 10 healty controls were selected for validation by the qRT-PCR. The 

direction and magnitude of the relative fold changes of the microarray and qRT-PCR 

were comparable as depicted in Figure 19 (P<0.05). PPBP, CD69, CCL2, EMP1, 

SMAD7, THBD, TNFRSF12A, ID1, CD226, CCL5, CTSL1, SDC4, NAB2, PIM1, 

FFAR3, LDLR and CCR1 were up regulated in CAD patients. In contrast, MAPK14, 

UBR2 and OGT were down regulated in CAD patients. 
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Figure 19 candidate genes expression in CAD versus healthy controls validated by qRT-PCR 

in discovery set. The X-axis depicts the relative fold changes in gene expression in CAD compared 

to controls. For each gene the first blank bar depicts the relative fold change in qRT-PCR, the 

second black bar depicts the relative fold change in microarray. A relative fold change between -1.5 

and 1.5 indicates no effect. A relative fold change more than -3 and 3 indicates overt regulation. 

qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction. 
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3.2.2. Replication set 

The age (presented as median with interquatile range) of group CAD+T2DM+, 

healthy control was 62.8 (59.4-70.6) and 36.1 (27.8-37.2), respectively (Table 10). 

No further clinical parameters were detected. 

Table 10 Characteristics of enrolled subjects in replication set 

Characteristics CAD+T2DM+ Healthy control 

 n=5 n=5 

Age  62.8 (59.4-70.6) 36.1 (27.8-37.2) 

Body mass index (kg/m2) 33.3 (29.3-38.9) - 

Male (n) 3 3 

Smoke (n) 2 - 

Hypertension (n) 4 0 

Note: “+” represents that subject was suffered from this disease. CAD, coronary artery disease; 

T2DM, type 2 diabetes. 

The differential genes validation in replication set by qRT-PCR was shown in Table 

11. In replication validation, only CTSL1 showed the comparable regulation as 

discovery set (fold change 2.64, p=0.027). The genes including PPBP, CCL2, 

SMAD7, THBD, TNFRSF12A, CD226, CCL5, PIM1, LDLR were upregulated (fold 

change>2). The gene MAPK 14 showed opposite regulation in replication set (fold 

change 2.09, p=0.044).  



Results                                                                                        52 

 

Table 11 Differentially expressed genes in dicovery set and replication set 

Gene 

Symbol 

Discovery set  Replication set 

CAD versus Healthy  CAD+T2DM+ versus Healthy 

Microarray 

fold change 

qRT-PCR 

fold change 

P  

(qRT-PCR) 

 qRT-PCR 

fold chage 
p 

PPBP 6.52 8.05 0.003  29.83 0.484 

CD69 5.77 8.12 0.019  1.99 0.672 

CCL2 5.41 8.08 0.012  2.03 0.251 

EMP1 5.20 5.70 0.011  -1.49 0.770 

SMAD7 5.12 6.21 0.047  3.13 0.278 

THBD 4.17 5.94 0.004  4.04 0.117 

TNFRSF12A 3.45 8.32 0.003  3.09 0.119 

ID1 3.39 4.21 <0.001  -2.46 0.776 

CD226 2.99 3.02 <0.001  9.81 0.461 

CCL5 2.79 2.61 0.010  4.91 0.897 

CTSL1 2.60 2.51 <0.001  2.64 0.027 

SDC4 2.55 3.43 0.005  1.83 0.184 

NAB2 2.54 4.19 <0.001  1.63 0.318 

PIM1 2.48 3.56 0.004  3.46 0.127 

FFAR3 2.44 3.45 0.027  -1.32 0.653 

LDLR 2.18 2.25 0.039  2.57 0.311 

CCR1 2.12 2.09 <0.001  1.19 0.545 

MAPK14 -2.04 -2.71 <0.001  2.09 0.044 

UBR2 -2.04 -2.73 <0.001  1.32 0.181 

OGT -3.13 -8.37 <0.001  1.63 0.004 

Note: “+” represents that subject was suffered from this disease. Relative fold change <-2 or >2 was 

considered down-regulated or up-regulated expression for qRT-PCR analysis. P value less than 0.05 

indicates statistical significance. CAD, coronary artery disease; qRT-PCR, quantitative real-time 

reverse transcription polymerase chain reaction; T2DM, type 2 diabetes. 
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4. Discussion 

4.1. Circulating monocyte phenome in NAFLD 

The result of our study showed an elevation of non-classical monocyte fraction and 

total monocyte fraction in NAFLD patients. The non-classical monocyte fraction and 

total monocyte fraction were the independent risk factors for NAFLD. The classical 

monocyte fraction and non-classical monocyte fraction were strongly associated 

with body composition (WHR), total monocyte fraction showed this trend too. 

The imbalance of monocyte/macrophages as critical components of innate immune 

system has been reported in animal models (Mikita et al. 2011; Moore et al. 2013; 

Sakaguchi et al. 2011; Smith. 2013; Wan et al. 2014). Data from mouse models of 

alcoholic liver disease (ALD) and NAFLD showed that mice that are resistant to the 

effects of alcohol or a high-fat diet had a high M2:M1 Kupffer cell ratio, whereas 

mice that developed liver lesions has a high M1:M2 Kupffer cell ratio, and further 

research showed that M2 Kupffer cells isolated from these resistant mice promoted 

apoptosis of M1 Kupffer cells in vitro via paracrine activation of arginase (Smith. 

2013). In those models mediator released by Kupffer cells was found to play key 

roles in progression of these disease. Due to the lack of liver biopsies we can’t 

perform a histopathological examination as well as mechanistic studies. However, 

by using the ultimate model system, the human being, we could clearly reveal that 

an inflammatory monocyte phenotype is a key signal (biomarker) in subjects with 

fatty liver disease. 

 

Monocytes are divided into three subsets in humans. Classical monocytes were 

more studied in past time, while the other two subsets were less known, especially 

the intermediate monocytes. The classical monocytes are considered as 

professional phagocytes. The CD16+ monocytes including intermediate monocytes 

and non-classical monocytes are considered as the “proinflammatory” cells and 

were found elevated in lots of inflammatory status, e.g. active Crohn’s disease (Grip 

et al. 2007), erysipelas (Horelt et al. 2002), rheumatoid arthritis (Kawanaka et al. 
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2002) and cutaneous leishmaniasis (Soares et al. 2006). The CD16+ monocytes 

appear to be a more mature version (Ziegler-Heitbrock et al. 1993). In humans, 

non-classical monocytes are also considered to be patrolling cells that are involved 

in the local surveillance of tissues (Ghattas et al. 2013). The function of CD16+ 

monocytes seems ambivalent and likely depends on the disease stage, and the 

biological significance between non-classical monocytes and intermediate 

monocytes is still unclear. In several reports on CAD subjects, total CD16+ 

monocyte fraction were found to be elevated compared to the controls (Kashiwagi et 

al. 2010; Wildgruber et al. 2009). The presence of CD16+ monocytes was related to  

coronary plaque vulnerability in the patients with stable angina pectoris (Kashiwagi 

et al. 2010), whereas the alteration of monocyte subsets was independently related 

to cardiovascular events in patients with CKD (Heine et al. 2008; Rogacev et al. 

2011). In human inflammatory status including CVD, circulating monocyte subsets 

have been proposed as a valuable marker (Yang et al. 2014). Our data showed the 

independent elevated total monocyte fraction and non-classical monocyte fraction in 

NAFLD patients, however the classical inflammatory parameters such as IL-6 and 

hs-CRP were found not be increased in comparison to no fatty liver group. In view of 

this result, we suggest that the total monocyte fraction and non-classical monocyte 

fraction are more sensitive biomarkers as compared to IL-6 and hs-CRP in the 

disease process of deregulated fat deposition. 

Along this line our study indicated the strong correlation with the classical 

anthropometric marker of obesity and classical monocyte fraction and non-classical 

monocyte fraction. WHR was used to estimate abdominal obesity. Elevated WHR is 

associated with a greater risk of circulatory mortality in both older men and women 

(Price et al. 2006). Recently Rogacev and co-workers reported high CD16+ 

monocyte counts were significantly associated with both higher BMI and increased 

carotid intima media thickness, a significant univariate association between the 

CD16+ monocytes and both subclinical atherosclerosis and obesity in low-risk 

subjects was revealed (Rogacev et al. 2010). Our results support thepossible link 

between monocyte and obesity. Combined with previous result of total monocyte 
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fraction and non-classical monocyte fraction as the independent risks for NAFLD, 

the total monocyte fraction and non-classical monocyte fraction might be valuable 

potential biomarkers for predicting prognosis of NAFLD. 

The association between total monocyte fraction and non-classical monocyte 

fraction with the severity of NAFLD was also studied in our study. There were 

significant differences only between subjects with no FL and with moderate NAFLD 

in all comparisons. Because no subjects with severe NAFLD were included in our 

study, the association between monocytes and the severity of NAFLD can’t be 

concluded. However, the results may indirectly point toward the potential role of the 

non-classical monocyte fraction and the total monocyte fraction as markers of 

NAFLD severity. In our study alterations of circulating monocytes were associated to 

at least moderate NAFLD but not mild NAFLD. 

As previously mentioned, multiple lines of evidence support the high degree of 

interplay between NAFLD and CAD. Patients with NAFLD always have multiple risk 

factors for CAD, some well-established risk factors (Ratziu et al. 2010) including 

insulin resistance, dyslipidemia, dysglycemia, hypertension and obesity, some 

nontraditional risk factors such as increased uric acid (Li et al. 2009; Sirota et al. 

2013), decreased adiponectin (Targher et al. 2006), increased proinflammatory 

markers (e.g. CRP, IL-6) and so on. Furthermore, NAFLD has been demonstrated 

as the independent risk for CAD (2014). Abundant evidences indicate that patients 

with NAFLD have increased carotid artery intima-media thickness (Sookoian et al. 

2008), impaired flow-mediated vasodilatation. NAFLD increases the instability of 

coronary plaques, the risk of having coronary calcification and developing T2DM 

(Assy et al. 2010; Gastaldelli et al. 2009; Sung et al. 2012). Therefore, NAFLD may 

be perceived as a pre-status of CAD. In view with our results, the non-classical 

monocyte fraction and total monocyte fraction are sensitive and valuable potential 

biomarkers for low-grade inflammatory status and predicting the prognosis of 

NAFLD. Given the important role of monocytes in CAD, it may be extrapolated that 

the non-classical monocyte fraction and total monocyte fraction might be potential 

biomarkers for assessing the status of CAD. 
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In our study we also looked for the expression of CD9 and CD36 on monocyte. CD9 

is a cell glycoprotein, which belongs to the family of tetraspanin and widely 

distributed on an extensive range of cells and tissues, including B cells, activated T 

cells, platelets and most carcinomas (Maecker et al. 1997). CD9 has been 

implicated in various biological functions containing cell adhesion, differentiation, 

metastasis, signal transduction and endothelial regeneration, as well as platelet 

activation and aggregation (Ko et al. 2006; Maecker et al. 1997; Mangin et al. 2009; 

Nakazawa et al. 2008). The expression of CD9 gene in circulating monocytes was 

up-regulated in diabetic patients compared to healthy controls (Beyan et al. 2010). 

CD36, an 88 kDa glycoprotein, is expressed on multiple cells and tissues including 

monocytes/macrophages, adipocytes, microvascular endothelial cells, platelets, 

hepatocytes, smooth muscle cells and so on. CD36 as one of scavenger receptors 

play key roles in lipid metabolism, platelet activation and atherogenesis 

(Collot-Teixeira et al. 2007). In our study, both CD36 and CD9 were found to be 

highly expressed using multiparamterer FACS analysis on the monocytes but no 

difference between NAFLD and controls could be seen. 

As we expected, a panel of NAFLD associated markers including the variables 

(increased WHR, WC, insulin, TG, HOMA-IR) indicative of dysmetabolism and the 

variables (ALT, AST, GGT, FLI) indicative of alterations in the liver function were 

found to separate the two studied cohorts. Given well-known evidence reported 

(Armutcu et al. 2013), we considered them as the classical markers which 

confirmed NAFLD. 

 

In conclusion, our study revealed alterations in monocyte subsets in peripheral 

blood as a marker of a dysmetabolic state with aberrant fat deposition in the liver. In 

view of biology of the monocyte lineage, it may well be that the circulating 

inflammatory monocytes are directly involved in the initiation and the progression of 

NAFLD. The marker sets described in our study might be of considerable interest to 

be used as the prognostic marker panel as well as the druggable target of both 

pro-inflammatory and dysmetabolic states. 
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4.2. Monocyte gene expression in CAD 

The aim of this part was to identify potential key players in the disparities of 

long-term outcomes and gender in CAD patients, as well as novel players in the 

pathogenesis of in general. To address this issue we studied the gene expression 

profiles of circulating monocytes of CAD patients with different status (death due to 

cardiac events vs. survivor, male vs. female, T2DM vs. no DM) and compared the 

profiles with healthy controls. Our result did not show significant differentially 

expressed genes related to long-term outcomes, gender and T2DM in patients with 

CAD. However, we found that 20 candidate genes (relative fold change was more 

than 2 or less than -2) including PPBP, CD69, CCL2, EMP1, SMAD7, THBD, 

TNFRSF12A, ID1, CD226, CCL5, CTSL1, SDC4, NAB2, PIM1, FFAR3, LDLR, 

CCR1, MAPK14, UBR2, OGT involved in CVD and cardiovascular system 

development and function, of which most of genes were also associated with 

inflammatory response and lipid metabolism, were significantly differentially 

expressed in CAD patients compared to healthy controls. However, only CTSL1 

was confirmed in an independent small replication set of CAD patients recruited 

from Aachen.  

4.2.1. Up-regulation of CTSL1 in CAD patients versus healthy control 

CTSL1 i.e. cathepsin L is located on human 9q21.33. The protein encoded by this 

gene is a lysosomal cysteine proteinase associated with potent collagenolytic and 

elastinolytic activities, which has been involved in several pathologic processes, 

including myofibril necrosis in myocardial ischemia and in myopathies, and in the 

renal tubular response to proteinuria. Most tissues and cells express basal levels of 

cathepsin L. However, it is observed that inflammatory cytokines e.g. IL-6, 

interferon (IFN)-γ induce increased expression of cathepsin L in cultured human 

lung epithelial cells (Gerber et al. 2001), muscle (Gallardo et al. 2001) and 

macrophages (Lah et al. 1995; Liu et al. 2006). Several studies have shown that 

cathepsins B and L were present in the cytoplasm and nuclei of apoptotic 

macrophages within human atheroma (Li et al. 2001); increased expression of 
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cathepsins L localized to lesional smooth muscle cells, endothelial cells and 

macrophages in human abdominal aortic aneurysms and atheromata, and patients 

with coronary artery stenosis showed higher serum cathepsin L levels than those 

without lesions (Liu et al. 2006); cathepsin L deficiency reduced diet-induced 

atherosclerosis in LDL receptor-knockout mice with decreased macrophage and 

lymphocytes infiltration, as well as decreased collagen and elastin degradation 

(Kitamoto et al. 2007); cathepsin L was significantly increased in atherosclerotic 

plaques with formation of the necrotic core and rupture of the cap in quantitative 

immunohistochemical analysis of human carotid atherosclerotic lesions, human 

monocyte-derived macrophages from CAD patients showed significantly increased 

levels of cathepsin L, cellular lipids and apoptosis (Li et al. 2009). Except the 

expression of resident macrophages in lesion or plaques reported, our result 

showed that the gene CTSL1 expression of circulating monocyte was up-regulated 

in CAD patients. Although the potential role of cathepsin L in CAD remains unclear 

thoroughly, our result confirms the fact that cathepsin L is implicated in the 

pathogenesis of CAD again. Figure 20 depicts the network of proteins interactived 

with CTSL1. 

 
Figure 20 The network of proteins interactived with CTSL1. This is the confidence view, stronger 

associations are represented by thicker lines. Generated by STRING 9.1. 
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4.2.2. Potential functions of candidate genes not confirmed 

The panel of 19 candidate genes initially identified could not be confirmed in the 

replication set. There are several potential factors may cause the different results in 

replication set. To avoid a confounding effect just be addressing Swabian patients, 

probands in replication set were recruited from Aachen. Although all fasting whole 

blood samples were collected in EDTA-tube and processed as soon as possible, 

the isolation of PBMC from whole blood of Aachen samples was not possible to be 

processed within 6 hours of sampling like LURIC samples because of long-distance 

transport. Normally it took at least 24 hours, or even longer. That may affect viability 

and activation of monocytes. Furthermore, the handling of samples was not totally 

identical. To avoid activating monocytes and get more yields, monocytes were 

isolated from fresh PBMC by negative selection in Aachen samples. However, 

monocytes were isolated from frozen PBMC by positive selection in LURIC 

samples. This may lead to a little different in the purity and activation of monocytes. 

Another important factor could be that three patients from Aachen were also 

suffered from depression and taken antidepressants, which may affect the gene 

expressions in monocytes. Therefore, further validation in more replication samples 

is needed. 

Using a literature search, the majority of the initially identified genes may be 

implicated in the progression of CAD, especially PPBP, CD69, CCL2, CCL5, 

CCR1，LDLR, MAPK14, THBD and SDC4. These genes have been found to be 

related to inflammatory and lipid metabolisms. Secondly, the five candidate genes 

including EMP1, SMAD7, TNFRSF12A, ID1 and OGT were all more than 3 fold 

regulated in CAD patient compared to healthy controls. Besides the 20 candidate 

genes, HMOX1, which was slightly regulated in every subgroup comparison of our 

discovery data, is interesting too. Figure 21 depicts the network of proteins 

encoded by these genes. They are valuable for further research. 
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Figure 21 The network of proteins encoded by corresponding genes. This is the confidence 

view, stronger associations are represented by thicker lines. Generated by STRING 9.1. 

4.2.2.1. Major candidate genes of interest 

PPBP also known as CXCL7 or CTAP-III i.e. pro-platelet basic protein is located in 

human 4q12-q13. The protein encoded by this gene is a platelet-derived growth 

factor that belongs to the CXC chemokine family. Chemokine PPBP is the most 

abundant representative among the chemokines stored and secreted by platelets. 

There are several known molecular variants of PPBP including platelet basic 

protein, connective tissue activating peptide III, β-thromboglobulin and 

neutrophil-activating peptide-2 (NAP-2). Only NAP-2 display chemotactic activity 

while other variants may be considered precursors of NAP-2 even though they also 

have other specific biological function (Gleissner et al. 2008). PPBP is a potent 

chemoattractant and activator of neutrophils. In addition, it has been shown to 

induce various cellular processes including DNA synthesis, mitosis, glycolysis, 

intracellular cAMP accumulation, prostaglandin E2 secretion, and synthesis of 

hyaluronic acid and sulfated glycosaminoglycan, as well as the formation and 

secretion of plasminogen activator by synovial cells. There is little direct evidence 

for PPBP related to proatherogenic process. Recently, PPBP was observed in 

mouse carotid arteries after wire injury, and it showed to induce adhesion of 

endothelial progenitor cells after arterial injury through receptor CXCR2 (Hristov et 
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al. 2007). However, one study showed that PPBP was down-regulated in pre-lesion 

and aged mouse endothelium (Erbilgin et al. 2013). In our discovery set, PPBP was 

6.52 (8.05 fold validated by qRT-PCR) fold up-regulated in CAD patients versus 

healthy control. So far, there is less evidence based on human tissues and cells. 

Although the result was not consistent, PPBP may be involved in angiogenesis and 

vascular remodeling and less is known about its specific role in the process. 

CD69 is located in human 12p13. This gene encodes a type II transmembrane 

receptor related to the calcium dependent lectin superfamily. CD69 is expressed 

following activation in most of bone marrow-derived cells including T and B 

lymphocytes, NK cells, monocytes and so on (Ramirez et al. 1996; Sancho et al. 

2005). In circulating monocytes, the expression of CD69 is constitutive and the 

signal generated after CD69 crosslinking is a potent activator of monocyte 

functions (De Maria et al. 1994; Testi et al. 1994). Multiple studies showed that 

CD69 is persistently expressed in the infiltrates of leukocytes produced in chronic 

inflammatory diseases (e.g. rheumatoid arthritis and chronic viral hepatitis) and 

autoimmune disorders (e.g systemic lupus erythematosus) (Gomez et al. 2009). 

CD 69 is considered to exert not only a proinflammatory function but also modulate 

the inflammatory response. Furthermore, it may exert immunoregulatory functions 

following activation (Sancho et al. 2005). There is little data about CD69 expression 

of monocytes in the context of atherosclerotic lesions. Interestingly, our discovery 

data showed a significant up-regulation (relative fold change microarray/qRT-PCR 

is 5.77/8.12, respectively) of circulating monocytes in CAD patients versus healthy 

control. Although it was not confirmed in our replication set, it provided a novel clue 

about the potential molecules involved in the pathogenesis of CAD. 

CCL2 also known as MCP1 is located in human 17q11.2-q12, and CCL5 also 

known as RANTES is located in human 17q12 too. The proteins encoded by the 

two genes are well-known involved in immunoregulatory and inflammatory 

processes. CCL2 have chemotactic activity for monocytes and basophils, which 

play crucial roles in the early accumulation of circulating monocytes in impaired 

endothelium. CCL5 has been shown to orchestrate the recruitment of circulating 
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monocytes, dentritic cells, neutrophil, memory T helper cells and eosinophils to 

inflamed tissues through the receptors of CCR1, CCR3, or CCR5 (Ferrandi et al. 

2007; Houard et al. 2009; Suffee et al. 2012). It has been reported that CCL5 and 

CCL2 are increased in vascular wall cells and recruite leukocyte to the injured 

artery during vascular remodeling (Raines et al. 2005), and the CCL5 antagonist 

prevented progression of established atherosclerotic lesions in mice 

(Braunersreuther et al. 2008). Recent clinical data showed high CCL5 plaque levels 

were associated with an unstable plaque phenotype (Herder et al. 2011). More 

evidence support that CCL2 and CCL5 are implicated in the pathogenisis of CAD. 

As the receptor of CCL5, there is no doubt that CCR1 is involved in CAD, and the 

function of gene CCR1 in host protection from inflammatory response has been 

confirmed in lots of knockout studies in mouse. 

LDLR i.e low density lipoprotein receptor is located in human 19p13.2. This gene 

encodes a cell surface receptor that mediates the endocytosis of cholesterol-rich 

LDL. Mutations in this gene cause the autosomal dominant disorder, familial 

hypercholesterolemia. A recent study showed that LDLR were significantly 

up-regulated in atherosclerotic coronary artery tissue compared to 

non-atherosclerotic coronary artery tissue in humans (Blin et al. 2013). In general, 

high LDL levels are associated with the increased risk of CVD. Therefore, 

overexpression of LDLR gene (relative fold change microarray/qRT-PCR is 

2.18/2.25, respectively) in our discovery set might indicate that not only deficiency 

or mutations of LDLR gene, but also the overexpression may be associated with 

CAD, which may depends on the stage and severity of the CAD. To gain a further 

insight into the role of LDLR more studies are needed. 

MAPK14 also known as p38-α i.e. mitogen-activated protein kinase 14 is located in 

human 6p21.3-p21.2. The gene encodes an enzyme that is an isoform of the p38 

MAPKs which are activated by stress, proinflammatory cytokines (e.g. TNF, IL-1) 

and endotoxin. p38 MAPKs are crucial for a wide range of biological processes 

such as cell differentiation, apoptosis and the expression of inflammatory cytokines 

(Ashwell. 2006). Moreover, p38 MAPKs have been implicated in the development 
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and progression of atherosclerosis via various aspects such as regulation of 

scavenger receptor expression (Zhao et al. 2002), control of ox-LDL-induced 

CXCR2 expression (Lei et al. 2002), proliferation and migration of endothelial cells 

(Denes et al. 2002; McMullen et al. 2005). However, some study indicates that 

deficiency of p38-α promotes apoptosis and plaque necrosis in advanced 

atherosclerotic lesions in mice (Seimon et al. 2009). p38-α was revealed a dual 

function in regulation of inflammation (Kim et al. 2008). In our discovery set, the 

expression of MAPK14 gene (relative fold change microarray/qRT-PCR is 

-2.04/-2.71, respectively) was down-regulated in CAD patients versus healthy 

control, while it showed opposite regulation in discoversy set. The function of p38-α 

has not been clear thoroughly. 

THBD also known as THBD or CD141 i.e. thrombomodulin is located in human 

20p11.2. Protein thrombomodulin is a glycoprotein membrane receptor on the 

surface of endothelial cells that modulated hemostasis and inflammation. It is also 

expressed on human mesothelial cells, monocytes and DC subset. The binding of 

thrombin and THBD results in the activation of protein C, conducting the important 

endogenous anticoagulant. Therefore, soluble THBD was thought to indicate 

endothelial injury and considered to be a protective factor for thrombus (Sadler. 

1997; Weiler et al. 2003). The increased plasma soluble THBD was observed in 

cardioembolic stroke (Dharmasaroja et al. 2012), acute myocardial infarction and 

hypertension (Dohi et al. 2003). The association between circulating levels of 

THBD and CAD is controversial. The prospective ARIC study reported that high 

level soluble THBD was protective against CAD (OR 0.31, 95%CI=0.14-0.69), 

however, it tended to be positive relationship with carotid atherosclerosis especially 

among Caucasians (OR 2.94, 95%CI=1.15-7.51) (Salomaa et al. 1999). In contrast, 

the prospective PRIME study (Morange et al. 2004) and MONICA/KORA cohort 

study (Karakas et al. 2011) did not support a potential predictive role or protective 

role of high level soluble THBD against CAD. Moreover, it was reported that high 

glucose conditions induced THBD expression in human aortic endothelial cells 

(Wang et al. 2012). The increment of THBD across the coronary circulation was 
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significantly correlated with the severity of coronary atherosclerosis (Nakagawa et 

al. 2001). The explanation for these different results is not clear. In our discovery 

set, the expression of THBD showed significant up-regulation (relative fold change 

microarray/qRT-PCR is 4.17/5.94, respectively) in CAD patients versus healthy 

control. The controversial results and its important role in formation of thrombus 

make THBD deserve more attention. 

SDC4 i.e. syndecan 4 is located in human 20q12. The protein encoded is a 

transmembrane heparan sulfate proteoglycan that functions as a receptor in 

intracellular signaling. Increased syndecan 4 levels are essential for myocardial 

remodeling (Matsui et al. 2011; Strand et al. 2013). The expression of SDC4 gene 

(relative fold change microarray/qRT-PCR is 2.55/3.43, respectively) was 

up-regulated in CAD patients versus healthy control in our discovery set, it 

indicated that SDC4 maybe implicated in the process of CAD, especially the 

long-term cardiac remodeling after the initiation of the pathogenesis. 

4.2.2.2. The second panel of candidate genes 

EMP1 also known as TMP i.e. epithelial membrane protein 1 is located in human 

12p12.3. The protein encoded by this gene is a transmembrane glycoprotein. 

EMP1 was found to regulate epithelial cell proliferation and differentiation. It has 

been reported to be implicated in epithelial cell proliferation and differentiation. 

Down-regulation of EMP1 has been observed in head and neck squamous cell 

carcinoma (Kuriakose et al. 2004), oral squamous cell carcinoma (Zhang et al. 

2011), oesophageal cancer cells (Wang et al. 2003). A recent data indicates that 

the up-regulation of EMP1 expression is associated with prednisolone-resistant in 

pediatric acute lymphoblastic leukemia patients and leads to a poorer 5-year 

event-free survival of patients (Aries et al. 2014). Little is known about the exact 

function. In our discovery set, CAD patients showed overt high expression of EMP1 

(relative fold change microarray/qRT-PCR is 5.20/5.70, respectively) compared to 

healthy control. It may provide a novel insight into the pathogenesis of CAD. 

SMAD7 i.e. SMAD family member 7 is located in human 18q21.1. Protein SMAD7 
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is a nuclear protein, which belongs to the TGF β superfamily of ligands, involved 

in cell signalling. It is an inhibitory SMAD, which block the activation of 

receptor-regulated SMADs and common-mediator SMAD (Shi et al. 2003). SMAD7 

is a general antagonist against TGF β signaling by blocking access to R-SMAD, 

degrading TGF β receptor type-1 (Hayashi et al. 1997; Shi et al. 2003). Expression 

of this gene is induced by TGF β and non-superfamily signals such as TNF-α and 

IFN-γ (Bitzer et al. 2000; Yan et al. 2011). SMAD appears to play important role in 

several disease processes such as colorectal cancer (Halder et al. 2008), 

pancreatic cancer (Arnold et al. 2004) and hypertensive cardiac remodeling (Wei et 

al. 2013), while the role in pancreatic cancer is still controversial. Data from our 

discovery set showed that up-regulation of EMP1 (relative fold change 

microarray/qRT-PCR is 5.12/6.21, respectively) occurred in CAD patients 

compared to healthy control. However, a lot of animal studies showed SMAD7 has 

protection of cardiac funtion and remodeling (Chen et al. 2009; Wei et al. 2013; Wei 

et al. 2013). The SMAD7 function in human atherosclerosis is less illustrated. 

TNFRSF12A also known as TWEAKR or FN14 i.e. tumor necrosis factor receptor 

superfamily, member 12A is located in human 16p13.3. Generally, protein 

TWEAKR is expressed at low levels in many cells and highly regulated by 

cytokines (Munoz-Garcia et al. 2006) and growth factors (Feng et al. 2000; Wiley et 

al. 2001). It showed high expression after tissue injury (Feng et al. 2000; Wiley et al. 

2001; Yepes et al. 2005). The interaction of TWEAKR and its ligand TWEAK 

enhances tissue factor and PAI-1 expression in atherosclerotic plaques and in 

cultured vascular smooth muscle cells (Munoz-Garcia et al. 2011). They are also 

involved in some processes of vascular cells including proliferation, migration 

(Lynch et al. 1999; Meighan-Mantha et al. 1999), monocyte cytotoxicity (Nakayama 

et al. 2000), apoptosis (Nakayama et al. 2002) and angiogenesis (Lynch et al. 1999; 

Wiley et al. 2001). Immunohistochemical staining of human atherosclerotic plaques 

showed high expression of TWEAKR in macrophage/foam cells. TWEAKR may 

destabilize atherosclerotic plaques by inducing MMPs (Kim et al. 2001). Our data 

showed that CAD patients had a significant up-regulation of TNFRSF12A (relative 
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fold change microarray/qRT-PCR is 3.45/8.32, respectively) compared to healthy 

controls, confirming the role of TNFRSF12A in the pathogenesis of atherosclerosis. 

ID1 i.e. inhibitor of DNA binding 1, dominant negative helix-loop-helix protein is 

located in human 20q11. Protein ID1 is a helix-loop-helix (HLH) protein that can 

dimerize with basic HLH, but because ID1 has no DNA binding activity, it can inhibit 

the DNA binding and transcriptional activation ability of basic HLH. It is reported 

that ID1 is implicated in human cancers, and high levels of ID1 gene expression 

have been observed in many aggressive tumor cells compared to normal cells 

(Fong et al. 2004; Ling et al. 2006; Soroceanu et al. 2013) and rheumatoid arthritis 

(Sakurai et al. 2001). It may play a role in cell proliferation and the progression of 

cell cycle. Moreover, ID1 can induce activation and angiogenesis in cultured human 

vascular endothelial cells (Sakurai et al. 2004). The direct data regarding ID1 

function in CAD is sparse. Our data firstly showed that patients with CAD had high 

expression (relative fold change microarray/qRT-PCR is 3.39/4.21, respectively) of 

ID1 compared to healthy controls. However, these data need further validation in 

replication sets. 

OGT i.e. O-linked N-acetylglucosamine transferase is located in human Xq13. 

Protein OGT plays an important role in both O-glycosylation and transcription 

(Yang et al. 2002). It may be linked to chronic disease conditions such as T2DM, 

neurodegeneration and cancers (Bond et al. 2013). It is reported that diabetes 

inhibits OGT expression while insulin treatment can stimulates its expression in 

streptozotocin-induced diabetic rats (Majumdar et al. 2004). The down-regulation of 

OGT (relative fold change microarray/qRT-PCR is -3.13/-8.37, respectively) in CAD 

patients versus healthy control was shown in our discovery data. It provides a 

unique window for research on pathogenesis of CAD. 

4.2.2.3. Other potential candidate gene observed-HMOX1 

Recent data indicates that HMOX1 potently and independently drives 

metaflammation and IR in the hepatic and macrophage compartments. This gene 

was described as one of the top predictors of metabolic disease in humans and 
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mice (Jais et al. 2014). HMOX1 also known as HO-1 i.e. heme oxygenase-1 is 

located in human 22q13.1. This gene encodes heme oxygenase-1, an essential 

enzyme in heme catabolism, degrade heme to form biliverdin, iron and carbon 

monoxide. HMOX1 activity is induced by heme as well as various stressors 

including endotoxin, cytokines, and oxidants (Abraham et al. 2008). Several studies 

have shown that HMOX1 loss-of-function results in endothelial cell injury and early 

death in humans (Yachie et al. 1999), and deletion in mice leads to high perinatal 

mortality and increased susceptibility to inflammation (Kapturczak et al. 2004). In 

our microarray data, HMOX1 is slightly up-regulated (relative fold change is 1.820 

in combined analysis) in every subgroup of CAD patients versus healthy control. 

There is sparse evidence regarding HMOX1 expression in CAD. Given CAD is a 

low-grade inflammation status, what we found is consistent with aforementioned 

studies although it needs further validation. These findings may suggest that 

HMOX1 inhibition may be a potential therapeutic strategy for metabolic diseases 

even for CAD. 

 

In conclusion, no differentially expressed genes related to long-term outcomes, 

gender disparities and T2DM influences in CAD patients were observed in our 

study. However, upregulation of CTSL1 in circulating monocytes of CAD patients 

versus healthy controls was identified. The result indicates that CTSL1 may be 

associated with pathogenesis of CAD. We also found a candidate gene panel 

containing several novel genes which may be indicated in the progress of coronary 

atherosclerosis and most of them are associated with inflammatory, although they 

were not confirmed in our replication set. Given to the small sample size in 

replication set, further work to confirm these finding is still needed.
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5. Summary 

Coronary artery disease (CAD) which is characterized by atherosclerosis in 

coronary artery becomes the single leading cause of death worldwide. 

Non-alcoholic fatty liver disease (NAFLD) has been identified as an independent 

risk factor for CAD and perceived as pre-status of CAD. CAD patients display 

different outcomes over long-term follow-up, and gender disparities in CAD 

prevalence and outcome do exist. Although CAD has been extensively studied, key 

pathways involved in the pathogenesis are not thoroughly understood. As main 

component of the innate immune system, monocytes play major roles in 

pathogenesis of NAFLD and CAD. Therefore, our study focused on the 

phenotyping of circulating monocytes. 

In the first part of present study, the circulating monocyte phenome in NAFLD was 

conducted to investigate the association between NAFLD and alteration in 

circulating monocyte subsets as a cellular hallmark of the CAD state. It was 

demonstrated that total monocyte fraction and non-classical monocyte fraction were 

increased and defined independently risk for NAFLD. The non-classical monocyte 

fraction and classical monocyte fraction were strongly associated with waist-to-hip 

ratio (WHR). In the second part of this study, the whole genome expression profiling 

was performed to identify key genes expressed on monocytes associated with 

clinical outcomes and gender differences of CAD, as well as novel potential 

pathways related to the expression of CAD. Firstly, there were no signifiant 

differentially expressed genes on monocytes associated with clinical outcomes and 

gender differences of CAD. Secondly, 20 candidate gens including PPBP, CD69, 

CCL2, EMP1, SMAD7, THBD, TNFRSF12A, ID1, CD226, CCL5, CTSL1, SDC4, 

NAB2, PIM1, FFAR3, LDLR, CCR1, MAPK14, UBR2, OGT were found to be 

differently expressed in CAD patients compared to healthy controls. Most 

candidates identified were associated with inflammatory response and lipid 

metabolism. Finally, the up-regulation of CTSL1 was confirmed using an 

independent replication set. 
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In conclusion, these data show that circulating monocytes are indicative a 

dysmetabolic and inflammatory state in humans, and inflammatory pathway is 

important for the pathogenesis of CAD.
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Appendix 

Supplement Table 1 Follow-up characteristics of enrolled subjects with reversed phenotype 

in present study 

Characteristics No FL to NAFLD (n=3) NAFLD to No FL (n=8) 

Age (years) 50.7 (31.6 -67.0 ) 62.4 (47.5 -65.5 ) 

Male gender, n(%)  0 (0) 3(37.5%) 

Degree of hepatic steatosis  .Grade 1(n) 2 - 

Grade 2(n) 1 - 

Grade 3(n) 0 - 

Body mass index (kg/m2) 31.1 (28.1 -31.7 ) 27.3 (24.0 -30.2 ) 

Normal (<25) n(%) 

Overweight (25~30) n(%) 

Obese (>30 ) n(%) 

0 (0) 2 (25.0%) 

1 (33.3%) 4 (50.0%) 

2 (66.7%) 2 (25.0%) 

Waist circumstance (cm) 101.0 (98.0 -104.0 ) 100.3 (75.9 -103.9 ) 

Waist-to-hip ratio  0.86 (0.83 -0.93 ) 0.95 (0.79 -1.00 ) 

Liver function panel 
  

Aspartate transaminase (U/L) 21 (20 -23 ) 22 (18 -27 ) 

Alanine transaminase (U/L)  23 (19 -24 ) 19 (15 -23 ) 

γ-glutamyl transferase (U/L) 20 (15 -33 ) 26 (19 -28 ) 

Alkaline phosphatase (U/L) 49 (45 -66 ) 49 (46 -53 ) 

Fatty liver index  2.75 (1.62 -4.98 ) 1.33 (0.19 -3.85 ) 

Metabolism panel 
  

Cholesterol (mmol/L) 5.1 (5.1 -6.5 ) 5.5 (5.2 -6.2 ) 

LDL-C (mmol/L) 3.1 (2.9 -4.1 ) 3.7 (3.4 -3.9 ) 

HDL-C (mmol/L)  1.7 (1.3 -1.8 ) 1.4 (1.2 -2.0 ) 

Triglycerides (mmol/L) 1.5 (1.4 -1.9 ) 1.2 (1.0 -1.3 ) 

Insulin (mU/L)  5.1 (5.1 -6.5 ) 5.5 (5.2 -6.2 ) 

Glucose (mg/dL) 95 (93 -97 ) 97 (85 -101 ) 

HOMA-IR 2.39 (1.77 -2.84 ) 2.02 (1.02 -3.19 ) 

Sex hormone binding globulin(nmol/L) 65.91 (46.78 -180.00 ) 53.36 (41.19 -74.02 ) 

Inflammatory panel 
  

High sensitive c-reactive protein(mg/L) 0.60 (0.47 -8.56 ) 1.04 (0.49 -1.66 ) 

Interleukin-6 (pg/mL) 0.68 (0.50 -1.07 ) 1.05 (0.62 -1.51 ) 

Leukocyte count (10^9/L) 5.6 (4.9 -7.5 ) 6.2 (5.8 -8.1 ) 

Leukocyte subtype 
  

Lymphocyte (%)  35.2 (31.0 -38.4 ) 28.2 (21.0 -36.9 ) 

      Neutrophil (%)  52.7 (52.6 -57.7 ) 61.7 (51.8 -69.5 ) 

      Monocyte (%)  8.1 (7.1 -8.3 ) 6.9 (5.8 -8.0 ) 

      Eosinophil (%) 2.7 (0.7 -4.7 ) 2.0 (0.9 -2.4 ) 

      Basophil (%) 0.3 (0.3 -0.5 ) 0.8 (0.4 -1.0 ) 

      Lymphocyte count (10^9/L) 1.9 (1.7 -2.6 ) 1.7 (1.3 -2.6 ) 

      Neutrophil count (10^9/L) 3.2 (2.6 -4.0 ) 4.1 (2.8 -4.9 ) 

 ------continued on next page 
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------followed by previous page (Supplement Table 1 continued) 

Characteristics No FL to NAFLD (n=3) NAFLD to No FL (n=8) 

      Monocyte count (10^9/L)  0.5 (0.4 -0.5 ) 0.5 (0.3 -0.5 ) 

      Eosinophil count (10^9/L) 0.2 (0.0 -0.4 ) 0.1 (0.0 -0.2 ) 

      Basophil count (10^9/L) 0.0 (0.0 -0.0 ) 0.1 (0.0 -0.1 ) 

Neutrophil/ Lymphocyte ratio 1.49 (1.37 -1.86 ) 2.25 (1.42 -3.33 ) 

Monocyte subtype 
  

non-classical monocyte (%) 17.4 (8.0 -19.9 ) 13.5 (11.4 -14.2 ) 

Intermediate monocyte (%) 9.8 (7.7 -10.1 ) 7.7 (6.2 -10.2 ) 

Classical monocyte (%) 72.8 (70.3 -84.4 ) 78.5 (77.1 -79.8 ) 

Note: Values were expressed as medians with interquartile ranges for countinous variables (the 

values of group “No FL to NAFLD” were expressed as medians with range because of 3 samples) 

and number of subjects (percentage) for categorical variables. FL, fatty liver disease; HDL-C, 

high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment-estimated insulin 

resistance; LDL-C, low-density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver disease. 

Supplement Table 2 Comparison of inflammatory parameters between different phenotype 

groups in follow-up study 

Inflammatory parameter 

Reversed phenotype Stable phenotype 

P 
No FL to 

NAFLD 

NAFLD to  

No FL 
NAFLD No FL 

n=3 n=8 n=17 n=26 

Leukocyte count (10^9/L) 

 

5.6 

(4.9 -7.5 ) 

6.2 

(5.8 -8.1 ) 

6.3 

(5.2 -7.9 ) 

6.0 

(5.2 -7.2 ) 

0.503 

 

Neutrophil (%) 

 

52.7 

(52.6 -57.7 ) 

61.7 

(51.8 -69.5 ) 

52.5 ±11.5 

 

58.9 ±7.2 

 

0.542 

 

Monocyte (%) 

 

8.1 

(7.1 -8.3 ) 

6.9 

(5.8 -8.0 ) 

8.7 ±2.8 

 

7.0 ±1.5 

 

0.968 

 

Monocyte subtype      

non-classical monocyte (%) 

 

17.4 

(8.0 -19.9 ) 

13.5 

(11.4 -14.2 ) 

16.3±7.4 

 

12.5±4.9 

 

0.516 

 

Intermediate monocyte (%) 9.8 

(7.7 -10.1 ) 

7.7 

(6.2 -10.2 ) 

10.3±4.6 

 

8.0±3.4 

 

0.968 

 

Classical monocyte (%) 72.8 

(70.3 -84.4 ) 

78.5 

(77.1 -79.8 ) 

73.4±10.1 

 

79.5±6.4 

 

0.745 

 

High sensitive 

C-reactive protein(mg/L) 

0.60 

(0.47 -8.56 ) 

1.04 

(0.49 -1.66 ) 

3.11 

(1.11 -5.85 ) 

1.93 

(0.72 -5.27 ) 

0.180 

 

Interleukin-6 (pg/mL) 

 

0.68 

(0.50 -1.07 ) 

1.05 

(0.62 -1.51 ) 

1.73 

(0.90 -3.09 ) 

1.13 

(0.83 -1.72 ) 

0.570 

 

Note: Values were expressed as means with standard ddeviation (normal distribution) or as medians 

with interquartile ranges (skewed distribution), the values of group “No FL to NAFLD” were 

expressed as medians with range because of 3 samples. P represented the p value of comparison 

between subjects with reversed phenotype from NAFLD to No FL and constant No FL. FL, fatty liver 

disease; NAFLD, non-alcoholic fatty liver disease.  
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Supplement Table 4 Overview of analysis results in CAD with death (cardiac causes) versus 

survivor 

Subjects 
Coronary artery disease 

Death (cardiac causes) 

Coronary artery disease 

Survivor 

Differential 

genes 

 n n  

Integral analysis 30 41 2 

Stratification analysis    

Female 8 19 11 

Male 22 22 3 

    

Type 2 Diabetes 24 34 5 

No Diabetes 6 7 21 

    

Female with type2 diabeties 6 16 17 

Female without diabetes 2 3 Not available 

Male with type 2 diateties 18 18 19 

Male without diabetes 4 4 37 

Note: Death (cardiac causes) represented patients died due to cardiac causes. The differential 

genes amount presented here was the original data after microarray analysis (p<0.05, fold 

change >1.5 or < -1.5). It contained several genes with high false discovery rate (>0.05), some small 

nucleolar RNA and replicated genes with different probes. The comparison of subgroup “Female 

without diabetes” was not available because of insufficient sample size (less than 3 samples of 

death (cardiac causes)). CAD, coronary artery disease. 

Supplement Table 5 Overview of analysis results in CAD Female versus Male 

Groups 
Coronary artery disease 

Female 

Coronary artery disease 

Male 

Differential 

genes 

 n n  

Death (cardiac causes) 8 22 25 

Survivor 19 22 25 

    

Type 2 diabetes 22 36 23 

No diabetes 3 4 45 

Note: Death (cardiac causes) represented patients died due to cardiac causes. The differential 

genes amount presented here was the original data after microarray analysis (p<0.05, fold 

change >1.5 or < -1.5). It contained several genes with high false discovery rate (>0.05), some small 

nucleolar RNA and replicated genes with different probes. CAD, coronary artery disease. 
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Supplement Table 6 Overview of analysis results in CAD with type 2 diabetes versus without 

diabetes 

Subjects 
Coronary artery disease 

with type 2 diabetes 

Coronary artery disease 

without diabetes 

Differential 

genes 

 n n  

Integral analysis 58 13 55 

Stratification analysis    

Female 36 8 63 

Male 22 5 121 

    

Death (cardiac causes) 24 6 39 

Survivor 34 7 121 

Note: Death (cardiac causes) represented patients died due to cardiac causes. The differential 

genes amount presented here was the original data after microarray analysis (p<0.05, fold 

change >1.5 or < -1.5). It contained several genes with high false discovery rate ( >0.05), some 

small nucleolar RNA and replicated genes with different probes. CAD, coronary artery disease. 

Supplement Table 7 Overview of analysis results in CAD versus healthy control 

Subjects Coronary artery disease Healthy control Differential genes 

 n n  

Integral analysis 71 10 456 

Stratification analysis    

Female 27 5 465 

Male 44 5 430 

    

Type 2 diabetes 58 - 1124 

No Diabetes 13 10 1349 

    

Female with type 2 diabetes 22 - 1252 

Female without diabetes 5 5 1510 

Male with type 2 diabetes 36 - 1199 

Male without diabetes 8 5 1309 

Note: The differential genes amount presented here was the original data after microarray analysis 

(p<0.05, fold change >1.5 or < -1.5). It contained several genes with high false discovery rate 

(FDR, >0.05), some small nucleolar RNA and replicated genes with different probes. CAD, coronary 

artery disease.
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