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Objectives: The objective of the paper is to summarize the evidence in atherosclerosis research 

regarding the relationship of complement C5a with low-grade inflammation, endothelial 

dysfunction, and atherosclerosis. Methods: A systematic review of the literature was performed 

from 1990 to 2017 regarding the contribution of the complement anaphylatoxin C5a in 

atherosclerosis with an emphasis on new research findings. The strategy included searching the 

electronic databases of Web of Science by Thomson Reuters and PubMed Central®. Results: 
The targeted recherché revealed a clear pro-inflammatory role of C5a in atherosclerotic vascular 

low-grade inflammation. Conclusion: There are clear associations between complement C5a 

and endothelial dysfunction in low-grade atherosclerotic inflammation. Therapeutic strategies 

to capture C5a or the development of pharmacomimetics of the vasoprotective endothelial 

phenotype appear to be a potentially fruitful strategy.
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Introduction

The complement system is a part of our immune system and is 

a complex protein network1. Complement proteins are present 

in body fluids and tissues, either in soluble form or bound to 

membranes of circulating and tissue-embedded cells1,2. They are 

produced by immune cells, in liver and adipose tissue and by the 

endothelium1. 

The complement anaphylatoxin C5a is a small peptide 

fragment and one of the most potent inflammatory molecules 

generated by cleavage from the inactive protease C5 during the 

activation step2. C5a is highly pleiotropic in function and produces 
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its effects at picomolar and nanomolar concentrations3. C5a is 

the most powerful of the known anaphylatoxins in inducing 

chemotaxis, immune cell activation and as well as endothelial 

activation2,4.

Endothelial dysfunction is considered the first step in the 

degeneration of blood vessels and describes the disturbed 

interaction of the endothelium with the blood stream and the 

surrounding tissues5. Endothelial dysfunction is associated with 

traditional cardiovascular risk factors such as hypertension, 

diabetes mellitus, and it predicts atherosclerosis progression 

and cardiovascular events in the general population. It has 

now been accepted as the first step of atherosclerotic vascular 

inflammation6. 

Inflammation is an indispensable and vital part of the 

innate human immune system1,7. The aim of inflammation is to 

transmit an alarm signal in order to overcome to danger, harmful 

stimuli such as tissue damage and infections. The inflammatory 

process is simultaneously the beginning of the healing process. 

Infections, wounds, and any damage to tissue would not be 

able to heal without an inflammatory response. Inflammatory 

mediators are powerful signals that induce substantial changes 

in a broad range of target cells and tissues1,7. Acute inflammatory 

responses, also sometimes called “high-grade inflammation”, 

such as in acute infections or in sepsis are associated with rapid 

robust inflammatory response at sites of infection that become 

systemically expressed8. Unlike the high-grade inflammation, the 

chronic kind produces a steady, low level of inflammation (low-

grade inflammation) within the body that can contribute to the 

development of chronic disease9.

Increasing data demonstrate the involvement of endothelial 

dysfunction, complement C5a and vascular inflammation in 

the pathophysiological processes in the arterial vasculature 

underlying cardiovascular diseases (CVD). However, most reports 

describe these processes separately and to my knowledge there 

are no reports integrating these three topics together as an 

important cause of atherosclerotic vascular disease. Therefore, 

it is necessary to review and summarize the evidence to better 

understand the pathophysiological mechanisms and explore 

novel ideas.

In this review, the available knowledge has been summarized 

regarding the relationship of the complement anaphylatoxin C5a, 

endothelial dysfunction and the chronic low-grade inflammation 

in atherosclerotic vascular inflammation as a common cause 

of CVD. Especially, discussed here for the first-time are data 

originating from the investigation of atherosclerosis among the 

Mongolian population that this is connected to all the above-

mentioned three topics.

The purpose of this paper is to summarize novel evidence in 

atherosclerosis research that gives insight into the relationship 

of complement C5a with low-grade inflammation, endothelial 

dysfunction, and atherosclerosis.

Materials and Methods

A systematic review of literature was performed from 1990 

to 2017 regarding the contributions of the complement 

anaphylatoxin C5a, endothelial dysfunction in atherosclerotic 

vascular inflammation was performed and the most relevant and 

newest findings on the role of C5a in modulation of vascular 

responses was dissected from the literature review. The search 

strategy included searching the electronic databases of Web of 

Science by Thomson Reuters and PubMed Central® Databases 

using the following keywords in combination “complement C5a 

and atherosclerosis”, “complement C5a and inflammation”, 

and “complement C5a and inflammation and atherosclerosis”. 

Among 2419 publications in PubMed Central® Databases and 

218 publications in Web of Science by Thomson Reuters were 

selected and cited here the most relevant and important with 

emphasis on 51 recent publications. 

Results 

The targeted analysis of these data revealed the clear relationship 

of pro-inflammatory role of C5a, which plays an important role 

in chronic low-grade vascular inflammation, and endothelial 

dysfunction in atherosclerosis. The results are presented as the 

topics that follow. 

Endothelial dysfunction and complement anaphylatoxin 
C5a
The endothelium is the inner surface of the blood vessels, which as 

barrier and transfers signals from the blood stream into the outer 

vessel layers and the surrounding tissue, and vice versa9. Healthy 

endothelial cells are involved in vasodilation through nitric oxide 

release, which also inhibits platelet adhesion and aggregation, 

as well as leukocyte adhesion5. Conversely, injured endothelial 

C5a in atherosclerosis
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cells can develop a vasoconstrictive, pro-inflammatory, and 

procoagulant phenotype9. Endothelial dysfunction is considered 

the first step of vascular changes in vascular diseases and 

describe the disturbed interaction of the endothelium with the 

blood stream and the surrounding tissues5,10. In the context of 

atherogenesis, early endothelial cell dysfunction is characterized 

as loss of anatomical integrity of the intima, as originally 

formulated by Ross and Glomset in the “response-to-injury” 

hypothesis11. Here, the initiating event in the atherogenic 

process was some form of overt injury to the intimal endothelial 

lining, induced by noxious substances (e.g. oxidized cholesterol, 

constituents of cigarette smoke, hyperhomocysteinemia, 

hyperglycemia, etc.) or altered hemodynamic forces (e.g. blood 

flow disturbances generated by hypertension)6,11,12. Among 

all the factors, endothelial dysfunction is mostly caused by 

lipid disorders, smoking and hypertension6. The next stage 

of endothelial dysfunction is the formation of atherosclerotic 

plaque, and that is characterized by harmful deposition of lipids 

and immune cells in the vessel wall. Atherosclerotic deposits/

plaques can be present in such a degree that they narrow the 

arteries and cause a restriction of blood stream10. This results in 

insufficient oxygen delivery to the surrounding and distal tissues 

(ischaemia). Plaques can additionally destabilize the vessel and 

as a result, abrupt ruptures along the plaque and surrounding 

vessel surface can occur6,10.

Complement anaphylatoxin C5a is strong inflammatory 

mediator that can promote local as well as systemic 

inflammation. C5a is thought to contribute to atherosclerotic 

vascular inflammation because C5a can activate endothelial 

cells (ECs), immune cells such as macrophages and neutrophils, 

smooth muscle cells and platelets2,3,13. In addition, it is known 

that C5a can elevate vascular permeability. Enhanced vascular 

permeability by C5a is an important means to deposit lipids 

and immune cells in the vascular wall in the initial stage of 

atherosclerotic vascular inflammation2,3,13. 

Moreover, ECs express the classical C5a receptor 1 (C5aR1, 

CD88) and the activation of ECs by C5a can induce the secretion 

of a variety of inflammatory mediators from ECs: chemokines 

and cytokines, like IL-1, IL-6 (Interleukin), MCP-1 (Monocyte 

Chemotactic Protein 1), TNF-α (Tumor Necrosis Factor-α, 

adhesive molecules such as E-selectin, ICAM-1 (Intercellular 

Adhesion Molecule 1), VCAM-1 (Vascular Cell Adhesion Molecule 

1), growth factors such as VEGF (Vascular Endothelial Growth 

Factor), PDGF (Platelet-derived growth factor) and transcription 

factor NF-kappaβ (nuclear factor ‘kappa-light-chain-enhancer’ 

of activated B-cells)2,6,14-20. For example, VCAM-1 was found 

to have a selective adhesivity for mononuclear leukocytes 

and lymphocytes to arterial wall21. Some studies implicated 

components of oxidized low-density lipoproteins (oxLDL), as 

potent stimuli for its expression from ECs, thus mechanistically 

linking VCAM-1 induction to the atherogenic process21. 

Interestingly, conversely, the above mentioned all pro-

inflammatory mediators are able to induce the secretion 

of C5a from ECs, which leads to promote chronic vascular 

inflammation13,22. The stimulation of ECs with IL-6 or acute phase 

reactants such as LPS (Lipopolysaccharide) and CRP (C-reactive 

Protein) can lead to dramatically increased secretion of C5a form 

ECs18,19,23. In addition, it has been demonstrated that oxLDL-

stimulated ECs secrete higher amounts of pro-inflammatory 

mediators, including C5a. Combined stimulation of ECs with 

oxLDL and C5a leads to a 3-fold increase in the secretion pro-

inflammatory cytokine TNF-α compared to the stimulation of 

oxLDL and C5a alone, indicating the combined pro-inflammatory 

effect of C5a and oxLDL in vascular inflammation24. These 

findings thus highlight the pathogenic significance of C5a in 

the induction and progression of inflammatory processes in the 

context of atherogenesis and endothelial dysfunction.

Low-grade inflammation and complement anaphylatoxin 
C5a 
For these reasons, low-grade inflammation and aberrancies 

in immune function are of particular interest in cardiovascular 

research. First, because inflammation and immune dysregulation 

contribute to several chronic diseases, next, none of the hitherto 

established inflammatory markers have been consistently shown 

to add to traditional CVD risk prediction in large studies9. 

Inflammation is the body’s immediate response to dangers such 

as tissue damage and infection7. The aim of inflammation is to 

transmit an alarm signal in order to overcome the danger and to 

repair the damage7. Inflammatory mediators are powerful signals 

that induce substantial changes in a broad range of target cells 

and tissues7. It has been known that in high-grade inflammation 

like in sepsis, there is robust activation of the complement 

system in humans, as signified by the loss of hemolytic activity 

of complement and by the appearance in plasma of complement 

activation products, namely, the complement anaphylatoxins, 
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C3a and C5a, which can be measured by ELISA technology8. 

In humans, the levels of C5a can rise to levels as high as 100 

nM8 (normal range 4-9 nM, 5.85 nM in healthy individuals in 

our study)25,26. In addition, the normal range of plasma C5a 

concentration is dependent on the ELISA sensitivity, therefore, 

can vary from test to test.  Acute phase reactants, like CRP 

(C-reactive protein) increase immediately in infection as well7,8,23. 

The endothelium plays an important role in inflammatory 

syndromes, such as sepsis and atherosclerosis as described 

above. In the case of sepsis, there is evidence of acute release of 

high levels of numerous pro-inflammatory mediators are, such 

as cytokines, chemokines and complement factors (CRP, TNF-α, 

LPS, IL-6, and FasL (Fas Ligand)) including the complement 

anaphylatoxin C5a1,7,8. 

Unlike high-grade inflammation, the chronic kind produces 

a steady, low level of inflammation within the body that can 

contribute to the development of chronic processes. Inflammatory 

mediators are produced by immune cells but can also be released 

from damaged tissues27. In the context of atherosclerosis, vascular 

cells continuously secrete inflammatory mediators. In chronic 

low-grade inflammation; however, inflammatory mediators 

are constantly released at a low level and not as a result of 

an explicit danger10. For example, adipose tissue itself secretes 

inflammatory mediators such as C5a in obesity28. Lifestyle factors 

such as smoking and sleep shortage can also lead to chronic 

release of inflammatory mediators such as CRP and ICAM-123. 

Furthermore, chronic, typically Western diseases such as type 

2 diabetes mellitus are characterized by chronic inflammation, 

endothelial dysfunction and immune dysregulation29. Immune 

dysregulation, such as complement activation incites systemic 

low-grade inflammation and also directly contributes to 

cardiovascular damage and atherosclerosis. Immune cells are 

characteristic constituents of atherosclerotic plaques and release 

humoral immune factors locally inside the vessel wall, such as 

antibodies or matrix metalloproteinases (MMPs)10,30. Thereby, 

immune cells such as macrophages, promote atherosclerosis 

and contribute to the destabilization of plaques. In addition, 

humoral immune factors can damage endothelial cells and can 

activate the coagulation system. Again, one major component of 

humoral immunity is the complement system31. 

Elevated levels of C5a have been found in the serum 

of patients with numerous inflammatory acute and chronic 

disorders, such as rheumatoid arthritis, inflammatory bowel 

diseases, sepsis, peritonitis, asthma and allergy, hemorrhagic 

shock after trauma and burns and different infectious diseases 

(reviewed by Klos et al.) 2. Several authors have described 

the role of elevated levels of C5a in cardiovascular diseases 

(CVD), like atherosclerosis, restenosis after vascular injury and 

myocardial infarction24,25,31,32. In addition, both C5a receptors, 

C5aR1 and C5L2 (C5a receptor-like 2) have been identified in 

human atherosclerotic plaques24,33. The increased expression 

of both C5aR1 and C5L2 in all pathological stages of human 

atherosclerotic vascular development has been previously 

demonstrated24. Recently published studies have demonstrated 

that plasma C5a and soluble C5b-9 (membrane attack complex) 

concentration are associated with the low-grade inflammation 

score and different manifestations of CVD25,31. In these studies 

higher concentrations of C5a and sC5b-9 were associated 

with endothelial dysfunction, respectively. There was a direct 

association between C5a and low-grade inflammation markers 

(IL-6, serum amyloid A, haptoglobin) as well as direct correlation 

with endothelial dysfunction markers like vWF (von Willebrand 

Factor) and soluble VCAM-125,31. 

Taken together, these data underscore the importance of 

the role of C5a not only in systemic high-grade inflammation, 

but also its role in chronic low-grade inflammatory disorders like 

atherosclerotic vascular inflammation. 

Discussion

Complement anaphylatoxin C5a, human atherosclerosis 
and low-grade inflammation 
As previously reported, a large body of experimental animal 

studies has identified various mechanisms that implicate a 

causal role of the complement factors in CVD, such as in 

atherosclerosis, however, there are limited studies in human 

atherosclerosis32,34-37. Among complement products, C5a is a 

most potent soluble inflammatory mediator promoting the 

recruitment and activation of neutrophils and monocytes2. 

Associations between elevated C5a plasma concentrations 

and different manifestations of atherosclerotic vascular 

changes have been reported. For example, late lumen loss 

of drug eluting coronary stents is associated with increased 

serum levels of the complement components C3a and C5a38. 

Moreover, another study has demonstrated that complement 

component C5a predicts restenosis after superficial femoral 

C5a in atherosclerosis



www.cajms.mn          247Vol.4• No.4• December 2018

artery balloon angioplasty. Enhanced complement activation 

prior to percutaneous angioplasty, as measured by higher 

levels of C5a, was significantly associated with restenosis after 

superficial femoral artery balloon angioplasty39. In addition, C5a 

was present in human coronary lesions (locally), and its higher 

levels were associated with late lumen loss of drug-eluting 

stents, and adverse cardiovascular events have been correlated 

with increased C5a plasma levels30,38,40. Macrophages stimulated 

with C5a showed increased mRNA levels of MMP1 and MMP9 

(matrix metalloproteinases), indicating the role of locally 

produced C5a in plaque destabilization30. Confirming these 

data, in our recently published study, we revealed an elevated 

plasma concentration of C5a in patients with an established 

atherosclerotic burden26. In our study, a significantly elevated 

plasma C5a protein concentration was determined in the group 

of patients with atherosclerosis compared to the control healthy 

individuals (276.3±24.8 vs. 61.6±4.4 pg/mL)26. The lowest 

measured concentration in this study was similar to the study 

of Speidl et al.38. However, the highest concentration and mean 

values in our study were higher than the data in this study. We 

therefore concluded that this may indicate more inflammatory 

characteristics of atherosclerosis among Mongolian population. 

It can be speculated that the high-fat diet consumption among 

Mongolian population, high body-mass index and obesity 

leads to a high prevalence of chronic low-grade inflammatory 

conditions in Mongolia. Besides the endothelial activation by 

modified lipoproteins, adipose tissue itself is able to secrete 

multiple inflammatory mediators, including C5a. Of note, both 

C5aR1 and C5L2 receptors are expressed in adipocytes and 

obese patients express not only elevated C5a levels but also 

both C5a receptors28,41. Therefore, another source of elevated 

plasma C5a concentration in our atherosclerosis patients who 

are overweight might be the locally generated C5a from adipose 

tissues.

In addition, we measured plasma C5a levels in patients 

with native and established atherosclerotic burden26. In studies 

by Speidl et al. C5a concentrations were measured in patient 

undergoing cardiovascular surgery38,40. Therefore, it is difficult 

to compare our measurements with data obtained by Speidl et 

al.40. Moreover, as described above, Hertle et al. investigated 

the correlation of markers of endothelial activation with 

C5a plasma concentrations25. They found a direct correlation 

between endothelial activation markers and C5a concentrations, 

however, there was no significant correlation between cIMT and 

C5a plasma concentrations. In contrast to this study, we were 

able to detect a direct correlation of cIMT with C5a plasma 

concentrations, which underscore again the role of higher 

plasma C5a levels in atherosclerotic plaque development among 

Mongolian patients26. In our study as well as in the study by 

Hertle et al. the systemic concentrations of C5a were measured 

assuming that this reflects their concentrations in relevant 

tissues, in this case, in relation to endothelial dysfunction, this 

association seems relevant because endothelium is directly 

exposed to the circulation25. Moreover, similarly to Hertle et al. 

we measured C5a concentration as a low-grade inflammation 

marker in this study25. In contrast to Hertle et al. other 

complement components or different markers for endothelial 

dysfunction have not been determined in our study, which was a 

limitation in our study25.

Beyond that, to differentiate the implications of C5a 

in systemic high-grade inflammation and in atherosclerotic 

low-grade inflammation, we measured some parameters of 

systemic inflammation and included only patients without signs 

of systemic inflammation for this study26. Another interesting 

finding in our study is the correlation of higher plasma C5a 

concentrations with higher plasma levels of total cholesterols 

in atherosclerotic patients26.  Of note, the recent reports on the 

crosstalk between C5a and cholesterol crystals in the induction 

of atherosclerotic inflammation provides another interesting 

mechanistic insight in complement activation in atherosclerosis 

that needs to be harnessed for the treatment of atherosclerosis42. 

Taken together, we and others have demonstrated that C5a may 

in humans also participate in chronic low-grade inflammation, 

especially in atherosclerotic vascular chronic low-grade 

inflammation25,26,30,38,39. 

In summary, there are clear associations between 

complement C5a and endothelial dysfunction in atherosclerotic 

low-grade inflammation (Table 1). 

The main limitation of this review is the search strategy used 

to identify publications on the role of the C5a in endothelial 

dysfunction and chronic inflammation from 1997 to 2017 

and the possibility of bias in selecting and dissecting the most 

relevant and recently published data. Although, there are number 

of animal studies in this regard, e.g. studies using complement-

deficient animals/mice, animal publications were not a focus of 

this review. The other limitation includes the search strategy of 
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Table 1. Summary of the role of complement C5a, endothelial dysfunction and low-grade inflammation in atherosclerosis
Topics Complement C5a anaphylatoxin Endothelial function and dysfunction Low-grade inflammation

Physiological functions and 
general characteristics

•	 Small peptide cleavage fragment of C5
•	 Strong inflammatory mediator
•	 Promotes local and systemic inflammation 
•	 Binds to C5aR1 and C5L2 
•	 Induces chemotaxis of inflammatory cells 
•	 Induces immune cell activation 

(macrophages, neutrophils, SMCs and 
platelets)  

•	 Induces vascular permeability
•	 Plasma concentration range 2,5-10 ng/ml 

•	 Barrier and transfer signals from the 
blood stream to surrounding tissues

•	 Release nitric oxide (NO) and 
vasodilatative characteristics

•	 Inhibit platelet adhesion and aggregation
•	 Inhibit leukocyte adhesion
•	 Control vascular tone and vascular 

growth

•	 Body’s reaction to dangers, tissue damage 
and infection

•	 Steady and chronic inflammatory reaction
•	 Inflammatory mediators constantly 

released at low levels
•	 Related to chronic immune disorders such 

as chronic inflammatory diseases
 

Functions in atherosclerot-
ic vascular changes

•	 Elevated in plasma
•	 Elevated in local tissues at sites of 

atherosclerosis
•	 Increased binding to C5aR1 and C5L2
•	 Activates ECs to secrete pro-inflammatory 

mediators such as IL-1, IL-6, MCP-1, 
TNF-α, E-selectin, ICAM-1, VCAM-1, 
VEGF, PDGF and C5a 

•	 Activates SMCs to secrete pro-
inflammatory mediators, such as VCAM-
1, TNF-α and C5a

•	 Activates immune cells to secrete pro-
inflammatory mediators 

•	 Elevates vascular permeability and 
deposition of lipids

•	 Activates ECs together with oxLDL
•	 Induces low-grade inflammation

•	 Loss of anatomical integrity of the intima
•	 Elevated permeability of the intima e.g. 

diffuse and accumulate lipids
•	 Endothelial cell (EC) injury 
•	 Vasoconstictive characteristics  of ECs
•	 Pro-inflammatory phenotype of ECs
•	 Procoagulant phenotype of endothelial 

surface
•	 Elevated secretion C5a from ECs 
•	 Elevated secretion of pro-inflammatory 

mediators from ECs by stimulation of C5a 
•	 Atherosclerotic deposits and development 

of plaques

•	 Lifestyle factors such as smoking and HFD 
can induce low-grade

inflammation
•	 C5a induces low-grade inflammation
•	 Adipose tissues secrete constantly C5a 

and other inflammatory markers and 
induce low-grade inflammation

•	 Induces the vicious circle of inflammatory 
condition in the vessel wall and promotes 
atherosclerosis

Abbreviations used: C5aR1 (C5a receptor 1),  C5L2 (C5a receptor-like 2),  SMCs (smooth muscle cells), ECs (endothelial cells),  oxLDL (oxidized low-
density lipoprotein),  HFD (high-fat diet), IL(Interleukin),  ICAM-1 (Intercellular Adhesion Molecule 1), VCAM-1 (Vascular Cell Adhesion Molecule 1), VEGF 
(Vascular Endothelial Growth Factor), PDGF (Platelet-derived growth factor), MCP-1 (Monocyte Chemotactic Protein 1), TNF-α (Tumor Necrosis Factor-α)

this study. The search strategy of this review has been based only 

on electronic databases of Web of Science by Thomson Reuters 

and PubMed Central® Databases and each keyword included 

the word “complement”. With this limitation it was not possible 

to include some publications from national journals or some 

other atherosclerosis-related publications of the Mongolian 

population such as older work by Galtsog Lodon (Dissertation 

in Russian language) in 1978 or some recent works by Uurtuya 

et al.43 

Current situation and future aspects in cardiovascular 
research 
Cardiovascular disease (CVD) is a major global health issue44. 

According to the World Health Organization (WHO), CVD is the 

leading cause of death worldwide44. CVD denotes malfunction 

of the heart and/ or the blood vessels. Coronary heart diseases, 

myocardial infarction, stroke and limb amputations are advanced 

clinical endpoints of CVD, but actually, malfunction/dysfunction 

of blood vessels is a chronic process that starts early in life and 

progresses over many years (Figure 1).

The morphological correlation of these processes is chronic 

inflammation of the vascular wall10,45. Endothelial dysfunction, 

atherosclerosis and atherothrombosis are the pathophysiological 

processes in the arterial vasculature underlying CVD10. Over 

the last few decades, considerable progress has been made 

in treatment and also in prevention of CVD. As a result, 

cardiovascular mortality has been continuously decreasing 

in high-income countries since the widespread use of lipid-

modifying, anti-hypertensive and anti-thrombotic medication31. 

However, there are still problems that need to be addressed in 

order to preserve the current state and to potentially further 

reduce the burden of CVD. One of these problems is that CVD 

is a comorbidity of several metabolic and degenerative diseases, 

such as diabetes mellitus, fatty liver disease and rheumatoid 

arthritis46. Another current challenge is that the burden of CVD 

is now rising excessively in low-income countries. This suggests 

that identification of further mechanisms contributing to CVD 

and its background disease atherosclerosis could potentially 
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have a large impact not only on western counties especially on 

low-income countries44.

As a major mediator of immune responses, complement 

anaphylatoxin C5a signaling can be an attractive target to 

tame inflammation without affecting opsonization or the lytic 

properties of the complement system. Of note, the recent reports 

on the crosstalk between C5a and cholesterol crystals in the 

induction of atherosclerotic inflammation provides another 

interesting mechanistic insight into complement activation in 

atherosclerosis that needs to be harnessed for the treatment of 

atherosclerosis42,47. The candidacy of C5 as a potential therapeutic 

target was shown by the ability of C5-inhibitors to attenuate 

atherosclerosis in experimental models34,48. In line with this, a 

precursor of the recombinant anti-C5 antibody eculizumab, 

pexelizumab, reduced mortality rate in patients undergoing 

coronary artery bypass grafting48,49,50. In addition, blocking of 

pro-inflammatory C5aR1 with the small molecule antagonist 

JPE1375 can limit the atherosclerotic plaque formation in 

animal model34. Several substances which can inhibit C5aR1-

medated effects exist, however, they have a short half-life in 

the circulation limiting their application as a drug37,51. Therefore, 

increasing their half-life and the development of novel drugs are 

necessary in the future. An important future area of investigation 

is the role of C5a-C5aRs-mediated effects in the pathogenesis 

of atherosclerosis among the Mongolian population. To date, 

comparatively little has been done to investigate the molecular 

pathogenic mechanisms of atherosclerosis in Mongolians. 

Nevertheless, targeting complement anaphylatoxins, particularly 

C5a and its receptors provides new therapeutic option for the 

treatment of atherosclerosis in Mongolians. Moreover, future 

studies should investigate more low-grade inflammation 

markers which can predict CVD complications. In addition, larger 

population studies are needed to substantiate the role of C5a in 

atherosclerosis. 

Figure 1.  Etiology, manifestations and endpoints of cardiovascular disease (CVD).
Endothelial dysfunction, low-grade inflammation and atherosclerosis lead to the malfunction of blood vessels. CHD constitutes malfunction of vessels 

supplying the heart muscle; and cerebrovascular disease constitutes to malfunction of the vessels supplying the brain. PAD constitutes to malfunction of 
the vessels supplying the legs and arms. Myocardial infarction, stroke and limb amputation are advanced clinical endpoints of CVD.

Gansuvd Shagdarsuren



250          www.cajms.mn

Conflict of interest

The author has no conflict of interests.

Acknowledgements

This work was supported by the School of Medicine, Mongolian 

National University of Medical Sciences, Ulaanbaatar, Mongolia.

References

1.	 Medzhitov R, Janeway C Jr. Innate immune recognition: 

mechanisms and pathways. Immunol Rev 2000; 173: 89-

97.

2.	 Klos, A Tenner AJ, Johswich KO, Ager RR, Reis ES, Köhl J, et 

al. The role of the anaphylatoxins in health and disease. Mol 

Immunol 2009; 46: 2753-66.

3.	 Ward PA. Functions of C5a receptors. J Mol Med (Berl) 

2009; 87: 375-8.

4.	 Klos A, Wende E, Wareham KJ, Monk PN, et al. International 

Union of Basic and Clinical Pharmacology [corrected]. 

LXXXVII. Complement peptide C5a, C4a, and C3a receptors. 

Pharmacol Rev 2013; 65: 500-43.

5.	 Aird WC. Endothelium in health and disease. Pharmacol 

Rep 2008; 60: 139-43.

6.	 Gimbrone MA, Garcia-Cardena G Jr. Endothelial Cell 

Dysfunction and the Pathobiology of Atherosclerosis. Circ 

Res 2015; 118: 620-36.

7.	 Janeway CA Jr, Travers P, Walport M, Shlomchik MJ. 

Immunobiology: The Immune system in Health and Disease. 

5th ed. New York, USA: Garland Science; 2001. 

8.	 Ward PA. Role of C5 activation products in sepsis. Sci World 

J 2010; 10: 2395-402.

9.	 Steyers CM 3rd, Miller FJ Jr. Endothelial dysfunction in chronic 

inflammatory diseases. Int J Mol Sci 2014; 15: 11324-49.

10.	 Hansson GK. Inflammation, atherosclerosis, and coronary 

artery disease. N Engl J Med 2005; 352: 1685-95. 

11.	 Ross R, Glomset JA. The pathogenesis of atherosclerosis 

(second of two parts). N Engl J Med 1976; 295: 420-5.

12.	 Blom AG, Hilgers LA. Sucrose fatty acid sulphate esters as 

novel vaccine adjuvants: effect of the chemical composition. 

Vaccine 2004; 23: 743-54.

13.	 Shagdarsuren E, Mueller DN, Weber C, Zernecke A. 

Complement activation in vascular remodeling and organ 

damage. Drug Discov Today Dis Mech 2008; 5: e299-306.

14.	 Albrecht EA,  Chinnaiyan AM,  Varambally S,  Kumar-Sinha 

C, Barrette TR, Sarma JV. C5a-induced gene expression in 

human umbilical vein endothelial cells. Am J Pathol 2004; 

164: 849-59.

15.	 Foreman KE, Vaporciyan AA, Bonish BK, Jones ML, Johnson 

KJ, Glovsky MM, et al. C5a-induced expression of P-selectin 

in endothelial cells. J Clin Invest 1994; 94: 1147-55.

16.	 Laudes IJ,   Chu JC,  Huber-Lang M,  Guo RF,  Riedemann 

NC, Sarma JV, et al. Expression and function of C5a receptor 

in mouse microvascular endothelial cells. J Immunol 2002; 

169: 5962-70.

17.	 Rollins BJ, Yoshimura T,  Leonard EJ,  Pober JS. Cytokine-

activated human endothelial cells synthesize and secrete a 

monocyte chemoattractant, MCP-1/JE. Am J Pathol 1990; 

136: 1229-33.

18.	 Cotran RS, Pober JS. Cytokine-endothelial interactions 

in inflammation, immunity, and vascular injury. J Am Soc 

Nephrol 1990; 1: 225-35.

19.	 Pober JS, Sessa WC. Evolving functions of endothelial cells 

in inflammation. Nat Rev Immunol 2007; 7: 803-15.

20.	 Zernecke A, Shagdarsuren E, Weber C. Chemokines in 

atherosclerosis: an update. Arterioscler Thromb Vasc Biol 

2008; 28: 1897-908.

21.	 Osborn L,  Hession C,  Tizard R,  Vassallo C,  Luhowskyj 

S, Chi-Rosso G, et al. Direct expression cloning of vascular 

cell adhesion molecule 1, a cytokine-induced endothelial 

protein that binds to lymphocytes. Cell 1989; 59: 1203-11.

22.	 Bosmann M, Haggadone MD,  Hemmila MR,  Zetoune 

FS, Sarma JV, Ward PA, et al. Complement activation product 

C5a is a selective suppressor of TLR4-induced, but not 

TLR3-induced, production of IL-27(p28) from macrophages. 

J Immunol 2012; 188: 5086-93.

23.	 Meuwissen M, van der Wal AC,  Niessen HWM,  Koch 

KT,  de Winter RJ,  van der Loos CM, et al. Colocalisation 

of intraplaque C reactive protein, complement, oxidised 

low density lipoprotein, and macrophages in stable and 

unstable angina and acute myocardial infarction. J Clin 

Pathol 2006; 59: 196-201.

24.	 Vijayan S, Asare Y, Grommes J, Soehnlein O,  Lutgens 

E, Shagdarsuren G, et al. High expression of C5L2 correlates 

with high proinflammatory cytokine expression in advanced 

C5a in atherosclerosis



www.cajms.mn          251Vol.4• No.4• December 2018

human atherosclerotic plaques. Am J Pathol 2014; 184: 

2123-33.

25.	 Hertle E, van Greevenbroek MM,  Arts IC,  van der Kallen 

CJ, Feskens EJ, Schalkwijk CG, et al. Complement activation 

products C5a and sC5b-9 are associated with low-grade 

inflammation and endothelial dysfunction, but not with 

atherosclerosis in a cross-sectional analysis: the CODAM 

study. Int J Cardiol 2014; 174: 400-3.

26.	 Shagdarsuren G, Dashbaljin J, Togtokh A, Sonomjamts M, 

Shagdarsuren E, et al. Elevated C5a plasma concentrations 

in Mongolian patients with atherosclerotic vascular diseases 

Centr Asian J Med Sci 2018; 4: 145-54.

27.	 McGeer PL, McGeer EG. Inflammation and the degenerative 

diseases of aging. Ann NY Acad Sci 2004; 1035: 104-16.

28.	 Poursharifi P, Lapointe M,  Pétrin D,  Devost D,  Gauvreau 

D, Hébert TE, et al. C5L2 and C5aR interaction in adipocytes 

and macrophages: insights into adipoimmunology. Cell 

Signal 2012; 25: 910-8.

29.	 Ziegler D. Type 2 diabetes as an inflammatory cardiovascular 

disorder. Curr Mol Med 2005; 5: 309-22.

30.	 Speidl WS,   Kastl SP,  Hutter R,  Katsaros KM,  Kaun 

C, Bauriedel G, et al. The complement component C5a is 

present in human coronary lesions in vivo and induces the 

expression of MMP-1 and MMP-9 in human macrophages 

in vitro. FASEB J 2011; 25: 35-44.

31.	 Hertle E, Stehouwer CD, van Greevenbroek MM. The 

complement system in human cardiometabolic disease. Mol 

Immunol 2014; 61: 135-48.

32.	 Selle J, Asare Y, Köhncke J, Alampour-Rajabi S, Shagdarsuren 

G, Klos A, et al. Atheroprotective role of C5ar2 deficiency 

in apolipoprotein E-deficient mice. Thromb Haemost 2015; 

114: 848-58.

33.	 Oksjoki R, Laine P, Helske S, Vehmaan-Kreula P, Mäyränpää 

MI, Gasque P, et al. Receptors for the anaphylatoxins C3a 

and C5a are expressed in human atherosclerotic coronary 

plaques. Atherosclerosis 2007; 195: 90-9.

34.	 Shagdarsuren E,  Bidzhekov K,  Mause SF,  Simsekyilmaz 

S, Polakowski T, Hawlisch H, et al. C5a receptor targeting in 

neointima formation after arterial injury in atherosclerosis-

prone mice. Circulation 2010; 122: 1026-36.

35.	 Shagdarsuren E,  Bidzhekov K,  Djalali-Talab Y,  Liehn 

EA, Hristov M, Matthijsen RA, et al. C1-esterase inhibitor 

protects against neointima formation after arterial injury in 

atherosclerosis-prone mice. Circulation 2008; 117: 70-8.

36.	 Patel S, Thelander EM, Hernandez M, Montenegro J, Hassing 

H, Burton C, et al. ApoE(-/-) mice develop atherosclerosis 

in the absence of complement component C5. Biochem 

Biophys Res Commun 2001; 286: 164-70.

37.	 Manthey HD, Thomas AC, Shiels IA, Zernecke A, Woodruff 

TM,  Rolfe B, et al. Complement C5a inhibition reduces 

atherosclerosis in ApoE-/- mice. FASEB J 2011; 25: 2447-

55.

38.	 Speidl WS, Exner M, Amighi J, Kastl SP, Zorn G, Maurer G, et al. 

Complement component C5a predicts future cardiovascular 

events in patients with advanced atherosclerosis. Eur Heart 

J 2005; 26: 2294-9.

39.	 Speidl WS, Exner M, Amighi J, Mlekusch W, Sabeti S, Kastl SP, 

et al. Complement component C5a predicts restenosis after 

superficial femoral artery balloon angioplasty. J Endovasc 

Ther 2007; 14: 62-9.

40.	 Speidl WS,  Katsaros KM, Kastl SP, Zorn G, Huber K, Maurer 

G, et al. Coronary late lumen loss of drug eluting stents is 

associated with increased serum levels of the complement 

components C3a and C5a. Atherosclerosis 2010; 208: 285-

9.

41.	 Poursharifi P, Rezvani R, Gupta A, Lapointe M, Marceau 

P, Tchernof A, et al. Association of immune and metabolic 

receptors C5aR and C5L2 with adiposity in women. 

Mediators inflamm 2014; 2014: 413921.

42.	 Samstad EO, Niyonzima N, Nymo S, Aune MH, Ryan L, 

Bakke SS, et al. Cholesterol crystals induce complement-

dependent inflammasome activation and cytokine release. J 

Immunol 2014; 192: 2837-45.

43.	 Uurtuya S, Kotani K, Yoshioka H, Yamada T, Taniguchi N. 

Determinants of carotid atherosclerosis in the general 

Mongolian population. Ethni Dis 2010; 20: 257-60.

44.	 World Health Organization. Global Status report on non-

communicable diseases 2014 [accessed on 15 June 2018]. 

Available at: https://www.who.int/nmh/publications/ncd-

status-report-2014/en/.

45.	 Hansson GK, Hermansson A. The immune system in 

atherosclerosis. Nat Immunol 2011; 12: 204-12.

46.	 Merkler M, Reiner Z. The burden of hyperlipidaemia and 

diabetes in cardiovascular diseases. Fundam Clin Pharmacol 

2007; 21: 1-3.

47.	 Niyonzima N, Samstad EO,  Aune MH,  Ryan L,  Bakke 

Gansuvd Shagdarsuren



252          www.cajms.mn

SS,  Rokstad AM, et al. Reconstituted High-Density 

Lipoprotein Attenuates Cholesterol Crystal-Induced 

Inflammatory Responses by Reducing Complement 

Activation. J Immunol 2015; 195: 257-64.

48.	 Lu X, Xia M, Endresz V,  Faludi I, Mundkur L, Gonczol 

E, et al. Immunization with a combination of 2 peptides 

derived from the C5a receptor significantly reduces early 

atherosclerotic lesion in Ldlr(tm1Her) Apob(tm2Sgy) J mice. 

Arterioscler Thromb Vasc Biol 2012; 32: 2358-71.

49.	 Shernan SK,   Fitch JC,  Nussmeier NA,  Chen JC,  Rollins 

SA,  Mojcik CF, et al. Impact of pexelizumab, an anti-C5 

complement antibody, on total mortality and adverse 

cardiovascular outcomes in cardiac surgical patients 

undergoing cardiopulmonary bypass. Ann Thorac Surg 

2004; 77: 942-9. 

50.	 Verrier ED, Shernan SK, Taylor KM, Van de Werf F, Newman 

MF,  Chen JC, et al. Terminal complement blockade with 

pexelizumab during coronary artery bypass graft surgery 

requiring cardiopulmonary bypass: a randomized trial. 

JAMA 2004; 291: 2319-27.

51.	 Heller T,  Hennecke M, Baumann U, Gessner JE, zu Vilsendorf 

AM, et al. Selection of a C5a receptor antagonist from 

phage libraries attenuating the inflammatory response in 

immune complex disease and ischemia/reperfusion injury. J 

Immunol 1999; 163: 985-94.

C5a in atherosclerosis


