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Abstract

The complement system defences against pathogenic microbes and modulates im-
mune homeostasis by interacting with the innate and adaptive immune systems.
Dysregulation, impairment or inadvertent activation of complement system contrib-
utes to the pathogenesis of some autoimmune diseases and cardiovascular diseases
(CVD). Vascular calcification is the pivotal pathological basis of CVD, and contrib-
utes to the high morbidity and mortality of CVD. Increasing evidences indicate that
the complement system plays a key role in chronic kidney diseases, atherosclerosis,
diabetes mellitus and aging-related diseases, which are closely related with vascular
calcification. However, the effect of complement system on vascular calcification is
still unclear. In this review, we summarize current evidences about the activation of
complement system in vascular calcification. We also describe the complex network
of complement system and vascular smooth muscle cells osteogenic transdifferen-
tiation, systemic inflammation, endoplasmic reticulum stress, extracellular matrix
remodelling, oxidative stress, apoptosis in vascular calcification. Hence, providing a
better understanding of the potential relationship between complement system and
vascular calcification, so as to provide a direction for slowing the progression of this

burgeoning health concern.
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1 | INTRODUCTION

Vascular calcification (VC) is the key pathological basis of cardio-
vascular diseases (CVD), and contributes to the high morbidity and
mortality of CVD. Initially, VC was thought to be the result of pas-
sive degenerative processes, but cumulative researches have proved
that VC is an active, multifactorial and highly regulated process.!
Although cumulative published studies have explored various mech-
anisms of VC, there are still no effective drugs to delay the process
of VC.

Infiltration of immune cells, macrophages, T cells and neutro-
phils, have been found in the aortic specimens of VC.? Although the
underlying mechanism is not fully understood, increasing evidences
indicate that the innate immune system plays an essential role in the
development of VC. The complement system is the most important
part of the innate immune system which is activated by classical,
alternative and lectin pathways. It consists of more than 40 mem-
brane and soluble proteins, including plasma complement compo-
nents, soluble or membrane-type complement regulatory proteins
and complement receptors (Figure 1). The complement system plays
a momentous role in various processes, such as removal of senes-
cent cells, tissue remodelling, cell lysis and inflammation.

Cumulative researches have gradually identified that the com-
plement system is closely linked to a number of diseases, including
atherosclerosis, aging-related diseases, diabetes mellitus (DM) and
chronic kidney diseases (CKD).3~> Notably, VC is prevalent in these
diseases. More importantly, an increasing number of osteoimmuno-
logical researches have demonstrated that physiological bone min-
eralisation, similar to the process of VC, is subject to complement
modulation.® Taken together, these findings suggest the complement
system may take part in VC. As reported, a cross-sectional clinical
study found that C3a was positively correlated with abdominal aor-
tic calcification in patients on haemodialysis,7 and this phenomenon
was also observed in aortic and coronary calcification among middle
aged women.® In addition, the plasma level of C5 was positively cor-
related with coronary calcification in the PESA study.” Collectively,
the complement system may be activated and contribute to the de-
velopment of VC. However, the association between complement
system and VC is less well understood, and the processes are un-
clear. Therefore, this review summarizes the activation pathways
and potential molecular mechanisms of complement system in VC,
hence attracting attention to explore whether complement compo-
nents could be a promising target for VC, and focusing on regulating

the balance of complement system in VC.

2 | THE ACTIVATION OF COMPLEMENT
SYSTEM IN VC

The complement system is a surveillance system and is quickly acti-
vated by sensing danger in the body, thus helping to maintain tissue
homeostasis and promote tissue regeneration and repair. There are
three pathways activating the complement system: classical, lectin

and alternative. The classical pathway uses C1 and is major triggered
by antigen-antibody immune complexes. The lectin pathway uses
mannose-binding lectin (MBL), collectins and ficolins to identify
patterns of carbohydrate ligands. Spontaneous hydrolysis of a thi-
oester bond within C3 is thought to initiate the alternative pathway.
However, dysregulation, impairment or inadvertent activation of
complement system also induces tissue damage and organ dysfunc-
tion in the host.

Increasing evidences found the complement system was acti-
vated in VC. Lim et al.!® aimed to identify proteins associated with
progression of aortic stenosis by lipid mass spectrometry imag-
ing and proteomic analysis, and found that aortic calcified micro-
domains had higher levels of complement components C3, C4b, C5,
C8 beta chain and C9, while complement regulatory protein factor
H was higher in non-calcified microdomains. Published researches
also found the level of membrane attack complex (MAC) in coronary
calcified areas of kidney diseases patients was higher than control
subjects.11 As we all known, VC is prevalent in CKD, atherosclerosis,
DM and aging-related diseases, and complement system was acti-
vated and stimulated the progress of these diseases. Therefore, we
summarized the triggers and activation pathway of complement sys-
tem in VC (Table 1).

2.1 | The activation of complement system in
kidney diseases

Cause of CKD is generally related to the presence of various kid-
ney diseases, including lupus nephritis, antineutrophil cytoplasmic
antibody-associated vasculitis and renal transplantation, which are
closely related to the activation of complement system.!? As re-
ported, complement activation products (iC3b, Bb, and MAC) in-
creased in the urine, and complement regulatory proteins (DAF and
CD59) decreased in the kidney.’>'* Moreover, MAC also deposited
in kidney mesangium, vessels and tubules of patients and mouse
models with a wide variety of kidney diseases.'>*® Complement
inhibition with monoclonal anti-C5 in the treatment or prevention
of antibody mediated rejection suggested that complement system
was activated.'” Meanwhile, tubular epithelial cells produced virtu-
ally all complement proteins which were produced predominantly by
the liver, and activated complement system on its apical surface via
the alternative pathway.?° The concentrations of C3, complement
factor B and C9 were also increased in the urine and cyst epithelium,
suggesting activation of the alternative pathway.?*?> Moreover,
Pratt et al.?®> demonstrated that wild-type mice with intact serum
complement activity did not reject allogenic C3-deficient kidneys,
underlying that kidney-derived complement activation was a key
mediator of renal injury. Further studies identified that the level of
C4d, a biologically inert fragment cleaved from C4 through classical
pathway, was increased after antibody binding to graft endothelium
in kidney transplant.24 In addition, published study demonstrated
that glomerular deposition of MBL was associated with the severity
and prognosis in IgA nephropathy, suggesting the involvement of the
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FIGURE 1 The activation of complement system. The complement system is activated by the classical, lectin and alternative pathways.
Complement component Clq activates the classical pathway by binding to antigen-antibody complexes. The lectin pathway is activated

by MBL, ficolins and collectins interacting with PAMPs or DAMPs. Activation of the lectin and classical pathways generates C3 convertase
(C4b2a). The alternative pathway is activated by low grade spontaneous hydrolysis of systemic native C3 [C3(H,O)] or via properdin binding
to certain cell surfaces, and then the C3 convertase (C3bBb), stabilized by properdin, is generated. The C3 convertases cleave complement
component C3 into the anaphylatoxin C3a and the opsonin C3b. Then, C3b combines with C4b2a to activate complement component C5.
Finally, C5b, cleaved from C5, participates in the generation of the MAC which inserts into cell membranes and causes cell lysis. In addition,
the process of complement activation is regulated by a variety of complement regulatory factors, including C1-INH, factor H, DAF, C4BP,
CR1, DAF, CD46, factor B, factor D, factor I, CD59, S-protein and clusterin. DAMPs, damage-associated molecular pattern molecules; MAC,
membrane attack complex; MASP, mannan-binding lectin serine protease; MBL, mannose-binding lectin; PAMPs, Pathogen-associated
molecular pattern molecules.

lectin pathway.?® Taken together, complement system was activated deposited in the coronary artery wall of atherosclerosis patients.
in kidney diseases which contributed to VC. Meanwhile, complement components (C1r, Cls, C4, C7 and C8) were
upregulated in atherosclerotic plaques, but the levels of regulatory
inhibitors C1-INH, DAF, C4BP, CD46 and CD59 in atherosclerotic

2.2 | The activation of complement system in plaques were not significantly increased when compared with nor-
atherosclerosis mal arterial tissue.?® What is more, is that, the complement system

was activated through classical, alternative and lectin pathways by
Atherosclerosis is a consequence of a chronic inflammatory pro- oxidized low-density lipoprotein (ox-LDL), enzymatically modified
cess induced by activation of macrophages, complement and low-density lipoproteins (E-LDL) and cholesterol crystals in vitro
T-lymphocytes. Published studies revealed that complement com- experiments.”'31 Further researches also demonstrated that ox-

ponents (C1q, C3c, C3d, C4,C9 and Bb)?¢ and complement inhibitory LDL activated the classical complement cascade in ApoE-deficient
proteins [decay-accelerating factor (DAF), factor H, CD59, CR1]% mice model.? LDL receptor (LDLR)/C3-deficient mice model was
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TABLE 1 The activation of complement system in VC.

Diseases Trigger for complement activation

Chronic kidney diseases

Atherosclerosis Oxidized low-density lipoprotein

Lipoprotein, enzymatically modified low-density lipoproteins and

cholesterol crystals

Diabetes mellitus
products

Aging

also utilized to identified that atherosclerotic lesions beyond the
foam cell stage was strongly dependent on an intact complement
system,33 and LDLR/DAF-deficient mice model demonstrated the
regulatory effect of DAF on C3 activation in the process of athero-
sclerosis.®* Furthermore, clinical cross-sectional studies found that
some complement factors were positively correlated with the sever-
ity of atherosclerosis and were used as novel circulating biomarkers
of atherosclerosis, such as C5a and C3a.%’ Interestingly, Fehérvari
et al.>® found the level of C3 was associated with the severity of
atherosclerosis but not with arterial calcification in peripheral artery
disease. Thus, it is worthy of further study to explore the role of

complement system in VC.

2.3 | The activation of complement system in DM

It is well established that DM and its organ damage are caused by
prolonged hyperglycaemia, but the cellular and molecular mech-
anisms are still not fully understood. Experimental and clinical
evidences support a strong link between the complement system
and the pathogenesis of DM and DM complications. First, genetic
studies showed association of allelic variants of complement pro-
teins with autoimmune DM. Next, animal and human studies con-
firmed the activation of complement system by hyperglycaemia
and glycation end products in DM.253% A study analysed C4d, a
marker of antibody-mediated classical pathway, showed the acti-
vation of complement in type 1 DM (T1DM) progression.37 Studies
also found increased level of MBL in TIDM mice model,*® and
MBL double-knockout mice model was utilized to demonstrate
that complement system was activated through lectin pathway in
T1DM.%> What is more, is that, a population-based cohort revealed
that plasma concentration of C3 was a risk marker for incidence of
DM,%? and C3a, generated during proteolytic cleavage of C3 in
complement activation, had insulin-like effects and played role in
insulin resistance.*® The increase of MAC and glycated CD59 sug-
gested the activation of complement system, and contributed to
the vascular complications in DM.*!

Circulating IgG auto-antibodies, abnormal deposition of protein in
glomerulus, disordered metabolism of calcium and phosphate

Circulating IgG auto-antibodies, hyperglycemia, glycation end

Inflammation cytokines, reactive oxygen species, N-glycome

activation pathway References
Classical pathway 24
Alternative pathway 20-22
Lectin pathway 25
Classical pathway 29, 32
Alternative pathway 31
Lectin pathway 30
Classical pathway 37
Lectin pathway 25,38
Classical pathway 42,43
Alternative pathway 46
Lectin pathway 44,45

2.4 | The activation of complement system in aging
Aging is a process strongly integrated with chronic inflammation
and metabolism. Recently studies have discovered the connection
between complement activation and several aging-related diseases,
such as Alzheimer's and Parkinson's disease, multiple sclerosis and
age-related macular degeneration. A cohort of healthy volunteers
(from birth up to 75years) revealed that systemic protein C1q and C3
level increased with aging.*? There was also a positive correlation be-
tween C1q and aging-induced arterial stiffness.*®> Hence, these stud-
ies emerged the activation of classic pathway in physiological aging.
N-glycome, a biomarkers of biological aging and longevity, activated
the lectin pathway of complement by binding to Fcy receptors and
formation of autoantibody aggregates.** While, in two large cohorts
of centenarians demonstrated that serum MBL concentration was sig-
nificantly lower in centenarians as compared to the general popula-
tion, and MBL protein bound to senescent IMR90 fibroblasts thereby
causing cell lysis in vitro, suggesting that MBL may be protective.*®
Shimazaki et al.*¢ also found complement factor B, an important com-
ponent of alternative pathway, reduced the number of senescence-
associated-f-galactosidase positive cells in vitro. In addition, the levels
of complement regulatory proteins CD59, CD46, DAF and CR1 were
significantly lower in Alzheimer's diseases patients than controls.#’
Moreover, previous studies found that C3 and C4 were positively
correlated with age and inversely correlated with life expectancy
in centenarians.*® Another study demonstrated that low levels of
C3 delayed renal senescence,® and that the use of Radix polygalae
saponins to affect C3 expression could also extend the lifespan of C.
elegcms.50 It is clear that complement and aging are closely linked, but

the role of complement components and aging-related VC is unclear.

3 | LOCAL SYNTHESIS OF COMPLEMENT
IN VC

Although hepatocytes are still considered as the main source of
complement secretion, recent studies have confirmed that almost
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every cell type can produce complement proteins. Notably, local
complement synthesis has been found to be operative in many
diseases, including atherosclerosis and kidney diseases. In athero-
sclerosis, complement receptors (CR1, CR2, CR3, gC1g-R as well
as C3aR and C5aR) were identified to be expressed in plaques, and
the mRNA levels of Cilr, Cls, C4, C7 or C8 were found to be up-
regulated, whereas local productions of regulators including CD46,
C1-INH, C4BP, DAF and CD59 were also detected. Furthermore,
intracellular complement activation about C5a during atheroscle-
rosis was observed in monocytes and macrophages upon exposure
to cholesterol crystals and LDLR-deficient mice lacking myeloid-
specific C5aR1.>* Meanwhile, kidney endothelial cells and tubular
epithelial cells produced virtually all complement proteins and ac-
tivated complement system on its apical surface via the alterna-
tive pathway in kidney diseases.?>?% More important, increased C3
production by clonally expanding Scal* smooth muscle cells dur-
ing atherosclerosis has been shown to exert proatherogenic func-
tions.>? Local production of C5a by vascular endothelial cells and
expression of C5aR also accelerated the response of effector CD8*
T-cell to heart transplant in vitro culture systems and in vivo.”® Thus,
local complement production by resident cells of vascular system
played a pivotal role in the development of VC. Collectively, local
synthesis of complement is crucial but remains largely understud-
ied in VC.

4 | THE ROLE OF COMPLEMENT SYSTEM
IN VC

As shown in a cross-sectional clinical study, the level of C3a was
positively correlated with abdominal aortic calcification in patients
on haemodialysis,” and this phenomenon was also observed in aor-
tic and coronary calcification in middle-aged women and patients
with systemic lupus erythematosus.>* Meanwhile, the serum level
of C5 was positive with coronary calcification in atherosclerosis

1.3 explored that the level of C3a was

patients.” But, Fehérvari et a
not associated with arterial calcification in peripheral artery dis-
eases according to general arterial calcification score and intima-
media thickness. Moreover, there was no association between C4
and aortic or coronary calcification in middle aged women.® Taken
together, complement components may take part in and play dif-
ferent roles in VC, but there are still no relevant research to explore
its role and molecular mechanisms in VC. Accumulative studies
have demonstrated that vascular smooth muscle cells (VSMCs)
osteogenic transdifferentiation, systemic inflammation, endoplas-
mic reticulum (ER) stress, extracellular matrix (ECM) remodelling,
oxidative stress, apoptosis and loss of mineralisation inhibitors, all
contribute to VC.> At the same time, the complement system was
identified to regulate these processes in vivo and in vitro. Hence, we
suspect that the complement system may play a role in VC through
the following molecular mechanisms according to previous cumula-

tive studies (Figure 2).

4.1 | Complement system and VSMCS osteogenic
transdifferentiation

Vascular smooth muscle cells osteogenic transdifferentiation is the
crucial pathological basis for VC, which is manifested by the increase
of osteogenic phenotype and the decrease of contractile phenotype.
Although there was no research on the role of complement systemin
VSMCs osteogenic transdifferentiation, published researches have
revealed the promotion of C5aR on the differentiation of human mes-
enchymal stem cell to osteoblasts, demonstrating by the increase of
the osteogenic phenotype marker Runt-related transcription factor
2. Furthermore, VSMCs osteogenic transdifferentiation is similar to
physiological bone mineralisation which is regulated by complement
system. As shown in osteoimmunological studies, C5a promoted
nuclear factor kappa B ligand expression by binding to C5aR1 dur-

ing osteoblast differentiation,®>¢

and mice with osteoblast-specific
C5aR1 overexpression displayed impaired fracture healing, while
the number of osteoclasts in C5aR1-knockout mice decreased and
the bone mass significantly increased.’® Matsuoka et al.>” also dem-
onstrated that C3a stimulated osteoblast differentiation in vitro.
Besides, some fracture models were utilized to identified comple-
ment factors, including C3, CD59 and MAC, regulated physiological
bone mineralisation.>®>? Collectively, complement system may pro-
mote VSMCs osteogenic transdifferentiation in VC.

4.2 | Complement system and systemic
inflammation

Current evidences suggest that persistent low-grade systemic in-
flammation is closely interrelated with and promotes VC, which
is related with the increase of circulating inflammatory cytokines,
such as C-reactive protein (CRP), interleukin (IL)-6, IL-1p and tumour
necrosis factor-alpha (TNF-a). Inflammatory cytokines induced
endothelial-to-mesenchymal transition through downregulation of
bone morphogenetic protein receptor type 2, inhibited the mobi-
lisation and infiltration of bipotent mesodermal progenitor cells,
and activated tissue-nonspecific alkaline phosphatase by upregulat-
ing tissue-nonspecific alkaline phosphatase activity to exacerbate
VC.%%% |n haemodialysis patients, a high CRP level was significantly
related with VC in both the aorta and the radial arteries, and was
a significant risk factor for abdominal aortic calcification progres-
sion.®? Meanwhile, C3a and C5a were positive correlated with CRP,
and higher C3a level was independently associated with severe
abdominal aortic calcification in haemodialysis patients.7 Although
the role of complement system in infection has been well estab-
lished, complement is becoming increasingly recognized as a key
contributor to inflammation. As reported, C5a, C4a and C3a were
demonstrated to increase the synthesis of IL-1p, IL-18 and TNF-«a
through activating the NLRP3 inflammasome in neutrophils and

63,64

monocytes, while the complement regulatory protein CD46 de-

creased the expressions of pro-1L-1p and NLRP3 in epithelial cells.®
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FIGURE 2 The complement system in VC. The complement system is activated by antibodies, modified LDL (Ox-LDL and E-LDL),
cholesterol crystals, inflammation cytokines, glycation end products, N-glycome and ROS through classical, lectin and alternative pathways
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attack complex; Ox-LDL, oxidized low-density lipoprotein; ROS, reactive oxygen species.

In addition, some studies found that persistent low-grade systemic
inflammation decreased the level of anti-calcific molecule such as

fetuin-A, but the mechanisms need further exploration.

4.3 | Complement system and ER stress

Increasing studies have shown that ER stress accelerates the de-
velopment of VC by promoting osteogenic transdifferentiation,
inflammation, autophagy, apoptosis and the release of matrix
vesicles through its transducers, PKR-like endoplasmic reticulum
kinase (PERK), inositol-requiring enzyme-1 (IREla) and activat-
ing transcription factor 6 (ATF6é) which are regulated by different
ER stress activation molecules. What is more, is that, comple-
ment cascade activation occurs in the midst of a variety of cel-
lular stresses that severely perturb ER stress.%®%7 In macrophages,
C3 interacted with glucose-regulated protein 94 and impacted
M2 profile during ER stress.®® Meanwhile, C3a-C3aR induced ER

stress in mice exposed to cigarette smoke and RPE cells exposed
to 5% cigarette smoke extract.®’ C5ainduced ER stress by activat-
ing the PERK and IREla pathways in neutrophils during the de-
velopment of acute lung injury.70 What is more, is that, the MAC
was identified as a key regulatory in ER stress, which induced
damage to the membrane of the ER with the increased expression
of glucose-regulated protein 78 and glucose-regulated protein
94 in glomerular epithelial cells.®® In addition, soluble DAF abro-
gated tunicamycin-induced the expression of ATF6 and glucose-
regulated protein 78 during ER stress in alveolar type Il epithelial
cells.”* Taken together, abnormal increase or activation of comple-
ment system leads to ER stress, thus affecting VC.

44 | Complement system and ECM remodelling

Recent advances demonstrate that ECM not only provides a scaf-
fold for mineral deposition, but also acts as an active signalling
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entity in pathological VC.”? More importantly, complement system
regulates ECM remodelling in various diseases. As shown in ApoE-
deficient mice model, C3 and C4 both bound to collagen in vascular
wall which promoted vascular stiffness and atherosclerosis.”> MAC
was also observed deposited in inflamed or sclerotic areas during
the development of chronic nephritis, and stimulates collagen syn-
thesis in human glomerular mesangial cells and glomerular epithelial
cells.”*”5 Previous studies revealed that C5a and C3a promoted the
expression of collagen and fibronectin which were the major compo-
nents of ECM in renal fibrosis and subretinal fibrosis,”®’” while DAF
diminished the level of collagen in vivo and in vitro.”* Furthermore, in
human macrophages, C5a induced the expression of matrix metal-
loproteinase (MMP)-1 and MMP-9 which were identified to promote
the degradation of elastin.”® The above evidences indicate that com-

plement system may act through regulate ECM remodelling in VC.

4.5 | Complement system and oxidative stress

Oxidative stress emerges as a critical mediator to promote VC
through several mechanisms, including phosphate imbalance,
VSMCs osteogenic transdifferentiation, inflammation, DNA damage
and ECM remodelling.”?8 At the same time, studies have revealed
the regulation of complement system on oxidative stress. In nor-
mal and asthmatic airway epithelium, complement regulatory fac-
tor CD46 inhibited oxidative stress.®> C3-deficient mice were used
to identify that C3 depletion ameliorated age-dependent oxidative
stress.®! Moreover, complement factor H inhibited oxidative stress
in macrophages by binding malondialdehyde epitopes.®? Oxidative
stress leads to oxidative damage, resulting from reactive oxygen
species (ROS) generation that exceeds local antioxidant capacity. In
polymorphonuclear leucocytes and hepatic ischemia-reperfusion
injury mice model, the extracellular ROS production was stimulated
by C5a-C5aR1,8%84 and the production was also stimulated by C3a-
C3aR in human eosinophils.8> Notably, the complement system ac-
tivation is also regulated by oxidative stress in different conditions,
so it is interesting to explore the association between complement

system and oxidative stress in VC.

4.6 | Complement system and cell apoptosis

Vascular smooth muscle cells calcification model demonstrated the
increase of cell apoptosis, while inhibition of apoptosis, for example
by caspase inhibitors, significantly reduced calcification.8¢ Apoptotic
bodies were thought to contain high concentrations of calcium and
deposited on the ECM causing calcification. As for apoptosis, the
regulatory effect of complement system is complex, due to the dif-
ferent cell types and disease backgrounds. As reported, C5a-C5aR
promoted apoptosis in brain vascular endothelial cells of experi-
mental lupus, lung cells of acute lung injury or murine kidney en-
dothelial cells,®”~8? but delayed apoptosis of human neutrophils via
an extracellular signal-regulated kinase and bad-mediated signalling

pathway.”® What is more, is that, C3a-C3aR induced apoptosis
in acute pancreatitis rats model,”® but C3 prevented imiquimod-
induced bullous-like skin inflammation by inhibiting apoptosis.t”2 In
addition, MAC was found to co-locate with apoptotic cells and cho-
lesterol crystals in human arterial wall with atherosclerosis by immu-
noelectron microscopy and triggered apoptosis in glaucoma mouse
model.”>7° As a result, the role of complement system in cell ap-
optosis is more complicated than simple magnification. Thus, there
needs further study to explore the role of complement components

in VC.

5 | CONCLUSIONS

Vascular calcification contributes to the high morbidity and mor-
tality of CVD in patients with CKD, atherosclerosis, DM and aging.
Exploring the mechanisms of VC helps to provide a direction for
slowing the progression of this burgeoning health concern. Our
knowledge of the role of complement system in VC is relatively
limited at this time. Nonetheless, there are growing number of evi-
dences prove that complement system is involved in VC. It is crucial
to understand the intimate interplay between the activation of com-
plement system and the process of VC through in vitro and in vivo
experiments. It would be interesting to investigate whether comple-
ment components contribute to VSMCs osteogenic transdifferentia-
tion, ER stress or ECM remodelling in VC and complement regulator
factors regulate these processes. VC mice models with specific dele-
tion or overexpression of complement genes will be also utilized to
explore the role of complement components in VC, hence, providing
an appealing therapeutic target for VC. Furthermore, therapeutic
agents, targeting on complement activation cascade, are promis-
ing for VC which have been used for some diseases. As reported,
high-dose IVIg targeted on C3 is used in dermatomyositis patients,96
eculizumab (a C5 blocker) is used in paroxysmal nocturnal hemo-
globinuria, atypical haemolytic uremic syndrome, neuromyelitis
optica and myasthenia gravis97 and avacopan (a specific C5aR1 an-
tagonist) is used in antineutrophil cytoplasmic antibody-associated

vasculitis.”®
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