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ABSTRACT

Kawasaki disease (KD) is an acute self-limiting systemic vasculitis of unknown etiology affecting predominantly
the coronary arteries. The role of circulating immune complexes (ICs) in the pathogenesis of KD has been studied
using the sera of patients with KD. It has been proposed that ICs are triggered by single or multiple unknown
causative agents as well as vasculitis. An outbreak of SARS CoV?2 infection caused similar pathophysiology in
producing vasculitis, and the RNA virus may have triggered signs and symptoms similar to KD. For clinicians
and researchers alike, detecting the causative agents of KD remains a challenge. According to studies in animal
models, type Il hypersensitivity reactions caused by serum sickness are a prototype for immune complex vasculitis.
The signs and symptoms of coronary artery dilation in swine are similar to those of KD. These models may be used
to evaluate new pharmacological agents for KD. The pathogenesis of KD is complex and remains inadequately
understood at present. However, circulating immune complexes may play a key role in the pathophysiology of
KD and coronary artery vasculitis. Various therapeutic agents are being explored in the management of KD and
these agents act at various stages of the production of pro-inflammatory cytokines and chemokines. In this review,
we discuss recent developments on the pathogenesis of KD and provide insights into the innate immune response
and mechanisms behind coronary artery damage in KD. We specifically explore the potential role of ICs in the

pathogenesis of KD.
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Introduction

It has been 55-years since Dr. Tomisaku Kawasaki published his
report entitled “mucocutaneous lymph node syndrome” in 1967,
now known as Kawasaki disease (KD) [1]. KD is a self-limiting
systemic inflammatory disease of childhood with predilection to
affect coronary arteries. The etiology of KD, remains an enigma
for researchers. KD is the most common cause of acquired heart
disease in the young in developed countries [1-3]. During the
recent pandemic, KD like illness was reported in patients who
suffered from COVID-19 infection. The pandemic has indicated

that an infectious agent may play a key role in triggering KD,
predominantly by the mechanism of immune complexes (ICs)
formation [4]. Although the etiology of KD remains unknown, a
double hit hypothesis involving an infectious trigger in a genetically
predisposed individual has been proposed [5,6]. The clinical and
epidemiological features of KD strongly suggest an infectious
etiology, including the occurrence of epidemics, seasonal variation
in incidence and clustering of cases [7]. Unlike most infections,
however, there are significant differences in racial predilection
that suggest a strong genetic influence. There is possibility of
triggering ICs by various infectious and non-infectious agents
in the pathogenesis of KD. In the present review, we update on
various studies that have shown the role of circulating ICs in the
pathogenesis of KD.
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Circulating Immune Complex

Antigen-antibody complexes are formed when antibodies are
produced against a circulating or tissue antigen. The antigen
may be exogenous from an infectious agent, toxin or drug, or
may be endogenous as occurs in autoimmune disorders. ICs are
formed during many infectious and inflammatory diseases, and
may play an important role in immunopathogenesis of infectious
and inflammatory processes. They are normally taken up by
inflammatory cells through binding of the heavy chain constant
region to immunoglobulin Fc receptors (FcRs). Binding of
immunoglobulin to some classes of FcRs (FcgRI, FcgRIIA,
FcgRIIC, FcgRIIIA, FcgRIIIB) may lead to activation of
inflammatory cells while binding to FcgRIIB result in suppression
of inflammation. ICs may bind to FcRs and activate several
inflammatory cells including monocytes, basophils, eosinophils,
lymphocytes and neutrophils [8]. Circulating immune complex
may explain immuno-pathogenic mechanisms that lead to
symptoms and signs of vasculitis in KD [9-13].

Physiological and Pathological Aspects of Circulating Immune
Complexes

Immune complexes (ICs), production, due to interaction of foreign
substances with specific antibodies, constitutes an essential part
of normal human immune defence mechanisms. This reaction is
generally followed by one or more secondary reactions, all of which
enable the body to neutralize and clear microorganisms and non-
self-molecules (in the form of ICs after antibody binding) that have
penetrated the various body barriers. Inactivation and elimination
of these "invaders" prevents their deposition (localization) where
they might multiply (in the case of microorganisms) or induce
specific damage (toxins or enzymes) [14]. ICs formation followed
by these secondary reactions (such as complement fixation)
enhances macrophage system clearance (MPS) mechanisms and
prevents interaction with specific sites in the body that could
be damaged by deposition. ICs do not normally accumulate in
blood or organs, however, there are circumstances under which
potentially pathogenic ICs might form in the circulation and not
be cleared properly. Factors that could influence this phenomenon
and the manifestations of specific disease activity include the
nature and quantity of the antigen and the antibody response, and
the state of the systems involved in ICs clearance (complement,
complement receptors, and receptors on fixed cells of the MPS for
both complement components and the Fc region of immunoglobulins)
[14].

There are an infinite number of potential antigens (from whole
organisms to small peptides), and the antibody response may
vary with respect to class, subclass, affinity, etc. As a result,
characteristics of ICs would be quite variable and analysis of
one ICs system may not be applicable to other systems as well.
A few examples are as follows: A patient with a monoclonal
antibody against flavin became "yellow" because of the ubiquitous
accumulation of flavin. Apparently, the antibody/flavin immune
complex was cleared from the circulation at a much slower rate
than flavin alone; the small ICs (one antibody per ICs) was too

small to be cleared by the Mononuclear Phagocyte System (MPS),
yet clearance of the flavin was apparently blocked by the antibody.
Presence autoantibodies to amylase, prostatic acid phosphatase
or creatine kinase can block the clearance of these enzymes by a
similar mechanism [15]. Nephritic factor is an autoantibody that
stabilizes alternative pathway C3 convertase in the circulation,
thus inducing C3 depletion. These examples illustrate one end of
the spectrum wherein antigen circulates for prolonged period of
time because of it complexes with specific antibody and forms a
small ICs [13].

At the opposite end of the spectrum are patients with mixed
essential cryoglobulinemia. Large quantities of precipitating ICs
(containing IgG and/or 1gM, and specific antigens) deposit at sites
throughout the body, including the glomeruli [16]. These ICs can
fix complement and cause local damage at their sites of deposition.
It is likely that many ICs that form in the circulation will have
properties intermediate between these two extremes. The balance
between rapid and safe clearance versus tissue localization will
then be influenced by factors that have been described in part in
experimental studies but have yet to be well defined in humans.
These include the potential affinity of antibody or antigen for
specific tissue (such as, DNA for glomerular basement membrane),
and the hemodynamic and inflammatory status of the individual
[17].

The specificimmunochemical properties of the ICs, and in particular
their potential to interact with Fc receptors and to fix complement,
and react with complement receptors will fundamentally influence
their ultimate fate and rate of clearance from the circulation
[13,18]. ICs formation and clearance cannot be a steady state
process; even during chronic serum sickness the concentrations
of antigen, antibody, and ICs formation may vary continuously
[13,16,17]. Thus, ICs could form and deposit in a brief period.
For example, patients with essential mixed cryoglobulinemia have
sudden episodes of purpura over their legs and arms, and then their
vasculitis subsides despite the presence of measurable ICs [16].

Circulating Immune Complexes in Patients with Kawasaki
Disease, Triggered by Infectious Agents

Circulating ICs, triggered by infectious agents such as, bacteria,
virus or other unknown agents, have been detected in the
early phase of patients with KD and, might be involved in the
immunopathological mechanisms of development of vasculitis in
these patients [7]. Although many pathogens have been implicated
via superantigen toxins, staphylococcal and streptococcal toxic
shock syndromes, other studies have failed to confirm these findings
[19-22]. Several bacterial such as Yersinia pseudotuberculosis
[23-25], Propionibacterium acnes [26], Mycoplasma pneumonia
[27,28], Chlamydia pneumonia [29], Rick ettsia species [30] and
Coxiella burnetii [31], pseudomonas [32] and several viral agents
such as Epstein Barr virus [33], retroviruses [34,35], adenovirus
[36], measles virus [37]. In addition, fungal agents such as candida
[38] have been reported to be associated with KD. The novel
coronavirus responsible for Severe Acute Respiratory Syndrome
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Table 1: A summary of studies on circulating immune complexes in KD patients by different methods of detection.

No. O.f Authors Year LT LU 2GS Methods of Detection
Studies cases CIC
1 Fossard C et al. [6] 1977 1 01 (100%) Platelet aggregation method
2 Sawa F et al. [44] 1979 15 06 (41%) Raji cell method Inhibition latex Agglutination
3 Weindling AM [45] 1979 14 14 (100%) Inhibition latex Agglutination
4 Eluthesen K* et al. [46] 1981 81 48 (59%) C1q Solid phase array
5 Furuse A et al. [47] 1983 16 50% In acute phase (25 samples) 26.6% In remission
6 Yanase Y et al. [48] 1984 30 100% No significant positive titer
7 Miyata K et al. [49] 1984 32 11 (34.4%) Clq Binding assay
8 Taki Guchi M et al. [50] 1984 35 26% Ant-antibody Inhibition test
9 Mason WH [51] 1985 42 29 (69%) Raji cell Method Clq Solid phase array
10 Ono S et al. [52] 1985 32 11 (34%) Clq Binding assay
11 Levin M et al. [53] 1985 19 13 (68%) Poly ethylene Glycol Precipitation method
06 (100%) Deposition in Coronary artery

12 Patchman et al. [54] 1985 6 05 (83%) In the Myocardium (ILS)
13 Levin M et al. [55] 1987 19 19 (100%) (Platelet interaction study)

. 70% Poly Ethylen glycol method
14 Lin C-Y et al. [56] 1987 20 60% Raiji cell Method
15 Fujimoto T et al. [57] 1987 67 50 (75%) Clq enzyme immune assay
16 Ohashio G et al. [58] 1987 43 22 (51%) ELISA solid phase Anti-C3 assays
17 Salcedo JR et al. [59] 1988 1 01 (100%) IC deposition in kidney (IF)
18 Salo E et al. [60,61] 1988 27 99% Clq Binding assay
19 Li CR et al. [62] 1990 17 08 (47%) Poly Ethylen glycol method
20 Koike R [63] 1991 11 11 (100%) Sodium dodecylsulfate poly- acrylamide gel electrophoresis

CIC: Circulating immune complex; Ref, References; D, Kawasaki disease; *, not published; HIS, IHS: Immuno-Histochemical Staining;

IF: Immunofluorescent sections.

Coronavirus 2 (SARS-COV-2), is known to induce a systemic
inflammatory response affecting multiple organs, with lungs being
most common and severely affected. Some of the extrapulmonary
manifestations include involvement of the systemic vasculature,
similar to KD. Several case reports have shown that SARS-COV-2
stimulates an immune reaction mimicking KD [39]. Singh et al.,
reported association of KD with influenza [40]. Nakamura et al.
reported that pattern of KD got affected in 2009 after the epidemic
of influenza A/HIN1 in Japan and observed a documented source
of infection, both bacterial and viral in one third of patients with
typical KD [41]. Furthermore, Rowley et al. showed presence
of cytoplasmic inclusion bodies that are compatible with the
viral protein aggregations and nucleic acid in ciliated bronchial
epithelium of patients with KD in the acute phase [42]. Considering
the infectious cause for KD, a case-control study by Esper et
al. suggested an association between human coronavirus- New
Haven (HCoV-NH) infection and KD [43]. None of these reported
viruses or bacteria have been convincingly replicated. A summary
of studies on circulating immune complexes in KD patients by
different methods of detection showed in Table 1, suggestive of
definite triggering agents behind this CIC causing vasculitis.

Horse Serum Induced Type III Hypersensitivity Reaction

An attempt was made to produce immune complex vasculitis in
swine, hoping to produce as an ideal experimental coronary artery
disease (CAD) animal model by administrating foreign protein,
such as horse serum [44,45]. Philip S et al. had studied 21 pure
bred male piglets of 1.5, 2, 3 months of age with normal saline
and HS and the results of clinical observations, hematoserology,

echocardiography, histopathology were very much similar to
patients with KD. 2-D echocardiogram of coronary arteries
of piglets who received horse serum showed coronary intimal
irregularities and aneurysmal dilatation. (Figures 1. A, B, D,
E). Pericardial thickening as evidence of pericarditis was also
observed (Figure 1C). Type III hypersensitive reaction is induced
by antigen-antibody complexes that produced tissue damages as
a result of their capacity to activate a variety of serum mediators
principally the complement system. The localization of circulating
immune complex in experimental serum sickness and correlation
of possible immune complex mechanism in KD was already
studied by Knicker et al. [46], Fossard C et al. [47], and Cochrane
et al. [48] Hence clinical and histopathological findings of
systemic type III hypersensitivity reaction may mimic KD and
possible similar mechanism may be involved in the pathogenesis
of coronary arteritis in KD [44,45] (Figure 1F & Figures 2D&C).
Possible mechanism of damaging vascular endothelial cells by
immune complexes in composite of drawing showed in Figure 2.
A-B & Figure 3. A-H).

The pathology of KD has been studied in details and immune
complexes may play an important role in the pathogenesis of its
vasculitis in swine [47-68]. Histopathology results after 14-60 days
of HS infusion showed subacute to chronic phase of arteritis such
as intimal proliferation, necrosis, vacuolization, smooth muscle
cells proliferation etc (Figure 1F & Figure 3 A-H).

Histopathology of specimens of HS group revealed peri arteritis
and pan-venulitis in the acute phase including cellular infiltrations
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Figure 2 A-D: Induction of immune complex vessel wall injury. Figure 1 A; Three sequential phases in induction of systemic type III sensitive
reaction. B; Composite of drawing depicts mechanism of immune complex vessel wall injury. Antigen possibly enters through the respiratory tract as
an unknown infectious or noninfectious agents producing specific antibodies from plasmablast. Further formation of Immune complex leads to cascade
of platelet aggregation, releasing of lysosomal enzymes from the neutrophils, compliment fixation and damages the endothelium. C&D; showing how

histopathological changes occurring of proximal left anterior descending artery showed (hematoxylin and eosin stain) intimal proliferation (C) and
intimal and inner third medial proliferation induced by horse serum mediated immune complex coronary changes.
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Figure 3 A-H: Histopathology of coronary arteries (H&E staining) of horse serum induced coronary vasculitis in the saline and HS groups of swine.
(A-C) showing normal coronary arterial walls after three doses of normal saline infusions in the saline group. (A) Left coronary artery (400x) at Day
41 showing normal intima (I), internal elastic membrane (IM), tunica media (M), and adventitia (A). (B) Left coronary artery (40x) at 40 days (C) Left
anterior descending artery (40x) at Day 24 showed normal. D-H; H&E staining of coronary arterial walls of piglets in the HS group. (D, E; 2-4 days)
Perivenular cellular infiltrates of the coronary vein and vasa vasorum (<) (200x) and diffuse cellular infiltrates in the tunica media (400x) at Day 3. (F)
Cellular infiltrates in the tunica media (200x) of the ascending aorta at Day 2. (G) Diffuse cellular infiltrates in the myocardium (400x) and (H) in the
distal tubular areas of the right kidney (200x) at Day 2. HS; Horse serum, H&E; Hematoxylin and eosin

within myocardium (Figure 3D-F). Autopsy after 28 hours showed
more infiltrations than 48 hours specimen (Figure 3F). Whereas
saline group had normal coronaries (Figure 3A-C). Immune
complex vascultis changes observed in HS infusion group may
serve as an ideal experimental animal model for coronary vasculitis
mimicking KD, especially testing the efficacy of pharmacological
agents in prevention of coronary artery aneurysms. Albumin that
acts as an exogenous foreign protein antigen in HS group produces
antigen antibody complexes leading to systemic hypersensitivity
reaction. Onouchi et al. also reported that horse serum induced
immune complex vasculitis in rabbit was very much similar to the
pathophysiology of CAD in KD [69].

Kawasaki Disease and Sars-Cov2 Infections

Systemic inflammation is the most striking finding in some patients
during COVID-19 infection. SARS-CoV2 is a viral disease with
inflammation and infection of endothelial cells. Presence of viral
elements and inflammatory cells within endothelial cells and the
evidence of endothelial cell death suggesting that SARS-CoV-2
infection facilitates endothelium cell inflammation through
direct viral involvement and inflammatory response [70]. SARS-
CoV2 induced endothelium cell inflammation may explain
systemic microcirculatory dysfunction in different vascular beds.
Moreover, it has been suggested that the induction of apoptosis
and pyroptosis (represents a form of cell death that is triggered
by proinflammatory signals and associated with inflammation)
might have an important role in endothelial cell damage in patients
with SARS-CoV2. The functional receptor for the entrance of the
SARS-COV-2 into the cytoplasm is angiotensin convertase enzyme
(ACE) inhibitor [71]. The classical axis of the renin-angiotensin-
aldosterone system (RAS) consists of ACE, angiotensin II (Ang

1), and angiotensin receptor type 1 (AT1). This system could
induce tissue injury, inflammation, and fibrosis. In contrast, ACE2
employs the opposite effects on tissue fibrosis and inflammation
by converting Angiotensin II, which has anti-inflammatory, anti-
proliferative, and anti-fibrotic properties. It appears that children
have shown a less severe form of COVID-19 likely due to the
high ACE2 receptor concentrations, as well as a more qualified
immunity, and a constitutional high lymphocyte rather adults.

On the other hand, the ACE2 gene maps to chromosome Xp22,
exhibits a high degree of genetic polymorphism [72]. It has been
reported that SARS-CoV2 down-regulates ACE2 receptor is
carried out through the spike protein of the virus (SARS-S) via a
process that is tightly coupled with TNF-a production. It may be
hypothesized that KD-like disease in children following SARS-
CoV-2 might be because of influence of immunomodulatory
function of ACE2 and Angiotensin and these patients might be
having a lower expression of ACE2 receptors as compared to
children who do not develop KD-like disease following SARS-
CoV-2 infection. Genetically under-expression of ACE2 receptor
in children with genetically-susceptible to KD who are infected
with SARS-CoV-2 possibly further downregulates the ACE2
expression by TNF-a and leads to surge of inflammation including
TNF-a and progression to Kawasaki-like disease [73]. Once the
criteria for KD is full filled, you may treat as KD and we know that
triggering agent is RNA virus in SARS Co-V2 infection.

The profile of the cytokine storm associated with severe
COVID-19 disease is similar to that of secondary hemophagocytic
Lympho-histiocytosis (HLH), which is a rare complication of
other viral infections (3.7-4.3%). Secondary HLH is characterized
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by fulminant and fatal hyper-cytokinemia with multiorgan failure.
In severe infection, lower peripheral lymphocyte counts (CD4
and CD8 T cells), higher interleukin (IL) levels (IL-6 and IL-
10), decreased interferon-gamma expression in CD4+ T cells and
higher D-dimer and fibrin degradation products (FDP) levels,
leading to increased thrombosis and multiorgan injury has been
described [72]. Moreover, patients with severe infection may
also have abnormal coagulation parameters, perhaps related to
high expression of ACE2 receptors in vascular endothelial cells.
Antioxidant trial in HS induced vasculitis was quite successful in
swine model [74]. In addition, unpublished data of antioxidant trial
such as Vitamin E, A and C trial in patients with KD was found
to be quite successful in mitigating vasculitis in both signs and
symptoms. Hence antioxidants also may be helpful in mitigating
vasculitis along with intra venous immunoglobulin with or without
methyl prednisolone.

Hyper Inflammation and Cytokine Storm

Besides the direct cytopathic effect of the virus, the host's
immune response and lung inflammation play an important
role in the pathogenesis of COVID-19 and may be implicated
in disease severity and mortality, making this a potential target
for treatment [5]. Increased acute-phase reactants, cytopenias
(thrombocytopenia and lymphopenia), coagulopathy (elevated
D-dimer), hepatitis (elevated LDH, AST, ALT), and macrophage
activation (elevated ferritin) correlate with severity and mortality.
There are several hypotheses on how the virus might induce
inflammation. Pyroptosis, related to viral infection and replication
in airway epithelial cells, leads to cytokine release and consequent
vascular leakage. As expected, IL-1p, released during pyroptosis,
results in elevated cytokine during SARS-CoV-2 infection.
Viral infection of monocytes and macrophages can also result in
aberrant cytokine production. These proinflammatory cytokines
and chemokines, including IL-6, IFNy, MCP1, and IP-10, attract
immune cells, notably monocytes and T lymphocytes, but not
neutrophils. SARS-CoV-2 patients also exhibited high levels
of IFNy and IL-18, which are key players in the cytokine storm
syndrome. Elevated levels of cytokines, such as TNF-a, can cause
septic shock and MOF. Hyperinflammation is similar to, but not
fully overlapping with other well-known clinical entities, such
as macrophage-activated syndrome (MAS), or hemophagocytic
lympho histiocytosis (HLH) and other forms of viral-induced
cytokine storm, in that ferritin increase is modest and severe end-
organ disease is limited to the lung. Nonetheless, it is becoming
more and more evident that it has a central role in disease severity
and outcome. Experience from hyperinflammation in HLH, MAS,
and cytokine release syndrome suggests that early intervention is
essential to avoid irreversible tissue damage [71].

Pathogenesis and Complications in KD

Most cases of KD are self-limiting and have an uncomplicated
course. Although the etiology of KD remains unknown, a double
hit hypothesis involving an infectious trigger in a genetically
predisposed individual is proposed [8]. Many viruses have been
isolated from patients with KD, including adenovirus, Epstein-
Barr virus (EBV), human immunodeficiency virus (HIV) and

parvoviruses. Viruses are known to trigger a cascade of immune
pathways in patients, such as the activation of cyclic guanosine
monophosphate-adenosine monophosphate (cGAMP) synthase
(cGAS) pathway. cGAMP is one of the deoxyribonucleic acid
(DNA) sensors in the body that helps to identify foreign viral
DNA material within cells. Once foreign DNA is detected, cGAS
produces cGAMP that triggers the activation of simulator of
interferon genes (STING) within the endoplasmic reticulum,
resulting in the release of cytokines and inflammatory molecules
such as type 1 interferons (IFN) as part of the immune response
towards the foreign infective agent. STING also acts on the
retinoic acid inducible gene-1 (RIG-1), a ribonucleic acid (RNA)
sensor and mitochondrial antiviral signalling protein (MAVS) to
detect viral RNA and trigger an immune response, indicating a
role of the STING pathway in protecting against RNA viruses as
well. The STING pathway has been found to be activated in KD
and increased IFNs, neutrophils and cytotoxic T cells have been
reported in the histology of coronary artery tissue from patients
with KD.

Inflammatory markers such as interleukin (IL) -6 and vascular
endothelial growth factors (VEGFs) are released by cells of the
innate immune system such as monocytes, macrophages, and
dendritic cells leading to inflammation of vessels. It has been
suggested that an autoantigen located in the walls of coronary
arteries may serve as a target for these inflammatory cells and
cytokines and leads development of coronary artery aneurysms in
patients with KD [74]. However, this hypothesis is yet be proven.
Apart from inducing inflammation, neutrophils, macrophages and
dendritic cells have also been found to invade into the artery walls,
causing damage because of their cytotoxic activity. There also
appears to be an excessive activation of cytotoxic CD +8 T cells,
further supporting the possibility of an infectious agent as a trigger
for the immune activation seen in KD [5]. Immune complexes have
been reported in plasma and serum of patients with KD since 1977.
They are seen within the first week of illness gradually increase
in number and then wane of in 3- 4 weeks. This may suggest
that immune complexes are formed in response to a foreign
antigen to enhance the targeted action of other inflammatory cells
and stimulate phagocytosis of the antigen to remove it from the
circulation. While this is an interesting finding, there has been no
significant correlation between immune complexes and the severity
of illness in KD patients, likely due to incomplete data collection
and difficulties in identifying the phases of illness during which test
samples were collected. Studies that are more recent are needed
to investigate the role of immune complexes in the pathogenesis
of KD [75]. An exorbitant immune system activation may occur
in KD causing macrophage activation syndrome (MAS), a
rare complication that can occur at any stage of KD and lead to
increased cardiac complications and high mortality, highlighting
the importance of timely diagnosis and management [76].

Studies have shown that this immune response is strongest during
the first few weeks of infection with many inflammatory molecules
such as cytokines and C-reactive protein being released into the
bloodstream. This could be related to the increased expression of
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cytokines such as IL-1, IL-6 and IL-8 [75]. Tumor necrosis factor-
alpha (TNF-a) levels are raised more significantly in patients with
KD who develop coronary artery aneurysms as compared to those
without. This could be related to TNF-a triggering the release of
chemokines by endothelial cells, increasing permeability of the
endothelial lining to other inflammatory cells such as neutrophils
and causing more severe damage to the affected arteries.
Superantigen binds to T cell receptor induce release of immune
mediators IL6, TNF alpha, TGF beta. Identification of CD8", T
lymphocyte, IgA plasma cells and macrophages in coronary
arteries suggest viral etiology [77]. Hence, both infections and
immune component actively takes part in the pathogenesis of KD
(Figure 3B).

Circulating Platelet-Neutrophil Aggregates play a significant
role in KD

Platelet activation at the site of inflamed endothelium contributes
to vascular inflammation and vascular wall remodelling. Released
chemokines from activated platelets, such as platelet factor 4
(PF4), CXCL7 and B-thromboglobulin (B-TG), have important
effects on vascular inflammation. Vascular injury may lead
to increased platelet activation with neutrophil and monocyte
infiltration, as well as increased platelet adhesion and aggregation
via the release of inflammatory cytokines. Circulating platelet-
neutrophil aggregates amplify acute inflammation and exhibit
a hyper-reactive response that could promote the development
of thrombotic and inflammatory disease, obstruct the flow of
coronary micro vessels, and contribute to vascular inflammation
and tissue injury. Likewise, activated platelets and neutrophils
have been demonstrated during the acute phase of KD-associated
inflammation and may be contribute to the occurrence of coronary
artery aneurysm [78]. Therapeutic inhibition of platelet-neutrophil
aggregates reduces neutrophil recruitment and permeability and
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may help to attenuate organ damage and mitigate the inflammatory
process. Cortico steroids may cause inhibition of platelet adhesion,
spreading, aggregation, thrombus formation and the interaction of
platelets with monocytes through regulation of P2Y12 receptor
signalling, which is the main platelet receptor responsible for
ADP induced platelet activation. Thus, prednisolone has a role
in helping to control vascular and thrombotic Diseases. The use
of corticosteroids as part of a combination treatment may have
a beneficial effect on terminating the inflammatory process by
its anti-inflammatory property, which suppresses immune cell
activation, proliferation, and cytokine production, as well as by
its ability to decrease endothelial expression of cellular adhesion
molecules in the acute phase of KD. However, previous studies
have suggested that the use of corticosteroids for patients with KD
should be limited because such treatment may be linked to a higher
incidence of CAA and impaired vascular remodelling. The main
benefit of corticosteroid combination treatment is considered early
suppression of the vasculitis that precedes vascular remodelling [78].

Pathways for Nuclear factor Kappa B (NF-kB) Signalling in
the Cytoplasm and the Mitochondrion

Macrophages play key role in the inflammatory process.
Angiotensin I in turn release NADPH (Nicotinamide adenine
dinucleotide phosphate is a required cofactor for CYP-mediated
biotransformation, and oxygen serves as a substrate). Singlet
Oxygen releases from the NADPH oxidase and singlet oxygen
convert low-density lipoprotein to oxidised LDL that in turn release
the transcription factor nuclear factor kappa B (NF-kB), regulates
multiple aspects of innate and adaptive immune functions, and
serves as a pivotal mediator of inflammatory responses (Figures
4 & 5).

NF-xB tri-subunit complex exists in an inactive state in the
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Figure 4 A-B: A; Shows role of macrophages and various process in turns release of singlet oxygen leading to inflammatory mediators through
NF-«B. B; Role of TNF alpha in the production of NF-kB at the mitochondrial level leading to inflammatory cascade with cellular death. NADPH,;
Nicotinamide adenine dinucleotide phosphate, NF-«xB transcription factor nuclear factor kappa B. e-Nos; endothelial nitric oxide. ACE: angiotensin

converting enzyme. AT II; angiotensin II, NO; Nitric oxide
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Figure 5: NF-«xB induces the expression of various pro-inflammatory genes, including those encoding cytokines and chemokines, and participates in
inflammasome regulation. NF-kB is an inducible transcription factor, which can activate transcription of various genes and thereby regulate inflammation.
NF-«B target inflammation not only directly by increasing the production of inflammatory cytokines, chemokines and adhesion molecules, but also
regulating the cell proliferation, apoptosis, morphogenesis and differentiation.

cytoplasm. NF-kB activation is initiated by TNF-a binding to
TNF receptors. Intrinsic apoptotic pathway stimulation by NF-
kB activation in mitochondria leads to cytochrome c release,
thus triggering caspase cascades and programmed cell death.
NF-kB induces the expression of various pro-inflammatory
genes, including those encoding cytokines and chemokines,
and participates in inflammasome regulation. In addition, NF-
kB plays a critical role in regulating the survival, activation and
differentiation of innate immune cells and inflammatory T cells
(Figure 5). Consequently, deregulated NF-kB activation contributes
to the pathogenic processes of various inflammatory diseases [79,80].

Role of Antioxidants in Mitigation of Vasculitis

The goal of initial management in KD is to reduce inflammation.
Intravenous gamma globulin and aspirin form the gold standard
regime. A multicentre randomized controlled trial in the United
States demonstrated the effectiveness of the combination in
lowering coronary artery lesions in KD. Antioxidants can reverse
endothelial dysfunction induced by methionine and restore the
endothelial function in hyperlipidaemia, and they can slow down
the thickening of arteries. A trial of antioxidants in prevention of
coronary artery leisions in horese mediated vasculitis in swine
model showed potential relevance of antioxidants as an add on
therapy in mitigation of coronary vasculitis in KD [74]. The role
of antioxidants in protection against cardiovascular disease prevents
endothelial dysfunction in humans by regulating endothelial NO
levels as well as by inhibiting cardiovascular inflammation, lipid
peroxidation, platelet aggregation, and low-density lipoprotein
oxidation [74].

Reactive oxygen species generated by activated polymorpho-
neutrophils are directly toxic to endothelial cells and are a potent
cause of endothelial cell damage. The role of antioxidants in
protection against cardiovascular disease prevents endothelial
dysfunction in humans by regulating endothelial NO levels as well
as by inhibiting cardiovascular inflammation, lipid peroxidation,
platelet aggregation, and low-density lipoprotein oxidation
[81]. Chain-breaking antioxidants such as vitamins C and E are
powerful reductants that scavenge free radical species to prevent
further oxidation. Phagocytic cells, including neutrophils and
macrophages, generate NO via NO synthase that is inducible by
immunological stimuli such as endotoxin (Lipopolysaccharides)
and various cytokines [82]. The broader role of NO in the
inflammatory response is not well established, although the
reactivity of NO or its potential conversion product, peroxynitrite
anion, with sulfhydryl groups indicates the possibility of cellular
biochemical targets, the alteration of which would put tissue at
risk. The protective effects of NO synthase in immune complex-
induced vasculitis were also studied by Mulligan et al. [83]. There
is increasing evidence that lipoprotein oxidation plays an important
role in the vascular endothelial damage and atherosclerosis [83].
In various areas of this cycle can break and can mitigate the
pro-cytokines and further inflammations in KD coronary artery
lesions (Table 2). LDL to oxidised LDL and can be reduced by
administration of vitamin C, E, Statin and PPAR (PPAR agonists
are drugs which act upon the peroxisome proliferator-activated
receptor. They are used for the treatment of symptoms of the
metabolic syndrome, mainly for lowering triglycerides and blood
sugar). Same way NFkB and NADPH oxidase can be reduced by
giving statin and PPAR agonist. Vitamin C and Statin have role in
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Table 2: Intervention of coronary artery lesions by various therapeutic agents and it’s possible mechanisms, acting at different stages in production of

pro inflammatory cytokines and chemokines.

Neutralisation of bacterial super antigens and other infectious agents, and pathogenic auto antibodies. Inhibition of production of TN-a,
IVIG Suppression of production of pro-inflammatory cytokines. The modulation of cytokine production, neutralization of toxins Enhancement of
regulatory T cells, Inhibition of differentiation Th 17 cells Antioxidative effects (reduction of NO production by Neutrophils.
TNF-a receptor antagonists. Infliximab is a chimeric monoclonal immunoglobulin-G antibody that targets transmembrane TNF-a. Inhibition of
Infliximab TNF alpha inturn prevention of NF-kappa B, so that various mechanisms in molecular level such as in proliferation, inflammatory responses,
angiogenesis, pro-inflammatory cytokines /Chemokines and apotosis can be prevented.
o Is a soluble fusion protein receptor that .w_orks more broadly on TNF _(B.oth. TNF—(x and lymphotoxin), and binds to only circulating TNF-a, not at
the transmembrane TNF-a, thereby avoiding the adverse effect seen in infliximab.
. Vitamins A, C E can Scavenges Singlet Oxygen, inhibition of LDL to oxidised LDL in turns to NFkB can be prevented. Vitamin C can prevent
Antioxidants . . . »
e-NOS in turns to peroxynitrate with help of O2- can be prevented.
Statins Prevention of LDL to Oxidised LDL, Angitensisn II to NADPH oxidase.
Aspirin Important anti-inflammatory activity (at high doses) and antiplatelet activity (at low doses).
Ulinastatin Urinary tripsin inhibitor and has a property to inhibit neutrophil elastase.
Methotrexate A folic acid ante.lgonist suppresses lmphocyte proliferation 'fmd.has role iq modulating cytokines especially IL-6 highly expressed in KD. Inositol
Triphoshate 3-Kinase C act as a negative regulator of T-cell activation and activated T cells may play a pivotal role in pathogenesis of KD.
Cyclosporin Suppress the activity of T cell.
Inhibits T cell activation and TNF-a production in peripheral immune cell and also inhibits directly MMP-9 enzymatic activity derived from
Doxycycline TNF-a-stimulated vascular smooth muscle cells. Therefore, doxycycline can mitigate TNF-a-induced MMP-9-mediated coronary elastin
breakdown and improve coronary outcome.
It acts in various ways to decrease the inflammatory cycle including; dampening the inflammatory cytokines cascade including: dampening the
Methyl Prednisolone inflammatory cytokine cascade, inhibiting the activation of T cells, decreasing the extravasation of immune cells into the central nervous system,
facilitating the apoptosis of activated immune cells, and indirectly decreasing the cytotoxic effects of nitric oxide and tumor necrosis factor alpha.

IVIG; Intravenous immunoglobulin, IL-6; interlukin-6, LDL; low density lipoprotein; NF-kappa B; nuclear factor kappa B, TN-o; Tumor necrosis
factor-alpha, NADPH; Nicotinamide adenine dinucleotide phosphate, MMP-9; matrix metalloproteinase-9.

reducing release of singlet oxygen from endothelial nitric oxide
(Figure 4). TNF alpha and NFkB inhibitors can stop apotosis or
celluar damages in the coronary endothelium (Figure 5).

Conclusions

The specific etiology remains inadequately understood in
Kawasaki disease. However, circulating immune complexes
triggered by various ectiologic agents play a key role in the
pathogenesis of coronary vasculitis in KD. Horse serum-induced
Type III hypersensitivity reaction in swine indicates that serum
sickness is a prototype of immune complex vasculitis, and the
signs and symptoms of coronary artery dilation in swine resemble
those of KD. Therefore, interrupting immune complex formation
via treatment trials either in isolation or in combination, targeting
various steps in the pathogenesis of coronary artery lesions,
such as the production of inflammatory cytokines, chemokines,
TNF alpha, NO, bacterial superantigens and specific pathogenic
autoantibodies, will certainly be given a ray of hope.
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