Effect of pirfenidone on cardiac complications in a model of
Kawasaki disease in female Balb/C Mice: Histological and
Immunohistochemical study
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ABSTRACT

Introduction: Kawasaki disease (KD) is an immune mediating vasculitis affecting many systems especially the cardiovascular
system. Pirfenidone is known for its anti-fibrotic and anti-inflammatory effects.

Aim of work: to study the possible protective effect of pirfenidone on cardiac complications in a model of KD induced by
Bacillus Calmette-Gue rin (BCG) injection.

Materials and Methods: This study included 18 female Balb/C mice that were divided into three groups. Group I (control
group), group II (KD group) that received single injection of BCG in tail vein, and group III (pirfenidone group) that received
BCG as group II and daily oral pirfenidone till end of experiment. All mice were sacrificed 21 days after the injection, hearts
were collected and examined.

Results: Group Il revealed irregular separated cardiac myocytes and interstitial inflammation. Coronaries were seen with thin
wall and irregular lumen. Localized intimal thickening and irregularly arranged smooth muscles were noticed in the media.
Perivasular inflammation was also noticed. Mallory stained sections revealed interstitial, vascular and perivascular fibrosis.
Orcein stained sections revealed disruption of internal and external elastic laminae. Positive immune reaction for TNF-a was
also noticed in group of KD. Pirfenidone treatment minimized the histological changes induced in KD. Little mononuclear
cellular infiltration was still noticed in the myocardium. Moderate collagen fibers were seen in the adventitia and intact elastic

laminae.

Conclusions: Pirfenidone aborted the cardiovascular complications associated with KD.
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INTRODUCTION

Kawasaki disease (KD) is an acute, self-limited
vasculitis of unknown etiology!"?. It was first described by
Tomisaku Kawasaki in Japan in 196754, and had replaced
acute rheumatic fever as the leading cause of acquired
heart disease among children in many parts of the world®!.
Kawasaki disease primarily affects infants and young
children®. It is considered to be an immune-mediated
systemic vasculitis and is also known as mucocutaneous
lymph node syndrome. The disease affects the skin, lymph
nodes, brain, eyes, joints, liver, and heart*,

Incidence of KD has continued to rise around the world
and took the top spot in pediatric acquired heart diseasel*®!.
Cardiovascular sequel of untreated KD in young adults
include myocardial ischemia, infarction, arrhythmia,
congestive heart failure, sudden death®’# and also valvular
lesions!®. The most important and serious lesions in KD are
coronary artery lesions!!*¢!%1.121 which can cause coronary
artery aneurysms or stenosis®'?l. Coronary artery aneurysm
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is a serious complication of KD and develop in 5% of
treated and 30% of untreated patients!"-"!. Complications
of coronary artery aneurysms associated with KD, include
thrombosis, distal embolization, rupture, and vasospasm.
The inflammatory process in KD may also result in
myocarditis™!*'%, pericarditis, and endocarditis?®!.

The diagnosis of KD is made according to “Diagnostic
Guidelines of KD” that describe the following six major
findings. (1) Fever persisting for five days or more (inclusive
of cases in which the fever has subsided before the 5th day in
response to therapy). (2) Bilateral conjunctival congestion.
(3) Changes of lips and oral cavity: as reddening of lips,
strawberry tongue, and diffuse congesition of oral and
pharyngeal mucosa. (4) Polymorphous exanthema. (5)
Changes of peripheral extremities: in Acute phase: Redness
of palms and soles. Convalescent phase: Membranous
desquamation from fingertips. (6) Acute nonpurulent
cervical lymphadenopathy®'?). Patients with at least five
of the above six major findings are diagnosed as typical
KD (described as “level A certainty”). A diagnosis of
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atypical KD (“level B certainty”) is made for patients with
four of the six major findings. Physicians should prescribe
high-dose intravenous immunoglobulin (IVIG) therapy
for patients with at least four major findings as those for
patients with typical KDP!. Treatment with IVIG should be
started within the first 10 days of fevert*'l,

Administration of a single dose of IVIG in conjunction
with aspirin within the first 10 days after the onset of
fever reduces the incidence of coronary aneurysms from
25% to 3- 5%, In Egypt, treatment of KD by IVIG
is available only in certain governmental and university
hospitals where its high cost is covered by the government
and partly by insurance. However, many patients are not
covered by insurance and the co-payment is prohibitive
for many families. In Egypt, the incidence of KD is still
unknown. But, it was found that 6.7% of young adults (40
years or younger) who undergo angiography to evaluate
symptoms of suspected myocardial ischemia have coronary
artery aneurysms that may be due to antecedent KD. This
raises the possibility that KD is not uncommon in Egypt.
Reports from around the world suggest that where there are
children, there is KD,

Prevention and treatment of coronary artery disease
is the most important target of KD treatment!®. Recent
studies also suggest that early and aggressive treatment of
the blood vessels inflammation caused by KD may reduces
the future risk of developing accelerated atherosclerosist’!.

Pirfenidone is an orally active small molecule
consists of modified phenyl pyridone ring!'. It exhibits
antinflammatory and antifibrotic effects. Pirfenidone was
also reported to reverse and prevent cardiac remodeling
and fibrosis in diabetic hearts from streptozotocin-treated
rats!®l,

It was reported that flare and formation of crust at site
of BCG inoculation is one of the typical symptoms of
KD listed in the diagnostic criteria. It was suggested that
a cross-reactive immune response to BCG and human
antigens might cause immunopathogenesis that leads to
systemic vasculitis characteristic of KD. Therefore, it was
hypothesized that antigenic proteins of BCG might induce
an immunopathologic reaction in the vascular wall®),

The present study was designed to clarify the possible
protective effects of pirfenidone on cardiac lesions in a
model of KD induced by BCG injection in female Balb/C
mice.

PATIENTS AND METHODS

Experimental Animals:

Eighteen female Balb/C mice 68- weeks old (1820-
gram) were purchased from National Research Institute
(Cairo, Egypt) and were housed in animal room in the
Medical research center in Ain Shams University, with
12h light/dark cycle with free access to water. All animals’

procedures were approved by the Institutional Animal
Ethics Committee of Ain Shams University, Faculty of
Medicine.

Experimental protocol:

After one week acclimatization period, mice were
randomly divided into three groups, six animals each:

Group I (control group): cach mouse received single
injection of 0.2 ml Sauton growth medium in the tail vein
at day zero. They also received 0.5ml saline by gastric
gavage daily, and then they were sacrificed on day 21.

Group II (group of KD): mice received single
injection of BCG in the tail vein (0.2 ml/mouse) at day
zero. Mice were sacrificed on day 210718

Group III (Pirfenidone treated group): mice received
single injection of BCG (0.2 ml/mouse) in the tail vein, and
pirfenidone 500mg/kg/day by gastric gavagel'”); starting
with BCG injection (day 0) till the end of experiment on
day 21th.

Drugs:

BCG vaccine: is a culture preparation of BCG, an
attenuated live strain freeze-dried form of BCG supplied
as a white powder in a vial. It was provided with a Sauton
growth medium for dissolving, consisting of sterile PBS
containing 0.025% polysorbate 80. The concentration of
the vaccine is 8 x 10° to 32 x 10° colony forming units per
0.1 mg BCG.

It was a gift from Veterinary Serum and Vaccine
Research Institute, bacterial diagnostic product research
department, Abbasia, Cairo, Egypt.

Pirfenidone tablets as Pirfenex Cipla (India) were
dissolved in normal saline (0.9% NaCl).

Sample collection:

At the end of the experiment, all animals were sacrificed
after ether inhalation anesthesia. Hearts were taken to
examine the left ventricle and coronaries (especially the
proximal parts). Specimens were fixed immediately in
10% formol saline solution and were processed to obtain
paraffin sections of five pm thickness. Sections were then
subjected to H&E stain, orcein and Mallory's triple stainf*”.

Immunohistochemical study:

Paraffin sections were also stained with avidin-biotin
peroxidase for demonstration of cells immunoreactive to
tumor necrosis factor- alpha (TNF-o) and counterstained
with Hx. Antibodies against TNF-a were purchased from
R&D Systems (Minneapolis, Minnesota, USA). TNF-a
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expression was cytoplasmic immunopositive reaction.
According to some authors, to detect any unintended
background staining, the regular immunohsitochemical
staining protocol was processed on rat thoracic aorta
without adding the primary antibody (negative control)i!,

Morphometric and statistical study:

Samples were analyzed by using Leica DM2500
microscope with built in camera (Wetzlar, Germany). All
images were digitally acquired using an image analyzer
Leica Q win V.3 program (Wetzlar, Germany) installed on
a computer in the Histology & Cell Biology department
faculty of Medicine, Ain Shams University. Five different
non overlapping fields from five different sections of
different mice were examined in each group for measuring
the mean area percentage of collagen fibers between
cardiac myocytes and the mean area percentage of positive
immune reaction for TNF-a.

All measurements were taken at magnification of x200.
All data were collected, revised, and subjected to statistical
analysis using one-way analysis of variance (ANOVA)
performed using SPSS.21 program (IBM Inc., Chicago,
Illinois, USA). The significance of data was determined
by P values. P values greater than 0.05 were considered
non significant (NS) and P values less than 0.05 were
considered significant.

RESULTS

In mouse model of KD, examination of the
myocardium in H&E stained sections revealed irregularly
arranged distorted separated cardiac muscle fibers, with
deep acidophilic cytoplasm, loss of striations, rarified
myofibriilar content, and degenerative changes in the
nuclei as pyknosis and Karyorrhexis. Inflammatory
cells were also seen in the interstitium between cardiac
muscle fibers (Fig. 2). Extravasation of blood was seen
between the degenerated cardiac myocytes. Adipocytes
were also seen between cardiac muscle fibers (Fig. 3).
Coronaries were frequently seen with irregular lumen

and localized areas of intimal thickening. Focal areas
of denuded endothelium were also seen. The media of
some coronaries showed focal degeneration (Fig. 4). The
media also appeared with disoriented irregularly arranged
smooth muscle cells (Fig. 4 and 5) which were seen
sometimes vacuolated. Shrunken deeply stained pyknotic
nuclei, were also seen in some smooth muscles of media
(Fig. 6). Perivascular inflammatory infiltration was
also frequently noticed in most of the coronary vessels
(Figs. 2, 4 and 5).

Pirfenidone treated mice showed greatly minimized
histolopathological findings, compared to those of group
II. Cardiac muscles were seen with acidophilic cytoplasm,
vesicular nuclei, and distinct striations (Fig. 7). Cellular
infiltration was infrequently seen in-between cardiac
myocytes (Fig. 8). Most of the coronaries were seen with
normal architecture (Fig. 7).

In a mouse model of KD, Mallory stained sections
showed increased collagen fibers between the cardiac
myocytes (Fig. 10), and in the adventitia of coronary
vessels (Fig. 11 and 12). Increased collagen content was
also noticed extending in the media of some coronary
vessels (Fig. 12). While in pirfenidone treated mice,
minimal amounts of collagen fibers was noticed in-
between cardiac myocytes and an apparent minimal
increase was also noticed in the adventitia of some
coronary vessels compared to the control group (Fig. 13).

In orcein stained sections, coronaries of KD model
showed disruption of internal elastic lamina (IEL) and
sever distortion of external elastic lamina (EEL) (Fig. 15)
with fragmentation of elastic fibers in the media. While in
pirfenidone treated mice, intact wavy IEL and EEL were
seen in most of the coronaries (Fig. 16).

In mouse model of KD, intense positive immune
reaction for TNF-a was frequently seen (Fig. :18), while
in pirfenidone treated mice, weak immune reaction for
TNF-a was infrequently seen (Fig. 19).

Table 1: showing the mean + SD of area percentage of collagen fibers between cardiac myocytes and positive TNF-o immune reaction in

different groups

Area % of fibrosis (Mallory's stain)

Area % of positive
TNF-o immune reaction

Control group 4.6+0.3
KD group 14.3£1.2%
Pirfenidone group 7.3+-09A

1.5+0.6

12.7+1.1%*

29+1.0A

SD= Standard deviation

*Significant increase compared to other groups
A Significant decrease compared to group II
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Histomorphometric results confirmed the previous
histological findings. A significant increase in both the
mean area percentage of collagen fibers between cardiac
myocytes, and the mean area percentage of TNF-o immune

reaction was noticed in KD group compared to the control
group. While pirfendione treated mice showed significant
decrease in both parameters compared to KD group (Table
1, Histogram1).

B Mallory's stain

B TNF-a

16

14

12
10

Control group KD group

Pirfenidone group

Histogram 1: showing the mean area % of collagen fibers and positive TNF-o immune reaction in the different groups

Fig. 1: showing acidophilic cardiac myocytes running in
different directions and containing central oval vesicular
nuclei (7). Coronary artery is seen with intima (I), media
(M), and adventitia (A). Inset showing distinct striation in
the cardiac myocytes.

Group I (H&EX400) Inset X 1000

A SR RINND - e
Fig. 2: showing distorted widely separated cardiac
myocytes with deep acidophilic cytoplasm and dense
nuclei (1). Inflammatory cellular infiltration can be seen
in between myocytes with perivascular (A) inflteration
can also be seen. Inset showing loss of striation of cardiac
myocytes with rarified myofibrillar contents. Nuclei show
degenerative changes in the form of pyknosis (1) and
karyohexis (#).

Group II (H&EX400) Inset X 1000
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Fig. 3: showing extarvasation of blood between the
degenerated cardiac myocytes with pyknotic nuclei (A).
Adipocytes can also be seen between cardiac muscle fibers

(M.

Group IT (H&EX400)
B Y

Fig. 4: showing irregularity in the lumen of coronary
artery. The endothelium is seen denuded in focal area
(1). Disorientation of smooth muscle cells (11) is seen
in the media under the denuded endothelium. Area of
focal degeneration is seen in the media (*) Perivascular
inflammatory cells (A ) can also be seen.

Group II (H&EX400)

irregular intimal thickening and loss of endothelial lining
(1). Perivascular infiltration (A) can also be detected.
Notice the distorted widely separated cardiac myocytes
with deep acidophilic cytoplasm and pyknotic nuclei.
Group II (H&EX400)

Fig. 6: showing smooth muscle cells (1) in the media of
coronary artery with vacuolated cytoplasm. Shrunken
deeply stained pyknotic nuclei (A), are also seen in smooth
muscles of media.

Group II (H&EX400)

vesicular central nuclei (7). Notice coronary artery with
intima, media and adventitia. Inset showing distinct cross
striations.

Group III (H&EX400) Inset X1000
o~ . 1

Fig. 8: showing cellular infiltration in the myocardium.
Closely packed cardiac myocytes with acidophilic
cytoplasm and central vesicular nuclei are seen.

Group I (H&EX400)




Hammam et al.

Fig. 9: showing minimal amounts of collagen fibers in-
between cardiac myocytes (1) and in the adventitia of the
coronary artery (A)

Group I (Mallory's trichrome stain X 400)

Fig. 10: showing increased amount of collagenous fibers
(*) between cardiac muscle fibers.

Fig. 11: showing increased collagenous fibers in the
adventitia of a thin wall dilated irregular coronary vessel.
Group II (Mallory's trichrome stain X 400)

Fig. 12: showing increased collagenous fibers in the media
and adventitia of a coronary artery.
Group II (Mallory's trichrome stain X 400)

o A
(4

Fig. 13: showing minimal amounts of collagen fibers in-
between cardiac muscle fibers (1) and an apparent minimal
increase in collagen fiber content in the adventitia of a
coronary artery (A).

Group III (Mallory's trichrome stain X 400)
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Fig. 14: showing an intact wavy IEL and EEL (7). Thin

elastic fibers (A ) are seen in the media of a coronary artery.
Group I (Orcein stain X 400
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Fig. 15: showing localized area of loss of continuity of [EL
(1) and sever distortion of EEL (A) in a coronary artery.
Group II (Orcein stain X 400)
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Fig. 16: showing an intact wavy IEL (1) and EEL (A) in

Group III (Orcein stain X 400)
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Fig. 17: showing negative reaction for TNF- o between
cardiac muscle fibers.
Group I (Avidin-biotin peroxidase for TNF-a x 400)
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Fig. 18: showing frequent intense positive immune reaction

for TNF-a (1).
Group II (Avidin-biotin peroxidase for TNF-a x 400)
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Fig. 19: showing infrequent weak immune reaction for
TNF-a (1).
Group III (Avidin—biotin peroxidase for TNF-a x 400)

DISCUSSION

Kawasaki disease is a childhood vasculitis of blood
vessels predominately affects medium sized arteries
with a striking predilection for the coronaries™!.
Myocardial ischemia remains an important concern.
Some authors reported that patients with KD might be
at risk of developing ischemic cardiomyopathy due to
abnormal myocardial perfusion and reduced coronary
flowl!!2,

The clinical course of the disease has been
described in three phases: the acute phase begins with
an abrupt onset of fever, followed by conjunctivitis,
rash, involvement of the oral mucosa, redness, swelling
of hands and feet, and enlargement of cervical lymph
nodesB4. It lasts 12- weeks and myocarditis is the
main feature. The subacute phase lasts till the 4" week
with development of coronary artery aneurysms!?.
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During this phase desquamation of skin of fingers
and toe tips occurs. The convalescence stage usually
lasts for eight weeks. About 15%-25% of cases result
in coronary artery aneurysms or ectasial. If the
diagnosis is not established and the treatment is not
instituted, some patients may suffer from sudden death
secondary to myocardial infarction, or coronary artery
rupture, or may develop serious cardiac disease that
is unrecognized till symptoms of myocardial ischemia
and heart failure develop later in life. Occasional
patients have refractory KD that doesn't respond to
IVIG infusiont?.

The etiology and pathogenesis of the disease is
unknown, but it is thought to be of immunologic origin.
Increased activation of helper T cells and increased
levels of immune mediators and antibodies that destroy
endothelial cells have been detected during the acute
phase of the disease. It was hypothesized that some
unknown antigen triggers the immune response in a
genetically predisposed children®¢. Also, circulating
immune complexes; triggered by infectious agents;
have been detected in the early phase of KD patients.
Therefore, increased blood levels of cytokines and
fragments of endothelial cell adhesion molecules,
indicate widespread immune activation. The absence
of KD in neonates and its rarity in adults, suggests that
protection may occur through maternal antibodies and
through acquired immunity respectively!!%!3],

As flare and crust formation at the site of BCG
vaccination are observed in patients with KDU6|,
BCG inoculation could induce the production of
inflammatory cytokines, active free radicals, and nitric
oxide with subsequent activation of macrophages and
T lymphocytes to release several proinflammatory
cytokines, which have been proven to be a kind of cell-
mediated immune responsel??!,

It was reported that pirfenidone exerted anti-
inflammatory, anti-oxidant, and anti-fibrotic effects
on the heart!. The present study was designed
to investigate the potential protective effect of
oral pirfenidone (500mg/kg/day) on the cardiac
complications in a model of BCG-induced KD
(immune mediated).

Female Balb/c mice were used in this study as the
experimental and clinical data indicated that they have
a naturally occurring sexual dimorphism in the normal
immune responset?. Female Balb/c mice produce a
more vigorous cellular and humoral immune response,
have a more developed thymus, and have higher
immunoglobulin concentration!®!.

Young mice were used in this study, their average
weight ranged from 1820-gm, which were equivalent
to human age from four months to one year as it was

reported that more than 80% of patients with KD are
infants and children aged < 5 years!!®!3,

It was reported that, in immune complex diseases,
antigen antibody complex is formed in the circulation
leading to complement activation and deposition
of immune complex in the tissue, with initiation of
inflammatory reaction in various sites. It was also
reported that, when massive immune complexes
bind to inflammatory cells via Fc and complement
receptor, they trigger release of proteases; vasoactive
mediator; that increase vascular permeability. When
the complexes deposit in tissue, inflammatory reaction
occurs. Attempts of phagocytosis of immune complex
result in release of inflammatory mediators and
lysosomal enzyme that digest basement membrane,
collagen, and elastin. Immune complexes can also lead
to platelet aggregation that can lead to formation of
microthrombi producing local ischemial®l.

In the current study, administration of BCG vaccine
resulted in a picture similar to KD as reported by
other authors. Irregularly distorted widely separated
cardiac muscles!'*7 with loss of cross striation*”
and degeneration of myocytes with deep acidophilic
cytoplasm!''27 were noticed. Inflammatory cells were
also observed between cardiac myocytes™!'!! that was
suggestive of myocarditis which is considered as a
feature of KDP!!1327:28] Myocardial fibrosis was also
observed in this study in Mallory stained sections!®-!''-12].
This fibrosis was explained by authors who reported
that it might be due to previous ischemia in the area
perfused by the affected coronary artery®!l. Others
reported that increased collagen content is a common
response to myocarditis. Their results suggested that
cellular infiltration in the ventricular myocardium
develops in the acute phase of KD and persists fora long
time. They also noticed absence of myocardial fibrosis
in patients of KD with normal coronary arteries!'':'2.
It was also reported that endothelial abnormalities and
intimal proliferation may lead to cardiac ischemia with
subsequent myocardial infarction!'3l.

Fibrosis is a slowly-evolving process which leads
to chronic impairment of cardiac functions®. Areas of
fibrotic tissue compromise cardiac function and interfere
with coordinated electrical conduction and increase
vulnerability to arrhythmias®®. Cardiac fibroblasts are
the primary cell responsible for cardiac fibrosis. Several
studies illustrated that pirfenidone attenuates cardiac
fibrosis in different animal modelsP'. Transforming
growth factor- B (TGF-B) pathway is important for
endothelial/epithelial-to-mesenchymal transition and the
creation of myofibroblasts that influence the generation
of regulatory T-cellsi®>*¥, Myofibroblasts mediate
damage to the arterial wall through recruitment of pro-
inflammatory cells. Myofibroblasts can be generated
from many areas as endothelial cells, resident fibroblasts
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in the adventitia, smooth muscle cells,?! or recruitment
of pericyte-like progenitor cells. The mechanism of
myofibroblast differentiation involves several cytokines
as TGF-B, endothelin-1, angiotensin II, and platelet-
derived growth factor. These cytokines work together to
induce activation of the resident interstitial fibroblasts
and induce the expression of extracellular matrix
components, including collagen type 1P, Prevention of
myofibroblasts differentiation might therefore represent
a potential target for therapies aimed at limiting fibrosis
in the heart*!,

In the current work, pirfenidone exerted anti-fibrotic
effects as were evident in Mallory stained sections. This
was explained by authors who reported that pirfenidone
might inhibit cardiac fibrosis by suppressing cardiac
fibroblast activation, collagen synthesis, and inhibiting
the over-expression of fibrosis-related genes®*!. Others
reported that, pirfenidone reduced the expression of
profibrotic cytokines as TGF-pI'43031.353¢61" The best
known inducer of fibrosis is TGF- B, and is known to
induce the expression of fibrogenic mediators and
facilitate myofibroblasts differentiation*®!. Pirfenidone
also increases collagen breakdown by reducing the
TGF-B induced inhibition of the degrading enzymes;
the matrix metalloproteinases!'. Pirfenidone also
effectively inhibits the proliferation and differentiation
of myofibroblasts, collagen formation, and migration of
cardiac fibroblasts.

The clinical significance of KD stems from the
involvement of coronary arteries. Pathologic changes
outside cardiovascular system are of rare significancel*l.
Up to 25% of untreated children will develop permanent
damage of the coronary arteries!'"). In the current study,
coronary arteries showed various changes similar to those
of KD as reported by other authors. Coronaries were
frequently noticed with irregular lumens and thin walls!'!l.
Discrete regions of intimal proliferationt!®!13.1.28.1
vacuolation and disorientation of smooth muscle cells
in the media®®, perivascular infiltration®?], pyknotic
nuclei in the smooth muscles of the medial®”!, disruption
of the internal™>!%!"and external elastic laminae,!""'"and
deposition of collagen fibers in the walll'**] were seen.

It was noticed that apoptosis of vascular smooth
muscle cell that occurred in many arterial diseases;
including aneurysm and atherosclerosis?®”! was probably
due to nitric oxide which was known for its capability of
inducing apoptosis®l.

It was reported that, the coronary vessels in KD lose
their structural integrity resulting in focal weakness,
dilatation, and aneurysmal formation. In the healing
phase, the vascular wall could become progressively
fibrotic with intimal proliferation which may lead to
stenotic occlusion of the vessel overtime!'®.

Changes that occurred in the coronary vessels might
lead to thinning of the wall. Subsequent rupture of the
wall might occur with extravastion of blood between
cardiac myocytes. As a result of theses coronary
changes, ischemia of cardiac muscles could occur,
leading to necrosis of muscle fibers that appeared with
deep acidophilic cytoplasm and pyknotic nuclei. Some
cardiac myocytes were also seen replaced by fat cells.

Vascular inflammation observed in this study was
explained by some authors who reported that when
cytokines secreted by activated macrophages, stimulate
the hepatocytes to produce C- reactive protein which

combine with platelet-activating factor, inducing
platelet aggregation, granulocyte and monocyte
activation, smooth muscle contraction, increased

vascular permeability with neutrophil margination. It
was also reported that, in KD vasculitis is characterized
by T cell and macrophage activation in response to
unknown antigen. This leads to formation of antibody
against endothelial cells and smooth muscle cells, which
precipitates an acute vasculitisl.

In the current study, pirfendione was found to
abort perivascular and myocardial inflammatory
cells infiltration as it might inhibits the vascular
hyperpermeability**!

Moreover, Pirfenidone has immune modulating
activities. It inhibits expression of fibrogenic cytokines, as
TGF-B, interleukin (IL)-4, IL-13, and inhibits expression
of TNF-a. It also has anti-inflammatory effects that
result from the inhibition of pro-inflammatory cytokines.
Pirfenidone inhibits T cells proliferation in vitro and in
vivo. Pirfenidone also has an inhibitory effect on T cell
activation and production of multiple cytokines. The
later inhibitory effects are believed to help resolving
inflammation. TGF-P has an early pro-inflammatory role
in tissue, which can recruit monocytes and granulocytes
to the injured areas by acting as a chemoattractant*sl.
Several in vivo studies described the ability of pirfenidone
to regulate the production of cytokines and growth factors
or reduce oxidative stressi*-%. Pirfenidone inhibits
alpha-smooth muscle actin (a-SMA) expression in the
cultured cardiac fibroblasts. Alpha-SMA is involved
in morphologic transformation of fibroblasts into
myofibroblasts. Pirfenidone inhibits the perivascular and
interstitial tissue fibrosis, and reduces TGF-f1 mRNA
gene expression in mice cardiac tissuel*>!.

In the current study, immunohistochemical staining
for TNF- a was done. A significant increase in the mean
areca percentage of TNF-a positive immune reaction
were noticed in KD group compared to control group,
while significant decreases were noticed in pirfenidone
treated mice compared to KD group. It was reported that
pirfenidone reduces TNF-a expression®”. TNF-a plays a
vital role in various immune and inflammatory processes,
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including cellular activation, survival, proliferation, as
well as cell death by necrosis and apoptosis. TNF-a is
produced primarily by cells of hematopoietic origin as
monocytes and macrophages, when stimulated by innate
sensors, which are involved in initial step of host defense
against microorganisms, and are widely expressed on
immune cells™*’. It was reported that anti-TNF-a, could
have a role in KD patients who are IVIG-resistant.
Serum TNF-a is elevated in KD patients, and higher
levels correlate with the development of coronary artery
aneurysms™l. TNF q largely contributes to the progress
of inflammation in KD in the coronary arteries. This
was demonstrated in a TNF a knockout KD rat model
which was resistant to coronary arteries vasculitis?®?.
Pirfenidone also inhibits the expression of the pro-
inflammatory cytokine TNF-a, and is thus considered a
potent anti-inflammatory agent. Potent pirfenidone anti-
inflammatory effects could also be due to suppressing
nitric oxide synthase expression and acting as a scavenger
of reactive oxygen species!'l.

Experimental evidence demonstrated that presence
of TNF-a in tissue could induce inflammatory reactions,
hemorrhagic necrosis, fibroblasts proliferation, and
collagen deposition as well time and dose dependant cell
killing!*!l.

To the best of our knowledge, this is the first study
to address possible plausible coronary and myocardial
anti-inflammatory, anti-fibrotic effects of pirfenidone on
a model of BCG-induced KD in female Balb/C mice.
Such potential effects may have future therapeutic
implications in such grave and life threatening disease.
Further researches should be carried on to consolidate
the findings of the current study and to establish possible
immunological mechanisms of favorable pirfenidone
effects.

Cardiologists should be familiar and aware of the
signs and symptoms of acute KD to allow questioning of
the patient or parents about an antecedent KD. Features
of the illness that are frequently recalled by patients and
parents are the prolonged fever, rash, “bloodshot” eyes
in the acute phase, and peeling of the skin of fingers and
toes in the convalescent phase. Common misdiagnoses
for KD include viral syndrome, measles, scarlet fever,
allergic reaction to antibiotics, and Stevens Johnson
syndromel!!.

CONCLUSION

Already known anti-fibrotic, anti-inflammatory effect
of pirfenidone may be extended to include those of BCG
induced KD in female Balb/C mice, an effect which could
have potential therapeutic implications.

CONFLICT OF INTEREST

There are no conflicts of interest

ACKNOWLEDGMENTS

Many thanks are due to Prof. Doctor Adel Zohdy and
Prof. Doctor Amany Elshawarby for reviewing this paper.

REFERENCES

1. Dionne A, Ibrahim R, Gebhard C, Bakloul M, Selly
JB, Leye M, Déry J, Lapierre C, Girard P, Fournier A,
Dahdah N (2015). Coronary Wall Structural Changes
in Patients with Kawasaki Disease: New Insights from
Optical Coherence Tomography (OCT). J Am Heart
Assoc. 19: 4(5)

2. Fujii M, Tanaka H, Nakamura A, Suzuki C, Harada Y,
Takamatsu T, Hamaoka K (2016). Histopathological
Characteristics of Post-inflamed Coronary Arteries
in Kawasaki Disease-like Vasculitis of Rabbits. Acta
Histochem. Cytochem. 49 (1): 29-36

3. PorthCM, Matfin G, Kluwer W (2009). Pathophysiolgy
Concepts of Altered Health States. 8% edit. Lippincott,
Williams and Wilkins. P: 579-580.

4. Patel RM, Shulman ST (2015). Review Article
Kawasaki disease: a comprehensive review of
treatment options. Journal of Clinical Pharmacy and
Therapeutics. 40, 620—625

5. Meena RS, Rohit M, Gupta A, Singh S (2014). Carotid
intima-media thickness in children with Kawasaki
disease. Rheumatol Int. 34:1117-1121

6. Niu L, An XJ, Fu MY, He XH, Wang QW (2015).
Observation of Kawasaki disease-related indexes and
the study of relationship between myocardial enzyme
changes and coronary artery lesions. Eur Rev Med
Pharmacol Sci. 19: 4407-4410

7. Zasada M, Poplawska K, Mazurek P, Rzucidlo-
Hymczak A, Kuzma J, Kordon Z, Pilch B, Rudzinski
A, Pietrzyk JJ (2013). Coronary artery abnormalities
in Kawasaki disease. Folia Med Cracov. 53(1):13-21

8. Rizk SR, El Said G, Daniels LB, Burns JC, El
Said H, Sorour KA, Gharib S, Gordon JB (2015).
Acute Myocardial Ischemia in Adults Secondary
to Missed Kawasaki Disease in Childhood. Am J
Cardiol. 15; 115(4): 423-427.

9. JCS Joint Working Group (2014). Guidelines for
Diagnosis and Management of Cardiovascular
Sequelae in Kawasaki Disease (JCS 2013). Digest
Version. Circ J. 78(10):2521-62

10. Kliegman, Behrman R, Jenson H, Stanton B
(2007). Nelson textbook of Pediatrics. 18" edit.
Saunden, Imprint of Elsevier Inc., Philadelphia.
P: 1036-1041, 1987.

299



HISTOLOGY OF HEART IN KAWASAKI D.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Gordon JB, Kahn AM, Burns JC (2009). When
children with Kawasaki disease grow up: Myocardial
and vascular complications in adulthood. J Am Coll
Cardiol. 17; 54(21): 1911-1920.

Xie L, Wang R, Huang M, Zhang Y, Shen J, Xiao T
(2016). Quantitative evaluation of myocardial fibrosis
by cardiac integrated backscatter analysis in Kawasaki
disease. Cardiovascular Ultrasound. 12; 14:3

Zipes D, Libby P, Bonow R, Braunwald E (2005).
Braunwald's health disease. A text book of
cardiovascular medicine. 7" edit. Elsevier Saunders.
Phileadelphia Pennsylvania. P: 2105- 2106, 210

Ramos-Mondragoén R, Galindo CA, Garcia-Castafieda
M, Sanchez-Vargas JL, Vega AV, Gomez-Viquez
NL, Avila G (2012). Chronic potentiation of cardiac
L-type Ca2l channels by pirfenidone. Cardiovasc
Res. 96, 244-254

Mirkovic S, Seymour AM, Fenning A, Strachan
A, Margolin SB, Taylor SM, Brown L (2002).
Attenuation of cardiac fibrosis by pirfenidone and
amiloride in DOCA-salt hypertensive rats. Br J
Pharmacol. 135(4):961-8

Nakamura T, Yamamura J, Sato H, Kakinuma
H, Takahashi H (2007). Vasculitis induced by
immunization with  Bacillus  Calmette-Gue rin
followed by atypical mycobacterium antigen: a new
mouse model for Kawasaki disease. FEMS Immunol
Med Microbiol. 49(3):391-7

Wangoo A, Brown IN, Marshall BG, Cook
HT, Young DB and Shaw RJ (2000). Bacille
Calmette—Gue'rin  (BCG)-associated inflammation
and fibrosis: modulation by recombinant BCG
expressing interferon-gamma (IFN-g). Clin Exp
Immunol. 119:92-98

Zhang GL, Wang YH, Ni W, Teng HL, Lin ZB
(2002). Hepatoprotective role of ganoderma
lucidumpolysaccharide against BCG-
induced immune liver injury in mice. World J
Gastroenterol. 8(4):728-733

Garcia L, Hernandez L, Sandoval A (2002).
Pirfenidone effectively reverse experimental liver
fibrosis. J Hepatol; 37(6): 797-805

Suvarna SK, LaytonC, and Bancroft JD: Bancroft's
Theory and Practice of Histological Techniques.7th
edidtion, Churchill Livingstone, Elsevier: 179,199,381

Dabbs (2002). Diagnostic immunohistochemistry.
Churchill Livingstone, 2™ edition.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Guler R, Olleros ML, Vesin D (2005). Differential
effects of total and partial neutralization of tumor
necrosis factor on cell-mediated immunity to
Mycobacterium  bovis BCG infection. Infect
Immun. 73, 3668-3676

Yamagami K, Oka T, Wang Q, Ishizu T, Lee JK,
Miwa K, Akazawa H, Naito AT, Sakata Y, Komuro |
(2015). Pirfenidone exhibits cardioprotective effects
by regulating myocardial fibrosis and vascular
permeability in pressure-overloaded hearts. Am J
Physiol Heart Circ Physiol. 1; 309(3):H512-H522

Ansar Ahmed S, Penhale WJ, Talal N (1985). Review
article. Sex Hormones, Immune Responses, and
Autoimmune Diseases Mechanisms of Sex Hormone
Action. Am J Pathol. 121:531-551

Garcia-Pelayo MC, Bachy VS, Kaveh DA, Hogarth
PJ (2015). BALB/c mice display more enhanced BCG
vaccine induced Th1 and Th17 response than C57BL/6
mice but have equivalent protection. Tuberculosis
(Edinb). 95(1):48-53 Tuberculosis 95 (2015) 48¢53

Kumar V, Abbas A, Fausto N and Aster J. Robbin's
and cotran pathologic basis of discases. 8" edit.
Sanders Elsevier Philadelphia. 2010.

Yajima D, Shimizu K, Oka K, Asari M, Maseda
C, Okuda K, Shiono H, Ohtani S, Ogawa K
(2016). A Case of Sudden Infant Death Due to
Incomplete Kawasaki Disease. J Forensic Sci. 61
Suppl 1:5259-64.

Philip S, Lee WC, Wu MH, Mammen CK, Lue HC
(2014). Histopathological Evaluation of Horse Serum-
induced Immune Complex Vasculitis in Swine:
Implication to Coronary Artery Lesions in Kawasaki
Disease. Pediatr Neonatol. 55(4):297-305

Miric G, Dallemagne C, Endre Z, Margolin
S, Taylor SM, Brown L (2001). Reversal of
cardiac and renal fibrosis by pirfenidone and
spironolactone in streptozotocin-diabetic rats. Br J
Pharmacol. 133(5):687-94

Schaefer CJ, Ruhrmund DW, Pan L, Seiwert SD,
Kossen K (2011). Antifibrotic activities of pirfenidone
in animal models. Eur Respir Rev. 20(120):85-97

Shi Q, Liu X, Bai Y, Cui C, Li J, Li Y, Hu S, Wei
Y (2011). In Vitro Effects of Pirfenidone on
Cardiac Fibroblasts: Proliferation, Myofibroblast
Differentiation, Migration and Cytokine Secretion.
PLoS One. 6(11):¢28134

Shimizu C, Oharaseki T, Takahashi K, Kottek A,
Franco A, Burns JC (2013). The role of TGF-$ and

300



Hammam et al.

33.

34.

35.

36.

myofibroblasts in the arteritis of Kawasaki disease.
Hum Pathol. 44(2): 189-198.

Eleftheriou D, Levin M, Shingadia D, Tulloh R, Klein
NJ, Brogan PA (2014). Management of Kawasaki
disease. Arch Dis Child. 99:74-83.

Leask A (2015). Getting to the Heart of the Matter New
Insights In to Cardiac Fibrosis. Circ Res. 116:1269-
1276.

Lopez-de la Mora DA, Sanchez-Roque C, Montoya-
Buelna M, Sanchez-Enriquez S, Lucano-Landeros S,
Macias-Barragan J, Armendariz-Borunda J (2015).
Role and New Insights of Pirfenidone in Fibrotic
Diseases. Int J Med Sci. 14;12(11):840-7.

Visner GA, Liu F, Bizargity P, Liu H, Liu K, Yang J,
Wang L, Hancock WW (2009). Pirfenidone Inhibits
T Cell Activation, Proliferation, Cytokine and
Chemokine Production, and Host Alloresponses.
Transplantation. 15; 88(3): 330-338.

37.

38.

39.

40.

41.

Clarke M, Littlewood T, Figg N, Maguire J,
Davenport A, Goddard M, Bennett M (2008). Chronic
apoptosis of vascular smooth muscle cells accelerates
atherosclerosis and promotes calcification and medial
degeneration. Circ Res. 102:1529-1538.

Stefano GB, Goumon Y, Bilfinger TV, Welters 1D,
Cadet P (2000). Basal nitric oxide limitsimmune
nervous and cardiovascular excitation: human
ebdothelia express a mu opiate receptor. Progress in
neurobiology. 60: 513-530

Ma L, Guan YQ, Du ZD (2015). Salvianolic Acid B
Down regulates Matrix Metalloproteinase 9 Activity
and Expression in Tumor Necrosis Factor a induced
Human Coronary Artery Endothelial Cells. Chin Med
J (Engl). 5; 128(19):2658-63

Takeuchi O and Akira S (2010). Pattern recognition
receptors and inflammation. Cell 140, 805-820.

Rus HG, Niculescu F, Vlaicu R (1991). Tumor necrosis
factor-alpha in human arterial wall with atheroscelrsis.
Atheroscelrosis.89:247-254.

301



HISTOLOGY OF HEART IN KAWASAKI D.

o paidlal)

o Sl g8 [ el i gal A Gl cliclan o g g ) e il
Ao Uia AiliasS sieid s A sl s Al )3 puafinllall () )

R

J\#\ e SJLM ‘LfJSé:\..\A ca&;dﬂes.ﬂé
B AN -uadi (e Axala - ulal) A0S IR L ol 5 g L o geagd) aucd

Ay gadll e W15 QN Slea Aald anall 3 jeal o naall e Sigidie Y1 Lelio Lia e (Sl S (i e 2ay datial)
el s Calill almal) o 8 ¢ sl ey

0o palll Sl lS (a e zisal 8 il Clicliae o syl Jaisall B 8l 4 ) sdaad) Ga Ciagd)
> o o W s

de sanall e gama OO ) o)l apdi 23 /calld) o 58 L) (e 18 Al all o3a caledi séuad) (5 ha g ) gall
2550 (8 o o o) ) (g Ban] g i il (L SLud IS (2 ye Ao sane) Al A ganalle(iasliall de senall) (Y
e ) ALY Al de genall 3 LS a a2 Cls 3 (52 sl Ao sena) AN Ao ganall 5 o LA
ai L CRall amy 0 plall 5 galadl o sl () ) ey dpanall) el A el Al i L adll 80k e O s )
Land 5 ol ) 8 arens

Ol pdll s gy A Ll 3 ga g ae llll dliae LA (el g sl aae (e 400N de sanall il CidlS s ilidl)
e e sludd) COlmall ¢ jela s Akl ASLaws AUAT) ade Jan of LS Lgtnal AUl pae aa laall 348 ) Zaldl)
iy DA Caliv gy e (o) sllall Aray Ganidll CalS 4 seall e V) Jsa LAl Lyl Jaa o} s 1) 45,1
Laa o) doa Jlall s Alalal) hallaall dsgiiall & g Ul G ) sY) dbsa il il (and edal Lelsalas 4 geall de 5Y)
il 3 A1 () 5001 5l Ol el SLul KU1 (2 ye de same 8Ll o) o)) S Jalad (sl e lie Jad o) Liaf
O ol 2 g i) Aliae 8 3 51 il 5 LAY (g sla) L Y e Jolil) Lo | Sl S 8 sl gl
gkl miliiall 4Bl 5 A 8 aaY 5SI) el

Skl S i ey ddai yall 4 seall Ao 5V 5 Calill Cilieliae g2 ) lic ol szliiiay)

302



