Role of Basic / Translational

!'_ Research in Viral Myocarditis




i Talk about ....

1. Myocarditis.... Definition / Etiology
2. Pathogenesis: Viral
3. Diagnosis :
* Development of ELISA
4. Clinical course

« Outcome of Fulminant myocardtis and
prognostic factors

5. Treatment
» Developing antiviral agents
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Dallas Criteria

= Inflammations
= Active vs borderline

= inflammation cell infiltration with or w/o myocardial
necrosis or injury

= Inflammatory infiltrates;

= lymphocytic, eosinophillic, granulomatous
= Amount of inflammation

= Mild, moderate, severe

s Distribution of inflammation
= Focal, confluent, diffuse

<" Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center



Dallas Criteria

= Inflammations

= Active vs borderline
= inflammation cell infiltration with or w/o myocardial

necrosis or injury

Circulation 2006:113:876
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Biopsy at day 5 : Patchy interstitial W
and perivascular lymphoplasma cell .' PR ot
infiltration with multifocal myocyte i~ ‘! J

damage; consistent with lymphocytic [ V-, 0y

myocarditis
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| damage; consistent with eosinophilic myocarditis; suggestive of

. ' Ve
Interstitial eosinophilic and lymphocytic infiltration with focal myocyte -

hypersensitivity myocarditis
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Etiologic Agents of Myocarditis

Infectious Agents Toxic Agents Immunological

Virus _ Syndromes
Anthracyclines

mmonen SO cuecnoamines - Sg Sas
my Interleukin-2 2 O_We _'S
Coccaine arcoidosis
HCV . diabetes
Bacteria : Hypersensitivity Sarcoidosis
mycobacterial / streptococcal sulfonamide SLE
mycoplasma pneumoniae cephalosporin Takayasus’
Treponema pallidum diuretics/digoxin Thyrotoxicosis
Metazoa : Trichinosis, TCA Wegener's
Echinococcosis dobutamine PSS /MCTD

Protozoa : Trypanozoma cruzi
Fungus : Aspergillosis, Cadidiasis ....

< Sungkyunkwan Univ Sch of Med
63 °  Samsung Medical Center
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Incidence of

Viral Genomes In Myocardium

BERLIN

BAYLOR
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Virus
negative
53%
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Virus
34%

negative
33%

1%  Mixed Infllixs/nza
4% °

JAPAN

Hepatitis C virus
21%~-33%

@ Copyright 2008 by Saunders, an imprint of Elsavier Inc.
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Coxsackievirus Type B3 (CVB3)

7.4 Kb ssRNA picornavirus
= highly cardiotropic

= Induces myocarditis

= progress to cardiomyopathy

z

»:»‘«“«-\&Li [\ : a ’-. “Mi%l
64 Sungkyunkwan Univ Sch of Me
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TABLE 66-2 f:pandefl .Crlterla for Diagnosis of
yocarditis

Suspicious for myocarditis = 2 positive categories

D I ag n O Stl C Compatible with myocarditis = 3 positive categories

High probability of being myocarditis = all 4 categories positive

C rite ri a (Any matching feature in category = positive for category)
Category I: Clinical Symptoms

Clinical heart failure
Fever
Viral prodrome
o Fatigue
. Cllnlcal Sym ptomS Dysgnea on exertion
Chest pain
Palpitations

. Myoca rd |a I InJ u ry Presyncope or syncope

Category II: Evidence of Cardiac Structural/Functional Perturbation
C d . M RI in the Absence of Regional Coronary Ischemia

. ardiac Echocardiography evidence

Regional wall motion abnormalities
. Cardiac dilation

. Blopsy Regional cardiac hypertrophy
Troponin release
High sensitivity (>0.1 ng/ml)
Positive indium-111 antimyosin scintigraphy
and
Normal coronary angiography or
Absence of reversible ischemia by coronary distribution on perfusion

scan

DWW NN =

Category llI: Cardiac Magnetic Resonance Imaging
Increased myocardial T, signal on inversion recovery sequence
Delayed contrast enhancement following gadolinium-DTPA infusion

Category IV: Myocardial Biopsy—Pathological or Molecular Analysis

Pathology findings compatible with Dallas criteria

Presence of viral genome by polymerase chain reaction or in situ
hybridization @

T\KWAN &
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i Diagnostic evaluation

1. Endomyocardial biopsy

2.Cardiac biomarkers
= Troponin I; sensitivity 34%, specificity 89%
» CK, CK-MB;low predictive value
3. Immunologic Approaches
= |mmunohistochemical staining for Lc
= MHC expression — chronic for of myocarditis

4.Myocardial imaging

6” Sungkyunkwan Univ Sch of Med
O Samsung Medical Center Circulation 2006;113:876
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Pathologic changes in serial biopsy

Sungkyunkwan Univ Sch of Med

Samsung Medical Center



i Diagnosis of Viral Myocarditis

= Serology

= 4-fold increase of Neutralization Ab titer
= Virus culture Iin tissue
= Viral genomes In tissue

= by PCR, Hybridization

= Viral proteins in heart

<" Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center

19



Neutralization test with serial sera

——ATCC B4 —8—Day 1 =—&—Day 15 =—f—Day 30 =—e— Control serum

Cell survival

100%
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PFU assay from tissue with HelLa

Viable virus was isolated from frozen left atrial tissue at day 1.
The final concentration of virus was 1.5 x 10 PFU/m|

Sungkyunkwan Univ Sch of Med
Samsung Medical Center
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Detection of enteroviral Genome by
In situ Hybridization in CVB2 myocarditis

Badorff C. Med Microbiol Immunol (Berl). 2003 Aug 12

L
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i Diagnostic evaluation

3. Immunologic Approaches

= |[mmunohistochemical staining for Lc
=  MHC expression — chronic for of myocarditis

< Sungkyunkwan Univ Sch of Med
6 °  Samsung Medical Center
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Detection of enteroviral capsid protein
VP1 by immunohistochemistry

.. A:fatal myocarditis
Z B:D-CMP

- C: Chronic myocarditis

D : Negative control
with 1gG2a
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VP1

GAPDH

Biopsy of the left atrium at day 5 showed severe inflammation and myocardial necrosis (A, arrows)
with multinucleated giant cells (B, arrows), and enteroviral VP1 protein was detected in
immunohistochemistry (C, arrows). By reverse transcriptase—polymerase chain reaction, CVB
VP1 ribonucleic acid could be detected in all chambers of the explanted heart at day 10 (D, upper
panel). The titers of neutralization antibody for CVB3 in the patient’s serum at 7 days were

increased 8 times that at 1 day. (J Am Coll Cardiol 2010:56;e19)
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4. Myocardial imaging
= Echocardiography
= Rl imaging

- Gallium scan for inflammation
- In111 labeled anti-myosin RI scan for necrosis

= Contrast enhanced MRI

<" Sungkyunkwan Univ Sch of Med
6 °  Samsung Medical Center 26
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Chest PA
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Cine CMR (A) mildly increased LV wall thickness and moderate amount of pericardial effusion
- (B) LV wall thickness was normalized and pericardial effusion was disappeared.

T2 signals were increased in LV myocardium and pericardium(C) - T2 signal was normalized
in myocardium and pericardium at 2 months later.
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Enteroviral capisid protein
ELISA kit to detect anti-

!'_ enteroviral antibody



Enteroviral capisid protein ELISA kit
to detect anti-enteroviral antibody
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Enteroviral capisid protein ELISA kit
to detect anti-enteroviral antibody

«ELISA J|YHE 0|20 Mouse EE0IA 2 AI2| BI04 A
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Enteroviral capisid protein ELISA kit
to detect anti-enteroviral antibody

+

e HIOIHAH A2 & Xl & X 830 A anti-CVB3
IgG/IgM & Xl S4

4500 =
4000+ —& sample1 [ghd

3500 —i— Sample QG

3000+
£ 2500+
D 2000-
1500
1000+
500-

0

06-01-04 06-01-11 060201 06-08-10
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Clinical Presentation & Evolution

Fulminant

Asymptomatic Chest pain Arrhythmias Heart failure

[\

; 1y

Sudden DCM @

Recovery DCM Recovery
(complete or (complete or cardiac
incomplete) death

incomplete)
Figure 3 Chinical presentation and evolution of acute viral myocarditis (dotted lines

indicate potential evolution). DCM, dilated cardiomyopathy.

A, Sungkyunkwan Univ Sch of Med
37

N Y,
6 Samsung Medical Center
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Definition of FM

= McCarthy (NEJM 2000;342:690) : FM should have
1. severe hemodynamic compromise requiring
>5 ng of dopamine or dobutamine /kg/min) or LVAD
2. histopathologically borderline or active myocarditis
3. at least two of the following clinical features
1) fever
2) distinct onset of symptoms of heart failure (fatigue,
dyspnea on exertion or at rest, or edema that could be
dated specifically to a one-to-two-day period)
3) history consistent with the presence of a viral illness
within the two weeks before hospitalization

<" Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center
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Prognosis of FM

100y Fulminant myocarditis
90—\ __________________ - 100,
_.-8 80_ _ 90: o
é 704 HL'—\—L 'L'_‘—\__\_‘ § gg 4 Active myocarditis
) 2 i
T 60+ j—;ﬁ_ e o S
E 501 E 40 - Borderline myocarc;it-}s‘:
g 404 Acute myocarditis % zg:
S 30- 10
: OI T T T T T T T T T T T 1
v 20+ 0 1 2 3 4 5 6 7 8 9 10 11 12
101 Years
0 I | | | I I I I I | | | 1
o 1 2 3 4 5 6 7 8 9 10 11 12
Years
Acute fulminant myocarditis (FM) is a distant clinical entity when
1i

compared with acute non-fulminant myocarditis (NFM), because has an
excellent long-term prognosis when recovered.

6” Sungkyunkwan Univ Sch of Med
7 7 Samsung Medical Center N Engl J Med 2000;342:690-5
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Case Presentation

+

P.M.HXx) not significant
P/E) acute ill-looking, JVP elevation (-)

RHB w/o murmur, no rales

< Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center
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+

Laboratory Test

1.

Lab test

> Troponin T (+) CPK 1323 IU/L
Coronary Angiography :

» normal

» Ergonovine test : normal
Echocardiography

> LV size : 35/50

> EF :77 %

<" Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center
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Hospital Course

i

At day 1.

During conventional CHF with S
diuretics

S) Pulmonary edema, oliguria,

hypotension (SBP 60 mmHQ)
O) Echocardiography
A) Cardiogenic shock
P) IABP

< Sungkyunkwan Univ Sch of Med
6 °  Samsung Medical Center 43



* Ventricular Assistant Device

{ |

Cardiology Division, SKKU
Samsung Medical Center
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Case of fulminant Coxsackieviral myocarditis
A, C) EKG and Echo at ER
B, D) EKG and Echo at day 10
E) Left auricle (H& E stain, x200)
F) Left Auricle (Masson’s Trichrome stain, x200)
G,H) Immunohistochemistry probed
by anti-enteroviral VP1 Ab.(G; x100,H; x400)

Jeon ES. NEJM 345:179, 2001
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Results of Neutralization Test

—— ATCC Ab —- 8A6 Ab
150 -0—Serum (2 days) -® Serum (21 days)
125 .\.//'\l\._’_.,/l\-.

n S TR

50

% of Cell Survival

— N <t oo © o <t 0
— - - - ] ™ © N
— - 3

i

Dilution Factor

< Sungkyunkwan Univ Sch of Med
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| Capsid Proteins _| Non-structural proteins i
CVER3

polyprotein | Ve VIZ| VP3| VIP1 [Pro2A] 2B | 2C| 3A | VPg| Pro3C |  STPOL

viral protein cleavage
In els

Pro2A

Normal Contractility 1 F-actin

. . ‘myocyte dysfuncti
Coxsackieviral protease  eceased force tansmission

“increased cell permeability

2A cleaves dystrophin :

Cardiomyopathy

(64/ SungKyunkwan Univ scn or ved
' Samsung Medical Center Badorff, Nat Med 5:320, 1999 47
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CVBa3 protease 2A cleaves
dystrophin-Sarcoglycan Complexes

CVB3, Dystrophin Add Evans blue Evans blue

:\634/ Sungkyunkwan Univ Sch of Med
wo),s  Samsung Medical Center Badorff, Nat Med 5:320, 1999 48
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Serial histological and immunohistochemical analyses of left appendage showed the enteroviral VP1
capsid proteins over the entire heart (A, day 1, 100; B, day 6, 400), with scant lymphocytes observed at
day 5. C, Hematoxylin and eosin stain, 400. Focal areas of myocardium displayed a loss of the
sarcolemmal staining pattern for dystrophin using antidystrophin Ab (NCLDYSA) that colocalized with

enteroviral capsid protein (D, merged image for serial sections, 200).

Jeon es. Circulation. 2006 Feb 14;113(6):e76-7

AL

1398

Samsung Medical Center
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Downloaded from heart.bmj.com on June 16, 2011 - Published by group.bmj.com

Myocarditis

Thioredoxin, adiponectin and clinical course of acute
fulminant myocarditis AasstracT

Background In an animal model of viral myocarditis,
Jin-0Oh Choi,' Sgg-Hyegn Yum1 Kiick plasma levels of thioredoxin and adiponectin have been

Fun-Seon Ju 1 Sang—ChoI | ee 1 Seur reported to be associated with the severity of
Fun-Seok Jerz)n1 ’ inflammation and recovery of ventricular dysfunction,

respectively. However, there have been few reports
about the clinical significance of these cytokine levels in
human myocarditis.

Objectives To examine the hypothesis that cytokine
levels correlate with clinical courses of patients with
acute fulminant myocarditis (FM).

Methods A total of 33 consecutive patients with
biopsy-proven acute myocarditis were evaluated. Twenty
patients were ascribed to an FM group and the other 13
patients were grouped as a non-fulminant group (NFM).
Plasma cytokine levels at the time of admission and after
2 weeks were evaluated and correlated with the duration
of mechanical circulatory support application.

Choi JH & Jeon ES.
Heart 2011 Jul;97(13):1067-73

< Sungkyunkwan Univ Sch of Med
16 ©  Samsung Medical Center
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i Ftiology of FM and NFM

= 15 (75%) patients with FM (n=20) had CVB myocarditis
= 5 on immunohistochemical analysis
= 5 on RT-PCR
= 13 on a neutralization test

= 5 (38%) patients with NFM (13) had evidence of CVB
myocarditis ( 1on IHC, 3 on RT-PCR, 1 one on NT test)

Method FM (n=20) NFM n=13
Immunohistochemistry ) 1
RT-PCR for Coxsackievirus 5 3
Neutralization test 13 1
Total (+) for CVB 15(75%) 5(38%)

< Sungkyunkwan Univ Sch of Med _
6 Samsung Medical Center Choi JH & Jeon ES. Heart 2011 Jul;97(13):1067-73



Etiology of FM and NFM

Table 1 Clinical features and laboratory findings of the individual study subjects

NT- D of
Patient Age SBP DBP vT/ LVEF Cr ProBNP TRX ADPN IL-10 TMNFz= sTNFR-II mMcs
No Group Sex (years) Hx {(mm Hg) (mm Hg) VF AVB PE (%) (mg/dl) (pg/ml) {ng/ml) (ng/ml} (pg/ml) (pg/ml) (pg/ml) IABP PCPS (days) Outcome
1 Fiv F 18.1 LC 53 42 Yes Mo Mo 25 1.15 7972 5.32 3.22 419 4.69 9.46 Yes Yes 30 Expire
2 Fiv M 37.2 LC 60 40 Yes Yes Mo 15 1.85 31029 1.86 3.32 2.45 414 11.6 Yes Yes 25 Expire
3 Fiv M 72.8 LC 84 64 Yes Mo Yes 10 2.16 8028 1.62 282 2.89 4.76 11.7 Yes Yes 21 Expire
4 Fiv F 56.5 LC 85 50 Mo Yes MNo 25 1.03 33446 2.92 549 2.01 4.68 10.8 Yes Yes 16 Survive
5 Fiv F 54.1 LC 46 37 Mo Yes MNo 15 1.37 9737 3.01 594 3.79 3.04 11.3 No Yes 14 Survive
6 Fm M 7.5 LC 145 82 Yes Mo Yes 35 1.06 13276 1.82 3mn 2.26 2.96 10.9 Yes Yes 12 HT/expire
7 FiM M 52.2 LC 110 90 Yes Mo Yes 20 1.22 30650 1.89 2.91 1.92 2.36 9.56 Yes Yes 11 Survive
8 Fm F 41.5 LC 73 44 Yes Yes Mo 45 1.14 =35 000 1.74 4.24 2.16 6.48 11.7 Mo Yes 10 Survive
9 Fiv F 39.6 GC 89 52 Yes Mo Mo 25 0.77 35000 2.08 7.74 2.42 3.06 9.51 Yes Yes 10 HT
10 Fiv F 29.9 Lc 77 48 Yes Yes Mo 30 1.18 4939 1.75 4.20 1.50 2.27 8.65 Yes Yes 8 Survive
1 Fiv1 F 27.7 LC 90 40 Yes No Yes 25 0.80 4245 1.41 4.38 1.47 2.39 9.39 Yes Yes 8 Survive
12 Fm M 27.5 LC 143 68 Mo MNo Yes 28 0.97 17100 7.66 3.09 37N 4.01 8.50 Yes Yes 7 Survive
13 Fm F 56.5 LC 91 63 Yes Mo Mo 18 1.52 11492 1.28 6.33 2.38 2.99 11.3 Yes Yes 6 Survive
14 Fim M 32.9 LC 7O 40 Mo Yes MNo 15 1.44 9110 1.41 388 2.1 3.49 11.3 Yes Yes 6 Survive
15 Fm F 41.5 LC 110 66 Mo MNo Yes 25 1.51 34684 3.40 5.84 2.69 2.72 10.7 Mo Yes 6 Survive
16 Fim F 44.8 LC 150 76 ¥Yes Mo Yes 10 1.03 20456 1.94 2.68 1.61 2.44 9.72 Mo Yes 6 Survive
17 Fm F 29.0 LC 92 45 Mo MNo MNo 19 0.93 13455 2.26 957 2.36 2.02 9.54 Mo Yes 5 Survive
18 Fiv M 14.3 LC 85 40 Yes Yes Yes 23 1.30 2093 6.63 6.51 2.39 2.97 10.8 Mo Yes 3 Survive
19 Fiv M 15.3 LC 90 60 Yes Yes Yes 25 8.12 =35000 8.30 9.79 4.77 6.05 11.0 MNo MNo 0 Survive
20 Fiv M 37.2 LC 82 52 Mo MNo No 42 0.84 10592 3.34 6.13 1.42 214 8.70 No Mo 0 Survive

= FM vs NFM 20: 13
= 3 patients expired / 2 patients - Heart transplantation

= 19 Lymphocytic myocardtis / 1 Giant cell myocarditis
= MCS duration: 0-30 days

=" Sungkyunkwan Univ Sch of Med _
Samsung Medical Center Choi JH & Jeon ES. Heart 2011 Jul;97(13):1067-73
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i Cytokines as prognostic factor
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(A) MCS duration
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Prognostic factors in FM survival

(B) Age
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i Treatment of Viral Myocardtis

1. Supportive care
* Hemodynamic stabilization
2. ACC/AHA guideline for LV dysfunction
» (3-adrenergic blocker / ACEI for all
» Aldosterone antagonist in NYHA FC -1V

3. Immunosuppressive agents

Q’L Sungkyunkwan Univ Sch of Med
* W) 3 Samsung Medical Center AHA/ACC Guidelines for HF. Circulation 2006;113:876
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Attachment . .

Decay- o CVB3 binds to decay-accelerating factor
accelerating i (primary attachment protein or coreceptor)

and coxsackievirus and adenovirus receptor

factor
" (internalization receptor)
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Anti-picornaviral agents

1. Capsid-binding :

» pleconaril, pirodavir (R 77975),
SCH 48973, SDZ 35-682,
Chalcone amides ...

2. Receptor binding:

Translation

> soluble ICAM-1
> CAR-DAF Ab
l i /_
l ProI | 0svanaend > CAR-DAF receptor trap
processing mj::i\,« /\,yﬁ’ 5 -
—_— 'F!SL W] m SIRNA 3. RNA synthesis
l &" e S;ﬁﬂ‘éfs » (+) plus-strand viral RNA
G~ NNNANA

synthesis inhibition by 3A
coding region control:
enviroxime ...

B E B
VPO VP3 VP1

4. Viral protease inhibitors
» 3C protease inhibitor
> 2A protease inhibitor

Release from
cells

> Polymerase inhibitor



Viral

Subacute Myocarditis

Time Course of Viral Myocarditis

Acute Myocarditis

infection

Myocyte
necrosis

Chronic Myocarditis

S
" W
Macrophage Infiltrating LR
activation mononuclear | VY
cells
Cytokine Wtz Cytotoxic
expression killer cells T lymphocytes
* Interleukin-1 B lymphocytes Fibrosis
* [nterleukin-2 + ] EE v
« Tumor necrosis Perforin +
factor

—» Nitric oxide

Cardiac dilatation

Neutralizing

Heart failure
antibodies

+ Interferon-v E
\

0 4 days 14 days 90 days
Viremia Viral clearing Absence of virus
Figure 2. Time Course of Experimental Viral Myocarditis in Mice.
Adapted from Kawai with the permission of the publisher. The timeline is not drawn to scale.
‘\\T%w,q.\. {/4/
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. Sungkyunkwan Univ Sch of Med
' Samsung Medical Center
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i CVB3 mycardtis model

At Day 0,
CVB3 10%pfu
infection i.p

1. Mortality changes for 3 weeks

2. Harvest heart, spleen, and serum

1) Virus titer in the organs by PFU assay
2) Degree of myocarditis by H&E stain

AKWAN,

S Sungkyunkwan Univ Sch of Med
6 °  S&Wsung Medical Center



Virus Titers
(Logig PFU/100mg of tissues)

12

10

0

Pathology and Virus titers
n organs of H3 infected mice

UDay 3
BDay 7
BDay 14

e [l

CVB3-H3 rCVB3-GFP  CVB3-H3 rCVB3-GFP

Heart Brain

Sungkyunkwan Univ Sch of Med

Samsung Medical Center
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Pathogenic Mechanism of Myocarditis

Autoreactive Heart
uscle Disease

Viral Infection

Acute Chronic

Antiviral Immunomodulating Immunosuppressive

Treatment

< Sungkyunkwan Univ Sch of Med
63 ©  Samsung Medical Center
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Myocarditis Treatment Trial

100 P=006 0407 o Immunosuppression
O(c‘; < Control
~— 80 ]
el _
E 604
o 1 !
= | i 0.30-
z 4y 2
(—g Contrgl_ ________ |
o 5 1
= f
@) ! .
Immunosuppression
O T T T 1 1 -
0 1 2 3 4 5 0.20
Year A Base Line Week 28 Week 52
Immuno. (n=110) (n=289) (n=84)
suppression 64 49 37 23 12 0
Control 47 32 23 16 6 0

= Results : No significant effects of iImmunosuppression
on NYHA FC, LVEF, Survival, PWP, LV dimension

(63¢ Sungkyunkwan Univ Sch of Med
DBOK Samsung Medical Center Mason, NEJM 333:269, 1995
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Pathogenic Mechanism of Myocarditis

Viral Infection

Acute

Autoreactive Heart
uscle Disease

Chronic

Antiviral Immunomodulating Immunosuppressive

Treatment

< Sungkyunkwan Univ Sch of Med
63 ©  Samsung Medical Center

@aqe

64



IRAP Clone : pCK-IRAP

= gDNA from peripheral blood lymphocytes

= Reverse transcription of human IRAP

= N-term : 5-AAGCTTATGGAAATCTGCAGAGGCCTCCGCAGTACAC-3’

= C-term : 5-GTCGACCTACTCGTCCTCCTGGAAGTAGAATTTGGT-3’

= Clone human IRAP into pCK plasmid

pCMV ||
A

A

Hind 111

PDCK-IRAP (4.3 Kb)
Kan' ColEl

M HIO|IZHE® 455, dd
6” Sungkyunkwan Univ Sch of Med
AON Samsung Medical Center Lee et al., BBRC 272:230, 2000
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Experimental Scheme of
IRAP effect on Myocarditis

At Day O,
CVB3 10%pfu
Infection I1.p

At day -3
pCI_(-_IRAP 40ug KR Mortality changes for 2 weeks
Injection 2. Harvest heart, spleen, liver and serum

1) Serum and heart : measure IRAP by ELISA
2) Virus titer of heart by PFU assay

3) Degree of myocarditis by H&E stain

. Sungkyunkwan Univ Sch of Med
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A
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Samsung Medical Center Jeon ES et al. Circulation 2002:105:1278
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Expressed IRAP decreased
mortality in CVB3 myocarditis

1.2 =
0N 1.0 +
rl;[l:'
T a4
= IRAP-CVB3
D gl (n=35)
= N
= - pCK-CVB3
= 2 ¥ [
':_:' ol ‘H'\-’,

|
I:ID L - - - -
Ly 5 10 15 20 25 20 a5

Survival Time(days)

< Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center Jeon ES et al. Circulation 2002:105:1278 67
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Expressed IRAP decreased
virus titer, inflammation and fibrosis

7 —
o6 BWpCK-CVB3
E m
ced T O/RAP-CVB3
5 g4 r P=NS
2ot |
g |
v o 2 152 229
I-:-"] |
0 0
0 1 1
Day 3 Day 7 Day 14

PCK-CVB3 pCK-IRAP PCK-CVB3 PCK-IRAP

T

\6% Sungkyunkwan Univ Sch of Med

). Samsung Medical Center Jeon ES et al. Circulation 2002:105:1278 68



1. CAR: Coxsackievirus and Adenovirus

Receptors of Coxsackievirus

Ig V-like Domain

Receptor(48kDa) -

High affinity receptor for both subgroup C adenovirus and CVB
CAR mediates attachment and infection by CVB

(Science 1999;286:1579)
ULy

2. DAF: Decay-accelerating factor: CD55 (70kDa)

3534’ Sungkyunkwan Univ Sch of Med

Fag®

A member of complement control protein family s
Regulators of complement activation

Act as an attachment receptor preliminary to viral cell entry
Some CVB group also have DAF binding activity while retaining
binding activity of CAR

(J Virol 1995;69:1903)

¥ SCR domain

1]l cen
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R

Samsung Medical Center GPI anchor



CAR and DAF

Collaboration of receptors

Attachment Collaboration Internalization

Figure 3. Co|laboration of receptors. CAR
and DAF receptors cooperate to permit
(\l uncoating of viral genome and internalization.

CVB-
Genome

o

s“g”f Sungkyunkwan Univ Sch of Med

5«&@ 2 Sdfsung Medical Center
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Virus Receptor Traps, express both CAR and DAF
attenuate coxsackievirus infection
In vitro and In vivo

Lim BK, Choi JH, Nam JH, Gil CO, Shin JO, Yun SH, Kim DK, Jeon ES.
Cardiovascular Research 2006;17(3):517-26.



Clone virus traps into pCK:Fc vector

o T

DAF |TM

+

O 0O W™ >

DAF [TM
i T
©)
©
©) @%
Q O
Y
A B C

A) CAR-Fc, B) DAF-Fc, C) DAF-CAR-Fc, D) CAR-DAF-Fc

, with or without TM (transmembrane domain)

AKWAN,,

@ Sungkyunkwan Univ Sch of Med
7‘6 :  Sdrsung Medical Center



PCK - Virus Trap Vector

A

A

BamHl EcoRl

Kan' ColEl

PCK-Virus Trap

3534/ Sungkyunkwan Univ Sch of Med
¥o),”  Samsung Medical Center Lee et al., BBRS 272:230, 2000
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Culmulative Expression of Virus Traps after
Electroporation in vivo measured by hlgG ELISA

100- —— CAR-Fc
—— CAR-DAF-Fc
75 CAR expression
50-

Ui oy

N
a1
|

1 3 6 10 14 16
Time (day)

CAR-DAF expression

Serum hlgG Levels (ng/ml)
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o
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o
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Days after electroporation

Serum hlgG levels (ng/ml)

A 1y\o\iyriiig
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o
1

On day 14, serum levels of CAR:Fc increased
12.9-fold (85.1+1.0 ng/ml) and CAR-DAF:Fc e R
increased 7.1-fold (46.8+1.8 ng/ml) compared Time (day)

with the baseline (6.6+1.2 ng/ml).

<" Sungkyunkwan Univ Sch of Med
6 : Sdrhsung Medical Center Jeon ES et al. J Mole Cell Cardiol 2005;38:745
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Expressed Virus Trap by Electroporation
decreased Mortality in CVB3 myocarditis

Survival test

p < 0.05
100 l - e— PCK (N=20)
- - —e— CAR.DAF.FC(N=30)

80 —v— CAR.FC(N=19)
N
<
= 60- -
=
-
N 40- ) v

FO
20- iie
O 1 1 1 1 1 1 1 1 1 1

Days after CVB3 infection

The 20-day survival rates were higher in virus-trap-treated mice
(CAR-DAF:Fc, 61%; CAR:Fc, 29%; controls, 15%; p<0.05)

:4/ Sungkyunkwan Univ Sch of Med

Samsung Medical Center



Organ Virus Titers at Day 3 and Day 7
after CVB3-H3 Infection

12 - * p<0.05
. ODay 3 mDay7 I %
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pCK CAR CAR-DAF pCK CAR CAR-DAF
Heart Pancreas

<" Sungkyunkwan Univ Sch of Med
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Pathologic findings of Hearts at day 7 and

day 14 after CVB3-H3 Infection




Areas of fibrosis at day 14

T 16 * p < 0.001
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0

pCK (empty  pCK-CAR:Fc pCK-CAR-DAF:Fc
vector)

Computer-assisted quantitation of the areas of fibrosis showed significantly
reduced myocardial fibrosis in the treatment groups, and less fibrosis in the
CAR-DAF:Fc group than in the CAR:Fc group (p<0.001).

<" Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center
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Primary cleavages of picornavirus polyprotein

Enterovirus and Rhinovirus

2B | 2C poly(A)
Cardiovirus
2B 2C poly(A)
Aphthovirus
VG i 2B 2C Lo poly(A)

3B1.3
Hepatovirus

2B 2C

poly(A)

Parechovirus

2B 2C

poly(A)




Anti-picornaviral agents

5
l l (-) strand RNA
synthesis
processing ~~ANNNA NN
L ~ANNNANAg
2 P3 WM/\' -
6
l §—> l (+) strand R SIRNA
synthesis

VPO VP3 VP1 T~ NNAANA

4. Viral protease inhibitors
> 3C protease inhibitor
> 2A protease inhibitor

Release from
cells
WWI\‘

Nz » Polymerase inhibitor
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Development of antiviral agent
using 3C protease Inhibitor of Coxsackievirus

H1AMZ:a8dMd288 =2l 824

Antiviral effect of 3C protease inhibitor in experimental myocarditis

ol

H2AHF:ZFa4st)|=d 4Sstst AEE

Development of new soluble coxsackievirus 3C protease inhibitor

J
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{Chemical structure of HRV 3CP inhibitor

HRV 3CP CVB3 3CP
Fig. 1. Comparative modeling of CVB3 3CP. Structures of both HRV 3CP and CVB3 3CP docked
with a HRV 3CP inhibitor, AG7088, are shown. Note the presence of Tyr22 at S20 of CVB3
3CP (right panel). We hypothesized that Tyr22 would interact preferentially with aromatic R
groups in potential inhibitors. The electrostatic calculation of models and the preparation were
performed using the PyMol software .
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Sungkyunkwan Univ Sch of Med
Samsung Medical Center Biochem Biophys Res Commun. 2007;358:7



*hemical structure of CVB3 3CP inhibitor
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Schematics of recombinant coxsackievirus and Fi 5 § Figure 3 - o
i igure _ 8 ow
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One-step growth curve of rCVB3-GFP virus. Total

virus production was determined at each time point

by a plaque-forming assa

Figure 2. Exogenous GFP expression in cultured cells and in Neonatal rat myocytes. (A) GFP expression was detected by immunoblot in infected HelLa
cells and in cultured rat neonatal myocytes. The upper panel was probed with anti-GFP antibody and the lower panel probed with anti-enteroviral VP1 antibody.
(B—-E) The fluorescence of functional GFP was detectable in infected HelLa cells (B and C: x 100) from six hours after infection (moi = 10), and in cultured rat
neonatal myocytes (D and E: x 400) from 24 hours after infection (moi = 200). Both cell types were observed using the FITC fluorescence filter without fixation.
Figure 3. Expression of GFP in the heart was detected by immunoprecipitation, rT-PCR and immunohistochemistry. (A) Expression of GFP in the heart
detected by immunoprecipitation. Cell lysates, obtained from uninfected and CVB3-H3 infected hearts, were used as negative controls. The extracts from
rCVB3-GFP-infected HelLa cells were used as a positive control. GFP expression was detectable at three and seven days, and at two weeks after intraperitoneal
injection. (B) Result of RT-RCR. The positive strands of GFP could be found from day 7 to 8 weeks pi. (C-E) In vivo expression of GFP was detected in the
heart after intraperitoneal injection of rCVB3-GFP by immunohistochemistry. GFP expression was detectable from three days to eight weeks after intraperitoneal
injection of rCVB3-GFP (106 pfu), and GFP was present in up to 30—40% of myocytes. (C: control heart, x 200, D: day 3 pi, x 200, E: 6 weeks, x 200, F: 8
Weeks x 400).

Sungkyunkwan Univ Sch of Med
Samsung Medical Center Jeon ES et al. J Mol Cell Cardiol 2005;38(5):745




GFP expression is inhibited by 3CI
In the GFP-H3 infected HelLa cells

al ~
o )]
1 )

GFP expression [%]
N
a1

i Con. 0 0.5 2 10 50 (uM)
CVB3

HelLa cells were infected with GFP-
CVB3 (MOI, 100), and treated with
3CI. The CVB3 3CP activity was
monitored by the expression of GFP
using fluorescence microscopy.
3CPI significantly reduced the
expression of GFP in dose
dependent manner, which was

measured by the number of GFP
Tubulin ‘ - | -— -. \ positive cells in four different area
- - (A), and western blot using anti-

., 3CPI(uM) 0 0.5 2 10 50 Con GFP polyclonal antibody 3CPI also

< Sungkyunkwan Univ Sch gf)dgd . showed the inhibited GFP
263 Samsung Medical Center expression (B). 87
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In Vivo, Antiviral Activity of
CVB3 3C Protease Inhibitor

Department of Medicine, Sungkyunkwan University School of Medicine,
Samsung Medical Center

Soo-Hyun Yun, Eun-Seon Ju, Eun-Seok Jeon, Yong-Chul Kim

08 AHA New Orleans

Yoon SH & Jeon ES. J Infect Dis 2011 in press



Serum concentration of 3CP inhibitor 9b

130

120

110 .
S 1009 pn = E " 3CPI(50 uM) 1 pl/hr with
= gg % T % % % osmotic pump(72 hrs)
= 704k = B B3 Bl m Solvent: 100% DMSO
< 604 = o % ] -
> 50qf e - o - =] ™ Serum dilution factor; 100
T b i s B Bl B
oW IEAL I b b b L]
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0 i B B sElEElEENEE

con H3 2 4 6 9 24 56

Time [hr]

Serum concentration of 3C protease inhibitor. Serum concentrations of 3CPI were measured by /in
vitro neutralization test. Cell cytotoxicity was measured at 24 h post infection. Antiviral activity was
shown in sera of 4 hour post 3CI release . Data are presented mean *+S.E.M. from three
independent experiments.

< Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center Yoon SH & Jeon ES. J Infect Dis 2011 in press
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Released 3CP inhibitor by osmotic pump
decreased Mortality in CVB3-H3 myocarditis

110
100 -8— Solvent (n=15)
— 9 —i— H3+3CPI (n=40)
= 80 —»— H3+Solvent (n=50)
; 70
»n 60 > 3CPI(50 mM) 1 pul/hr with
= o0 osmotic pump(72 hrs)
S 40 > Solvent; 100% DMSO
o 30
Q20
10
0
0 a 21

Days after CVB3 infection

3-week-survival rate was higher in 3CP inhibitor-treated mice
(Solvent; 100%, H3+3CPI; 90.2%, H3+solvent; 21.6%, p<0.0001)

Samsung Medical Center Yoon SH & Jeon ES. J Infect Dis 2011 in press



Myocardial inflammation and myocardial fibrosis

Myocardial
inflammation

(A-D: hematoxylin-eosin
staining)

Myocardial Fibrosis

(E,F: picrosirius red
staining)
Jeon ES. J Infect Dis 2011 in press



‘_L Unsolved Problems

= Solubility: 3CPI of CVB3 only solved in DMSO, water —insoluble
= How to deliver effectively in vivo ?

= Adequate drug levels for complete CVB3 proliferation without
toxicity

= How to measure drug levels?
= Invitro Quantification of anti-viral activity

= Antiviral spectrum versus 3CPI structure

« Ol & 230 HE etAHE % =0olJ| ?lo CvB3 3C
protease Mol M2l 6= Ji& 2 ¢ 8t remodeling
= HIEEO|E 4 3C protease A ol 1|§ &

Sungkyunkwan Univ Sch of Med
6 3 Samsung Medical Center



* Water Soluble 3CPI’s

Bese 01,..12 E;@ P@ go

Coxscikie virus 3CPinhibitor
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Expressed Virus Trap by Electroporation
decreased Mortality in CVB3 myocarditis

D2~D14: IP injection of 3CP1 [200 uM/100 ul/day]

Balb/c4&

t T T 1

Day 0 D3 D7 D14 D21
CWVB3 infection Heart, Liver, Pancreas, Splean- HRF
10° PFU staining, virus titration, fibro 3CPI: BK408down in D.W
133' H3+3CPI (n=25): 63.1%
7 H3+D.W (n=35): 17.9%
E Hﬂ-
= 80~
L 70+
@ 60- _ _
£ 50-
S 40-
o 30+
O 5ol —w-H3+3CPI ,
109 —4=H3+D.W
0 T ¥ J T T ) 1

0 3 6 9 12 15 18 21

Time after coxsackievirus infection [days]

<" Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center Yun SH, Jeon ES et al. Unpublished
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D3

4 D21

* Heart Pathology and TnT levels

Virus only
(H3+D.W)
H3+3CPI
2.5
2 m Balb/c H3
1'? Balb/c+3CPI
0.5
O [ [ [ [
Con. D3 D7 D14 D21

Yun SH, Jeon ES et al. Unpublished
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Anti-CVB3-viral effects

of KR chemicals
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GFP 2| C+2st reporterE JHE HIOI2HA A HIE

¥ Structures of GFP-CVB3 / Ren-CVB3 cDNA

Proteolytic cleavage site
I |
AAA ATG GCA GCT CAA GAA TTC.. Reporter Gene ..GAG GCT TTG TTT CAA GGA GCT CAA
M G A Q E F EALFQ_AGAQ

GFP(720bp) VPg
Renilla(800bp)

10000+

= —-—4hr
g 7500
% S000+
Renilla expression of £ 25004
] E
renilla-CVB3 =
1]

con tmoi  10moi  100moi

32 1. BenillaCYB3®] moit] U= renilla 9@

< Sungkyunkwan Univ Sch of Med
6 °  Samsung Medical Center
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Reporter-rCVB3 virus infection

hSKMC: human skeletal myoblast cell
hVSMC: human vascular smooth muscle cell
HUVEC: human vascular endothelial cell
hCM: human cardiac myocyte cell line

105+ —m— hSKMC
—a— hVSMC
—v— HUVEC
104+
—o— hCM
[7p]
<
D
§ 103+
o
=
~ 2_]
) 10
—
o
1014
—m
- ——
10°
I 1 T T T T T T T T T T T
0 4 8 12 16 20 24 28 32 36 40 44 48

Times(hour)

Renilla expression reaches the highest level

at 8 hour after infection of Renilla-CVB3 (100 moi) in HelLa cells.



Antiviral activity measured by Renilla
expression after Renilla-CVB3 infection

KR22999
:333 EKRE@W 49
= N —
5 50004 E EE KR23247
g 2 = 2-
5. : 3
10+ 14
b=
& @é\ﬂ r&q@ 5 2 Q.}QQ' & N . o 4P P %QQQ'

& o

1) Hela cells were infected with Renilla-H3virus (100 M.O.I.)

2) At 1 hr post infection, infected Hela cells were treated with different concentrations of KR
22999 or KR 23247 in media.

3) Renilla expression was estimated at 6 hr post infection.

There was no cytotoxicity in control HeLa cells, which were treated > 200 pg of KR chemicals.

Sungkyunkwan Univ Sch of Med
6 ©  Samsung Medical Center



i CVB3 myocarditis model

At Day O, Day1~5, KR chemicals,
CVB3 107 pfu Intraperitoneal(IP)injection,
infection i.p twice a day

> BHH W

4-6 week-old
male Balb/C
mouse

1. Survivlas for 3 weeks
2. Harvest heart, liver and serum

1) Virus titer in the organs by PFU assay
2) Degree of myocarditis by H&E stain

4 Sungkyunkwan Univ Sch of Med
6 °  SdMBung Medical Center



i Survival curve

1mg/
100 ug
KR22999 KR23247
100 | 100
i ' H
S 75- I T 75.
£ £
= =
+~ 504 * 2 504 "
c - 1 mg/KG c - 1 mg/KG
o o
S o5 —— 100 ug/KG 5 5. —— 100 ug/KG
o —d— 10 ug/KG o —i— 10 ug/KG
—a='/irus only —a=Yirus only
u L) L) ¥ L) L) L) L] u L) L) L) L) L) L) L]
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Time Time

1) 10 ng/kg 0l A= KR22999 Jt KR23247 2Lt S A
2) 100 pg/kg, 1 mg/Kg A= SFatetE 25 mortality = H2l 0%
3) Infected mice control 2| 3 week-survival rate= 50%

Sungkyunkwan Univ Sch of Med
6 3 Samsung Medical Center



i CVB3 myocarditis model

At Day O, _
CVB3 103 pfu Dayl1~5, KR chemicals,
R Intraperitoneal(IP)injection,
infection i.p twice a day

> HWH W

4-6 week-old male
Balb/C mouse

CVB3: n=30 _
CVB3+KR 22999: n=20 1. Survivals for 3 weeks
gVBﬁjKE ‘2132_47: n=20 2. Harvest heart, liver, serum
acririce mice ) ) ;
at dg;, 3,714 | 1) Virus titer in the organs by PFU assay

2) Degree of myocarditis by H&E stain

4 Sungkyunkwan Univ Sch of Med
6 °  SdMdung Medical Center



Survival curve

105+
— 100 i - * *
. |
S 95+
=
5 e0- -
- b o
oL
D %1 _a Ha+KkRr22099 1 4
O 304 —e H3+KR23247

- = HAUVILIS QN

0 3 6 9 12 15 18 21
Time after coxsackievirus infection [days]

H3: 103 PFU/4 week-old female mouse
Duration of inoculation: KR22999,KR23247 (100ug/KG)
D1~5, twice per day (n=30 in CVB3, KR & (d &n=20)

. \4 Sungkyunkwan Univ Sch of Med

Samsung Medical Center



Virus Titers in Heart

Heart
-
108
B2+ KR 22999
10° B2+ KR23247

104

107

10<
101

Virus titer (PFU/mg organ)

10

D14

<" Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center



Heart Pathology at day 3-21

G




i

Antiviral activity measured by Renilla
expression after Renilla-CVB3 infection

Long-term infection of HelLa cells for 60 hours

2500
006 = 22809
22812
22865
1500
1000 8786
500 -
204.5
III 0.13 0.02
O i T T T
0.2 2 20 200 ng/ml W/O

< Sungkyunkwan Univ Sch of Med
6 °  Samsung Medical Center
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OFA Al pEl J{et di e

L — — = O
At Day O, Evans blue dye
CVB3 10*pfu Injection
infection i.p For 16hr before sacrifice

1. Mortality changes for 3 weeks

2. Harvest heart, spleen, liver and serum

1) Virus titer in the organs by PFU assay
2) Degree of myocarditis by H&E stain

4 Sungkyunkwan Univ Sch of Med
6 °  Samsung Medical Center 108



Inoculation: 102 PFU/mL
Heart 5-weeks survival rate: 93%

H&E
staining

SENRACA B
2>/ .ﬁl’-?{ig’p‘ if 7 7),' N
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Evans Blue

Virus titer
[PFU/mg] 4 x 104 7.6 x 103 <1 <1

<ew Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center
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. . P
DBA Strain Al D Ell(AIXE Inoculation: 10° PFU/mL

 3-weeks survival rate: 24.5%

Heart D3 D7

D21

H&E
staining

o RN

-

Evans
Blue Entire Heart

-

200 um

—3 200 um

Virus titer
[PFU/mg] 2.6x10° 2.4 x 104




Troponin T changes in different strains

2.5
2 ® Balb/c_H3 -
15 Balb/c+3CPI
1
0.5
0 |
D14 D21
15
= Balb/C-H3
10 Balb/C-H3+3CPI
= DBA-H3
5
o . I i
Day3 Day 7 Day 14 Day 21

WA
\-\ 0/1,

Sungkyunkwan Univ Sch of Med
6 Samsung Medical Center
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Administration of Soluble 3CP inhibitor

-102 PFU/mI CVB3 infect to DBA mouse strain

- Soluble 3CP inhibitor (50uM) injection at day3 post-infection

- Mouse was sacrificed at day7 and 21 post-infection

- 1 (5) died from no treated group, no mortality in treated group

CVB3 CVB3+3CPI_
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DBA Strain A=

Liver

Sungkyunkwan Univ Sch of Me
Samsung Medical Center




n

d

C57/BL6 Str

D14

D7

D3

.

Pancreas

W
0‘;’& AN (”l«

=
G
5
o

i
Sungkyunkwan L3

cal Center

JIERSITY

1398

Samsung M

ed

Ed

<

Yaaad



, CA, USA

El Capitan, Yosemite National Park

2 i
Q.UZ.,.,.J,

b o3
@aas

]



