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Expression of Interleukin-6 in Induced Viral Myocarditis in Mice
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Viral myocarditis is considered an important cause of dilated cardiomyopathy. At preseent,
two mechanisms are known to be invelved in the pathogenesis of viral myvocarditis and subse-
quent cardiomyopathy: viral direct toxicity and immune mediated toxicity. Some authors have
reported that [L-6 influences the immunologic mechanism and the virus-induced tissue damage
in myocarditis. We injected encephalomvocarditis{EMC) virus to induce viral myocarditis in ICE
mice. In order to study the lymphocyte subset and 1L-6 expression to clarify the immune mecha-
nism and to demonstrate the role of IL-6 in viral induced myocardial damage.

The following results were obtained:

1} In virus inoculated mice, inflammation was severest at 10 days, and some serious complica-
tions developed, indicating a possible transition to dilated cardiomvyopathy,

2} On analysis of the lymphocyte subset, CD4 cells were most prevalent at 5 days and CDB cells
were most prevalent at 10 and 20 days.

3) IL-6 was significantly increased and expression of 1L-6 was constant, but its intensity was
atrongest at o days,

In conclusion, IL-6, produced by inflammatory cells, fibroblasts, and endothelial cells, might
play an important role in myocardial damage in experimentally induced EMC viral myocarditis
by its direct cytotoxicity or cyvtokine mediated activation of cytotoxic cells. (Korean J Pathol
1995; 29: 212~ 220)
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4 ATYe 43 oY E, oty za] 24 3
9 owkE, B2 agld ok ST chekdl el
8] ste] wbgah= e A]gt wle|ajse] 2lgk A7)
el szl Aok WY g2 He ofH=a
ek, g ed wpelajay Aldde F4e] 41A
vt Holgh §hA)E Aghe 2y Ralde) FA AR
HoR Alde] o|2s HAMH e o|27]7=] cfk
g A¥E Bd 4 23 2 FHFeR gy A4S
2% doed F 9l Aoz g g, qls)
o e B wiolei2r}) 4ASdE dozl 4 9l2g
ol el 4= 58 coxsackie vlelzl~ Ast B, polio
afe|a{2 g9l Echo vle]g|x Feo| 713 Fa§ 4
o] 458 B uE gl

EMC ®le]#~(Encephalomyocarditis virus)s
coxsackie vlelgl~ F3l 3te] Picorna whelz]x
o] L3l § THREAH o2irla] FEola xglede]
o AleY e FedEE Yo vje|a)AR oty
A qla® o)F ojigr Mgy wlo ol e A
T2 Ao {FIS O welr|He AT 9 ofF F
o] AV off F83A 2 5 gy RauEw
st
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- WA )& 7HEE ovtokine2 2 g4 E 7] A)ap
Y}, 58] o] IL-6+ BAZ2 ¥3p®el ofja}, T
MEe] g8, =@ag o] o}y Foko| Wby s
Tzt sleg dejgch™ [L-62} IL-6 a2
g oFA 27 o2 A EgEE ehile Fhell
el M o}l 3 by glx] w=q [L-62 v)A
bl gl Aabe oje] Awe] =7 g)e] s}
FEHEch gEa) e g 27)e Jehgs o, A
A o3t #F FA4EE dedle GEE I Aoz
Azt CRP(C-reactive protein)sz} ztoe] zw
w7 WA AR ofAan gy il
gl =3 &dede AgE e e ¥yEw 9]
cpé oaba] oz whwz)d dlefage) g ojg A7
Y ol#7} B-EF vlelg|ay ATHdM T a8 9
& & o= FldiE]la glopw

aloff MapE& EMC wle|z]=gE o] f8le] 234
4 wpela|ad ATHE A F o] AT @
HAE 2 A9 ApdE, =l A el o
AEale] Wil EE Fas w3 o ke He gle]
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1. 37AHE

1) WEESE: & d7el4 45 E=Zx ICR 43
& ol g8teded gl w5 44 8~105 #=lE 200
vie] ARgEtgcl, o|& 2007bE]lE F £ 2 e
o] F 100vte|(l)2 wpele]s~ Fab5 204 3 43
THatsled e YEEE TAEME T 900bel=(113)
whol A4 ATdele] =3 weleta] da} g [L-
62| EA4F 213 Hdx=siet w3 E I3alr] sl
vpo|af A Mab Fabg 59 # 109 4, 20 =4 2z}
30, 30 107lzld 34§ A7z A4E =34
10ute]e wle|e|~F FAlsla] g 9hE Al Lo
& FAE e dz2Fo 2 #ecHIIE).

2) EMCeulol2{2: Encephalomyocarditis ®}e]
Bae Aldd Boldog 9Fd oy gkajal
M variant® ATCCHAHMaryland, USA)el4 +
Uit AHEESHATCC No: VR-1324). wlele]~
F 4 942 gHH 4 AfF4in vivo propa-
gation)& 3% #1%] & 413& ¥l g4k 93
e HoE 1% 43 =4 4 (heart homo-
genate)& THEct,

3) EMC djo|2{22] FAF W &4, =XEa: 3
o Eulg A S dle]~F 01 mlY HH2 &
2 FabEred ok (61D/0.] ml, ID: infective dose).
[l SOepe]go s zpdzro R alakdgh = =3]dz)
g2l il Al 2abgdct, 20d el 289 209}
gl2] A7t e 10vielsy] gt dgde] Aldrts
ahedc},

Hagh A4e e e} yle Fa43g) uhyje 2
aA W deb#el Eofsler hematoxylin & eosin
d4 9 Masson's trichromed #4& Aldsled =3
delsty H4E Fo dF9 Ase Yige A F
Hrlabgch, HEq AAre] vl TYPZF subset?
e xagsl gaE 2] 98] -T0CE 49 & §
Add"E7)(crvocut)E o8-8t Spum Ao E WE
F d4Ysgict,

2. dEYY

1) YEEEAL A& 2A1E g 100vkelIsF)
& vl FAE 20 3 S hasie] Qe 4
TEE TaEle] 7)abe gl deloles A3 9 olelsg
= WREE(%)2 s

2) HF2] KHAM: PEE =4S 4 [olA
Abadar s oelw ZAgdag A9 1139 A« M
H e Y7 P 4AE HEEe] Tagald)
ARG de]r] #Hel A Alabe] Fole sl
I Al 9 A AFRE fasleo
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gl wyjer A w #epde] Lofilgi he-
matoxylin & eosin 4 % Masson's trichrome
d4E Ao Zadejdty] 4L T dF9 F
zo dfsle Az § Arlhsidch 458 A A
2} 7} Mgk o} g8 7|Fof AHEo FREAD. F 4
ool 4EAE FAgeld AZ=Abrt MY gl AS+E
0FF(grade 0), HEAE7F & o 1078 o823
5 alz o|d 87 H HdHe 25 vigkql 3
+& 15w(Grade 1), 95427} & Y= 107
Aol 307 ol FEEHA UAY Fa2dESHAE 3
FE 87 43 elEal ASF-E 25 F(grade 2), 954
E Aol 3000 e]stel A AEN-#7 5~1070<] A
8 35d(grade 3), #HYAUY, F3, FHU4YF
3 FEF o= 8y HaldY A2l E Fug o
FHE AFEFE Hole HFE 45F(grade 4)2x
Hojglgon Hdahl H A HFH HFHEYEFE
Holez A¥E 5532 2(grade d)eletz A 2slqict

g A2 42 Masson's trichromed 8§
gl A4S He ZY 471 232 H4FE dele
AS+2 #AF HAF3(mild fibrosis), #& 4FE o
vt HEF 55 Y-F#{moderate fibrosis) #
lz mimigh okalg Mo|l= ASF TF HFHse-
vere fibrosis)2hat s},

4) RIZF oldEYE IL-6 UHE FHet HAEEZE
sie @ d5ME2] F52HSubset) IL-62] W&
& H7|8al My dezalae g8 AH-shg e
Hsugel 7l&¢h wy& =Ed2 <F7F HEg uyls
o] 8-& o Streptavidin-Biotin complex® 22 34
o}, AF84F daiga 9 e|agA e TR 2 53,
#H 23 age Wil Pc}(Table 1)

W g gbebs| dostd T f=72] ol #F CD4
(C4D3)st CD B(Ly 2)= €8T Zal& <|&stgx,
IL-65 v E% 1 2]2] 82 Flepye] Eojy =3
& o|f#led oJdsgict S pumBHE wHEe] xylene
7} aleohol&old-ste] gubelF st hydrations A3
F H.0.2 endogenous peroxidase® block*] #c}.
PBESE A% 288 A4 243 g3+

Table 1. Antibadies used in staining

Antibody Source Specificity

Anti-mouse Ig ab DakolCA, USA) B lymphocyte

Thyl .2 BDICA, USA) pan T lymphocyte
Lyl BD precursor T

LL3T4 BD helper T

Ly2 BD cytotoxic T

IL-6 RIGE IL-6

LSAB kit Dako streptavin-biotin

RIGE: Research institute of genetic engeneering

o}, 7gte] ¥ §HE PBSE 4%3 biotinel
Aiks e|abebsE 20870 whg oA PBSE 4,
peroxidase?} #§E streptavidin®4& o] 20
¥t wkg A7l £ $HEa AECE o) &5t w4
#Hcl, Mever's hematoxyline 2 d294%F S5+
2 4% F 74 mediads ¢|#&9 mountdsdct.

Gatda|de s Y4 giide] FedxeE g
(intensity) Y=e FE5FE& vzt gie] Y
byl A5 4o ® g g s Reldy
e HEs}h oFHdE BHels AfE grade 3(++
+)2 5T F 2 4ol d44E Yol ALE
e ® vpire] ofglh okudg tracel+/—), okde]A)
gt 42| H|Eef i Mol HASE grade 1(+), 7
aow|aA g | EeA] FFE ] ek He
A48 grade 2(++)2 F-HEo ARE F 4o
o] 2 &}t

o F H B
1. HES

I+ ICR 43 100vlelE diate 24 A4 U@
4 Hzhde EMC shelai~E F23 $5g 24
o Fuia), 44de] Fule], el Het], 6dA Ao}
2le] Wzl Sel, 7Y A 100k, 22| 109
s} 11d A Foleld, Aelele] f71 Fsicdh A
100083 =% 25ui2]g] 7 Feof 25%2] A&
(mortality) & 2ot F43% 44 =] 74 4 =13
2 AbabgE ebsickFig 1)

2, He|=EeE 4+

1) QEAAS @a: [IFelHE vpeleis FaE
A A rehel wet BAA7 AH Aelde] Al
o AEE 714y 713l g @ojak v} vpolel s A

Mo, of survived mice
5

c i | I I N T N T 1 i i |

2 4 6 8 10 12 14 16 18 20
Days after inoculation

Fig. 1. Survival rate curve of Group I mice; Note the
maximal death rate of 4~7 days after virus in-
oculation,
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Fig. 2. marked inflammation
of mice of Group III: Heavy in-
filtration of mononuclear cells
and accompanied myocyte ne-
crosis is noticed{H&E stain, =

100).

Table 2. Number of specimen showing each grade of inflammation in groups of myocarditis after EMC virus in-

jection
o Grade of inflammation
Days after injection Ave. gr,
] 1 2 3 4 o

0 days(n=5) 10 0

s davsin=30) 5 7 11 7 1.7
10 daysin=230) 2 4 4 & 7 7 3l
20 daysin=10) 1 1 4 4 21

AR 5 A A Aldde Ha 1.758(grade ave.
1.7)8) AW 93H=E 109 A 43 Adele= 9
 3.15w(grade ave, 31)2] |933=E 20¢ o
+ 7 215H(grade ave. 2.1)2] A2 d;:4+A
&+ B F8lck(Table 2).

AW 95 {=77F &3 9y violglA 9
o dybdql APHE vgdw dAT R F4T7e #
Hy FEdo|d4d ghaEgeon) o WIEL ojuly
2% 97 g3 oY WaE Hels sl gy
o|gicHFig. 2). <19} ¢4 2} 2459 =4 o =94
A% Fubsle] PAEgo) e)E Wil EE AT
ol FHHeo® Yepytor} ot Aets} 4 9ful
M= FHE s g}

2) dFse Hx =3 e Al ale e Al
] HiEe] ¥4 =8 Masson's trichromed 42
2 galgh v} 54, 104 ARk 20 #HollM Hi-3
b o 2R oL B F9ln(Table 3) o]2] ¥
¥y dze] ¥xe vinsd dAsdo} 5] A

Table 3. number of specimen showing each grae of fi-
brosis in groups of myocarditis after EMC
virus injection

Grade of fibrosis

Dawvs after
injection No Mild Mod, Severe
change change change change
0 days(n=10) 5
5 days(n=230) 17 13
10 days(n=230) 12 12 5
20 days(n=5) 2 3 2 3

shi= % Uxa}x| gk},

3) HHBE wolt WelaH: £59 de)iE &
5 Fo A9 ¥7) aelA BAE 2AFHE 4
8)3H(Fig. 3)F A 3 4144 S43H(Fig 459 &
WF5E Hole A7t At
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1) §lZFe olyEs, F=Z T2 o8l Hylel 7
4t of2 2} ofbdlel ofg S o)gate] wiexa
e Q42 A|HEle] FRect 4 Huled o
o &Y MEF ddze® BALEE #3HY ME
= T dxych Wisrt 2gds $8 274 30%4
E, ¥R 5F 2 el Fade 278 B
ubel THlE= 2 dixdd gle] o ge] ghatses] 532
Mg Pt dER FHEAEE9{Fig 50 T

y Fig. 3. Some case show multi-
W focal dystrophic calcifications
in myvocardium(H&E stain,
200).

Fig. £. Many cases reveal dila-
tation of chambers, as a com-
plication, indicating progres-
sion to dilated cardiomvopathy
(H&E stain, =200).

Hx2] ofd) & M Er|ols dyl = T H=E=-} B
itE|gl o Fulofl= Hxp v THE? $2 HF
" 7o viepygol ¢H THES ZHPHUE He|
F AES o4 ol8E FHzAs T H4E of F4)
% 5¢ A= cytotoxic T cell®ci= helper THE
7} 2 FE=Eed s eyvtotoxic celld 3 Fo F=
bebsta=n] elEe] S 209 A 7hA ge] @iy
e Table 4).

2) 1L-62] 48 ¢ [L-628 T8 L F2 THE
L} FaAlg aela 7)als] #&aEhs AT A ES e A
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Fig. 5. [mmunohistochemical
stain for lymphocyte subset re-
voaled  the infiltrated c¢ells
were mostly T cell sublype in
mice of 10 days after inocula-
rion(Immunostain for Thy 1.2
with ABC method, =200,

Fig. 6. IT.-6 is expressed at a
higher level in fibroblasts and
inflammarary  cells of mice
after virus inoculationdlmmu-
nostain for IL-6 with ABC
mechod. = 1000

Table 4. Eesulls of immunaohistochemistry of lymphocyte subset & IL-G

Davs aller inocolation 1 Thyl. 2 Lwl L3T4 Ly2 IL-§
U davsin=>5} — — — - _ _
Sdavsin—10) t + i— +— - +++

L0 daysin— 10} ++ ++ + + 4+ + . .
20 daysin=>3 + +— + 4 f b ,
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paEed 5 A2 gy Aol hat ge] W
HEgd(Fig 6) 109 #2} 20d =+ €L U4
oy} Fadte Ae] FA= UK Table 4). 3HE BA
9 $A4AFHAME #dHe| FHAFHYT £EXE E o
Aok Alsjgle] FHES dFAEA FEA
Yoy HdFRAEd 7ol Auetels FhEkA)
vebgel, FAF AZbel| dafdes Hegh wlel 3Re)
27)e v|lx3 7}shA BHs A

| ot
viole| 4 AT B e S40] gAY 7
sl A7 AF FAsHE A7 2o
oA dele= 4 A8H a9 HAs AelE5E
oA Al el E 7 dn Afed wepde AL
o2 AP wfE der b 43S Yale] =
7l dhe e oradd gk Alvieh AAde] 2
ATFHAE Ry 2agtao 2 ATgeR Fgs
T b2 A E ghale] g odigh A7 =
# o] sicl, o|Md7ix] @E& TFHE vjelgaFo] FH
A 54 ATHE FEe e oA gle
U 2 FME Coxsackie slele]~rl lMlela] 4]
THE 7H4 s dode e whaa gl o
o o] HEalEE o] Coxsackievle]s]2F )&
o EEAY 7dE geo] dbse] 9T o] iEa
¢lc}®. Encepholomyocarditis(EMC) ulelz]2+
MEdH e 2 Coxsaxhievbelz]~% #4H8F Picorna
upe|a]te] &&= 2R 4 1945 d4F{elH 3z
2 ElEgly FEeA Hegdd ASHEE ded
e el a2 akejx gqlom® alidye F1gFel
of 5] ghals| whelal wizl gl7] of Fo vl ke
A Adgdelsd |88 5 ke AHe] gk e
EMC u}e)a]~e= E variant®} M variant2 57}
7 2#7F ¢l=d E variante= F2 ¥ 4A7AAE 3
Hato] wo] 9 MMz E Yo 4 gled uidy
M variant® F2 434 dF& doicdn 49
H e
#AaE g o EMC ulelg]s M variant§ 43l
Falated of g e LAHE Halsbga A
b e o E AlTE=g] wHIlg Hokg wf Al
109 A< A2de] 7l 4§ 344E e d ¢ F
slglon didls Mo H2 gleden Al7ke] 7
TE ety 20 A Al Asked 2lE #EE 4
sl
#H Kawaigl Matsumoris2 o] Ag2 el
o] AEdA Q=T HEL FE Cytotoxic T =
F7b stk dehe ghopa ¥ough wp gl moa
el 2 THAEA FEHA9% HAHEE &5
= AlEe] T4 B8 A 45 T A22h =
= v ojds THEZ 2 3HiEn Teldle

2 helper THAZE= 204 4 #H<4 cyto-
toxic THE7F AE=H= Apde @8t ols vl
olaf2ef 2§l A FE Witz Eabeolal: 7]
dE& olafifled =58 Fv 2o s
AtFe} Al vlelajrd o3 ftE @
7| He|} Alrpddubde] 2ld g ATz
Ak el AldHdE7} B HclkE FAL2 S EE
A 2747 e FEdE 2odgle WeYdEy
el 2af A= w gich, =g 43 HE auto-
antibody?} 493 == gidzdes E9e e
FaE- 1 AYeMe HdSE2EHE Y4HE+= B
MEL 8L AEHo 2 FAY vl stk
Woodfuff*+= F4& AAsrd whapd =4}
antithymocyte serum® 4k TAEE A~ %

M#E coxsackiewbolda o] pHEFen ATdel

Ale] #abrt gt @S A Kishi-
moto$2 athymic nude miceol 4 upele]2 zhed
F ATge] o] Aojalg FAHT AYFEAN T
Mz FAEF Fosle 98 dide] Aot
. Bordled THEe] gk 24 gier|de] 429
o] 3 Weldg FAstEe”. 28y Chows& 4
Fif 2] wie|#AE A AHstes dfaAE, NK cells] 7]
T Aol BAE THES 7l5e] Moz F
As}x e severe combined immunodefi-
ciency(SCID) A8 o|84§ d¥sM 2y 2577
& dpolglay ATl A AlE F480 o|u] ¥s
+ 48HMAExe $E g2 NKAZEe|n 3F4
2% antigen specific THEx {H =7 thel ule]
gl FHFe] AT dlelelzel o8] oy
o 7]H B dle|z{ir}l Aol S48l ATE
gt #)#= cytotoxic effectsl] 7|gldicia B g s}
Aod® zeiut & gl Fagh obel) =labsd et
o) 34 4 T2 He|= MEFE JEZ3AREYEY
& olagk FHYY Al AT R TH=ET
53 vjds THEFYe] §H=Ee Chows 714d&
Al de] Hcha #2lc)

Addel 2lel4] cytokined] |7 @3 R#e
EnEe] & 5 olz] 4T ), e
Ae] g FaFel g Q7 Y esr} RFg A
of = Wty 7| M o8 T2 WHE Yo A
o 2 skl wpe]e]aA] ATl d Fad S¢S ¢
Zle2 7|di=le] B dygels] o SH€E A Hgsl 2
712 el HFAEFA &)l Fu|Er glSe] &
sl= s Fe] dlde 27120 Bde] Fa
shx|ub 7| A EAEe YRl EE5AH Ade] 2
7t=le] e] cytokine] HIHe] wHe] d%E #]dl
Zs 2 S&EHqch adeps] 27)8b F7) vl
£4120] 7)|He] 2ok #$42™ gubdsie Hals)
H ¢ alg Ae|oh, $gb o2} Apubge] 7l 22
Al7lel] IL-67F 713 ##¥e] geo] Hi FeR Mo}
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Ml g2 el s THEE 1094 713 @8] wol
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