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Effects of Immunoglobulin on
Murine Myocarditis Caused by

Influenza A Virus:
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Study
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Objectives. Influenza A viruses play the largest role in the worldwide epidemiology of infectious dis-
eases. We examined the effects of intact type and El ab’ [} type of immunoglobulin preparations on murine
influenza A virus myocarditisin mice.

Methods and Results. In vitro study showed that intact type and El ab’ [} type of immunoglobulin
preparations had antiviral activities against many substrains of influenza A virus and other cardiotropic
viruses, and that dose-dependent suppression of an influenza A virus NWS typelivas demonstrated by the
treatment of both intact immunoglobulin and B ab’ [} fragments of immunoglobulin. The dose inhibiting
50% of plagues was same between intact type and El ab' [} typgl both 0.0002mg/dI] Intact immunoglobu-
lin, but not Bl ab' [} fragments of immunoglobulin, suppressed serum macrophage inflammatory protein-2

O MIP-200 production in influenza A virus infected macrophages in vitro, which is a murine counterpart of
interleukin-8. This suppression of MIP-2 production by intact immunoglobulin treatment was blocked by a
specific Fc receptdr] Fcy O /0 receptorCantibody pretreatment. Intact immunoglobulift 1g/kg/daylor F

O ab' [ fragments of immunoglobulift 1g/kg/dayCvere administered to the virus-inoculated A/J mice
intraperitoneally daily, starting simultaneously with virus inoculationl Experiment J [and 2 days after the
virus inoculationl Experiment 0 [J until 10th days after virus inoculation. In Experiment , survival was
higher in treated intadfl 100%, 20/200] and El ab’ [} 100%, 20/20[Tthan in contrdl]l 25%, 5/20Cmice;
intact type and B ab’ [} type immunoglobulin administration completely suppressed the development of
myocarditis. In Experiment [ , survival rate was significantly higherl 75%, 15/20Cand myocarditis was less
severein intact immunoglobulin treated mice, but not in Bl ab' [} fragment treated micel 60%, 12/200] than
in untreated micel 35%, 7/2001 Serum neutralizing antibody titers in treated mice were significantly higher
compared with untreated mice in ExperimentsC and O . In addition, serum MIP-2 concentrations in intact
immunoglobulin treated mice, but not in El ab’ [}, fragments treated mice, were lower compared with
untreated mice in Experiment O . Immunoglobulin therapy suppresses influenza A virus myocarditis by
increasing neutralizing antibody titers and the suppression of myocardia virus activities. From the stand-
point of suppression of MIP-2 concentrations, intact type is superior to El ab' [} type.

Conclusions. Immunoglobulin treatment may be promising for the prevention of influenza A virus
myocarditis.
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Table 10 In vitro antiviral activities of immunoglobulins

Virus strain

End-point dilution

Control Intact B ab
Influenz&A virus, NW8 HIN10O O 0120 0 20 0o 20
Influenza A virus, PR/8/34 HIN1[ O 0 100 0 10 0 30
Influenza A virus, Virginial H3N20 0 0110 0 40 0O 40
Influenza B virus(] 0 80 0 30 0 40
Coxsackievirus B10J 0 80 0 10 0 10
Coxsackievirus B3, myocarditicl 0 100 0 20 0 20
Coxsackievirus B3, amyocarditic] 0120 0 40 0 50
Coxsackievirus B4[J 0o 70 0 10 0 10
Encephal omyocarditis virus, myocarditicll 0010 0O 0010 0O oo 0O
Encephalomyocarditis virus, pancreatiticl) goi110 0O go110 0O gOoi1 0O
Herpes ssimplex virus a7 o2 g2

The in vitro sensitivity of immunoglobulin preparations against different substrains of influenza virus and other
viruses was tested by incubation of various dilutions of the virus in the presence of both intact type and B ab' [
type a a concentration of 10771 g/ml. The results were expressed as end-point titers of virus growth and were

compared with the titers of the untreated stocks.
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Table 20 Changes of MIP-2 by the treatment of immunoglobulins on virus-infected RAW cells

gooooooACO0OO0OO0OO0OOOOOOO0OOOOCOOO0O0

Treatment

MIP-2 concentration8] ng/mlO O

1

ControlJ @hrC O 75.2+ 17.3°0 g O
O 0000000 Fereceptor antibody! 24G20 O
ad ad 0.1 ng/mi] 1.0 ng/mi0
2 hr0J 0 O 0 0
Untreated(] 165.0+ 38.7 O 169.6+ 2540 161.0+ 40.00
Intactd 89.6+ 8.6°°00 172.8+ 3590 179.4+ 49.300
B ab 0O 155.2+ 325 O 164.8+ 40.50 160.2+ 36.40
14 hrO O ] ad
Untreated(] 292.0+ 645 O g ad
IntactO 124.2+ 27.2°°0 O O
B ab 0O 262.0+ 49.1 O O O
24 hrQOJ 0 g ad
Untreatedd 384.6+ 107.00 378.6x 76.70 423.2+ 40.000
Intact(] 193.0+ 39.6"" 0 408.2+ 71.20 422.2+ 64.200
E ab' GO 404.0+ 68.8 [0 434.0+ 65.0  424.6+ 59.2
36 hrQO O
Untreated(] 687.0+ 130.50
Intact[] 246.8+ 61.8°°[
Ba G 773.0+ 70.0

Vauesare meant SD. “p0 0.01, ““p0 0.01 vs Untreated.(]

251

RAW264.7 cells were cultured in 6-well plates at 37°C and were infected with influenza A virus at the indicated
MOI. Twenty-four hr later, intact immunoglobulin or El ab' [} fragments of immunoglobulifil 6 mg/mlGvas added
to these cells. From 2 to 36 hr after the treatment, MIP-2 levels in the conditioned medium were determined. To
demonstrate the direct evidence for Fc receptor involvement, a specific Fc receptof] Fcy O /O receptorCantibody,
2.4GP) PharMinger[] was pretreated 0.1, 1.0 ng/mi(6 hr before immunoglobulin preparation administration. Five
wells were used for each experimental time point to calculate the meant SD. As a result, the seriad MIP-2
productions were depressed by the treatment of intact type immunoglobulin, but not by the Bl ab' [} type. Also,
pretreatment by a specific Fc receptor antibody blocked the suppression of MIP-2 productions by the intact
immunoglobulin treatment. Vaues of 0 hr indicate those of just before the treatment of immunoglobulins.[]

MIP-2[0 macrophage inflammatory protein-2; MOIO multiplicities of infection.
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Table 30 Results of Experiment 1

Treatment
Untreated Intact Eab
Cardiac pathology
Day 5
Infiltration 1.4+ 0.6 o (0
: f[n0 50 fn0 50 [0 50
Necrosis 1.6+ 0.6 o (O
Day 10
Infiltration 2.4+ 0.6 o (0
: f[n0 50 i n0 200 fn0 200
Necrosis 2.2+ 0.6 o (0
Pneumonial nJ 25/256] 100%0 0/281 0%0] 0/281 0%
Neutralizing antibody titers! log 400 2.6+ 0.0 nO0 40 6.0+ 0.0 nO 50 6.0+ 0.00nO 50
MIP-2 level§] ng/mi(] 380+ 1241 nO 500 58+ 14°11 n 50 50+ 26°10 nO 50
Myocardial virustiter§] PFU/mg tissuell 5.7+ 8.0x 1081 n0 40 0 nO 40 00 nO 40

Values are meant SD. “p0 0.05, " p 0.01 vs Untreated.

In Experiment, intact immunoglobulin or B ab' [} fragments of immunoglobulin were administered daily on days
00 10. Severity of myocardial lesions were scored on ascale of 100 to 40 interms of severity.

PFUO plague-forming units. Other abbreviation asin Table 2.

Immunoglobulin

Fig. 1 Representative photomicrographs of cardiac pathology in Experiment [
In an untreated mousgl A, B cellular infiltration with myocyte necrosis around the intramyocardial small

vessels was observed, but myocarditis was not observed in a mouse treated with intact immunoglobulifl C,
DO

Hematoxylin-eosin staining, A, C: x 100, B, D: x 380.
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Table 40 Results of Experiment 2~
Treatment
Untreated Intact BElab
Cardiac pathology O d g
Day 50 O O |
InfiltrationO 1.2+ 05 0 0.2+ 0.5 ] 0.6+ 0.6 0
_ @nusum @nmsmu @nmsmu
Necrosis[] 1.6+ 0.6 DI] 0.2+ 0.5™" DD 0.6+ 0.6 IZID
Day 100 a a O
Infiltrationd 2.1+ 0.6 [ 0.6+ 0.6™- [ 1.9+ 0.7 [
. nd700 nd 1500 O n 120 O
Necrosis[] 2.1+ 09 % 0.4+ 0.6™ DD 1.8+ 0.6 IZID

Pneumoni& nO O
Neutralizing antibody titer§! log 40 O

MIP-2 level§] ng/mlO O 514+ 1600 nO 50

25/281 100%0 O
3.6+ 0.8 nO500

18/281 72.0%0 O 22/28] 88.0%0
6.6+ 0.50n0O500 6.0+ 0.5 n0500
0 107+ 26"0nO500 307+ 118 nO 50 O

Myocardia virustiter§] PFU/mg tissue(] [06.0+ 7.6x 1081 n(J 40 2.1+ 8.2x 10%1 n[1 40 4.6+ 7.0x 1081 nO 40

Valuesare mean+ SD. “p0 0.05, "~ p0 0.01 vs Untreated.[]

In Experiment , intact immunoglobulin or El ab' [} fragments of immunoglobulin were administered daily on days

20 10.0
Abbreviationsasin Tables 2, 3.
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