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The Effect of Superoxide Anion Production by PMN on Pneumocyte Injury
in Patients with Bronchial Asthma

Young Kyoon Kim, M.D.* and Sung Hak Park, M.D.

Department of Internal Medicine, Catholic University Medical College, Seoul, Korea

Background . Bronchial asthma has been known as an inflmmatory disease. There have been many
evidences that pelymorphonuclear leukocytes (PMN) might play an important role in the pathogr-
nesis of asthma. Although many investigators suggested that pneumocyte injury by PMN-derived
oxygen radicals may contribute to the pathogenesis of asthma, there has been few report for a direct
evidence of oxygen radicals-mediated pneumocyte injury in bronchial asthma. Furthermore the exact
mechanism of oxygen radicals-mediated pneumocyte injury is still controversy. This study was
designed to establish a direct i vitro evidence and its clinical significance of pneumocyte injury by
PMN-derived superoxide anion in bronchial asthma and to elucidate the main mechanism of superox-
ide anion-mediated pneumocyte injury.

Methods : 12 stable asthmatics and 5 healthy volunteers were participated in this study. PMN was
separated from peripheral venous blood samples by using dextran sedimentation and Ficoll-Hypaque
density gradient separation method. Superoxide anion productions by PMN and plasma SOD activ-
ities were measured by spectrophotometric assay using the principle of SOD inhibitable cytochrome
¢ reduction. PMN-mediated pneumocyte injuries were measured by *'Cr-release assay using A549
preumocytes and were expressed as percent lysis and percent detachment.

Results :

1) PMN from asthmatics produced more amount of superoxide anion compared to PMN from
normal subjects (6.65+0.58 vs 2.81+0.95 nmol/1x 10° cells, p<0.05), and showed an inverse correla-
tion with FEV, (R= —0.63, p<0.05), but no correlation with PC,, histamine in asthmatics.

2) Plasma SOD activities were decreased in asthmatics compared to normal subjects but not
significant, and showed a positive correlation with FEV, (R=0.63, p<0.05) but no correlation with
PCz histamine in asthmatics.

3) There were a positive correlation between plasma SOD activity and superoxide anion production
by PMN in normal subjects (R=0.88, p<0.05) but not in asthmatics.

4) PMN-mediated pneumocyte injury was predominantly expressed as cell detachment rather than
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cell lysis in both groups, and PMN from asthmatics showed more potent cytotoxic effect on A549
pneumocytes compated to PMN from normal subjects. PMN-mediated detachment rather than lysis
of A549 pneumocytes was significantly inhibited by in vitro SOD but not by diluted serum.

5) PMN-mediated detachment rather than lysis of A549 pneumocytes showed a good correlation
with superoxide anion production by PMN (R=0.90 in normal subjects, R=0.82 in asthmatics, p<
0.05) but no correlation with plasma SOD activity. PMN-mediated pneumocyte injuries were not
correlated with FEV, or PC,, histamine in asthmatics.

6) There were no significant differences in PMN-mediated pneumocyte injuries between allergic

and nonallergic asthmatics.

Conclusion : Qur results suggest that pneumocyte injury by PMN-derived superoxide anion may
partially contribute to the pathogenesis of asthma and that cell detachment rather than cell lysis may
be the mechanism of superoxide anion-mediated pneumocyte injury.
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Table 1. Clinical Profiles of Asthmatics

Case No. Sex/Age Skin Test FEV1 FVvC FEV1/FVC PC20H IgE TEC

1 F/16 DP, DF, HD 77 82 89 6.2 450 308

2 Mm/25 DP,DF, HD 77 95 80 0.07 600 187

3 M/23 DP, DF,HD 91 83 110 1.9 700 429

4 M/19 DP, DF,HD 97 99 120 6.9 600 330

5 M/65 DP DF, HD 78 71 82 3.5 900 154

6 M/20 HD 96 92 106 2.8 500 160

7 M/62 N 77 70 83 4.7 220 187

8 M/59 N 76 73 84 8.2 90 220

9 F/58 N 66 73 89 7.8 200 275

10 M/60 N 75 85 87 9.8 44 143

11 M/67 N 92 96 104 5.4 330 275

12 M/22 N 99 88 92 1.3 250 33
DP = D, Pteronyssinus, DF = D. Farinae, HD =House Dust, N = Negative, PC20H = Provocation Concen-

tration of Histamine (mg/ml),
% of Predicted Value,

Table 2. Comparison of Superoxide Anion Production
by PMN and Plasma SOD Activity between
Normals and Asthmatics

Superoxide
Anion Plasma SOD
Production Activity
by PMN
Normals 2.81+0.95 5.121.23
Asthmatics *6.65 + 0,58 2.85 + 0.58
Allergic 5.87+1.92 3.26 + 1.01
Non-allergic 7.43 + 2,44 2.44 £ 0.66

Data : Mean * SEM,

Superoxide anion : nmol/1x10% PMNs,
SOD : units/mg protein.

* p < 0.05 compared to normals.

2o A& EA4 doE paired T unpaired Stu-
dent’s ¢-test® H A3l P 0.05 0|35l F94Fo
2 s,

]
B

1) 71 #x) VMZ}% Dé% ez e A4
oA AuA Az o #|of| o3 X
+ veldon, Yz “3-3— FAoldth, d4dez
a2 A4 A4 gAst v 7

TEC =Total Eosinophil Count (/ml), 1IgE:

IU/mi, FEVI1,FVC,FEV1/FVC:
o
§ 16 =-0.63
°c N=10
E 14 P<0.05
= L4 .
g12
£ o
£ 10 4
a
z °
8 -
o
g \
-
®
Q G =
3 *
g
o 4 - N
.S ® \ .
5 2 .
° [ ]
% 0
;: | i T T
2 60 70 80 90 100 110
& FEVI(% of predicted)
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Table 3. Comparison of PMN--Mediated Pneumocyte Injury in Each Experimental Condition between Normals and

Asthmatics . . -
Normals Asthmatics
Condition
% Lysis % Detach % Lysis % Detach

MEM only 4,79 + 2,49 22.41+£2,18 7.21 £ 0,91 25.60 + 3.22
PMA only 8.48 + 1.86 2595+ 1,63 9.21+1.26 2957290
SOD + PMA 8.12+ 294 *19.35 + 2,25 8.10'+ 1,63 *21.01 £ 2,15
NHS + PMA 10.09 + 3.46 26,02 + 2,03 8.69 + 1.81 2431+ 2,78

Data : Mean & SEM.,

Target cell {A549 pneumocytes) : Effector cells (PMN) =1 : 1 (1x10% cells). -

MEM : Media,  PMA :1.0 pg/ml
* p < 0.05 compared to MEM only and PMA only,
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Table 4. Comparison of PMN—~Mediated Pneumocyte Injury in Each Experimental Condition between Allergic and

Non—Allergic Asthmatics . -

Allergic Asthmatics

Non-allergic Asthmatics

Condition

% Lysis % Detach % Lysis % Detach
MEM only 6.95 + 1.42 2791 + 1,17 6,64+ 1,71 25,02 £ 2,11
PMA only 9.70 £ 2,08 28,55+ 2,42 7.89'+ 2,14 27.91 £ 3.51
50D + PMA 994+ 298 #2276 1,05 6.10 £ 1,35 *21,84 £ 1,01
NHS + PMA 10.11 £ 3.35 26.30 + 3.60 7.10 £ 1.68 25,72+ 5,42

Data : Mean = SEM,

Target cell (A549 pneumocytes)
MEM : Media, PMA :1.0 pyg/ml
* p < 0.05 compared to MEM or PMA only.
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