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ABSTRACT Radiation pneumonitis (RP) is a serious disorder caused by radiation therapy, for the
detection of which there exists no simple and sensitive clinical examination. In this study, we examined
whether the measurement of serum pulmonary surfactant protein A (SP-A) levels could be effective for
detecting the onset of RP. Of the 18 patients included in the study, 9 suffered RP complication after
radiation therapy. Serum SP-A levels in patients with RP (64.1+6.5 ng/ml) were 1.82 times as high as
those of pre-radiation (36.2+4.0 ng/ml). The difference between them was significant (p=0.0003),
while the SP-A value in patients without RP after radiation therapy was almost the same as the pre
-radiation level. To study the mechanisms of these elevations, we developed a model of whole lung
irradiation (20Gy) in adult rats. Prior to alveolitis, which was a histological change seen at day 28,
Ievels of SP-A in lung tissue homogenates and bronchoalveolar lavage fluid had become elevated by day
21. Serum SP-A levels in the irradiated rats were significantly elevated by day 21, peaking at day 35,
and then declined. Hydroxyproline contents in lung tissues were elevated by day 42 and remained so
through day 56. Therefore, the increase in serum SP-A level may be reflected by alveolitis but not
fibrosis. In conclusion, determination of serum SP-A could be helpful in detecting the onset of RP.
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SP-A B bIEE L, FREEEEME, BIERE
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fiiige D BMERER I, MiE SP-AEPE L LRI 2
TERMELRLY, IROOWEREREEL, A%
T, BEHREETOMEERS C BT M SP-A #
PREBCHEL, Z0OBRAFEAEC DWW THREL
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B L UMHEH SP-A OEE) & 7 OREWEZRICDONT
ME L7z,
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2-1 FEREICH T 3 ERERE

2:1-1 WHFEFE

1995 FEH» 5 1997 £ Tz, BEHREEDHETS Ve
FERED > 5, FMREMEENE, BIERN, B
LI SP-A WS 5 2 5 2 EEERBE %
ot U7z 184 (B 1561, 2340, 48 64.8 /%)
EXRE Ui, ESHAREBEGR, BERTRE IV
BT 2 B oM IEREM X S (W X-
ray), &S high resolution computed tomography
(HRCT), I 7% SP-A 8, Ifl % lactate dehy-
drogenase (LDH) &, il —EIRIEEE 7S
# (A-aDO,) #MRET U7z, TERHRIT R OREEZ M I
EHETHRED HRCT FRR T o7z, %7z, MlEoOtE
1%, FWETIRIEETBRG 5K TR 2 4 A, HEEEM
HiTahnz,
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ME SP-A {EOHIE, b b SP-AREMNE 7 o—
> Hifk PC6, PEL10D % Fv>7z sandwich enzyme lin-
ked immunosorbent assay (ELISA)'? %R L{E#L
Enfze b SP-AHIESRY P GEA kk B, BRI %
BERUMIT U2, BIER 2 I TITY, 20 %SP-
ABEE LU, g7, BB COME SP-A BED
WS FRAARTE 53 2 BRETE T RHME Dt % Relative
ratio (ST TEHE (ng/ml) /IRETBELEEIE (ng/m1))
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2:1-3 Nty
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ALIREREE

2:2 EMPEFIVICE T B EBRIRE

2:2:1 KFHHEIHIHEZ v b OIER

B X BRIESTEEE  (Softex M-150WE, Softex t1) %
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7z,

2:2-2 FEEIEREFEVRET
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FIBEMER T CEE L.,
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Jo. RAEZ v v R bu—AREEL, BEZY M
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B 230 EE (200Xg, 54+ LT gk
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VaERTHREY T4 X, BLoEE(200xg, 550MH)
THREVZ—+ LERE. £/, BAL ORERIC
DT ORI DD, RAET Y+ (h=3)
W RBROFRCHK > CTRERN =2 —VERAR, 7
m/ DEBEEKE AV 10 BV ELKE L, &H
e B2 O EERET, BEAEEEREE LS.

2¢2:4 Hydroxyproline DEZ

BfifEL 8 R & ¥ 2 — L35 D hydroxyproline %
Prockop et al.'? O F > CERE L, 0—80 ug/
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sandwich ELISA %1z X D1To7z. Dethloff et al.'® @
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ZOfiY—7 7 7% > Moo, Kurokietal!® O
FiET, SP-A % Mannose-Sepharose 6B 7 7 A%
WCHBELT:, T v b SP-A 2EIZEED Freund’s com-
plete adjuvant & & L emulsion 2 &, 2%
New Zealand White BER RICFIE L, FULTE ZE7:.
Z OPLMIED 5 Protein A-Sepharose CL 4B 4 7 A
ERGT 1gG ZHER LTz, H1 SP-A-IgG # 37°CT—T
W& & ¥ 72 micro ELISA plate (Immulon, Dynatec
)&, 2% W/V)RFLINT, 1%Triton X-100
&3 50 mM U VEREE, pH 7.4(SM/TX/PBS)
T 1 RFEME L o, U SP-A, X OBRECHR
ahi-ImiE, BAL W, FEMBREYR— b EEZMZ
T 37°C, 2BINIGE T, BOED SM/TX/PBS
T3 MEEE L2, 2 XPiEE LT, horseradish per-
oxidase THEZEL L 7-P1SP-A-1gG % 37°C, 2 KFHEIKIG
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-phenylenediamine YA 2 N %2, ZEIRAEAT T 20 77/
DEGAKILEIT-o1z, BRI 2 NRETREFIEL,
492 nm THROLE R HEIE L 72,

2:2:6 Western blotting %

RO Zy P MFE25ml ZEED20mM  Tris
buffer (pH 7.4) /2.5 M NaCl/40mM CaCl, £EFfIL,
4°C, 2BERF % a— M, 10,000Xg, 10 53R
DLz, %0 % mannose Sepharose 6B column
WikER, 20mM  Tris (pH7.4)/1.25M NaCl/2
mM EDTATHWH L, BH®E % 20mM Tris
(pH 7.4)/0.15M NaCl T&ENT L7z, EWROMEE:
Laemnli'® OGEICHEL, vy Xy /—V Tl
BALES, 13%8Y 7 27 VL7 S R 7L ECESkE
L7z, RiZ Towbin et al.2? D FHFEWHEL T PVDF K
Whr Iy A7ay b Uk iBEHOEY2 SM/TX/PBS
T 1 B ALERES, BT SP-A-IgG B (10 ug/ml) % JE
ke, =R, 90 SHKE SR, EE SM/
TX/PBS TH¥#, horseradish peroxidase &3k
SP-A-IgG % = & T304 M K s & ¥, immunor-
eactive band % enhanced chemiluminescence % &
Y Kodak X-omat film bk CEOYE, ML,

2:2°7 X DOMOHHE

EHEOERRY VIME 7 VT & > (Sigma) 154
& LT Lowry et al?V OFEEHAWTITo 7.
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EMER, BRI B 2 MME SP-AEKR DWW T
Paired t-test %, Relative ratio, EMIEEEET VI
B 3B EEEEIZDOWTIX, Mann Whiteny U-test
2RIz, p{HO0.05 R EHETHEREDLD LHEL
7z,
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3-1-1 B9Ef HRCT ATRIC & D HSHRIT R FEES,

FERFEFDHIE

IREH 18 HloBREE HRCT AR X 2 HE/RS
Table 1 2R3, 18 %l 9 Fliz, WEEFET REO KE
HRCT fiR.E, BEEIOZIE—EUBOITE R -
B (ground glass attenuation) 2880 S, [FAERE]
L L7, #OREH % Fig. 1 2R3, BERHEIFlOS
B, 2PNCHEE X-ray i b, FiRICL2EEEEIER
TEH, BDOT7HIE HRCT TOARH W RERIEE
Blicholz, [FERIDS B, R, BHREOERD
Wipolz AP CEIERE R VE VERRE IR, 2
WO HRCT Tix, FER 9 FlF, ground glass
attenuation ZIHEEERER LIS, 5 FICIHiRHE(LE
MEFED7, —7, BEHETROME HRCT pii L,
ground glass attenuation 23E8® Hhxd o7z [IEF
R 9flE, FOBROBEHAMEEL T, HuR
REEGH Lol MEOTERTFELTL, &, £
B, BRRE, BERSCRERR Wb, R
FESFER I S WEAB RS L,

3-1-2 ILiE SP-A OE4L

[FIERE I B 1 21055 SP-A OS9{#EE, BEBHA
BT (36.2+4.0 ng/m/) WZHA~BEHETEE (64.1+6.5
ng/ml) WEE (p=0.0003) iz EF U, Fiz, BEE
T 25EBOME SP-A X, 42.6+4.7ng/m/l £IR
EHE TR IE~ERE (p=0.0089) w{ET L7, [JEF
ER] B W T, WLHESP-AMEE, 5 6H%AAT
(28.9=3.3ng/m{) W UFREHL THE (36.8+8.4ng/
ml) T, BWERPR S, BELRETIERD-
7o, BRBHET 2% O ME SP-A {8 (40.4%+4.7ng/
m/) &, BHBRATIMES L OREHETIRME &, v
TNELEEZRREDL Lo (Table2). T BEYE
# 108 Bl MiF SP-A & (26.7+8.5ng/ml) Wi,
TWEBRIGRTE, [RER] CTRERECEL (=
0.0024), [FEFRERE| TIEEEZE o BEWE
DA 5 N7z,

FEGIE  BATEIR O M SP-A B % i L 123545,
[SERE ] 02 (100%) T, TESEEETE X » REt
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Table 1 Characteristics of the patients
Patient Age Histologic Type Clinical Irradiated  Radiation  Pneumonitis ~ Glucocorticoid
No. X (yrs) of Lung Cancer Stage Dose X ray CT Therapy

1. M 64 Small cell Carcinoma 1Ib 1025 51Gy/271r. (-) (+) (+)

2. F 72 Small cell carcinoma Y 0 50Gy/31fr. (—) (+) (=)

3. F 59  Squamous cell carcinoma 1Ib 760 50Gy/251r. (-) (+) (+)

4. M 76  Squamous cell carcinoma IMla 500 60Gy/31fr. =) () (-)

5. M 54 Adenocarcinoma I1Ib 640 58Gy/29fr. =) (+) (+)

6. M 71 Adenocarcinoma I1Ib 0 58Gy/28fr. (+) (+) (=)

7. M 43 Adenocarcinoma Ila 920 56Gy/28fr. (—) (+) &)

8. M 83 Adenocarcinoma I1la 0 56Gy/28fr. (+) (+) (+)

9, M 78 Adenocarcinoma I 1180  68Gy/25fr. (—) (+) (=)
10. M 80  Squamous cell carcinoma I 0 40Gy/20fr. k=) (—) (=)
11. F 53  Squamous cell carcinoma 1Ib 360 54Gy/27fr. (=) (—) (=)
12. M 47  Squamous cell carcinoma I11b 560  54Gy/36fr. (=) () &)
13. M 63  Squamous cell carcinoma v 990 54Gy/ 9fr. (=) (=) (=)
14. M 71  Squamous cell carcinoma IMla 900 58Gy/29fr. (=) (=) (-)
15. M 58 Squamous cell carcinoma la 0 52Gy/16fr. (=) (=) (=)
16. M 47 Adenocarcinoma v 540 51Gy/17fr. (—) (=) (—)
17. M 76 Adenocarcinoma I 250 50Gy/25fr. (—) (=) (=)
18. M 72 Adenocarcinoma JIIEY 0 60Gy/30fr. (=) (-) (=)
M: male, F: female, B.I.: Brinkman smoking index

Fig. 1 Representative chest HRCT showing radiation
pneumonitis.
Ground glass attenuation is seen in the right
middle lung field.

MTEHED EA U ot U, [IEFERERE] T 9 Bk
6 B (67%) TEEHETHHED E > Tz, BEIBAIAAT
fEI0 4 2 BEHE TIRHE O IE (Relative ratio) # Fig.
2R T, O, [FEER] TiF 1.82+0.12,
[JEFSRERE] T3 1.2140.15 TH Y, WEERICHRE
(p=0.005) 23& B N7z, Relativeratio D4y b4 7
iz 1.6 KREL, ZhUUEEIBEM], ZhfimzkE
M &L, ZOFSSE, [FEERE] 139 Fih 8 filn ik
TholeDwizxtl, [FEFERER N 9 Gl ED 1 HIHE;

WThotz, Sz dE, SP-AN1.6 EULICES
U7z 9 Bl 8 Bl s A % % FE L, 1.6 f5AR N D
9 flrf 8 N TR 28 % FEIE L Ze v o 7,

[FEAEREID S b R BB )V o 3l B & KRB
Bl & DI % Fig. 3 (2R d . B RE RV I
B, ARMFF L &M SP-A 1%, WS PIBETIC N
WHHE THRRCERIC ER L, BT 2 8%, )
BHETRHICHEANEEICR T U7, SR s 4 2 18
SHE T IHHE D Relative ratio 1%, EIEEZE &V E >3
FERMITIE (1.99+0.19), KEHH] (1.68+0.14) 1
HRKE DS TN ZOEFEETIER,roTz, LeL,
WESHE T RHE S 3 2 IREHE T 2 38 O Relative
ratio \&, f# F#10.54+0.02, A& {4 FH #10.834+0.02
T, BEZE (p=0.02) X@boNI, Lin->7T, #
BT E VIETREEETH - 12,

3-1-3 [MM;% LDH /&%, A-aDO, NZAL (Table 2)

1M LDH 351 % RS aT & REHE TR CHR L 7245
&, [FERERE] 9 Bl IRETHTiE (285.2+37.81U/L) &
WA THEE (276.1+25.41U/L) £ Oz, BX
RO o7,

[FERE] 9Bl A-aDO, 1, MESET (18.15+2.17
Torr) IZHEABEREHE TR (23.37+4.39 Torr) 1205
BINU 7208, BEEERD RIS,
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1+ oo 3-2+2 [ili#E# hydroxyproline 2ENZEAt
{ BIFEAHED TR 3 /B TH 5 hydroxyproline @
EEET-o7 (Fig. 5). FE#REYx— b LBcs
0.5 T T ¥ N % hydroxyproline 213, WEEIE (2.31+0.40
(A) (B) © mg/g MMBER) w~BEE 5 A CRERLEL

Fig. 2 Relative ratios of SP-A. The ratios were ex- Faonihot, Linl, BER 42 5T4.93+£0.52
pressed as a ratio of serum SP-A levels at the e = - Y L B
completion of radiation therapy to those before mg/g MREE LR (p=0.004) 12 LU, AT 56

radiation therapy (see the Method). Patients HE CoOLEEHMEEL TEENEFR L.

presenting pneumonitis (A) and lacking 3.2-3 BAL BEOEINE & kamR
pneumonitis (B) at the completion of radiation o o )
therapy. Bars indicate mean+SD, and statis- BAL OWEEIRIC DOV T DERRT—F 2 Fig. 6 I

tical comparison was performed by the Mann T, RGBS v MR 7Tml OAEEEE AR 10

-Whitney U test.
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Fig. 3 Effect of glucocorticoid therapy on serum SP-A levels in patients with radiation pneumonitis. Patients who
received glucocorticoid therapy (A) and who did not received glucocorticoid therapy (B) when occurred

radiation pneumonitis.

Statistical comparison were performed by paired-t test. post RT: at the comple-

tion of irradiation, 2 wks after: 2 weeks after the completion of irradiation
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Table 2 Changes in serum SP-A, LDH, and A-aDO,.

SP-A LDH A-aDO,
(ng/m1) (IU/L) (mmHg)
Patients with RP
pre-irradiation 36.211£4.02 285.2+37.8 18.15+2.17
at the completion of irradiation 64.13+6.46* 276.1+25.4 23.37+4.39
2 weeks after the completion 42.55+4.67** 280.7+29.3 21.53+4.69
Patients without RP
pre-irradiation 28.85+3.29 297.6+19.8 14.17+2.52
at the completion of irradiation 36.81+8.40 292.1£23.6 14.11£2.11
2 weeks after the completion 40.41%5.82 289.8+19.2 14.88+2.68

Each value represents mean=SD.
RP: radiation pneumonitis
*: p=0.0003 v.s. pre-irradiation

** . p=0.0089 v.s. at the completion of irradiation
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Fig. 4 Representative lung histology of untreated rats
(A), and irradiated rats at day 35 (B) and day
56 (C) after single dose of 20 Gy. Lungs were
stained with hematoxylin and eosin.
Magnification is approximately X 100.
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Day s after irradiation
Fig. 5 Hydroxyproline contents in supernatants of

lung tissue homogenates from irradiated rats.
Values present mean = SD (n=6). *Significant
difference from untreated rats (day 0) : p<0.
05.
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¥ 5T, 3EHTRTUTB W THREEE I3 H U L
TThotz., Lo, Tml, 5EHEDOHEEHEEICE-S
THRERE D NEMFIZIZTER TSNS 2 L AR
N,
3-2:4 Western blotting ;%IC & 2 IM;% SP-A ®
%

KA Z v M 21 SP-A-1gG Pk % v West-
ern blotting 5 TG L 72, ZDfER, 7 v ~ SP-A €
= —E T %4 T 32— 38 kDa HSIE FICTEE
T 5 2 EDER SN (Fig. 7). %8, 62—64kDa &
94 kDa fHific b fiEaEn s oz, 2hsix, JE
HICIKRED SP-A EHEGHN—EREIEL 72701k 2 b
DEFEZ BN,



68 (6) 1999

200

150

100

Total protein (pg/ml)

Fraction number

Fig. 6 The rat lungs were washed with 7 m/ of saline
10 times. The BAL fluid fractions recovered
were separately collected and centrifuged, and
then resultant supernatants were stored at —
40°C. Total protein concentrations in the
supernatants were measured according to the
method by Lowry et al. The concentration of
each fraction from 3 rats was plotted.

mol. mass
(kDa

94—
67—
43—

30—

20—

14—

Fig. 7 Western blotting analysis of anti-rat-SP-A
IgG. Rat serum sample was applied on a
mannose-Sepharose column and then the col-
lected sample was subjected to Western blot-
ting analysis. Under a reduced condition, 32-
38 kDa which corresponds to a SP-A monomer
was recognized.
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3-2-5 MHREZSHX— LR, BALE, MiENSP-
A EDREFHZE(L

R EY A — b L BALKEICEENS SP-
A BEORKZ L% Table 3 & Fig. 8 127~ d, [tk
REY H— b _E¥E SP-A B, BEE®% 21 H(G.10+
0.63 mg/rat) W REIZHEINL, MBI EE L
fubg s 2 ¢ RS 35 HE CHRfEERFi L7z, Lol,
IS 42 Hild, BRBR OUEEERB L RO
1T & I BEHTE I f 2> T L7z, BAL L
SP-A ISR (46.47+6.02 wg/rat) IZLb~, MRE
# 14 H (68.75+8.46 ug/rat) T LA 2R L7225,
DIBHLCETL, FERANEE &4 S 35 HiZ
EHRETET & D KM (40.38+4.04 ug/rat) L7 o7z,
& 512 hydroxyproline O_F5-3 2 5% 42 H AR,
BEE%Zb-> CEMEAETR L. BALW®IEICESEIN
% SP-A H1F, TREATE(2.58+0.44 ug/rat) IZHE,
SR 21 Har o BER LIS, 28 HCREE (6.64+
1.01 pg/rat) Z/R L7z, 42 HEARE T3S &fE & 2>
Te.

RIC I SP-A {HORERZ (L% Table 3 & Fig. 9
R, WEEETZ v b OME SP-A 1, 7.30%+0.55
ng/ml THotz, BEERTHIY LR LK, BHE
20 HTCZOERHIZEEERD (p=0.008), HEEEL 35
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Days after irradiation
Fig. 8 SP-A contents in lung tissues and BAL fluids.

SP-A concentrations in supernatants of lung
tissue homogenates and supernatants of BAL
fluids from irradiated rats were measured
according to the method of Shimizu et al.
Total amounts of SP-A per rat lung were
calculated from the concentrations measured.
Values present mean+SD (n=6). Significant
difference from untreated rats (day 0) : *p <0.
05, **$<0.01.
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Table 3 SP-A concentration in supernatant of lung tissue homogenate, BALF-subfractions, and sevum

day 0 day 7 day 14

day 21

day 28 day 35 day 42 day 49 day 56

supernatant of

Iung tissue homogenate 080+0.07 0.9920.04 056008
(mg/rat)
BALF-subfractions

supernatant

(ug/rat)

cell-pellet

(ug/rat)
serum

(ng/m!)

465160 453566 68885

2.5810.44 2601027 2.36+0.61

7301055 8.240.52 8851110

3100.63*

615158

5514154

10.36+0.74**

3284050 322041 264017 1.20+016 1664044

58.316.4 404440 240122 23742.0%* 259124

6.64£1.01%* 2811026 141£0.15% 105+0.34* 1.942040

12591058 1507157 1250£0.80%**  10.28L0.73*  10.20:0.70**

Fach value represents mean+SD.

~——®— Serum

20 - 80
'|' ~--0--- BALF supernatant
15 L oo S
E E
=y / E
8 =
g
g ] 40 8
& =)
& 2
=
5 20
0 T T T T T T T T T 0
1] 7 14 21 28 35 2 49 56
Days after irradiation
Fig. 9 SP-A concentrations in sera from irradiated

rats. The concentrations were measured
according to the method of Shimizu et al. To
compare SP-A contents in sera to those in
alveolar space, SP-A amounts in supernatants
of BAL fluids were also plotted. Values pres-
ent mean£SD (n=6). Significant difference
from untreated rats (day 0) : *»<0.05, **p <0.
01, ***p <0.001.
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