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AN ENZYME IMMUNOASSAY FOR QUANTITATION OF A TYPE 2 

BRONCHOALVEOLAR LAVAGE FLUID 
PNEUMOCYTE-SPECIFIC SURFACTANT-ASSOCIATED ANTIGEN I N  

R. K. Kumar, J.Y. Truscot t  and A.W.J. Lykke 
School o f  Pathology, Un ive rs i t y  o f  New South Wales, 

P.O. Box 1, Kensington, N.S.W., A u s t r a l i a  2033 

ABSTRACT 
A sensi t ive,  s p e c i f i c  and reproducible assay f o r  q u a n t i t a t i o n  

o f  a surfactant-associated ant igen i n  mouse bronchoalveolar lavage 
f l u i d  i s  described. The procedure employed was a non-equi l ibr ium 
compet i t ive enzyme immunoassay i n  which de tec t ion  o f  unreacted 
antibody was s i g n i f i c a n t l y  enhanced by the  use o f  a second 
antibody and peroxidase-antiperoxidase as the  repo r te r  labe l .  The 
s e n s i t i v i t y  o f  the  assay was such t h a t  bronchoalveolar lavage 
f l u i d  had t o  be d i l u t e d  15 t o  30- fo ld  p r i o r  t o  assay. No 
in te r fe rence  by serum p ro te ins  o r  so lub le  t i s s u e  p ro te ins  was 
observed. Th is  assay may provide in v i t r Q  q u a n t i t a t i v e  assessment 
o f  t he  func t i ona l  s ta tus  o f  type  2 pneumocytes. 

KEY WORDS: Surfactant, Type 2 pneumocytes, Bronchoalveolar lavage, 
Enzyme immunoassay. 

I" 
Type 2 pneumocytes are  a c t i v e  p a r t i c i p a n t s  i n  the  c e l l u l a r  

response o f  the lung t o  environmental i n ju ry .  Fo l low ing  a l veo la r  

damage these c e l l s  f unc t i on  as a reserve popu la t ion  from which 

regeneration o f  type 1 pneumocytes occurs (1). I n  addi t ion,  

hypertrophy and hyperplasia o f  type  2 pneumocytes i s  f requen t l y  
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KUMAR, TRUSCOTT, AND LYKKE 1 5 2  

observed i n  i n t e r s t i t i a l  l u n g  d iseases? and may be assoc ia ted  w i t h  

abnormal s u r f a c t a n t  s y n t h e s i s  and s e c r e t i o n  (2,3). The e x t e n t  and 

s i g n i f i c a n c e  o f  t hese  l a t t e r  responses i n  t h e  e v o l u t i o n  o f  c h r o n i c  

l u n g  diseases remain u n c e r t a i n  because o f  t h e  d i f f i c u l t i e s  o f  

assess ing a l t e r a t i o n s  i n  t h e  f u n c t i o n a l  s t a t u s  o f  t y p e  2 

pneumocytes. Demonstrat ion o f  a l t e r e d  morphology by e l e c t r o n  

m ic roscop ic  s t u d i e s  o r  o f  a l t e r e d  s u r f a c t a n t  s e c r e t i o n  by a n a l y s i s  

o f  phospho l i p ids  i n  b ronchoa lveo la r  l avage  f l u i d  a r e  compara t i ve l y  

i n e f f i c e n t  and t e c h n i c a l l y  d i f f i c u l t .  However? t h e  development o f  

s p e c i f i c  a n t i b o d i e s  t o  s u r f a c t a n t - a s s o c i a t e d  p r o t e i n s  sec re ted  by 

t y p e  2 pneumocytes has made p o s s i b l e  an a l t e r n a t i v e  approach t o  

t h e  a n a l y s i s  o f  t h e  responses o f  t h e s e  c e l l s ,  v i a  immunoassay o f  

t hese  p r o t e i n s  i n  b rochoa lveo la r  f l u i d s .  

We have r e c e n t l y  r e p o r t e d  t h e  p r e p a r a t i o n  o f  a monospec i f i c  

an t i body  t o  a f r a c t i o n  f rom l u n g  homogenate e n r i c h e d  i n  l a m e l l a r  

bodies o f  t y p e  2 pneumocytes ( 4 ) .  T h i s  ant ibody,  which 

s p e c i f i c a l l y  l a b e l s  t y p e  2 pneumocytes i n  immunohlstcchemical 

s tud ies,  i s  d i r e c t e d  a g a i n s t  an a n t i g e n  which i s  a l s o  assoc ia ted  

w i t h  pulmonary s u r f a c t a n t .  I n  t h i s  paper we r e p o r t  t h e  development 

o f  an enzyme immunoassay which d e t e c t s  t h i s  s u r f a c t a n t - a s s o c i a t e d  

a n t i g e n  i n  b ronchoa lveo la r  lavage f l u i d  w i t h  h i g h  s e n s i t i v i t y  and 

s p e c i f i c i t y .  The procedure i s  a n o n - e q u i l i b r i u m  c o m p e t i t i v e  assay 

i n  which t h e  sample and a l i m i t i n g  amount o f  s p e c i f i c  an t i body  a r e  

pre incubated and t h e  unreacted an t i body  i s  subsequently a l l owed  t o  

b i n d  t o  m i c r o p l a t e  w e l l s  coa ted  w i t h  d e l i p i d a t e d  l a m e l l a r  body 

p ro te ins .  D e t e c t i o n  o f  t h e  bound an t i body  i s  s i g n i f i c a n t l y  
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TYPE 2 PNEUMOCYTES 153 

enhanced by the  use o f  a second antibody and horseradish 

peroxidase-antiperoxidase (PAP) complex. Th is  assay may prov ide  in 

v i t r Q  q u a n t i t a t i v e  assessment o f  t he  func t iona l  s ta tus  o f  type  2 

pneumocytes. 

MATFRIALS AND MFTLiQeS 

Antibodies 

The preparat ion o f  a monospecif ic antibody t o  a l ame l la r  

body-enriched f r a c t i o n  o f  lung  homogenate has been prev ious ly  

reported ( 4 ) .  B r i e f l y ,  mouse lung parenchymal t i s s u e  was 

homogenized i n  1.2 M sucrose and cen t r i f uged  i n  a discont inuous 

densi ty g rad ien t  a t  80,000 x g f o r  180 min. 

i n te r face  between the  0.25 M and 0.75 M sucrose layers,  which was 

h igh l y  enr iched i n  i n t a c t  l ame l la r  bodies, was recovered and used 

t o  immunise rabbi ts.  Antiserum was absorbed w i th  normal mouse 

Mate r ia l  from t h e  

serum and w i t h  pooled membrane 

l i v e r ,  kidney, spleen and b ra in  

preparat ion was monospecific by 

de l ip ida ted  lamel la r  body p ro te  

r a c t i o n s  o f  homogenates o f  mouse 

The absorbed ant ibody 

immunodiffusion aga ins t  

ns. Immunoperoxidase s t a i n i n g  o f  

t i ssues  revealed s p e c i f i c  l a b e l l i n g  o f  a l veo la r  type  2 

pneumocytes, together w i t h  s t a i n i n g  o f  t he  su r fac tan t  l aye r  l i n i n g  

small and medium-sized airways, i n  mouse, r a t  and human lung. No 

c ross - reac t i v i t y  was detected w i t h  any o ther  c e l l  type i n  mouse 

l i v e r ,  spleen, kidney, brain,  heart, i n t e s t i n e  and s a l i v a r y  gland, 

and the  type  2 pneumocyte-specific s t a i n i n g  was completely 

abrogated by absorpt ion o f  the  primary antibody w i t h  mouse lung  
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154 KUMAR, TRUSCOTT, AND LYKKE 

homogenate. For use i n  the  enzyme immunoassayD an immunoglobulin 

f r a c t i o n  o f  the  antiserum was prepared by p r e c i p i t a t i o n  w i t h  40% 

saturated ammonium sulphate. 

Swine a n t i - r a b b i t  immunoglobulins and r a b b i t  PAP were 

purchased from commercial sources (Dako Immunoglobulins, 

Copenhagen, Denmark). 

Antioen 
A standard ant igen prepara t ion  was obtained by d e l i p i d a t i o n  

o f  t he  lamel la r  body-enriched f r a c t i o n  recovered from t h e  sucrose 

gradient.  Ex t rac t i on  i n  chloroform-methanol was performed as 

previously reported ( 4 )  and the  p r o t e i n  recovered from the  

aqueous-organic so lvent  i n t e r f a c e  was r e s o l u b i l i s e d  and assayed by 

the  Bio-Rad Pro te in  Assay K i t  (Bio-Rad, Richmond, C A I  microassay 

procedure using bovine serum albumin as t h e  standard. Although 

t h i s  ant igen preparat ion contained a number o f  contaminating serum 

proteins, p r i n c i p a l l y  albumin, t he  content o f  s p e c i f i c  ant igen per 

microgram o f  p ro te in  was extremely reproducible from batch t o  

batch, vary ing  by no more than +lo%. Thus t h i s  p repara t ion  was 

sa t i s fac to ry  f o r  use as a reference ant igen f o r  generat ing 

standard curves. For the  purposes o f  t h i s  assay, 1 u n i t  o f  

s p e c i f i c  an t igen ic  p ro te in  was def ined as the  amount contained i n  

1 ng o f  the standard ant igen preparation. 

C s l l e c t i p n  of bronchoalveolar lavage f l u i d  

Female BALB/c mice, approximately 12 weeks old, were obtained 

from the Animal Breeding and Holding Unit ,  Un ive rs i t y  o f  New South 
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TYPE 2 PNEUMOCYTES 155 

Wales. Animals were k i l l e d  by exsanguination under e the r  

anaesthesia and the  tho rac i c  v iscera  exposed. A #18 needle was 

inser ted  i n t o  the  r i g h t  v e n t r i c l e  and the  pulmonary vascular bed 

was perfused w i t h  0.9% s a l i n e  under a pressure o f  60 cm o f  water 

f o r  60 sec a t  which t ime the  lungs appeared completely white. The 

trachea was then cannulated w i th  a mod i f ied  intravenous cannula 

(Medicut, Sherwood, S t .  Louis, MO) and 5 x 1 m l  lavages were 

performed w i t h  0.9% sal ine.  Typical  recovery o f  lavage f l u i d  was 

3.6-4.4 mls i.e. 70-85%. The f l u i d  was cen t r i f uged  a t  100 x g f o r  

10 min t o  remove c e l l s  and was then assayed f o r  s p e c i f i c  ant igen 

content. - 
Flat-bottomed 12-well s t r i p s  f o r  enzyme immunoassay 

(Immulon-2 Removawell S t r ips ,  Dynatech, Alexandria, V A )  were 

assembled i n  r i g i d  holders t o  form a microplate. Each we l l  was 

coated w i t h  30 ng o f  the  standard an t igen preparat ion i n  sodium 

carbonate bu f fe r ,  pH 9.6, a t  37' C f o r  4 h and then a t  4' C f o r  

16-20 h. I n  a separate V-well m ic rop la te  (Linbro, Flow 

Laboratories, Sydney, Aus t ra l i a ) ,  t r i p l i c a t e  samples conta in ing  60 

u l  each o f  standards (0-256 un i ts /ml )  o r  unknowns and 60 u l  o f  

antibody (1.67 ug/ml o f  immunoglobulin p ro te in )  were incubated a t  

4' C f o r  18-20 h. The optimum amounts o f  ant igen and antibody had 

been emp i r i ca l l y  determined by a se r ies  o f  p re l im inary  

experiments. A l l  d i l u t i o n s  were performed i n  PBS conta in ing  0.05% 

Tween-20 (PBST): a t  l e a s t  two d i f f e r e n t  d i l u t i o n s  o f  each unknown 
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156 KUMAR, TRUSCOTT, AND LYKKE 

were tested. Wells conta in ing  d i l u e n t  alone cons t i t u ted  an 

antibody blank. 

Fol lowing the overn igh t  incubation, t he  we l l s  o f  t h e  

antigen-coated p l a t e  were washed 4 t imes w i t h  0.9% s a l i n e  

conta in ing  0.05% Tween-20 using a T i t e r t e k  Handiwash (Flow). 

Unoccupied protein-binding s i t e s  were blocked by add i t i on  o f  200 

u l  o f  a 1% so lu t i on  o f  casein hydrolysate (Oxoid, Sydney, 

Aus t ra l i a )  i n  PBS and incubat ion a t  37' C f o r  60 min (5). A f t e r  a 

fu r the r  4 washes, 100 u l  o f  t he  antigen-antibody mix tu re  were 

t rans fer red  from each we l l  o f  t he  V-well p l a t e  t o  the  

corresponding wel l  o f  the  antigen-coated plate,  using a 

mult ichannel p ipe t te .  The p l a t e  was incubated a t  room temperature 

f o r  exac t ly  30 min, the  we l l s  were again washed 6 times, and 100 

u l  o f  a 1:ZOOO d i l u t i o n  o f  swine a n t i - r a b b i t  immunoglobulins were 

added t o  a l l  wel ls. Fol lowing incubat ion f o r  60 min and a f u r t h e r  

6 washes8 100 u l  o f  a 1:2000 d i l u t i o n  o f  PAP were added and 

incubat ion continued fo r  30 min. The we l l s  were f i n a l l y  washed 

another 6 t imes and 100 u l  o f  chromogenic subs t ra te  added 

(282t-azino-di-(3-ethyl benz th iazo l ine  su l fon i c  ac id )  (ABTS) i n  

c i t r a t e  bu f fe r ,  pH 4.0, con ta in ing  0.03% hydrogen peroxide). The 

p l a t e  was incubated f o r  30 min a t  room temperature i n  t h e  dark and 

the  co lour  developed was read on a T i t e r t e k  Uniskan p l a t e  reader 

(Flow) a t  405 nm. Data reduc t ion  was performed using a computer 

programme i n  BASIC w r i t t e n  by one o f  us. Mean absorbance f o r  each 

sample l ess  the  absorbance o f  t he  antibody blank was ca l cu la ted  

and expressed as a percentage o f  t he  absorbance o f  t he  zero 
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TYPE 2 PNEUMOCYTES 157  

ant igen standard. The percentage absorbance o f  t h e  standards was 

p l o t t e d  aga ins t  the logar i thm o f  t he  ant igen concent ra t ion  t o  

y i e l d  a standard curve. The equation f o r  t he  regression l i n e  o f  

best  f i t  was ca lcu la ted  f o r  t he  l i n e a r  p o r t i o n  o f  t he  curve and 

used t o  determine the  ant igen concent ra t ion  f o r  t h e  unknown 

samples. 

RESULTS 

i z a t i o n  o f  the  asspy svs- 

To opt imize the  assay, we employed a pro toco l  s i m i l a r  t o  t h a t  

recommended by Rennard e t  a l .  (6). Standard curves f o r  an t igen i n  

the  range 2-1024 uni ts/ml were generated using combinations o f  a 

range o f  l i m i t i n g  amounts o f  s p e c i f i c  antibody (0.5-5.0 ug/ml) and 

coat ing  ant igen (15-120 ng/wel l ) .  Some representa t fve  curves a r e  

p l o t t e d  i n  Figs. 1 and 2 t o  demonstrate the  e f f e c t  o f  vary ing  each 

o f  these parameters. The optimum combination was t h a t  which 

provided the  best compromise o f  s e n s i t i v i t y ,  a h igh  zero an t igen 

absorbance, and a long, r e l a t i v e l y  steep l i n e a r  segment o f  t h e  

standard curve. This proved t o  be 1.67 ug/ml o f  ant ibody and 30 

ng/well o f  coa t ing  ant igen and these values were chosen f o r  t h e  

assay. I n  i n i t i a l  experiments, we employed horseradish 

peroxidase- label led sheep a n t i - r a b b i t  immunoglobulins (Dako) as 

the  repo r te r  enzyme-conj ugated labe l .  However, i n  subsequent 

experiments we adapted t h e  second antibody and enzyme-antienzyme 

sandwich, as r o u t i n e l y  employed i n  immunohistochemistry, f o r  use 

as the  repo r te r  labe l .  We found that.  using e m p i r i c a l l y  determined 
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FIGURE 1. E f f e c t  o f  varytng the  l t m t t i n g  amount o f  s p e c t f t c  
antibody upon the shape and slope o f  t h e  standard curve. From 
above downwardst t h e  curves were generated w i t h  5.0, 1.67 and 0.5 
ug/ml o f  amonturn su l fa te -p rec ip i t a ted  anttbody protein,  
respect ively.  Wells were coated w t th  60 ng o f  t he  standard an t igen 
preparat ion f o r  a1 1 curves. E r r o r  bars represent standard 
devtat ions o f  t r i p l t c a t e  values and are  p l o t t e d  wherever these a re  
l a rge r  than the  symbol. 

d i l u t t o n s  o f  1:ZOOO f o r  both the  second antibody and PAP, the  

s e n s i t t v t t y  o f  de tec t ion  o f  bound s p e c i f i c  anttbody was increased 

4 t o  8-fold. This system was the re fo re  incorporated I n t o  the  

optimized assay. 
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FIGURE 2. E f f e c t  o f  vary ing  the  amount o f  coa t ing  ant igen upon the  
shape and slope o f  t he  standard curve. From above downwards, t h e  
curves were generated w i t h  60, 30 and 15 ng/well  o f  t he  standard 
ant igen preparation. An antibody concent ra t ion  o f  1.67 ug/ml was 
used f o r  a l l  curves. E r r o r  bars represent standard dev ia t ions  o f  
t r i p l i c a t e  values and a re  p l o t t e d  wherever these are  l a r g e r  than 
the  symbol. 

Charac te r i s t i cs  of t he  w U n i z e d  assay 

The opt imized assay f o r  surfactant-associated ant igen proved 

t o  be extremely sens i t i ve  as we l l  as h igh l y  s p e c i f i c  and very 

reproducible. A t y p i c a l  standard curve i s  depicted i n  Fig. 3. The 

standard curve was reproducibly l i n e a r  from 8-128 u n i t d m 1  and the  

standard dev ia t ion  o f  i nd i v idua l  p o i n t s  on t h i s  p o r t i o n  o f  t h e  

curve was f requent ly  too  small t o  p l o t .  A cons fs ten t  a r t e f a c t  was 

the  appearance o f  a "hook e f f e c t "  i n  t h e  range 2-8 un i ts /ml :  t h i s  
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160 KUMAR, TRUSCOTT, AND LYKKE 

1.0 2 .o 3 .O 
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FIGURE 3. A t y p i c a l  optimized standard curve i n  which standards 
and unknowns were incubated w i th  1.67 ug/ml o f  s p e c i f i c  antibody 
and unreacted antibody was detected using 30 ng o f  coa t ing  ant igen 
per wel l .  Each p o i n t  has been p l o t t e d  as a percentage o f  t he  
absorbance o f  the  zero ant igen standard l e s s  t h e  absorbance o f  t he  
antibody blank. E r ro r  bars represent standard dev ia t ions  o f  
t r i p l i c a t e  values and are  p l o t t e d  wherever these are l a r g e r  than 
the  symbol. 

phenomenon i s  we l l  recognised i n  enzyme immunoassay systems (7). 

Unknown samples having a mean absorbance grea ter  than t h a t  o f  t h e  

2 un i t s lm l  standard were deemed t o  be below the  r e l i a b l e  de tec t ion  

range o f  t he  assay because o f  t he  occurrence o f  t h i s  e f f e c t .  Thus 

i n  p rac t i ce  the lower l i m i t  o f  de tec t ion  o f  ant igen was i n  the  

range 8-16 uni ts/ml.  The upper l i m i t  f o r  accurate q u a n t i t a t i o n  o f  

antigen i n  unknown samples was deemed t o  be a mean sample 

absorbance n o t  l ess  than 5% o f  t h a t  o f  t he  zero ant igen standard, 

g i v ing  a useful  working range o f  approximately 15-100 un i t s lm l .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



TYPE 2 PNEUMOCYTES 161 

The s p e c i f i c i t y  of t he  assay was examfned by t e s t i n g  f o r  

in te r fe rence o r  f a l s e  p o s i t i v e  r e s u l t s  w i t h  (a )  normal mouse, ra t ,  

human and f e t a l  c a l f  sera and ( b )  a mix tu re  o f  so lub le  mouse 

t i ssue  proteins,  prepared by thoroughly homogenizing mouse l i v e r ,  

kidneys, spleen and b r a i n  and c o l l e c t i n g  the  supernatant a f t e r  

cen t r i fugat ion .  A t  p ro te in  concentrat ions o f  1-5 mg/ml, i.e. more 

than 10 t imes the  p o t e i n  concentrat ion o f  t h e  standard an t igen 

preparat ion t h a t  y i e  ded a r e l i a b l e  p o s i t i v e  resu l t ,  none o f  these 

samples produced any f a l s e  pos i t i ves  i n  the  assay. 

5 

I n t r a -  and inter-assay r e p r o d u c i b i l i t y  was high. The 

c o e f f i c i e n t  o f  v a r i a t i o n  o f  r e p l i c a t e s  w i t h i n  a given assay r a r e l y  

exceeded 5% and was o f ten  considerably less. Unknown samples 

tes ted  a t  var ious d i l u t i o n s  on separate occasions y ie lded a 

c o e f f i c i e n t  o f  v a r i a t i o n  o f  l ess  than 10%. 

The standard ant igen preparat ion was s tab le  upon storage a t  

-7OOC f o r  a t  l e a s t  3 months and the  an t ibod ies  were s tab le  

i n d e f i n i t e l y  a t  4OC. Antigen-coated p la tes  s to red  a t  -2OOC f o r  1 

month gave sa t i s fac to ry  r e s u l t s  i n  t h e  assay; however, t he  s lope 

o f  the  standard curve was steeper when using these plates.  Because 

coat ing  o f  the  p la tes  cou ld  convenient ly be performed i n  p a r a l l e l  

w i th  the  incubat ion o f  standards and unknown samples w i t h  

antibody, f resh ly  coated p la tes  were used i n  a l l  t he  experiments. 

c i a t e d  ant iggn i n  br-oalveolar lavaae f l u i d  

The optimized assay was a sens i t i ve  and r e l i a b l e  t o o l  f o r  

quan t i t a t i ng  the  presence o f  surfactant-associated ant igen i n  

mouse bronchoalveolar lavage f l u i d .  The r e s u l t s  o f  
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TABLE 1 

Animal No. 
Antigen content 

( u n i t s h l )  

489 & 24 

474 2 77 

543 & 85 

524 & 91  

519 & 70 

486 2 46 

445 & 7 

541 & 98 

Mean 2 s.d. 503 & 32 

Values f o r  each animal represent mean 2 range o f  two 
determinations a t  d i f f e r e n t  d i l u t i o n s  (1:15 and 1:30). 

surfactant-associated ant igen determinat ions on lavage f l u i d  

samples from 8 mice (each sample tes ted  a t  d i l u t i o n s  o f  1:15 and 

1:30) are presented i n  Table 1. The assay y ie lded  a r e l a t i v e l y  

narrow normal range f o r  surfactant-associated ant igen i n  

bronchoalveolar lavage f l u i d .  M u l t i p l e  determinat ions o f  t he  

antigen content o f  i nd i v idua l  samples o f  bronchoalveolar lavage 
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TYPE 2 PNEUMOCYTES 163 

f l u i d  on separate occasions y ie lded a c o e f f i c i e n t  o f  v a r i a t i o n  o f  

l ess  than 10%. 

Pooled bronchoalveolar lavage f l u i d  was cen t r i f uged  a t  10,000 

x g f o r  60 min t o  p e l l e t  su r fac tan t  l i p i d s  (8). The supernatant 

and p e l l e t  were recovered and the  p e l l e t  resuspended i n  an equal 

volume o f  PBST. Assay o f  these samples revealed t h a t  approximately 

65% o f  the  ant igen was spun down i n  t h e  pe l l e t ,  con f i rm ing  t h a t  

the  ant igen was associated w i t h  the  su r fac tan t  l i p i d s .  

DISCUSSION 

On the  basis o f  the  s tud ies  described, we have developed a 

spec i f i c ,  sens i t i ve  and reproducible assay f o r  sur fac tan t -  

associated ant igen i n  bronchoalveolar lavage f l u i d .  The assay I s  

no t  sub jec t  t o  in te r fe rence by the  presence o f  more than 1 mg/ml 

o f  serum p ro te ins  o r  so lub le  t i s s u e  p ro te ins  and e x h i b i t s  a very 

high degree o f  s p e c i f i c i t y  f o r  the  surfactant-associated antigen. 

The s e n s i t i v i t y  o f  t he  assay has been s l g n i f i c a n t l y  enhanced by 

the  use o f  a second antibody and PAP t o  ampl i f y  t h e  de tec t ion  o f  

the  bound antibody: the  advantages o f  using the  second 

antibody-PAP system have recent ly  been confirmed by o ther  workers 

descr ib ing an immunoassay f o r  e l a s t i n  peptides (9). Our assay f o r  

surfactant-associated ant igen r e l i a b l y  detects 15 u n i t s h l  o f  

ant igen i.e. 15 n g h l  o f  t he  standard ant igen preparation, which 

i s  est imated t o  contain l e s s  than 10% s p e c i f i c  an t i gen ic  p r o t e i n  

(unpublished data). 

F ive  other groups o f  workers, who have reported the  

preparat ion o f  s p e c i f i c  an t ibod ies  t o  surfactant-associated 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



1 6 4  KUMAR, TRUSCOTT, AND LYKKE 

antigens from var ious species, have developed tmmunoassays f o r  

these antigens I n  bronchoalveolar lavage f l u i d ,  lung  homogenate o r  

amntottc f l u i d  (10-14). The assay described by Sugahara e t  a l .  

(10) i s  a Laurel1 rocket  tmmunoelectrophoresis method which on ly  

detects anttgen I n  the  concentrat ton range 5-25 mg/ml. This 

technique the re fo re  necessi tates Considerable p repara t lve  work t o  

concentrate and e x t r a c t  t he  sample f o r  assay. Gtkas e t  a l .  (11) 

have descrtbed an equ t l i b r tum compet i t i ve  radioimmunoassay t h a t  

requires h tgh ly  p u r i f i e d  anttgen and t race r - l abe l l ed  anttgen. It 

i s  a l so  r e l a t i v e l y  tnsens t t tve  and detects anttgen i n  the  

concentrat ion range 0.2-20 ug/ml. The enzyme immunoassays reported 

by Katyal and Stngh (12) and by Kurokt e t  a l .  (13) are  more 

sensi t ive.  Both o f  these are  two-s i te  sandwich assays: t he  former 

requires ant ibodies ra ised  i n  two d i f f e r e n t  species w h t l s t  t he  

l a t t e r  uses two d t f f e r e n t  monoclonal antibodies. We i n t t t a l l y  

expended considerable e f f o r t  i n  attempts t o  develop a sandwich 

tmmunoassay based upon adsorpt ion o f  s p e c i f t c  antibody t o  a s o l i d  

phase, b ind ing  o f  standards o r  unknowns, and de tec t ion  o f  bound 

antigen by enzyme-labelled s p e c l f t c  antibody. However, i n  our 

hands t h t s  approach y ie lded a l e s s  sens l t t ve  assay whtch had a 

narrow useful  working range and was poor ly  reproducible. Our 

compettt tve assay system appears t o  be severa l - fo ld  more sens i t t ve  

than the  sandwich assays reported by these workers. F ina l l y ,  t h e  

enzyme tmmunoassay reported by Shelley et a l .  (14) f o r  

surfactant-assoctated ant igens i n  human amntot ic f l u i d  i s  very 

s tmt la r  t n  p r i n c i p l e  t o  the  assay we have developed. 
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Unfortunatelyr  it I s  n o t  poss ib le  t o  assess the  l e v e l  o f  

s e n s i t i v i t y  they Obtained, because r e s u l t s  were reported r e l a t i v e  

t o  a pool o f  amniotic f l u i d  samples obtained a t  termr and no 

absol Ute reference standard was employed. Howeverr our technique 

i s  l i k e l y  t o  be considerably more s e n s i t i v e  because de tec t ion  o f  

bound antibody has been s i g n i f i c a n t l y  improved by t h e  use o f  a 

second antibody-PAP repor te r  labe l .  I n  addf t ionr  we have adapted 

the  system t o  microplatesr making smal ler  sample volumes poss ib le  

as we l l  as conserving reagentsr and have developed a f a i r l y  simple 

procedure f o r  preparat ion o f  a reference standard antigen. 

The assay technique has proved t o  be useful  f o r  q u a n t i t a t i n g  

surfactant-associated ant igen d i r e c t l y  i n  mouse bronchoalveolar 

lavage f l u i d .  We a l so  attempted t o  quan t i t a te  the  ant igen i n  

samples o f  r a t  and human bronchoalveolar lavage f l u i d .  Howeverr 

we were unable t o  de tec t  t he  ant igen i n  these samples w i t h  t h i s  

assay (data no t  shown). The primary ant ibody has been shown 

immunohistochemically t o  l abe l  type  2 pneumocytes i n  r a t  and human 

lung t i s s u e  ( 4 ) .  It i s  poss ib le  t h a t  t he  f a i l u r e  t o  de tec t  t h e  

ant igen i n  bronchoalveolar lavage f l u i d  might r e f l e c t  species 

d i f fe rences  i n  the  molecule bear ing t h e  an t igen ic  determinant. 

which would lead t o  reduced antibody a v i d i t y  and thus  a f f e c t  t h e  

performance o f  a compet i t ive assay. 

Our data c l e a r l y  demonstrate t h a t  t h e  ant igen I n  mouse 

bronchoalveolar lavage f l u i d  i s  associated w i t h  t h e  su r fac tan t  

l i p i d s .  We have shown immunohistochemically ( 4 )  t h a t  t h e  an t igen 

l o c a l i z e s  t o  the  cytoplasm o f  type  2 pneumocytes and the  
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sur fac tan t  l aye r  l i n i n g  small  and medium-sized airways. Thus we 

i n f e r  t h a t  t he  ant igen i s  a product o f  t ype  2 pneumocytes and i s  

secreted as a p a r t  o f  t he  su r fac tan t  complex. We hypothesize t h a t  

changes i n  type  2 pneumocyte func t i on  may be r e f l e c t e d  i n  

a l t e r a t i o n s  i n  the  content o f  surfactant-associated ant igen i n  

bronchoal veolar lavage f 1 u i  d. 

The assay i s  so sens i t i ve  t h a t  samples o f  bronchoalveolar 

lavage f l u i d  had t o  be d i l u t e d  15 t o  30- fo ld  so t h a t  t h e  

absorbance values f e l l  w i t h i n  the  l i n e a r  p o r t i o n  o f  t he  standard 

curve. This i s  despi te the  f a c t  t h a t  bronchoalveolar lavage f l u i d  

i s  i t s e l f  a r e l a t i v e l y  d i l u t e  sample. We be l ieve  t h a t  t h i s  i s  t h e  

f i r s t  successful app l i ca t i on  o f  an immunoassay f o r  a 

surfactant-associated ant igen t o  de tec t ion  d i r e c t l y  i n  

bronchoalveolar lavage f l u i d :  previous s tud ies  have e i t h e r  

required concentrat ion o f  t h e  lavage f l u i d  and e x t r a c t i o n  o f  t he  

antigen f o r  assay (10,13) or c o l l e c t i o n  o f  und i lu ted  t rachea l  

f l u i d  (11). The much grea ter  s e n s i t i v i t y  o f  t h e  present assay w i l l  

make possible simple and d i r e c t  determinat ion o f  

surfactant-associated ant igen i n  samples o f  bronchoalveolar lavage 

f l u i d  and may help t o  provide a m  q u a n t i t a t i v e  in fo rmat ion  

about the  responses o f  type  2 pneumocytes. 
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