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Antibody Production in Mice Chronically Exposed 

Cigare t te  smok ing  ha s  been  found  to  be  assoc ia ted  w i t h  
a n  increased  incidence  of r e s p i r a t o r y  in fec t ion  1-3, a n d  
r ecen t  ev idence  suggests  t h a t  p u l m o n a r y  defence mecha -  
n i sms  m a y  be  i m p a i r e d  in c iga re t t e  smokers  ~. Severa l  
effects  of c iga re t t e  smoke  on  a lveo la r  m a c r o p h a g e s  a n d  
t he  bac t e r ioc ida l  a c t i v i t y  of t he  lungs  h a v e  been  exam-  
inedS-L However ,  cons ide rab ly  less is k n o w n  of t he  
effects of c iga re t t e  s m o k i n g  on  a d a p t i v e  i m m u n e  responses.  

FI~I<LEA et  al. s h a v e  r epo r t ed  t h a t  h u m a n  c iga re t t e  
smokers  h a v e  a decreased  s e rum a n t i b o d y  response  to  
in f luenza  v i rus  in fec t ion  or  vacc ina t ion .  S tud ies  in  th i s  
l a b o r a t o r y  on  t he  distr ibu~don of a n t i b o d y - f o r m i n g  cells 
in mice  chron ica l ly  exposed  to  c iga re t t e  smoke  h a v e  also 
i nd i ca t ed  t h a t  t he  h u m o r a l  i m m u n i t y  is impai red9 ,  l~ I t  
has  also been  found  t h a t  c iga re t t e - smoke  exposure  
decreases  t he  a n t i b o d y  response  of mice  i m m u n i z e d  i.p. 
w i t h  sheep e r y t h r o c y t e s l L  I n  th i s  s t u d y  we r epo r t  t h e  
s e rum a n t i b o d y  response  of mice  chron ica l ly  exposed to  
f resh c iga re t t e  smoke,  a f te r  t h e  i n t r o d u c t i o n  of i m m u n o g e n  
in to  t he  r e s p i r a t o r y  sys tem.  T he  d i rec t  effect  of c iga re t t e  
smoke  on  a n t i b o d y  and  t he  a n t i b o d y - f o r m i n g  cells ha s  
a lso been  s tudied .  

Materials  and methods. C 57 B lack  mice  were exposed  to 
fresh c iga re t t e  smoke  as p rev ious ly  descr ibed  9. T he  s tock  
c iga re t t e  s m o k e  so lu t ion  used  was p r e p a r e d  as r epo r t ed  
p rev ious ly  lz. Mice were i m m u n i z e d  i n t r a t r a c h e a l l y  w i t h  
108 SRBC,  a n d  b led  1 week  l a t e r  a t  t he  p e a k  of t he  
p r i m a r y  response  ,3. 

H a e m a g g l u t i n a t i n g  a n t i b o d y  was measu red  b y  ser ial ly  
d i l u t i n g  0.02 m l  of se rum in a n  equa l  vo lume  of P B S  
c o n t a i n i n g  1~ n o r m a l  r a b b i t  serum.  Fo r  t he  r eac t ion  
0.02 m l  of 0.25% S R B C  was a d d e d  to  t he  d i lu t ions .  
H a e m o l y t i c  a n t i b o d y  was m e a s u r e d  in t he  same  m a n n e r  
us ing  P B S  as a d i luen t  a n d  a d d i n g  0.02 ml  of gu inea-p ig  
s e rum for c o m p l e m e n t  a n d  0.02 ml  of 1% SRBC. T h e  
h ighes t  d i lu t ions  showing  comple te  lysis and  def in i te  
a g g l u t i n a t i o n  were r ead  a f te r  1 h a t  37 ~ 

P F C  p r e p a r a t i o n s  were m a d e  f rom t he  spleens of 
i m m u n i z e d  mice  a n d  t he  P F C  were m e a s u r e d  as descr ibed  
e lsewhere  13. R a b b i t  anti-S1RBC s e r u m  was f r a c t i o n a t e d  

to Fresh Cigarette Smoke 

b y  Sephadex  G200 c h r o m a t o g r a p h y ,  a n d  f rac t ions  con-  
t a i n ing  19 S and  7 S a n t i b o d y  were col lected a n d  concen-  
t r a t e d  b y  ul t raf i l t ra t ion14.  

Results.  Mice were exposed to  c iga re t t e  smoke  for 19 
weeks before  rece iv ing  a n  i n t r a t r a c h e a l  i nocu la t ion  of 
108 SRBC.  1 week  l a t e r  t he  se rum a n t i b o d y  ac t iv i t i es  
were m e a s u r e d  (Table).  The  c iga re t t e  smoke-exposed  mice  
h a d  lower h a e m a g g l u t i n a t i n g  and  h a e m o l y t i c  a n t i b o d y  
t i t r es  t h a n  age -ma tched  mice. 

The  effect of c iga re t t e  smoke  so lu t ion  on a n t i b o d y  
a c t i v i t y  was  e x a m i n e d  us ing  t h e  r a b b i t  a n t i - S R B C  
a n t i s e r u m  fract ions .  H a e m a g g t u t i n a t i n g  a n d  h a e m o l y t i c  
a n t i b o d y  could be  de t ec t ed  in b o t h  t he  7S  a n d  19S 
fract ions.  The  f rac t ions  were i n c u b a t e d  for 1 h a t  37~ 
in a f inal  c o n c e n t r a t i o n  of 1:2.5 of a f resh s tock  smoke  
solut ion.  More f resh smoke  so lu t ion  was t h e n  added  to  a 
f i n a l ' c o n c e n t r a t i o n  of 1:2.5 of t he  f resh smoke  solut ion,  
and  t he  f rac t ions  i n c u b a t e d  for a n o t h e r  hour .  The  
h a e m a g g l u t i n a t i n g  and  h a e m o l y t i c  a n t i b o d y  ac t iv i t i es  
were m e a s u r e d  a f t e r  t h e  1st a n d  2nd h a n d  c o m p a r e d  to  
a p p r o p r i a t e  controls .  No loss of a n t i b o d y  a c t i v i t y  was 
found  due  to  t he  smoke  exposure  in vi t ro .  

A n t i b o d y - f o r m i n g  cell p r e p a r a t i o n s  were suspended  in 
f inal  d i lu t ions  of 1:2.5,  1:10 a n d  1:100 of f resh smoke  
solut ion,  and  i n c u b a t e d  for  0, 1, 2 or 4 h before  assay ing  
for PFC.  E x c e p t  for  t he  assay  pe r fo rmed  i m m e d i a t e l y  
a f te r  the  a d d i t i o n  of smoke  solut ion,  t h e  cells were 
r e suspended  in f resh m e d i u m  before  t he  P F C  assay.  The  
c iga re t t e  smoke  so lu t ion  h a d  no i m m e d i a t e  effect  on  t he  
n u m b e r  of P F C  (Figure),  b u t  a f te r  c o n t i n u e d  i n c u b a t i o n  
the  n u m b e r  of P F C  showed a t r a n s i e n t  depression.  The  
e x t e n t  of t he  i n h i b i t i o n  and  t he  r a t e  of r ecovery  was 
d e p e n d e n t  on  t he  c o n c e n t r a t i o n  of t he  smoke  so lu t ion  
(Figure).  A f u r t h e r  decrease  r a t h e r  t h a n  recovery  of t h e  
n u m b e r s  of P F C  was found  if t h e  ceils t h a t  h a d  been  
i n c u b a t e d  in t he  1:10 smoke  so lu t ion  for 1 h were re- 
t r e a t e d  w i t h  a f resh 1:10 smoke  so lu t ion  for a n o t h e r  hour .  

Discussion.  The  se rum a n t i b o d y  response  to SIRBC 
i n t r o d u c e d  to  t he  r e s p i r a t o r y  t r a c t  was  decreased  in  mice  
ch ron ica l ly  exposed to  c iga re t t e  smoke.  W e  h a v e  previ -  
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Effect of cigarette smoke solutions on plaque-forming cells in vitro. 
Each result is the mean :t: S.E. of the values from 6 cultures. 
3 dilutions of smoke solution were used: D, 1:2.5; �9 1:10; ~ ,  1:100. 
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ous ly  repor ted  t h a t  o rgan  P F C  responses  in mice  chron ica l ly  
exposed  to c igare t te  s m o k e  were impa i r ed  9,1~ and  t he  
depress ion  in t h e  s e r u m  a n t i b o d y  levels s h o w n  here  
ind ica tes  t h a t  t h e  decrease in tile n u m b e r s  of a n t i b o d y -  
f o rm in g  cells in t h e  o rgans  is no t  c o m p e n s a t e d  for b y  an  
increase  in a n t i b o d y  p roduced  per  cell, or b y  a n t i b o d y -  
p rod u c in g  cells in an  o rgan  no t  examined .  

Th e  direct  effect  of c igare t te  s m o k i n g  on a n t i b o d y  
levels ap p ea r s  negligible,  as j udged  b y  the  fa i lure  of 
v igorous  t r e a t m e n t s  w i th  s m o k e  so lu t ions  to i n a c t i v a t e  

Antibody response of mice chronically exposed to cigarette smoke ~ 

Smoke exposed Control 

Haemolysin 0.22 =k 0.14 1.25 4- 0.45 

Haemagglutinin 1.45 4- 0.24 3.40 4- 0.67 

e i ther  t he  h a e m a g g l u t i n a t i n g  or h a e m o l y t i c  a n t i body ,  
The  a n t i b o d y - p r o d u c i n g  cells exh ib i t ed  a degree of 
s e ns i t i v i t y  to h igh  c o n c e n t r a t i o n s  of c igare t te  s m o k e  
solut ions ,  a n d  t he  di rect  effect  of c igare t te  s m o k e  on 
p l a s m a  ceils in the  r e sp i r a to ry  s y s t e m  m u s t  be cons idered  
as a possible  fac tor  m o d e r a t i n g  i m m u n e  func t i on  in t he  
l ungs  of c igare t te  smokers .  H o w e v e r  the  d i rec t  effect  of 
c igare t te  s m o k e  on a n t i b o d y - f o r m i n g  cells e lsewhere  in 
t he  b o d y  is p r o b a b l y  negligible.  

Zusammen/assu~.4g. Die B i l d u n g  y o n  A n t i k h r p e r n  im  
Serum,  he rvo rge ru f e n  durct l  I n o k n l a t i o n  y o n  Schafery-  
throcytei1 in der  M~iusetrachea, w urde  d u r c h  chron ische  
I n h a l a t i o n  y o n  Z i g a r e t t e n r a u c h  v e r m i n d e r t .  
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Mice were exposed to cigarette smoke for 19 weeks and inocuIated 
intratraeheally with SRBC. Each result is the meaI1 • S.E. of the 
log 2 serum titres of groups of 9-10 mice, measured 1 week after the 
inoculation. The differences between the titres of the smoke-exposed 
and control mice were significant as judged by Student's t-test 
(p < 0.05). 
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Antiserum Inactivation of Hematopoietic Colony Forming Stem Cells from Mice with 
Rauscher Leukemia 

Prev io u s  r epor t s  f r om our  l a b o r a t o r y  and  o the rs  h a v e  
ind ica ted  t h a t  t he  p l u r i p o t e n t  h e m a t o p o i e t i c  co lony  
fo rm in g  s t e m  cell (CFU-S) in t he  m o u s e  spleen  is a 
possible  t a r g e t  cell for R a u s c h e r  l eukemia  v i rus  1-3. 
In j ec t ion  of t h e  R a u s c h e r  v i rus  (RLV) h a s  been  show n  to  
effect  t h i s  cell c o m p a r t m e n t  in severaI  ways ,  i nc lud ing  
i nd u c in g  an  osci l la tory  change  in t he  p ropo r t i on  of sp leen  
ceils wh ich  are in the  C F U - S  c o m p a r t m e n t  ~ a nd  an  
e v e n t u a l  overal l  increase  in t he  abso lu t e  n u m b e r  of 
C F U - S  c o n c o m i t a n t  w i t h  the  s p l e n o m e g a l y  a spec t  of t he  
disease  ~-6. O t h e r  s tud ie s  concerned  w i t h  t he  t r a n s p l a n t a -  
t ion  of C F U - S  f rom R a u s c h e r  l eukemic  mice  h a v e  show n  
the  t r a n s p l a n t a t i o n  eff ic iency (f-factor) to  be lowered by  
t he  leukemia ,  su g ges t i ng  t h a t  a t  leas t  a po r t i on  of t h a t  
c o m p a r t m e n t  was  d i rec t ly  af fected by  t he  v i rus  and  m a y  

cons is t  of t r a n s f o r m e d  cel ls1  In  order  to  ob ta in  fu r the r  
ev idence  for the  poss ible  ex i s t ence  of t r a n s f o r m e d  cells 
a m o n g  the  C F U - S  of t he  R a u s c h e r  l eukemic  mouse ,  we 
h a v e  carr ied ou t  add i t i ona l  e x p e r i m e n t s  to  d e t e r m i n e  if a 
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Effect of antiserum illcubation on the colony forming stem cells of the Rauscher leukemic mouse spIeen 

Incubation medium No. of colonies formed per 106 transplanted cells at 8 days after transplantation 

8-Day leukemic mouse donor 21-Day leukemic mouse donor Normal mouse donor 

Hanks' solution 37.5 • 3.9 ~ 13.4 4- 1.3 120.8 4- 5.9 

Normal serum 38.6 =t_ 3.1 13.1 4- 1.3 120.8 4- 9.8 
Antiserum 26.0 ~= 2.9 5.7 4- 1.0 135.9 4- 7.1 

Inhibition of colony formation by antiserum (%) 32 56 none 

Mean ~ 1 standard error of 17 or more separate determinations, 


