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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, 
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d i rec t  effect  of t he  v i rus  on s t em cells could be  de tec ted  
b y  other ,  i n d e p e n d e n t ,  pa rame te r s .  T he  p re sen t  r epo r t  
gives our  in i t ia l  resul t s  on  one of these,  t h e  ques t ion  of 
w h e t h e r  a n y  of t he  cells in  t h i s  c o m p a r t m e n t  m i g h t  ca r ry  
t he  l eukemia  a n t i g e n  a n d  the re fore  be  sens i t ive  to  an t i -  
s e rum p r e p a r e d  aga i n s t  t h e  diesease. 

Materials and methods. A n t i s e r u m  to  R a u s c h e r  leuke- 
mia  was p r e p a r e d  us ing  t he  same  m e t h o d  emp loyed  b y  
THOMSON and  AXELRAD 7 in t h e i r  d e m o n s t r a t i o n  of an t i -  
s e rum sens i t ive  cells a m o n g  t he  CFU-S  of F r i e n d  leukemic  
mice. Mice of t he  same sex a n d  syngeneic  to  t he  s t r a in  to  
be  s tud ied  (female S J L / J )  were in jec ted  w i t h  RLV.  2 
weeks  l a t e r  these  mice  were sacrif iced and  t h e i r  spleens 
r e m o v e d  and  homogenized .  This  suspension,  which  con- 
t a i n e d  b o t h  t r a n s f o r m e d  cells a n d  free virus,  was  t r e a t e d  
w i t h  fo rmal in  a t  4~ for 24 h in order  to  i n a c t i v a t e  i ts 
l eukemogenic  po ten t i a l .  The  suspens ion  was t h e n  cent r i -  
fuged,  t he  p rec ip i t a t e  r e suspended  in con j unc t i on  w i t h  
F r e u n d ' s  a d j u v a n t  a n d  in jec ted  s.c. in to  n o r m a l  S J L / J  
mice of t he  same sex. This  p rocedure  was r epea t ed  weekly  
for 9 weeks, a f t e r  wh ich  t he  s e rum was col lected f rom these  
recipients .  

Separa te ly ,  a second set  of 6 mice  (8-week-old female  
S J L / J )  wh ich  were to  serve as a source of C F U - S  for 
s t u d y  were in jec ted  i.p. w i t h  50 SE D  50/14 un i t s  of R L V  1. 
A t  8 days  and  aga in  a t  21 days  a f te r  v i rus  in j ec t ion  3 of 
these  mice were sacrificed, t h e i r  spleens r e m o v e d  a n d  t h e  
spleen cells suspended  in H a n k s '  so lu t ion  in t he  a m o u n t  
of a p p r o x i m a t e l y  0.2 ml  of packed  cells pe r  mI of solut ion.  
To each  of t h r ee  i ml  a l iquo ts  of t he  suspens ion  were added  
1 ml  of a n t i s e r u m ,  n o r m a l  S J L / J  serum,  or H a n k s '  
so lu t ion  respect ively .  T he  suspens ions  were t h e n  i n c u b a t e d  
a t  37~ for 30 m i n  in  a s h a k i n g  w a t e r  ba th .  Fo r  con t ro l  
purposes  t h e  iden t ica l  p rocedure  was also car r ied  ou t  
us ing  a n  a d d i t i o n a l  set  of mice to  o b t a i n  n o r m a l  C F U - S  
f rom non- l eukemic  S J L / J  mice  of t he  same  age a n d  sex. 

Assays  for t he  n u m b e r  of v iab le  CFU-S  were car r ied  
ou t  us ing  t he  TILL and  McCuLLOCH s t echn ique ,  w i t h  t he  
rec ip ien t  assay  mice  be ing  i r r ad i a t ed  w i t h  950 R, as 
descr ibed p rev ious ly  ~,4,6, to  suppress  t h e i r  endogenous  
CFU.  A m i n i m u m  of 17 mice  were  used for t h e  C F U - S  
assay  of each  of t he  above  t r e a t e d  spleen cell suspensions .  
I n t o  these,  a f te r  i ncuba t ion ,  0.5 ml  vo lumes  of t he  cell 
suspens ions  were in jec ted  v i a  t he  ta i l  vein,  con t a in ing  in 
t h e  case of t he  l eukemic  cells be t w een  2.5 a n d  10•  
cells, and  in t he  case of t he  n o r m a l  ceils be t w een  1.25 a n d  
1.75 • 105 cells. 8 days  l a t e r  these  rec ip ien t s  were sacri-  
ficed, t h e i r  spleens removed ,  f ixed in }3ouin's solut ion,  t he  
colonies coun ted  and  the  n u m b e r  of v iab le  C F U - S  in t he  
i n j ec t a t e  de t e rmined .  

Results. The  effect  of i n c u b a t i o n  before  t r a n s p l a n t a -  
t i on  of t he  spleen cell suspens ion  c o n t a i n i n g  t h e  CFU-S  
w i t h  t he  R a u s c h e r - l e u k e m i a - a n t i s e r u m ,  of i n c u b a t i o n  
w i t h  n o r m a l  serum,  and  of i n c u b a t i o n  w i th  H a n k s '  
so lu t ion  are  s h o w n  in t h e  Tab le  for b o t h  n o r m a l  a n d  
leukemic  mice. Values  for C F U - S  i n a c t i v a t i o n  for 8 and  
21 d a y  leukemic  mice  a n d  for the  con t ro l  an ima l s  are 
given.  W e  h a v e  r epo r t ed  p rev ious ly  t h a t  the  per iods  of 1 
a n d  3 weeks a f t e r  R L V  in jec t ions  are po in t s  of m a x i m u m  
depress ion  in the  p r o p o r t i o n  of C F U - S  for t h e  v i rus  t i t e r  
used 4. The  p r e sen t  resul t s  are cons i s t en t  w i t h  those  
f indings.  Re l a t i ve  to  t he  n u m b e r  of colonies fo rmed  pe r  

106 in jec ted  spleen cells w i t h i n  each  of t he  3 g roups  of t he  
Table,  t he re  was no s ign i f ican t  di f ference in t h e  n u m b e r  
of colonies fo rmed  w h e n  i n c u b a t i o n  in H a n k s '  so lu t ion  
was c o m p a r e d  w i t h  t h a t  in n o r m a l  serum. I n c u b a t i o n  
w i t h  the  an t i se rum,  in con t ras t ,  r esu l ted  in s ign i f ican t  
depress ion  of co lony fo rming  ab i l i ty  a t  t he  levels of b e t t e r  
t h a n  e = 0.01 for b o t h  t he  8- and  21-day leukemic  mice,  
whi le  a t  t he  same t i m e  t he  di f ference seen for i n c u b a t i o n  
of t he  n o r m a l  spleen cells w i t h  a n t i s e r u m  was  no t  signif- 
i c an t l y  d i f fe ren t  w i t h  respec t  to  t he  n o r m a l  se rum or 
H a n k s '  so lu t ion  t r e a t m e n t  a t  t h e  level  of e = 0.10 a n d  
was in t h e  oppos i te  d i rec t ion  f rom t h a t  for the  leukemic  
cells. The  resul t s  the re fo re  show t h a t ,  s imi la r  to  t he  
f ind ings  of THOMSON and  AX~LRAD 7 for F r i e n d  l eukemia  
t he  C F U - S  c o m p a r t m e n t  of t he  R a u s c h e r  l eukemic  mouse  
spleen con ta ins  cells wh ich  can  be  i n a c t i v a t e d  b y  a n t i s e r u m  
p r e p a r e d  aga in s t  the  disease in syngene ic  mice. 

Discussion. The  f indings  of th i s  s t u d y  p rov ide  add i t ion -  
al  ev idence  to s u p p o r t  t he  thes is  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  s t em cell m a y  be  a t a r g e t  cell for R a u s c h e r  
l eukemia  virus.  T h e y  also ind ica te  t h a t  t h e  C F U - S  
c o m p a r t m e n t  in  t he  v i ra l  l eukemic  mouse  m a y  be  m a d e  
up  of a t  leas t  two  componen t s .  F r o m  the  p r e sen t  s t u d y  
we would t e n t a t i v e l y  classify these  as a C F U - S  compo-  
n e n t  of ceils h a v i n g  t he  t u m o r  an t i gen  a n d  the re fo re  
capab le  of be ing  i n a c t i v a t e d  b y  t he  an t i s e rum,  a n d  as a 
CFU-S  c o m p o n e n t  cells e i the r  Iacking t he  a n t i g e n  or 
w i t h  insuff ic ient  a n t i g e n  to al low for i nac t iva t ion .  W h e t h e r  
or no t  th i s  l a t t e r  g roup  consis ts  p u r e l y  of n o r m a l  ceils or 
can  be  f u r t h e r  b r o k e n  down in to  a m i x t u r e  of n o r m a l  a n d  
t r a n s f o r m e d  cells r ema ins  a n  open  issue. However ,  
r e la t ive  to  the  m a i n  ques t ion  of t he  s t u d y  several  d i f fe ren t  
l ines of p rev ious  ev idence  now impl i ca t e  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  s t em cell as a t a r g e t  cell for R a u s c h e r  
l eukemia  virus.  These  include,  in a d d i t i o n  to  t he  p re sen t  
f indings ,  t he  p ro l i fe ra t ive  response  of h e m a t o p o i e t i c  
s t em cells to  R a u s c h e r  l eukemia  s-6, t he  p l u r i p o t e n t  
d i f f e ren t i a t ion  capabi l i t i es  of those  cells fol lowing t h e i r  
t r a n s p l a n t a t i o n  f rom R a u s c h e r  l eukemic  mice 3, 5, 9, t h e i r  
r ad iop ro t ec t i ve  capab i l i t y  3, l0 a n d  t h e i r  loss of t r a n s p l a n -  
t a t i o n  eff iciency I. Of these,  p rev ious ly  on ly  t h e  effect  on  
t r a n s p l a n t a t i o n  eff iciency could h a v e  been  cons idered  as 
t r u l y  d i rec t  ev idence  of l eukemic  t r a n s f o r m a t i o n  of t he  
s t em cell. The  inc lus ion  of i n a c t i v a t i o n  of cells in t he  
CFU-S  c o m p a r t m e n t  b y  R a u s c h e r  t u m o r  a n t i s e r u m  adds  
one more  l ine of d i rec t  ev idence  sugges t ing  t h a t  h e m a t o -  
poie t ic  s t em cells shou ld  be  cons idered  as t a r g e t  cells for 
l eukemia  viruses.  

Zusammen/assung. Nachweis ,  dass  p l u r i p o t e n t e  S t a m m -  
zellen v o n  Mgusen  m i t  R a u s c h e r - L e u k g m i e  tei lweise 
d u r c h  R a u s c h e r - V i r u s - A n t i s e r u m  i n a k t i v i e r t  werden.  
E i n  Teil  der  p l u r i p o t e n t e n  S t a m m z e l l e n  sche in t  v o m  Virus  
befa l len  zu sein. 
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