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Mitosis in liver macrophages after challenge with antigen 

Challenge Immunization Mitoses per 100 fields 
(mean and range; 4 mice per group) 

HSA HSA in adjuvant 16 (10-24) 
Saline HSA in adjuvant 6 ( 2- 7) 
HSA None 2 ( 1- 5) 
Saline None 3 ( 2- 6) 

c o u n t s  of t he  n u m b e r s  of hepa t i c  p a r e n c h y m a l  cell nuclei  
a n d  Kupf f e r  cell nucle i  were m a d e  on  r e p r e s e n t a t i v e  
sect ions.  The re  were a p p r o x i m a t e l y  2700 p a r e n c h y m a l  
ce l l  nucle i  a n d  700 K u p f f e r  cell nucle i  pe r  100 fields. Com- 
pa r i son  of sect ions  f rom con t ro l  and  e x p e r i m e n t a l  mice  
r evea l ed  no  di f ferences  of more  t h a n  5%.  

The  resu l t s  are shown  in t h e  Table .  I m m u n i z e d  mice  
cha l l enged  w i t h  an t i gen  h a d  4 to  8 t i m e s  as m a n y  mi toses  
as con t ro l  mice  and  t he  r ange  was  comple t e ly  ou t s ide  t he  
r anges  for con t ro l  mice. There  was essen t i a l ly  no  differ- 
ence a m o n g  t he  t h r e e  con t ro l  groups  in  t h e  n u m b e r s  of 
mi toses  seen. I n  a n  a d d i t i o n a l  e x p e r i m e n t  i t  was  found  
t h a t  p ro long ing  t he  v i n b l a s t i n e  exposure  for  a f u r t h e r  two  
hour s  inc reased  t h e  n u m b e r  of mi toses  in  an t igen -cha l l eng -  
ed, i m m u n i z e d  mice  to 39 pe r  100 fields. 

These  f ind ings  i nd ica t e  e i the r  t h a t  t he  Kupf fe r  cells of 
a p p r o p r i a t e l y  i m m u n i z e d  mice can, l ike f lee - f loa t ing  peri-  
t onea l  mac rophages ,  be  i nduced  to d iv ide  w h e n  t he  ani-  
mals  are reexposed  to a pu re  so luble  an t igen ,  or  t h a t  t he  
l iver  is a s i te  where  m a c r o p h a g e  percursors  w h i c h  h a v e  
en t e r ed  t he  mi to t i c  cycle come  to ground.  A l t h o u g h  i t  is 
d i f f icu l t  to  exc lude  t h e  l a t t e r  poss ib i l i ty ,  we f a v o u r  t he  
i n t e r p r e t a t i o n  t h a t  t he  ' f ixed '  m a c r o p h a g e s  undergo  
mi tos is ,  for t he  fol lowing reasons.  The  m a c r o p h a g e s  wh ich  
unde rgo  mi tos i s  in  t h e  l iver  d u r i n g  t he  acqu i s i t ion  of 
cel lular  r es i s t ance  to  in fec t ion  h a v e  been  shown,  b y  t h e i r  
p r io r  inges t ion  of col loidal  carbon ,  to  h a v e  been  p rev ious ly  
r e s iden t  in t he  l iver  s . Likewise,  i t  has  been  shown,  b y  t he  
use of i r r a d i a t i o n  and  a p p r o p r i a t e  shielding,  t h a t  indi-  
genous  Kupf fe r  cells p ro l i fe ra te  in  response  to  oes t rad io l  1% 
Fina l ly ,  t h e r e  is a lag of 16 h be t w een  t h e  in j ec t ion  of 
a n t i g e n  in to  i m m u n i z e d  mice  and  t he  onse t  of D N A  
syn thes i s  in pe r i t onea l  m a c r o p h a g e s  10, a n d  t he  gene ra t i on  
t i m e  of m o n o c y t e  p recursors  in  bone  m a r r o w  has  been  
e s t i m a t e d  as 20 h z3. I f  these  f igures  are app l i cab le  to  all  
ceils of t he  m o n o n u c l e a r  p h a g o c y t i c  sys tem,  i t  would  seem 
un l ike ly  t h a t  all, or even  a ma jo r i t y ,  of K u p f f e r  cells 
e n t e r i n g  m e t a p h a s e  b e t w e e n  20 a n d  23 h a f te r  chal lenge 

could  h a v e  been  r ecen t l y  der ived  f rom a n  e x t r a - h e p a t i c  
site. 

O u r  e x p e r i m e n t s  shed  no d i rec t  l i gh t  on  t h e  m e c h a n i s m  
of i n d u c t i o n  of mi tos i s  b u t  t he re  is sugges t ive  evidence,  
s u m m a r i z e d  above ,  t h a t  a n t i g e n - i n d u c e d  mi tos i s  in  
m a c r o p h a g e s  is an  expres s ion  of ce l l -media ted  i m m u n i t y .  
I t  h a s  been  r epo r t ed  t h a t  s u p e r n a t a n t  f lu ids  f rom mixed  
cu l tu res  of a l logenic  r a b b i t  l y m p h o c y t e s  can  s t i m u l a t e  
r a b b i t  m o n o c y t e s  to  p ro l i fe ra te  in  v i t r o  a n d  acqui re  some 
res i s t ance  to i n t r ace l lu l a r  m y c o b a c t e r i a  z4. There  is also 
ev idence  t h a t  m a c r o p h a g e s  can  be  a c t i v a t e d  b y  l y m p h o -  
k ines  p roduced  b y  lymphocy te s ,  de r ived  f rom i m m u n e  
an imals ,  a f t e r  cu l tu re  w i t h  specific an t i gen  zS-zs. The  
r e l a t i onsh ip  b e t w e e n  a c t i v a t i o n  and  mi tos i s  in m a t u r e  
m a c r o p h a g e s  is no t  c lear  z~ I t  m a y  be  t h a t  t h e  two 
p h e n o m e n a  are  r e l a t ed  b u t  p o t e n t i a l l y  i n d e p e n d e n t  ex- 
press ions  of ce l l -media ted  i m m u n i t y .  I t  is also conceiv-  
able  t h a t  mi tos i s  in  ma tu r e ,  f ixed m a c r o p h a g e s  ref lects  a 
res idua l  c a p a c i t y  to  r e spond  to  t he  s a m e  s t imu lus  w h i c h  
leads  to  p ro l i f e ra t ion  of m a c r o p h a g e  precursors  in  bone  
m a r r o w  and  to  t he  p r o d u c t i o n  of large  n u m b e r s  of new 
m o n o c y t e s  du r ing  t h e  acqu i s i t ion  of ce l lu lar  res i s tance  to 
in fec t ion  ~0. 

Rdsumd. Des souris  on t  6t@ immunis@es avec  l ' a l b u m i n e  
du  s@rum h u m a i n  dans  l ' a d j u v a n t  c o m p l e t  de F reund .  U n  
jour  apr@s une  i n j ec t i on  de r a p p e l  de l 'antig@ne, la  ta i l le  
des mitoses ,  p a r m i  les m a c r o p h a g e s  du  foie dCpasse celle 
des mi toses  des souris  tCmoins.  
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Specific Enhancement of the Cytotoxic Titre with Regard to Complement Source and Cytotoxicity 
Test Systems 

I n  h i s t o c o m p a t i b i l i t y  tes t ing ,  t he re  are  s t i l l  m a n y  pro-  
b l ems  assoc ia ted  w i t h  weak  r e a c t i v i t y  of t he  l y m p h o c y t e s  
(CYNAP) .  I t  h a s  been  s h o w n  t h a t  t he  r e a c t i v i t y  of 
h u m a n  l y m p h o c y t e s  in c y t o t o x i c i t y  t e s t s  c an  be  increased  
b y  p r e t r e a t m e n t  w i t h  enzymes .  W h e r e a s  t r y p s i n  a n d  
ficin t r e a t m e n t  m a y  p roduce  false pos i t ive  resu l t s  z,2, 
n e u r a m i n i d a s e  gave  a n  increased  specific r e a c t i v i t y  w i t h  
h u m a n  l y m p h o c y t e s  3. At t h e  t i m e  of t h i s  i nves t iga t ion ,  
s tud ies  w i t h  e n z y m e  t r e a t e d  mice  l y m p h o c y t e s  were 
n o t  ava l i ab le .  C y t o t o x i c i t y  t e s t s  are usua l ly  per- 

fo rmed  w i t h  r a b b i t  s e rum as c o m p l e m e n t  source. 
The  a b o v e  m e n t i o n e d  a u t h o r s  also e m p l o y e d  t h i s  
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Transplantation 6, 913 (1968). 
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Table I. Reciprocal cytotoxic titres (> 50% dead cells) of anti C57 DBA serum in cytotoxicity assays with different complement and C57 
lymphocyte preparations 

One step; pretreatment with Two step; no pretreatment 

None Trypsin Ficin Neuraminidase ~ A ]3 C D Absorbed complement 
0.25mg/10 ~ 0.025mg/106 0.015-0.025 u/106 

32 64 64 2.048 32 32 32 32 rabbit 
4 16 16 4 4 8 16 32 guinea-pig, undiluted 
0 0 0 0 4 8 16 32 guinea-pig, 1:10 diluted 

Complement titres : rabbit serum 19.0 CHs0/ml; guinea-pig serum 190 CHs0/ml. A: supernatant removed; .B : 1 • washed; C : 2 • washed; 
D: 3 • washed. 

c o m p l e m e n t  w i thou t  consider ing guinea-pig  se rum as 
possible c o m p l e m e n t  source. The purpose  of th is  pape r  is 
to inves t iga te  the  increased r eac t iv i ty  of enzyme  t r ea t ed  
mice  l y m p h o c y t e s  w i th  regard to  t he  c o m p l e m e n t  source, 
a n t i c o m p l e m e n t a r i t y  of the  serum, and  the  op t ima l  cyto-  
tox ic i ty  t e s t  sys tem.  

An expe r imen ta l  model  w i th  mice l y m p h o c y t e s  was 
chosen because  in th is  sy s t em a marked  a n t i c o m p l e m e n t -  
a r i ty  of mouse  se rum agains t  guinea-pig c o m p l e m e n t  is 
known  ~ wi th  a t  least  two  factors  d i rec ted  aga ins t  b o u n d  
C1 and  C3 (unpubl ished data) .  By  using th is  sys tem,  the  
effect  of enzyme  t r ea t ed  t a rge t  cells on an t i comp lemen t -  
a r i ty  of the  Serum can be s tudied,  since MITTAL 2 suggested 
t h a t  a n t i c o m p l e m e n t a r y  effects  m a y  be reduced  by  
enzyme (ficin) t r e a t m e n t :  We  used C 57 mice lymphocy tes ,  
an t i  C 57 D B A  i so immunserum,  and b o t h  guinea-pig  and 
r abb i t  se rum as c o m p l e m e n t  sources. Guinea-pig  comple-  
m e n t  was  employed  und i lu t ed  and in a 1:10 di lut ion,  
which  is equ iva len t  to the  c o m p l e m e n t  ac t iv i ty  of r abb i t  
serum. R a b b i t  se rum was absorbed  twice on C 57 lympho-  
cytes.  The one s tep  cy to tox ic i ty  t e s t  was pe r fo rmed  
essent ia l ly  as descr ibed 5. C 57 ]ymphocy te s  were ob ta ined  
f rom spleen by  s ieving the  minced  organ t h r o u g h  gauze 
wi th  subsequen t  r emova l  of red cells by  di f ferent ia l  lysis 
and  2 washings  in H a n k ' s  solut ion.  L y m p h o c y t e s  were 
t r e a t ed  w i t h  enzymes  by  t5 rain incuba t ion  a t  37~ 
fol lowed by  2 washings  in Hank ' s .  An t i s e rum was d i lu ted  
wi th  normal  D B A  serum and neuramin idase  w i t h  saline 
con ta in ing  0 .005M CaC12. In  the  two s tep procedure ,  
l y m p h o c y t e s  were f irs t  incuba ted  wi th  an t i s e rum for 30 
min  a t  37~ Af te r  cen t r igufa t ion  at  400 g (4~ and  
remova l  of t he  supe rna t an t ,  sensi t ized l y m p h o c y t e s  were 
washed  wi th  H a n k ' s  before c o m p l e m e n t  was added.  
Ti t res  were read  15 min  af ter  s ta in ing  wi th  t r y p a n  blue. 

In  t he  one s tep  procedure  a specific t i t re  increase f rom 
1 : 32 to  1 : 2048 by  t r e a t m e n t  of mouse  l y m p h o c y t e s  w i th  
neuramin idase  can only  be achieved wi th  r abb i t  se rum as 
c o m p l e m e n t  source. T ryps in  and ficin only  give a sl ight  

t i t re  raise w i th  b o t h  r ab b i t  and  guinea-pig complement .  
No cy to tox ic  t i t re  is observed  w i t h  1:10 d i lu ted  guinea- 
pig c o m p l e m e n t  ind ica t ing  t h a t  an t i complemen ta r i t y  
canno t  be reduced  by  enzyme t r e a t m e n t  of t he  lympho-  
cytes  (Table I). However ,  by  3 successive washings  of the  
sensi t ized l y m p h o c y t e s  a n t i c o m p l e m e n t a r i t y  of mouse 
se rum agains t  guinea-pig  c o m p l e m e n t  can be r emoved  so 
t h a t  the  same t i t re  is reached even wi th  1:10 di luted 
guinea-pig  c o m p l e m e n t  as wi th  r ab b i t  complement .  If 
neuramin idase  t r e a t ed  lyn lphocy tes  are incuba ted  wi th  
an t i s e rum and  washed  in the  same way, a s imilar  loss of 
a n t i c o m p l e m e n t a r i t y  is noted.  In teres t ingly ,  the re  is also 
a cy to tox ic  t i t re  fall f rom 1 : 2048 to  1 : 256 if r abb i t  com- 
p l emen t  is used (Table II). 

The ex t r eme  t i t re  gap in these  cy to tox ic i ty  tes ts  wi th  
guinea-pig and  r ab b i t  c o m p l e m e n t  can only  pa r t l y  be 
expla ined  by  a n t i c o m p l e m e n t a r i t y  of mouse se rum against  
guinea-pig complemen t .  On the  o the r  hand,  there  could 
be an ' enhanc ing  fac tor '  in r ab b i t  se rum which  in te rac t s  
w i th  neuramin idase  t r e a t ed  sensi t ized lymphocytes .  The 
resul ts  of RAY et  al. e, t h a t  r ab b i t  c o m p l e m e n t  t r ea ted  
wi th  cobra  v e n o m  was fully lyt ic  for neuramin idase  t rea t -  
ed cells, m a y  lead to  an exp lana t ion  for these  s t r ik ing 
results .  Our pos tu la t ed  ' enhanc ing  factor '  canno t  be iden- 
t ical  w i th  t he  known  na tu ra l  a n t i b o d y  agains t  mouse 
lymphocy tes ,  p resen t  in mos t  r ab b i t  sera 7, because our 
r abb i t  se rum was twice  absorbed  on C 57 lymphocytes ,  
render ing  it non tox ic  aga ins t  neuramJnidase  t r ea t ed  C 57 
lyphocytes .  Fu r the rmore ,  it  is in te res t ing  and of prac t ica l  
consequence  t h a t  the  h ighes t  t i t r e  w i th  neuramin idase  
t r ea t ed  l ymphocy te s  and  r abb i t  c o m p l e m e n t  is ob ta ined  
in t h e  one s tep procedure ,  whereas  usually the  two  step 
me t h o d  is more  sensi t ive  t h a n  the  one s tep procedure.  I t  
seems likely t h a t  t he  neuramin idase  t rea ted  cell, which  is 
t h o u g h t  to  b ind  more  a n t i b o d y  and complemen t  be- 
cause of a change  in steric surface configurat ion3,  8, 
canno t  b ind  t h i s  a n t i b o d y  so s t rongly  as the  un t r ea t ed  
lymphocy te .  

Table II. Reciprocal cytotoxic titres of anti C57 DBA serum with 
neuraminidase treated C57 lymphocytes in a two step cytotoxicity 
assay after 1 and 3 washings of the sensitized lymphocytes 

Neuraminidase pretreatment of lymphocytes 

1 • washed 3 • washed Absorbed complement 

1056 256 rabbit 
16 32 guinea pig, findiluted 
4 16 guinea pig, 1:10 diluted 
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Zusammenfassung. Es wird  gezeigt, dass  im Cytotoxizi-  
t / i t s tes t  mi t  Ms  der cy to tox ische  Ti ter  
durch  Neu ramin ida sevo rbehand lung  s ta rk  gesteiger t  wet-  
den kann,  falls K a n i n c h e n s e r u m  als K o m p l e m e n t  ver- 
wende t  wird.  Durch  Tryps in-  oder  F ic in -Vorbehand lung  
wird  nur  eine schwache  Ste igerung erzielt.  Im  Gegensatz  
zum Cyto toxiz i t / i t s tes t  mi t  unbehande l t en  L y m p h o z y t e n  
wird  der  st / irkste T i te rans t ieg  bei  der  <~ one s tep >>-Methode 
beobach te t .  U m  die spezifische T i t e re rh6hung  mi t  Ka-  
n i n c h e n - K o m p l e m e n t  zu erkl~ren, wird  ein ~enhancing 

factor~> mi t  einer Spezif i t~t  gegen N e u r a m i n i d a s e  behan-  
del te  an t ik6rperbe ladene  L y m p h o c y t e n  postul ier t .  
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Anti-Lymphocyte  Serum and Suppression of Interferon Production 

Al though  the  effect  of heterologous an t i - l ymphocy t e  
se rum on in te r fe ron  p roduc t ion  has  been s tudied  by  se- 
veral  invest igators ,  there  is no general  ag reemen t  regard-  
ing t h e  na tu re  of th is  effect.  HIRSCH et al. 1 repor ted  no 
s ignif icant  depress ion in in ter feron levels of mice given 
3 inject ions  of r abb i t  an t imouse  l y m p h o c y t e  serum before 
s t imula t ion  wi th  vaccinia  virus. BORDEN et  al. ~ ob ta ined  a 
sl ight  reduct ion  (2-foldl in in te r fe ron  t i te rs  of mice t r ea t ed  
wi th  an t i - lymphoc i t e  serum. In  con t r a s t  to  these  f indings,  
a s tudy  by  BARTH et  al. 3 repor ted  a s ignif icant  r educ t ion  
in in ter feron t i te rs  of mice given 3 in jec t ions  of burro  ant i -  
mouse  l ymphocy te  serum. The present  s tudy  repor t s  ad- 
d i t ional  da t a  on suppress ion of in ter feron p roduc t ion  by  
a n t i l y m p h o c y t e  serum. 

Methods. Ant i -mouse  l y m p h o c y t e  serum (ALS) was pro-  
duced b y  immuniz ing  rabb i t s  wi th  two  i.p. in ject ions  of 
mouse  t hymocy te s ,  according to a modif ied  procedure  of 
LEVEY and  MEDAWAR 4, Rabb i t s  were bled 1 week af ter  
the  las t  injection.  Sera were pooled, inac t iva ted  a t  56~ 
for 20 rain. and  adsorbed  w i t h  20~o mouse  red  b lood cells 
for 1 h a t  37 ~ and overn igh t  a t  4 ~ Agglu t ina t ion  tes ts  
w i th  mouse  red blood cells were nega t ive  af ter  adsorp t ion .  
Pooled serum was t e s t ed  for a n t i b o d y  to  mouse lympho-  
cytes  by the  cy to tox i c i t y  tes t :  incuba t ion  of ALS wi th  
mouse  spleen cells for 30 min  a t  37 ~ resul ted  in 32% cell 
mor ta l i ty ,  compared  to 6% mor t a l i t y  in normal  r ab b i t  
se rum (NRSI controls.  Mice were in jec ted  i.p. w i th  1 ml of 
e i ther  ALS or NRS,  followed 24 h la ter  by  1 ml  Newcast le  

disease virus  (NDV) (640 hemagg lu t ina t i ng  units).  Ani- 
mals  were bled 8, 16 and  25 h af ter  in ject ion of NDV.  Sera 
were col lected and assayed for in ter feron in L-929 cells by  
inh ib i t ion  of cy topa thogen ic  etfect,  using vesicular  sto- 
mat i t i s  virus as chal lenge 5. 

Results. T r e a t m e n t  of mice wi th  ALS produced  a 4-fold 
reduc t ion  in the  a m o u n t  of in te r fe ron  produced,  when  
compared  to  N R S - t r e a t e d  controls .  Suppress ion could be 
d e m o n s t r a t e d  8 h af ter  s t imula t ion  wi th  NDV. After  24 h, 
interferon could not be de tec ted  in ALS - t r ea ted  mice 
(Table I. 

These results  are in general  agreement  w i th  those  of 
BARTH et  al. 3 who repor ted  a 4- to  5-fold reduc t ion  in the  
a m o u n t  of in ter feron p roduced  in ALS- t r ea t ed  mice. 

Depression of in ter feron response  in ALS- t r ea t ed  mice 
cons t i tu tes  indi rec t  evidence for i nvo lvemen t  of lymphoid  
cells in in ter feron product ion .  

Rdsumd. L ' a d m i n i s t r a t i o n  de 1 ml ALS, 24 h a v a n t  
l ' introcluct ion de l ' in terf6ron avec le virus de la maladie  
de Newcast le ,  provoqua une r~duct ion au qua r t  du taux 
de l ' interf6ron.  

L u c y  TREAGAN 6 

Department of Biology, University of San Francisco, 
San Francisco (California 94117 USA I. 
27 November 1977. 

Effect of treatment with ALS or NRS on induction of interferon in 
mice by NDV 

Treatment Interferon titer (units/3 ml) 
h after induction 

8 16 24 

NRS 1500 550 280 
ALS 390 200 0 
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Hemoglobin  in Immature  Erythrocyte Mitochondrion-Like Organelles 

An increase in n u m b e r  of mi tochondr i a  occurs in ret i -  
culocytes  af ter  nuclear  ex t rus ion  by  e ry th rob las t s  in the  
per iphera l  blood of rabb i t -embryos~  Mitochondr ion- l ike  
organelles  (MLO~ in ceils f ixed in hypo ton ic  m e d i u m  and 
s ta ined  by p h o s p h o t u n g s t i c  acid were shown from pino- 
cy to t ic  vesicle fo rmat ion  onwards  ~. Re t icu locy te  MLO 

are formed concomi tan t ly  wi th  t he  t r an s fo rma t i o n  of iron 
conta in ing  mater ia l ,  for heme  biosynthes is .  Besides the i r  
higher  n u m b e r  in re la t ion to  t he  later  e ry throblas ts ,  
re t icu locvte  MLO, cons t i tu t ed  p r e d o m i n a n t l y  by  longi- 
tud ina l  cristae, are h ighly  e lec t ron  dense, suggest ing a 
h igh prote in  co n t en t  in these  organelles2. 


