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were v is ib le  a f t e r  8 h of i ncuba t ion .  All these  rose t t es  con- 
s is ted  of a m o n o n u c l e a r  cell s u r r o u n d e d  b y  va r ious  n u m -  
bers  of mye lob l a s t s  (Figures  2, 3, 5 a n d  6). T he  cen t r a l  
cells h a d  usua l ly  a n  oval- ,  k idney-  or ho r se shoe - shaped  
nuc leus  w i t h  one or  severa l  sma l l  nucleoli .  T he  a b u n d a n t ,  
pa le  and  poor ly  def ined  c y t o p l a s m  a p p e a r e d  homogenous .  
B y  cytological  cr i ter ia ,  these  cells were classified as mono-  
cytes.  F r e q u e n t l y ,  t h e y  were found  to  c o n t a i n  a phago-  
cy tozed  cell or cell  r e m n a n t s  (Figures  5 a n d  6). L e u k e m i c  
b l a s t  cells w i t h  a large, r o u n d  or ova l  nuc leus  c o n t a i n i n g  
one or severa l  p r o m i n e n t  a n d  deeply  s t a ined  nucleol i  were 
a s sembled  a r o u n d  t he  monocy te .  These  b l a s t  cells were 
usua l ly  e longa ted  a n d  o r i en ted  t o w a r d s  t he  cen t r a l  cell, 
t h e  cy top l a smic  process  o f ten  in d i r ec t  c o n t a c t  w i t h  t he  
surface  of t h e  m o n o c y t e  (Figure 5). 

A d d i t i o n a l  e x p e r i m e n t s  i n d i c a t e d  t h a t  t h e  in i t i a l  cell 
c o n c e n t r a t i o n  in t h e  cu l tu re  m e d i u m  was a n  i m p o r t a n t  
f ac to r  in  o b t a i n i n g  wel l -def ined roset tes .  I f  t h e  concen t r a -  
t i on  exceeded 3 • 10 ~ cells/ml, a loose m o n o l a y e r  deve-  
loped a n d  t h e  mye l ob l a s t s  t e n d e d  to  c lus te r  i r regu la r ly  
a r o u n d  t h e  m o n o c y t e s  (Figure  4). 

No rose t t e s  were  ev i den t  in  mu l t ip l e  wh i t e  b lood cell 
cu l tu res  f rom t h e  3 p a t i e n t s  w i t h  AML, whose  p e r i p h e r a l  
b lood  lacked m o n o c y t e s  (Table,  g roup  D;  i nd i v idua l s  
Nos. 6-8).  

Discussion. I n  th i s  s tudy ,  where  l eukocy te  cu l tu res  f rom 
p a t i e n t s  w i t h  AML, CML, CLL and  cu l tu res  f rom h e a l t h y  

Total white blood cell counts~, percentage of monocytes in the 
conventional dry smears and occurrence of rosettes in the leukocyte 
cultures on Millipore filters 

Group Patient Total cell % of Rosettes 
No. count monoeytes in 

(cells/mm 3) (dry smears) culture 

A 
Healthy 
controls 

B 
Chronic 
lymphocytic 
leukemia CLL 

C 
Chronic 
myelocytic 
leukemia CML 

D 
Acute 
myeloblastie 
leukemia 
AML 

5,200 5 
7,100 3.5 
3,500 4 
7,200 4 
4,550 8 

106,600 0 
111,000 0 
298,000 0 

1 74,000 1.5 
2 49,000 3 

m 

i 

12,800 4 + + 
5,200 2 + + 

186,000 1.5 + + 
216,000 2 + + 

23,000 22.5 + + 
49,000 0 - -  

168,000 0 - -  
37,500 0 - -  

Groups B and C: values before resumption of therapy. Group D: 
values before initiation of therapy. 

cont ro l s  were checked  for t he  presence  of roset tes ,  such  
cel lular  a r r a n g e m e n t s  were, w i t h o u t  a n y  except ion,  ob-  
served  on ly  in l eukocy te  cu l tu res  f rom A M L - p a t i e n t s  
having monocytes in  t h e  pe r iphe ra l  blood.  The  presence  of 
p h a g o c y t o z e d  m a t e r i a l  in  m a n y  of t he  cen t r a l ly  loca ted  
cells in  t h e  rose t tes  ind ica tes  t h a t  a t  leas t  p a r t  of these  
cells had,  in  t h e  cul tures ,  t r a n s f o r m e d  in to  mac rophages .  
Such  a t r a n s f o r m a t i o n  of m o n o c y t e s  in  v i t ro  is k n o w n  to  
occur  w i t h i n  a few hour s  of i n c u b a t i o n  s. 

A l t h o u g h  t he  s ignif icance of the  spon t aneous  f o r m a t i o n  
of rose t t e s  in  these  Air [L- leukocyte  cul tures  is, a t  t h e  
p r e sen t  t ime ,  fa r  f rom be ing  clear, one m i g h t  specu la te  
t h a t  m e c h a n i s m s  s imi la r  to  those  ope ra t ive  in o t h e r  
ro se t t e - fo rming  sys tems  1 3 m a y  p l a y  a role. Thus ,  a 
rose t te - l ike  a r r a n g e m e n t  of e r y t h r o c y t e s  a r o u n d  macro -  
phages  could  be  observed,  w h e n  n o r m a l  sheep red b lood  
cells were added  to lung  mac rophages  f rom guinea-p igs  
wh ich  h a d  been  ac t ive ly  i m m u n i z e d  w i t h  sheep e ry th ro -  
cytes  3. The  cha rac t e r i s t i c  b ind ing  of these  2 cell t ypes  was  
t h o u g h t  to  be  due  to  t he  presence  of cytophilic antibodies ~, s 
e l abo ra t ed  in t he  an imal ,  wh ich  confer red  upon  i ts  mac ro -  
phages  t h e  ab i l i ty  to  adso rb  t he  specific an t igen .  

Should  a s imi la r  m e c h a n i s m  be  respons ib le  for t h e  
r o s e t t e - f o r m a t i o n  in t he  AML- leukocy te  cul tures ,  t h i s  
would  indica te ,  in t h e  p a t i e n t s '  se rum,  the  presence  of 
specific an t ibod ie s  aga ins t  t he  l eukemic  cells. The  f ind ing  
t h a t  g a m m a g l o b u l i n  G or  i ts  F c - f r a g m e n t  inh ib i t s ,  in  
solut ion,  t h e  f o r m a t i o n  of rose t t es  4, could  t h e r e b y  exp la in  
t he  absence  of such cel lular  a r r a n g e m e n t s  in vivo,  i.e. in  
t he  A M L - p a t i e n t s '  pe r iphe ra l  b lood 9. 

Zusammen/assung. I n  M o n o z y t e n  e n t h a l t e n d e n  Leuko-  
z y t e n - K u l t u r e n  yon  P a t i e n t e n  m i t  a k u t e r  mye lo i sche r  
Leuk~mie  e n t s t e h e n  n a c h  ungef i thr  8 h I n k u b a t i o n s z e i t  
Rose t t en ,  die aus  e inem v o n  Mye lob las t en  u m g e b e n e n  
M o n o z y t e n  bes tehen .  I n  Analogie  zu a n d e r e n  in v i t ro -  
Sys temen ,  in  welchen  sich eine R o s e t t e n b i l d u n g  be-  
o b a c h t e n  l~tsst, k 6 n n t e  diese zelluliire R e a k t i o n  auf  d e m  
V o r h a n d e n s e i n  yon  spezi f ischen A n t i k 6 r p e r n  i m  Pa -  
t i e n t e n - S e r u m  be ruhen ,  welche gegen die leuk~tmischen 
Mye lob la s t en  ge r i ch te t  sind. 
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R e la t ion  b e t w e e n  C a r c i n o g e n i c i t y  and Metabo l i c  R e d u c t i o n  of 4 - N i t r o q u i n o l i n e  1 -Ox ide  D e r i v a t i v e s  

The  r educ t i on  p r o d u c t  of 4 -n i t r oqu ino l ine - l -ox ide  
(4NQO), 4 - h y d r o x y l a m i n o q u i n o l i n e - l - o x i d e  (4HAQO) has  
been  r epo r t ed  to be  carc inogenic  1-3. T he  m e t a b o l i c  p a t h -  
way  w h i c h  conve r t s  4NQO to  4 H A Q O  was de t ec t ed  in 
a n i m a l  t i ssues  4-6. This  r epo r t  c o m p a r e s  t he  suscep t ib i l i ty  

of a n u m b e r  of de r iva t ives  of 4NQO to be  me tabo l i zed  to  
t i le  h y d r o x y l a m i n o  c o m p o u n d s  in r e l a t ion  to t he i r  carc ino-  
genici ty ,  as p a r t  of s tud ies  on  t h e i r  n l echan i sm of ac t ion .  

Materials and methods. All c o m p o u n d s  were syn thes i zed  
in  th i s  I n s t i t u t e .  C o m p o u n d s  dissolved in  a sma l l  a m o u n t  
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of p ro p y l en e  glycol  were added  to the  r eac t ion  m i x t u r e  a t  
a c o n c e n t r a t i o n  of 3 • 10-4M.  R e a c t i o n  m i x t u r e  cons i s ted  
of 0 . 0 5 M  p h o s p h a t e  buf fe r  (pH 7.0), 0 .07% bov ine  s e r u m  
a lb u m in ,  1 • 1 0 - 4 M  N A D H  2 and  an  a p p r o p r i a t e  a m o u n t  
of e n z y m e  p repa ra t i on ,  wh ich  was  pa r t i a l l y  pur i f ied  wi th  
a m m o n i u m  su l fa te  f r ac t i ona t ion  f rom 105,000 g super -  
n a t a n t  of r a t  l iver as  descr ibed before 5. The  r eac t ion  was  
s t a r t e d  b y  t h e  ad d i t i on  of N A D H  2 and  t he  c h a n g e  in t he  
opt ica l  d e n s i t y  a t  340 n m  was  followed a t  30~ w i th  a 
H i t a c h i  r ecord ing  s p e c t r o p h o t o m e t e r .  I n  t h i s  s y s t e m  it  
was  p ro v ed  t h a t  4NQO was  conve r t ed  to  4 H A Q O  a t  the  
expense  of o x id a t i on  of N A D H , ,  t h a t  is 4NQO served  as a 
h y d r o g e n  accep to r  a n d  N A D H  2 se rved  as a h y d r o g e n  
donor,  a n d  4 H A Q O  was  no t  r educed  f u r t h e r  to  4 -amino-  
quinol ine-  1-oxide 5. 

T h e  r ed u c t i o n  ra tes  of the  ni t ro  c o m p o u n d s  were ex- 
p ressed  as t h e  ini t ia l  r a t e s  of N A D H  2 ox ida t i on / r a g  pro-  
t e i n /m in .  T h e  re la t ive  ini t ia l  r a tes  for these  de r iva t i ve s  
were ca lcu la ted  wi th  reference to t he  r a t e  of c o n s t a n t  for 
4NQO. 

Results and discussion. T h e  d a t a  are s u m m a r i z e d  in t he  
Table .  All de r iva t i ve s  of 4NQO wi th  s u b s t i t u t i o n s  a t  
pos i t ions  2, 6 or 8 were ac t ive  as h y d r o g e n  acceptor ,  6, 7- 
d ich loro-4NQO be ing  t he  m o s t  act ive.  All t hese  are car-  
c inogenic  7-*~. Two ana logs  of 4NQO, 3-n i t roquinol ine-1-  
oxide  an d  5 -n i t roqu ino l ine - l -ox ide ,  did no t  serve  as hy-  
d rogen  accep to rs  in th i s  sy s t em,  and  were no t  carcino-  
genic 8. Th e  Tab le  also l is ts  the  po la rog raph ic  r educ t i on  
p o t e n t i a l  ( - -Ez2)  of t he  ni t ro  g roup  to h y d r o x y l a m i n o  
g roup  in so lu t ion  a t  p H  6.988,12,1a. Sonic cor re la t ions  can  
be no ted  b e tween  2 k inds  of r educ t ion  processes ,  as ex- 

Relation between enzymatic reduction, reduction potential and 
earcinogenicity of 4NQO derivatives 

Compound Relative Reduction Carcinogenicity b 
rate of potential ~ 
reduction -- El/2 

4-nitroquinoline-l-oxide 1.00 0.174 + (11) 
2-methyl-4NQO o 0.22 0.197 + (10) 
6-nitro-4NQO 3.09 0.154 + (7} 
6-chloro-4NQO 4.15 (5) 0.157 + (10) 
8-methyl-4NQO 0.54 0.187 {- (8) 
6, 7-dichloro-4NQO 5.60 0.144 + (8) 
3-methyl-4NQO 0.02 0.258 - -  (7) 
3-methoxy-4NQO 0.02 0.270 - -  (8) 
3-nitroquinoline-l-oxide 0.01 0.245 - -  (8) 
5-nitroquinoline-l-oxide 0.00 0.260 - -  (8) 
4-nitroquinoline 0.00 0.218 - -  (10) 

See references 8,~2,1a. b Figures in parentheses are reference num- 
bers. ~ 4NQO is 4-Mtroquinoline-l-oxide. 

pected .  T h u s ,  t hose  w h ic h  h a v e  [Eli,] va lues  of more  t h a n  
0.20 V were all i nac t ive  in t he  e n z y m a t i c  r e duc t i on  u n d e r  
t he  cond i t ions  descr ibed.  

I n  conclusion,  4NQO de r iva t ive s  wh ich  could  no t  be 
c onve r t e d  e n z y m a t i c a l l y  to 4 H A Q O  der iva t ives  a r e  no t  
carcinogenic .  T h e  me tabo l i c  p a t h w a y  of 4NQO de r iva t i ve s  
to the i r  4 H A Q O  de r iva t ive s  a p p e a r s  to  be a n  essen t i a l  
s tep  for carc inogenes is .  W e  h a v e  p r e v ious ly  r epor t ed  t h a t  
4NQO fo rme d  a c o v a I e n t l y - b o u n d  c o m p o u n d  w i th  D N A  
af te r  in v ivo  in jec t ion ,  b u t  3 - m e t h y l - 4 N Q O  failed to  do 
so 14. Metabol ic  conve r s ion  to h y d r o x y l a m i n o d e r i v a t i v e s  
a nd  mod i f i c a t i on  of D N A  are a p p a r e n t l y  re la ted  to  t h e  
d e v e l o p m e n t  of carc inogenic  p o t e n c y  of 4NQO der iva t ives .  

All de r i va t i ve s  of 4 -n i t roqu ino l ine - l -ox ide  w i t h  sub-  
s t i t u t i o n s  a t  pos i t ions  2, 6 or 8 wh ich  could be e n z y m a t i -  
cal ly r educed  to co r r e spond ing  de r iva t ive s  of 4 -hyd roxy l -  
a m i n o q u i n o l i n e - l - o x i d e  were carcinogenic .  D e r i v a t i v e s  
wi th  s u b s t i t u t i o n  a t  pos i t ion  3 were no t  e n z y m a t i c a l l y  re- 
duced  a n d  non-ca rc inogen ic  ~a. 

Zusammen/assung.  U n t e r s u c h u n g e n  fiber even tue l l e  
Z u s a m m e n h / i n g e  zwischen  der  K a r z i n o g e n i t g t  gewisser  
N i t roc h ino l i nde r iva t e  u n d  deren  FXhigkeit ,  e n z y m a t i s c h  
zu H y d r o x y l a m i n v e r b i n d u n g e n  reduz ie r t  zu werden.  
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Primary Antibody Response in Mice Bearing Leukemia L12101 

I m m u n o s u p p r e s s i o n  in mice  infec ted  w i th  m u r i n e  
l e u k e m i a  v i ruses  ha s  been  d e m o n s t r a t e d  by  severa l  in- 
ve s t i g a to r s  2-5. However ,  c o n t r a d i c t o r y  re su l t s  h a v e  been  
ob t a in ed  w i t h  t r a n s p l a n t e d  t u m o r s .  Thus ,  i m p a i r e d  an t i -  
b o d y  p r o d u c t i o n  in a n i m a l s  bea r ing  c a r c i n o m a s  a n d  
] y m p h o m a s  h a s  been  repor t ed  6-s, while  a l m o s t  n o r m a l  
i m m u n o l o g i c a l  r e sponse  ha s  been  found  b y  o the r s  in mice  
bea r ing  Ehr l i ch  or m a m m a r y  c a r c i n o m a s  9,1~ L i t t l e  is 

k n o w n  a b o u t  the  i m m u n o l o g i c a l  r e a c t i v i t y  of mice  bea r ing  
l e u k e m i a  L1210, w i t h  t he  e xc e p t i on  of a few repor t s  6,s 
wh ich  s e e m to  ind ica te  t h a t  t h e  t u m o r  induces  a s l igh t  
depress ion  of h e t e r o h e m o l y s i n ,  b u t  no t  h e m a g g l u t i n i n ,  
p roduc t ion .  

Because  of t he  wide use  of l e u k e m i a  L1210 as a tool  in 
c h e m o t h e r a p y  s tudies ,  a n d  t he  c o n t r i b u t o r y  role p l a yed  
b y  the  h o s t ' s  i m m u n o l o g i c a l  r e sponse  to t he  eff icacy of 


