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Group Wet weight (mg/10 g body wt.) PFC/10 s 

Thymus Spleen 

RFC/106 Haemolysin titer (Iog2) 

1 7.7 -t- 0.2 �9 47.0 -4- 3.3 389 4- 63 6,667 4- 552 7.3 ~: 0.7 
2 3.1 4- 0.4 38.7 4- 0.4 95 4- 13 4,098 4- 480 4.3 4- 0.3 
3 0.9 4- 0.2 36.1 4- 2.3 32 4- 10 3,249 • 392 4.0 4- 0;2 
4 0.9 4- 0.2 37.8 -t- 4.2 126 4- 15 5,822 4- 874 4.6 4- 0.3 

Each value represents the mean ~ standard error of 3 mice. 

logical examina t i on  revealed t h a t  the  t hymus ,  spleen 
and mesenter ic  l y m p h  node of t e s to s t e rone - t r ea t ed  animals  
(Figures 1, 2 and 3b) were severely deple ted  in l ympho-  
cytes  compared  wi th  t he  normal  appearance  in contro l  
animals  (Figures 1, 2 and 3a). Severe deple t ion  of 
l y m p h o c y t e s  was observed no t  only in the  t h y m u s -  
d e p e n d e n t  areas 5 bu t  also in the  t h y m u s - i n d e p e n d e n t  
areas. Germinal  centers  were marked ly  decreased in 
number .  The d e v e l o p m e n t  of the i r  envelope or cap of 
small  l y m p h o c y t e s  was marked ly  supressed,  even if a few 
of germinal  centers  appeared  in t he  t h y m u s - i n d e p e n d e n t  
areas. These changes  were mos t  conspicuous  in group 3. 
P l a sm a  cells were a b u n d a n t l y  d i s t r ibu ted ,  as in normal  
animals.  I t  was  of in te res t  t h a t  t he  red pulp  of tes tos te r -  
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one- t rea ted  animals  showed an extens ive  increase in 
myeloid  elements ,  more  marked  ill the  e ry th rob las t i c  
series t h a n  ill the  granulocyt ic  and  megakaryocy t i c  series. 

Discussion. Severe dep le t ion  of l y m p h o c y t e s  was 
observed histological ly in the  t h y m u s - d e p e n d e n t  and  
t h y m u s - i n d e p e n d e n t  areas of the  spleen and  l y m p h  node  
of t e s tos t e rone - t r ea t ed  animals.  This  suggests  t h a t  
t e s tos te rone  inhib i t s  the  d i f fe ren t ia t ion  of b o t h  t h y m u s -  
der ived and bone  mar row-der ived  lymphocytesS,  K The 
involu t ion  of t he  t h y m u s  by  t e s tos t e rone  has  been  
repor ted  by  previous  inves t iga tors  T -% However ,  no 
h is topathologica l  changes  following tes tos te rone  t r ea t -  
m e n t  have  been repor ted  previous ly  in the  per iphera l  
l ympho id  tissues. Ery th ropo ies i s  was observed to p redom-  
ina te  in the  spleen of animals  t r ea t ed  wi th  tes tos te rone .  
E ry th ropo ie t i c  ac t iv i ty  of t es tos te rone  is well known 10,11. 
BATCHELOR ~ specula ted  t h a t  t he  admin i s t r a t i on  of 
t es tos te rone  would encourage d i f fe ren t ia t ion  of cer ta in  
s t em cells in the  d i rec t ion  of the  e ry th ro id  series a t  the  
expense  of the i r  d i f fe ren t ia t ion  towards  the  popu la t ion  of 
l y m p h o c y t e s  which  migra te  to  t h  e t h y mu s .  

Zusammen[assung. Nachweis ,  dass  die Behand lung  
letal  bes t r ah l t e r  und  m i t  isologem iKnoehenmark  rege- 
ner ie r te r  MS.use mi t  Tes tos te ron  zu s ta rker  H e r a b s e t z u n g  
der  immunolog ischen  Reaktivit~it  und  zu e indeut iger  
Reduk t ion  des l y mp h a t i s ch en  Gewebes fiihrt.  

M. KOTANI, Y. NAWA and  H. FuJI113 

Department o/A natomy, 
Kumamoto University Medical School, 
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S o m e  I m m u n o c h e m i c a l  S t u d i e s  on L e u k o c y t e  A n t i g e n s  in Acute  L e u k e m i a  

Many inves t iga t ions  also carried out  var ious  immunolog-  
ical s tudies  on h u m a n  leukemia.  Most  of these  invest iga-  
t ions  suppor t  the  idea t h a t  leukemic cells have  a specific 
an t igen l -~ ;  o thers  found  t h a t  some of leukemic an t igens  
were lost dur ing  disease 4-1~ The purpose  of t h e  p re sen t  
work  was to de tec t  ant igenic  differences be tween  normal  
and leukemic h u m a n  leukocytes .  

Material and methods. H u m a n  leukocytes  f rom pa t i en t s  
w i th  acute  leukemia  were in jec ted  to r abb i t s  and  the i r  
an t igen ic i ty  was s tudied  by  Ouchte r lony ' s  immunodi f fu -  
sion, immunoe lec t rophores i s  and  complemen t - f ixa t ion  
test. 

Preparation of antigens, a) Leukemic and normal 
leukocytes were collected by the 6~o dextran sedimenta- 
tion method and washed 3 times with physiological 
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Fig. I and 2. Antigen• of 
human normal leucocyte ly- 
sates against serum obtained 
against normal leukocytes (1) 
and serum obtained against 
leukemic leukoeytes (2). 

Fig. 3 and 4. Antigenicity of 
human leukemic leukocyte 
lysates against serum obtained 
against normal leukocytes (1) 
and serum obtained against 
leukemic leukocytes (2). 

sa l ine  so lu t i on  a n d  used  as  a n t i g e n s  11-13. b) L e u k e m i c  
a n d  n o r m a l  p l a t e l e t s  we re  p r e p a r e d  b y  DUCKERT'S 
m e t h o d  1~. c) L e u k e m i c  a n d  n o r m a l  e r y t h r o c y t e s  w e r e  
w a s h e d  10 t i m e s  w i t h  phys io log i ca l  sal ine so lu t ion .  

P r e p a r a t i o n  of ant•  T h e  f i r s t  g r o u p  of 10 r a b b i t s  
were  i m m u n i z e d  w i t h  l eukemic  l eukocy tes ,  a n d  t h e  
second  g r o u p  w i t h  n o r m a l  l eukocy tes .  T h e  cycle of i m m u -  
n i z a t i o n  w a s  ca r r ied  o u t  in a m o n t h ' s  t ime ,  4 t imes ,  a t  a n  
i n t e r v a l  of  7 days ,  w i t h  i n c r e a s i n g  p r o t e i n  c o n t e n t  of 
l e u k o c y t e  s u s p e n s i o n s  a n d  d i f fe ren t  w a y s  of app l i ca t i on .  

A b s o r p t i o n  p rocedu re s .  T h e  r a b b i t  a n t i s e r a  fo r  i m m u -  
n o c h e m i e a l  s tud ie s  were  a b s o r b e d  w i t h  h u m a n  p l a s m a ,  
e r y t h r o c y t e s  a n d  p la te le t s .  F o r  t h e  c o m p l e m e n t - f i x a t i o n  
tes t ,  t h e  s a m e  a n t i s e r a  were  cross  a b s o r b e d  in a d d i t i o n  
w i t h  n o r m a l  a n d  l eukemic  l eukocy tes .  A g a r  gel d i f fus ion  
a f t e r  O u c h t e r l o n y ' s  m e t h o d .  I m m u n o e l e c t r o p h o r e s i s  
a f t e r  t h e  m e t h o d  of HYDE, GARB a n d  BENNETT a. Com-  

p l e m e n t - f i x a t i o n  t e s t :  T h e  a n t i s e r a  o b t a i n e d  were  cross-  
t i t r a t e d  w i t h  a r b i t r a r i l y  c h o s e n  5 n o r m a l  a n d  10 leuke-  
mic  l e u k o c y t e  lysa tes ,  be fore  a n d  a f t e r  t h e  p r o c e e d i n g  of 
c r o s s - a b s o r p t i o n s  w i t h  n o r m a l  a n d  l eukemic  l eukocy tes ,  
b y  t h e  m i c r o m e t h o d  in cold of t h e  c o m p l e m e n t - f i x a t i o n  
tes t .  

Results and discussion. B y  d i f fus ion  of 40 n o r m a l  
l eucocy te  I y sa t e s  a g a i n s t  t h e  s e r u m  o b t a i n e d  a g a i n s t  
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Table I. A complement-fixation test of the serum obtained against normal human leukocytes with normal and leukemic leukocyte lysates 

Quantity serum Normal leukocyte lysates Leukemic leukocyte lysates 
against normal 
leukoeytes in 1 ml Before absorption 
saline 

In  13n 20n 33n 40n 11 41 171 191 261 271 281 291 351 381 

0.10 + + + +  + + + +  + + + +  + + + •  + + + +  + + + +  + + + •  • + + + +  + + ~  + + + +  + + + +  + + + +  + + +  
0.08 + + +  + + + •  + + +  + + +  + + +  + + •  + +  - -  + + +  + + + •  + + +  • + +  + ~  
0.06 + + •  + ~  + +  + +  + + •  + - -  + +  • + + +  + + 

0,05 + • + • -- • -- -- + -- -- + -- 
from 0.05 . . . . . . . . . . .  
until0.005 

After absorption with leukemic Ieukocyte lysate 

0,10 + •  + + +  + + ~  -- -- 
0.08 + 4- + d: + -- -- 
0.06 -- -- + . . . .  
from 0.05 . . . . . . .  
until 0.005 

+, Iaindrance of haemolysis; + + + +, full hindrance of haemolysis; --, full haemolysis. 
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Fig. 5. Antigenicity by immunoelectrophoresis of human normal 
leukocyte lysates against serum obtained against normal leukocytes 
(1) and serum obtained against leukemic leukocytes (2). 

Fig. 6. Antigenieity by immnoeleetrophoresis of human leukemic 
leukocyte lysates against serum obtained against normal leuk0cytes 
(1) and serum obtained against leukemic leukocytes (2). 

no rmal  h u m a n  leukocytes,  the  fo rmat ion  of 4-6 prec ip i t in  
lines was observed.  Be tween  the  same cell lysates  and the  
serum ob ta ined  agains t  leukemic leukocytes  only 1 preci-  
p i t a t e  f rom each  was  fo rmed  (Figures 1 and  2). 

By  diffusion of 40 leukemic leukocytes  lysates  agains t  
serum ob ta ined  aga ins t  leukemic leukocytes  the  form of 
1 prec ip i t in  line was observed (by leukocytes  of 4 pa t i en t s  
2 p rec ip i ta tes  each and  by  leukocytes  of 2 pa t i en t s  3 
prec ip i t in  lines each). The same lysa tes  fo rmed  2-5 
prec ip i t in  lines aga ins t  t he  se rum ob ta ined  agains t  no rmal  
leukocytes  (Figures 3 and 4). 

The d a t a  ob ta ined  by  immunoe lec t rophore t i c  s tudy  
showed t h a t  by  no rma l  leukocyte  lysa tes  205 electro- 
phore t ic  f ract ions  are being formed agains t  serum produc-  
ed agains t  normal  leukocytes,  in compar i son  to 72 frac- 
t ions  agains t  the  serum ob ta ined  agains t  leukemic leuko- 
cytes.  Thus  the i r  f ract ions  agains t  a normal  r abb i t  ant i -  
se rum were d i s t r ibu ted  un i formly  in t he  zones of mov ing  
of ;~-, fi2-, ill-, e2- and ~a-globulins while those  agains t  
leukemic an t i s e rum showed a t e n d e n c y  for moving  wi th  
a speed cor responding  to  the  speed of moving  of ~- and  
fl2-globulins (Figure 5). 

The immunoe lec t rophores i s  of leukemic lysates  showed 
154 e lec t rophore t ic  f ract ions  in compar i son  wi th  277 of 
normal  leukocyte  lysates.  The e lee t rophore t ic  f ract ions  of 

leukemic  lysates  agains t  serum ob ta ined  against  normal  
leukocytes  were d isposed main ly  in the  zones of migra t ion  
of ill- and ~-g lobu l ins  while the i r  f ract ions  a g a i n s t  a 
leukemic an t i se rum moved  like y-, ~ -  and  31-globulins 
(Figure 6). 

The m e t h o d  of complemen t - f ixa t ion  tes t  conf i rmed the  
results  ob ta ined  by  immunochemica l  techniques .  The 
cross-absorpt ions  showed t h a t  the  serum ob ta ined  agains t  
leukemic leukocytes  is t ho rough ly  absorbed  b y  normal  
leukocyte  lysate,  while the  leukemic lysate  is no t  able to 
absorb  all an t ibodies  in the  se rum ob ta ined  agains t  nor- 
mal  leukocytes  (Tables I and II). 

I n  order  to in t e rp re t  t he  results  ob ta ined  by  m e t h o d s  of 
immunodif fus ion ,  immunoe lec t rophores i s  and  comple-  
men t - f ixa t ion  test ,  a work  hypo thes i s  was made  t h a t  the  
leukocytes  f rom 40 inves t iga ted  p a t i en t s  w i th  acute  
leukemia have  lost a pa r t  of an t igens  bui ld ing up the  
ant igenic  profi le  of normal  leukocytes .  By  th is  hypothes i s ,  
p a r t  of the  expe r imen ta l  da ta  were explained.  As a resul t  
0I the  loss of ant igens  leukemic leukocytes  formed a smaller  
n u mb er  of prec ip i t in  lines (eleetrophoret ic  fractions) 
aga ins t  serum ob ta ined  agains t  leukemic teukocytes  in 
compar i son  wi th  prec ip i t in  lines which  normal  leukocyte  
lysates  fo rmed aga ins t  the  se rum ob ta ined  against  no rmal  
leukocytes .  

Table II. A complement-fixation test of the serum obtained against leukemic human leukocytes with normal and leukemic leukocyte lysates 

Quantity serum Normal leukocyte lysates Leukemic leukocyte lysates 

against leukemic 
leukoeytes in 1 ml Before absorption 
saline 

in 13n 20n 33n 40n 11 41 171 191 261 271 281 291 351 381 

0.10 + + +  ++4- + + + §  ++ ++4-+. ++4-+ ++4- 4- + §  § 2 4 7  + + + §  + + +  + ++ 4-++_ 
0.08 --4- + 4-4-+ + +§  4-+ • -- ++ 4- ++ ++ 4- 4-4- +4- 
0.06 4- ++ • 4-• + -- -- + •  -- + + :~ 
0.05 -- -- 4- -- • -- -- -- % -- 4- -- -- 
from 0 . 0 5  . . . . . . . . . . .  
until 0.005 

from 0.10 
until 0.005 

After absorption with normal leukocyte lysate 

+, hindrance of haemolysis; + + + +, full hindrance of haemolysis; --, fully haemolysis. 
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The  analyses  t h a t  h a v e  been  m a d e  in  de ta i l  whi le  
o b t a i n i n g  r a b b i t  an t i s e r a  could exp la in  t he  res t  of t he  
e x p e r i m e n t a l  results .  The  sera aga ins t  n o r m a l  l eukocy tes  
were ob t a ined  t h r o u g h  in jec t ion  of mixed  donor ' s  leuko-  
cytes.  The  ma te r i a l  used for i m m u n i z a t i o n  of a n o t h e r  
g roup  of an ima l s  c o n t a i n e d  97 - 100% pa ramye lob la s t s .  I t  
was supposed t h a t  t he  es tab l i shed  an t igen ic  r educ t i on  d id  
no t  touch ,  in t h e  same  degree, t he  e l emen t s  of t he  w h i t e  
blood l ine of t he  p a t i e n t s  inves t iga ted .  P r o b a b l y  t he  
an t igen  loss was  mos t  s t rong ly  expressed  b y  t he  para -  
myeloblas ts .  I t  was  a d m i t t e d  t h a t  u n d e r  t h e  inf luence of 
t he  leukemic  a g e n t  f rom t he  an t igen ic  profi le  of t he  para -  
mye lob la s t s  a large p a r t  of t he  an t igens  was lost. Conse- 
q u e n t l y  t he  sera ob t a ined  aga ins t  t he  p a r a m y e l o b l a s t s  d id  
no t  con t a in  all t h e  an t ibod ie s  w i th  which  t he  an t i gens  of 

t he  r e m a i n i n g  types  n o r m a l  a n d  leukemic  l eukocy tes  
would be  connec ted .  

Rdsumd. Les an t ig6nes  leuc6miques  de 40 ma lades  
a t t e i n t s  de leuc6mie aigu~ et  de 40 adu l t s  sa ins  on t  6t6 
6tudi6s ~ l ' a ide  des s6rums de l ap in  et  pa r  des m6 thodes  
d ' immunod i f fu s ion ,  d ' immuno61ec t rophor6se  et  la r6ac -  
t ion  de  f i xa t i on  du  compMment .  On a t r o u v 6  que  les 
leucocytes  de ma lades  6tudi6s on t  pe rdu  une  p a r t  des 
an t ig6nes  observ6s dans  les leucocytes  du  groupe  de con- 
tr61e des pe rsonnes  normales .  

T. SHTEREVA 

Institute o/ Hematology and Blood Trans[usion, 
So/ia 56 (Bulgaria), d September 7973. 

Studies  on P h y t o h e m a g g l u t i n i n s  XXI. The  Covalent  O l i g o m e r s  of L y s o z y m e  -- First  Case 
of Semisynthe t i c  H e m a g g l u t i n i n s  

Lysozyme  (3.2.1.17 m u c o p e p t i d e  N - a c e t y l m u r a m o y l -  
hydrolase) ,  is k n o w n  to  con t a i n  a c o m b i n i n g  s i te  for 
l inear  o l igosacchar ides  fo rmed  b y  N-acetyl-D-glucosa-  
mine  l,~: I n  t h i s  respec t  i t  resembIes  t he  w h e a t  ge rm 
agg lu t in in  a. S imi la r  sugar  specif ic i ty  is exer ted  also b y  
h e m a g g l u t i n i n s  f rom o the r  sources, e.g. t h e  p h y t o h e m a g -  
g lu t in in  I I  of t he  furze seeds ( Ulex europaeus L.) * a n d  the  
p h y t o h e m a g g l u t i n i n  f rom p o t a t o  t u b e r s  (Solanum tube- 
rosum L.) 5 

A t  p re sen t  t he  a s s u m p t i o n  seems to be well  jus t i f i ed  6 
t h a t  t he  m i n i m u m  of two s u g a r - c o m b i n i n g  si tes in t i le 
lect in is n e c e s s a r y  for t he  a g g l u t i n a t i n g  ac t iv i ty .  R e c e n t  
f ind ings  6 stlow t h a t  a n  increas ing  n u m b e r  of t he  c o m b i n i n g  
s i tes  in  a lec t in  molecule,  as effected b y  po l ym er i za t i on  of 
t he  lectin,  resul t s  in  an  increased  h e m a g g l u t i n a t i n g  ac t iv-  
i ty.  All  these  facts  imp ly  t h a t  ar t i f ic ia l  p r e p a r a t i o n  f rom 
m o n o v a l e n t  molecules  of molecules  w i t h  more  sugar-  
b i n d i n g  si tes should  give rise to  semisynt t le t ic  agg lu t in ins  
f rom n o n a g g l u t i n a t i n g  subs tances  capab le  of b i n d i n g  
ca rbohydra t e s .  

I n  the  p r e sen t  work  lysozyme was po lymer i zed  b y  t he  
ac t ion  of g l u t a r d i a l d e h y d e  v in an  a t t e m p t  to  p r epa re  a 
s e m i s y n t h e t i c  model  agg lu t in in  m i m i c k i n g  t he  ac t ion  of 
p h y t o h e m a g g l u t i n i n s .  

Materials and methods. A 10/0 wa te r  so lu t ion  of g lu ta r -  
d i a ldehyde  (10 ~xl) was  added  to  100 m g  of lysozyme 
(3 t imes  crys ta l l ized  ch icken  egg wh i t e  lysozyme,  Nu t r i -  
t i ona l  B iochemica l  Co., Cleveland,  Ohio, USA)  dissolved 

in 4 ml  of 0.1 M p h o s p h a t e  buffer ,  p H  7.2. The  m i x t u r e  
was i n t ens ive ly  s t i r red  for 1 m i n  a n d  t h e n  a l lowed to 
r eac t  for 24 h a t  r oom t e m p e r a t u r e .  A smal l  a m o u n t  of a 
p r ec ip i t a t e  wh ich  fo rmed  was r e m o v e d  b y  cen t r i f uga t i on  
and  t he  yel low s u p e r n a t a n t  was  appl ied  to a S e p h a d e x  
G-100 co lumn  (2 cm • 200 cm) in sal ine (0.9% NaC1 solu- 
t ion).  E l u t i o n  was  effected b y  sa l ine  a t  a r a t e  of 12 ml/h. 
Frac t i ons  of 4 m l  were col lected a n d  t he  a b s o r b a n c e  a t  
280 n m  was measured .  

H e m a g g l u t i n a t i n g  a c t i v i t y  was assayed b y  t he  serial  
d i l u t ion  procedure ,  us ing  a 2% sal ine suspens ion  of t he  
t h r i ce  washed  e ry th rocy te s .  Af te r  30 ra in  a t  r oom t em-  
pe ra tu re ,  t he  t u b e s  were c e n t r i f u g e d f o r  I m i n  a t  1000 
r e v / m i n  (cent r i fuge  J a n e t z k i  T 12) a n d  obse rved  macro-  
scopically.  
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Fig. 1. Gel filtration of lysozyme oligomers on a Sephadex G-100 
column (2 cm • 200 cm) in 0.9% NaCI. See text for details. " Expressed in serial dilution titers of 1% protein solutions. 


