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A c r o s s - r eac t i ng  thermostable  corpuscular  human and animal antigen, the content of which 
was increased in the spleens of persons  with hemocytoblastoses ,  was isolated f rom leukemic 
human spleens and purified by ultracentrifugation in a sucrose  gradient and in a preformed 
CsC1 gradient.  In the gel-diffusion react ion it was found to be completely identical with 
human ferr i t in .  

A c ros s - r eac t i ng  corpuscular  antigen, sedimented by centrifugation at 90,000 g, was discovered in 
1962 in the organs of man and several  animals with the aid of ant isera  against human leukemic spleens 
in the gel-diffusion react ion [3]. It was descr ibed conventionally as antigen Y. This antigen consis ts  of 
thermolabi le  and thermostable  components [4]. The la t ter  retains  its antigenic activity if t issue ext rac ts  
are heated on a boiling water  bath. The content of Y antigen in the spleens of persons  with hemocytoblas t -  
oses is 4-16 t imes  higher than in normal  human spleens [2]. 

The present  investigation was undertaken in order  to identify the Y antigen. 

E X P E R I M E N T A L  M E T H O D  

The spleen of a person dying f rom leukemia was homogenized at 14,000 rpm for  3 rain in 0.05 M t r i s -  
buffer, pH 7.0, in the proportion of 2 ml buffer per  g ram t issue.  The result ing suspension, to which hy- 
aluronidase was added (10-15 mg enzyme to 100 ml suspension), was left for 1 h on a magnetic mixer  at 
20~ and then centrifuged at 6,000 rpm for  20 rain. The residue was discarded and the supernatant was again 
centrifuged at 30,000 g for  30 min, and the antigen was precipi tated f rom the supernatant by fur ther  cent r i -  
fugation at 90,000 g for  1 h. The residue was resuspended with a Po t t e r ' s  homogenizer  in a small  volume 
of 0.05 M t r i s -buf fe r ,  the suspension was centrifuged for  15 min at 6,000 rpm, and the result ing supernatant,  
in a volume of 1.5-2 ml, was applied to the surface of a sucrose  gradient (20-60%) in 0.05 M t r i s -buf fe r  and 
centrifuged at 29,000 rpm for  3 h at 4~ (3 "23 ml ro tor ,  MSE Superspeed-65 centrifuge). After  eentr ifuga- 
tion, f ract ions containing most  of the Y antigen were diluted 3-4 t imes  and centrifuged at 105,000 g for 1 h. 
The residue was resuspended in 0.05 M t r i s -buf fe r  and centrifuged for  15 rain at 6,000 rpm. The super-  
natant was centrifuged in a p re fo rmed  CsC1 gradient with density 1.5-1.7 g /ml  at 36~000 rpm for 16 h at 
4~ (3" 5 ml ro tor ,  Superspeed-65).  

The factions giving opalescence were diluted with 0.05 M t r i s -buf fe r ,  sedimented by centrifugation 
at 105,000 g for  I h, and the res idues  were resuspended and investigated by the gel-diffusion test  and in 
the e lectron microscope.*  

*The authors are grateful  to V. Stel 'mashchuk (Institute of Crystal lography,  Academy of Sciences of the 
USSR) for  the e lectron micrographs .  
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Fig. 1. D iag ram showing distr ibution of zones in 
20-60% sucrose  gradient  a f te r  centrifugation of a 
suspension of the res idue obtained by centr ifugation 
of leukemic spleen homogenate at 90,000 g in it. 

Fig. 2. Identification of Y antigen with human 
fe r r i t in .  In center ,  a n t i s e r u m  against  Y antigen. 
1) Original  homogenate  of human leukemic  spleen; 
2) f rac t ion  f r o m  bot tom of tube a f t e r  centrifugation 
of yel low zone of sucrose  gradient  of human leukemic  
spleen homogenate in CsC1 gradient;  3) humanfe r r i t i n ;  
4) yellow zone of sucrose  gradient  of monkey spleen 
homogenate;  5) yellow zone of sucrose  gradient  of 
normal  human spleen homogenate.  

Fig. 3. Compar i son  
of Y antigen with horse  
fe r r i t in  by G. I. Abe lev ' s  
t es t .  1) An t i se rumaga ins t  
Y antigen; 2) a n t i s e r u m  
against  horse  fe r r i t in ;  
3) horse  fe r r i t in ;  4) homog-  
enate of bovine spleen. 

Fe r r i t i n  was obtained f r o m  human and horse  spleens  by u l t r acen -  
t r i fugat ion [5] .  Splenic homogenates  were  heated for  10 min to 80~ in 
a wa t e r  bath, and f i l t e red  success ive ly  through gauze and paper  f i l te rs ;  
the f i l t r a tes  were  centr i fuged for  2 h at 7~000 g (a more  complete  yield 
of fe r r i t in  can be obtained by centr ifugation at 120/)00 g), and the res idues  
were  resuspended in dist i l led water ;  the suspensions  were  centr ifuged 
at 6,000 r p m  for  30 rain, the supernatants  were  centr i fuged at 105,000 g 
for  1 h, and the res idue  was again resuspended  and centr i fuged at 105,000 
g for  1 h. The f e r r i t i n  suspensions  were  centr i fuged in a 20-60% sucrose  
gradient  and in a p r e f o r m e d  Cs-C1 gradient  with density 1.5-1.7 g / m l  
under  the same  conditions as were  used to purify the Y antigen. 

A spec imen  of s tandard  horse  f e r r i t i n  and rabbi t  an t i s e rum against  
it were  generous ly  provided by N. A. Dorfman (Department  of Virology, 
Moscow Universi ty) .  Ant i se ra  against  Y antigen were  obtained by i m -  
munizing rabbi t s  with ex t rac t  of human leukemic  spleen heated in a boiling 
wa te r  bath [3]. The gel-diffusion tes t  was c a r r i e d  out in a mic romodi f i -  
cation of Ouchter lony 's  method [1]. 

E X P E R I M E N T A L  R E S U L T S  

To purify the Y antigens,  centr ifugation in a sucrose  gradient  and p r e f o r m e d  CsC1 gradient  was used. 
If the suspension of unpurified antigen (residue resuspended  a f te r  centr ifugation at 90,000 g) was applied 
to the surface  of a 20-60% sucrose  gradient  and centr i fuged for  3 h at 29,000 r p m ,  the cha rac t e r i s t i c  p ic ture  
shown schemat ica l ly  in Fig. 1 was obse rved  in the gradient .  At the top of the tube was a zone stained red  
with hemoglobin.  Fu r the r  down the tube 2 distinct zones were  c lear ly  v is ib le :  the f i r s t  was  24 m m  f r o m  
the meniscus  and was co lored  yellow or  ye l lowish-brown,  the second was gray ish-whi te  and was 33 m m  
f r o m  the meniscus .  Invest igat ion of the sucrose  gradient  f rac t ions  showed that  no Y antigen was p resen t  
in the red  zone. About 90% of this  antigen was found in the yel low zone and a ve ry  smal l  quantity in the 
bot tom zone. When a suspension of normal  spleen was analyzed,  the act ivi ty was also highest in the yellow 
zone, but ir was much weaker .  
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The e l e c t r o n - m i c r o s c o p i c  study of th is  f rac t ion  was imposs ib le  because  of the l a rge  number  of un- 
identified components .  For  fu r the r  puri f icat ion of the Y antigen the suspension of the res idue obtained 
by centrifugation of the yel low zone at 105,000 g was centr i fuged in a p r e f o r m e d  CsC1 gradient .  In this 
case ,  2 max ima  of act ivi ty were  found in the gradient ,  when tes ted  both by immunod i f fus ion  and by optical  
density methods ,  in the ye l lowish-brown zone with a buoyant density of 1.58 g / m l  and a lso  at the bot tom 
of the tube, where  the yel low f rac t ion  was located.  In individual cases  the whole of the colored f rac t ion  
and the antigenic act ivi ty  were  concent ra ted  at the bot tom of the tube. Dif ferences  in the distr ibution of 
max ima  of act ivi ty indicated heterogenei ty  of the prote in  with which the Y antigen is bound. 

E l e c t r o n - m i c r o s c o p i c  invest igat ion of f rac t ions  taken both f r o m  the zone with a density of 1.58 g / m l  
and f r o m  the bot tom of the tube showed c h a r a c t e r i s t i c  pa r t i c l e s  measur ing  100-115 /~ and s i m i l a r  to f e r -  
r i t in.  Nei ther  r i b o s o m e s  nor  the i r  f r a g m e n t s  could be found in these  f rac t ions .  It was postulated that the 
Y antigen is identical  with fe r r i t in .  To t e s t  this  hypothesis ,  f e r r i t i n s  were  i so la ted  f r o m  human and horse  
spleens by u l t racent r i fugat ion  and then recen t r i fuged  success ive ly  in a 20-60% sucrose  gradient  and a p r e -  
f o rmed  CsC1 gradient  with density 1.5-1.7 g /ml .  A s tandard  p repa ra t ion  of horse  fe r r i t in  was centr i fuged 
in pa ra l l e l  t e s t s  in sucrose  and CsC1 density grad ien ts .  In a sucrose  gradient ,  the human and horse  f e r -  
r i t ins  each fo rmed  one wide, diffuse zone located 21-25 m m  f r o m  the meniscus .  The width of the zone was 
due to the heterogenei ty  of the f e r r i t i n  [6]. Af te r  centr i fugat ion in a CsC1 gradient ,  al l  the f e r r i t i n  was  
found at the bot tom of the tube. Direct  compar i son  of the Y antigen with human f e r r i t i n  in Ouchter lony 's  
react ion  demons t ra ted  the i r  complete  identity (Fig. 2). Human fe r r i t in  neut ra l ized  antibodies against  Y 
antigen contained in human, monkey,  and bovine t i s sues .  

Ant i se rum against  Y antigen did not r evea l  this antigen in horse  f e r r i t i n  or  in native ex t r ac t s  of horse  
spleen.  However ,  a n t i s e r u m  against  Y antigen r eac t ed  with equine fe r r i t in  to f o r m  a prec ip i ta t ion  line iden- 
t ica l  with that f o rm ed  by the reac t ion  between equine fe r r i t in  and a n t i s e r u m  against  it, and in tersec t ing  
the line corresponding to Y antigen (Fig. 3). Converse ly ,  an t i s e rum against  equine fe r r i t in  r eac t ed  with 
ex t r ac t s  of bovine and human t i s s ue s  to f o r m  a prec ip i ta t ion  line identical  with Y antigen but not identical  
with equine fe r r i t in .  These  r e su l t s  indicate that  equine and human f e r r i t i n s  p o s s e s s e d  identical  de t e r -  
minants ,  but the i r  degree  of identity is l e ss  than that  between the antigenic de te rminants  of f e r r i t i n s  f r o m  
man, monkey,  cow, mouse ,  and s eve ra l  other  an imals .  This  fea ture  is respons ib le ,  on the one hand, for  
the abil i ty of equine and human f e r r i t i n s  to induce c r o s s - r e a c t i n g  antibodies and, on the other  hand, the 
imposs ibi l i ty  of detecting Y antigen in equine fe r r i t in  by the d i rec t  tes t .  

The invest igat ion thus showed that the Y antigen d i scovered  in human t i s sues  is  in fact  f e r r i t in  pos-  
sess ing identical  de te rminants  with the f e r r i t i n s  of s e v e r a l  other  an imals .  The inc rease  in content of Y 
antigen in the t i s sues  of pat ients  with hemocytob las toses  was evidently due to the more  rapid  breakdown 
of defective e ry th rocy t e s  with the inc reased  l iberat ion of iron into the t i s sues ;  the iron induces inc reased  
synthesis  of apofer r i t in ,  with which it combines  to f o r m  fe r r i t in .  
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