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An antigen differing f r o m  the type - spec i f i c  and g roup-spec i f i c  antigens in e lec t rophore t i c  
mobi l i ty  and immunochemica l  spec i f ic i ty  was found in mice with Ranscher  v i rus  leukemia .  
This antigen was p resen ted  in the s e r u m  and spleen of var ious  l ines of healthy mice .  It was 
not found by  the immunof luorescence  method in red  cel ls  o r  lymphocytes  but was r egu la r ly  
detected on the sur face  of e ry th rob las t s  and was the re fo re  cal led AG-EB.  AG-EB is not 
identical with embryon ic  hemoglobin.  It is evidently a speci f ic  m a r k e r  of a pa r t i cu l a r  s tage 
in the different ia t ion of cel ls  of the eryth~'oid s e r i e s .  

In v i rus  l eukemias  of mice g roup-spec i f i c  antigens (GSA) [10] and type-spec i f i c  antigens (TSA) [11] 
a re  constant ly found. In some mouse leukemias  antigens of a different  speci f ic i ty  have also been descr ibed  
and, in pa r t i cu la r ,  an antigen common to leukemic  ce l l s  and the thymus [8] and to leukemic  cel ls  and the 
m a m m a r y  gland [12]. 

This pape r  desc r ibes  the immunochemiea l  c h a r a c t e r i s t i c s  of yet  another  antigen found in the course  
of study of Ransche r  l eukemia  that  p roved  to be a speci f ic  antigen of mouse e ry th rob l a s t s  (AG-EB). 

E X P E R I M E N T A L  METHOD 

Mice of l ines  C57BL/He,  C 5 7 B L / l O S n ,  C3H/Sn, BALB/c ,  and B10/D2 were  obtained f r o m  the l a b o r a -  
t o ry  of inbred an imals  of the n u r s e r y  of the N. F. Gamaleya  Institute of Epidemiology and Microbiology,  
Academy of Medieal  Sciences of the USSR; (C57BL NCBA)F 1 hybrids were  obtained f r o m  the Cent ra l  Ins t i -  
tute of Blood Transfus ion ,  Min is t ry  of Health of the USSR. 

Colonies of hematopoiet ie  t i ssue  were  obtained by the method of Till and McCulloch [13] in (C57BL x 
CBA)F 1 mice i r r ad ia t ed  with a dose of 800 rad.  

Rausche r  l eukemia  was t ransplan ted  in BALB/c  mice by in t raper i tonea l  injection of a suspens ion of 
l eukemic  ce l l s .  Mice with Fr iend,  Moloney, S t ep in -Z i l ' be r ,  and Mazurenko l eukemias  were  obtained f r o m  
the L a b o r a t o r y  of Etiology of Leukemias ,  IEKO. 

Rauscher  vi rus  (RV) was isola ted f r o m  the p l a s m a  of mice  with a developed leukemia  by u l t r acen t r i -  
fugation in a s u c r o s e  densi ty gradient  [3]. An t i se rum against  RV was obtained by inoculating rabbi t s  in the 
popli teal  lymph glands [3]. 

A tes t  s y s t e m  for  GSA consis t ing of monospecif ic  a n t i s e r u m  against  GSA, kindly provided by A. I. 
Gusev,  and a splenic ex t r ac t  f r o m  mice with Moloney l eukemia ,  taken in the equivalent  dilution, was used. 

Saline ex t r ac t s  were  p r e p a r e d  by grinding the t i s sues  in a m o r t a r  in RingerTs solution in the ra t io  of 
1 : 3  [3]. The prec ip i ta t ion  t e s t  in aga r  was c a r r i e d  out by the method of Gusev and Tsvetkov [2]. Analytical  
immunoe lec t rophores i s  was c a r r i e d  out in 1~0 aga rose ,  in ve rona l -med ina l  buffer ,  pH 8.6, p =0.025 [1]. 
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Fig. 1. Immunochemica l  c h a r a c t e r i s t i c s  of AG-EB:  a) reac t ion  
between e lec t rophore t ic  f rac t ion  of RLS and tes t  s y s t e m  for  AG-EB 
and antibodies against  AG-EB; b) compar i son  of AG-EB with GSA; 
c) immunoelee t rophore t ie  cha r ac t e r i s t i c s  of AG-EB.  1) antibodies 
agains t  AG-EB; 2) e lec t rophore t i e  f rac t ion  of RLS containing AG-EB; 
tes t  s y s t e m  for  AG-EB;  3) a n t i s e r u m  against  Rauscher  v i rus  ex -  
hausted by NMS; and 4) p l a s m a  of BALB/e  mice with Rauscher  l eu-  
kemia ,  concentra ted  twofold; t es t  s y s t e m  for  GSA; 5) a n t i s e r u m  against  
GSA; 6) splenic ex t r ac t  f r o m  mice  with Moloney leukemia ;  7) phys io-  
logical  sal ine;  8) normal  mouse s e rum;  9) splenic ex t r ac t  of mice with 
Rauscher  leukemia .  In c: top gut te r  contains a n t i s e r u m  against  NMB, 
bot tom gut ter  contains monospecif ic  a n t i s e r u m  against  AG-EB.  

TABLE 1. Distr ibution of AG-EB in McCulloch's  Foei  in the Spleen of 
I r r ad ia ted  Mice and in a Suspension of Mouse Bone Mar row 

1 
2+3 

Morphological characteristics of 
specimen 

Er~throid colony 
Mixed colony: erythroid and 

myeloid cells 
Mixed colony with preponderance of 

of cells of'the myelo~d series 
Mixed colony: cells of the erythroid 

and myeloid series 1 : 1 
Suspensmn of bone marrow from 

BALB/c mice 

Cells of 
erythroid_ serie___~s 

~ ~ o n o t  
rio n u o -  I t m o -  
r e s c e n t  irescent 

15 

9 

8 

2 

6 

Cells of 
myeloid series 

q0 fluo- @not 
r e s c e n t  I I U O  - rescent 

85 

64 

30 

48 

25 

0 

0 

0 

0 

27 

62 

50 

69 

The tes t  antigen was isolated f r o m  splenic ex t r ac t  of mice  with Rauscher  l eukemia  (RLS) by p r epa ra t i ve  
e l ec t rophores i s  in 1% aga rose  in the s ame  buffer  [1]. The RLS was homogenized in a mechanica l  m ince r  
(Ul t r a -Tur rax ,  Janke & Kunkel KG) in R inge r ' s  solution in the ra t io  of 1 :3 .  The ex t rac t  was c la r i f ied  by 
centr i fugat ion at 20,000 g fo r  30 rain, concent ra ted  with polyethylene glycol (molecular  weight 40,000) 3-4  
t imes ,  and dialyzed agains t  ve rona l -med ina l  buffer ,  pH 8.6. F rac t ions  obtained by  p repa ra t ive  e l e c t r o -  
phores t s  were  concent ra ted  with Sephadex G-50 medium or  by polyethylene glycol by 5-6 t imes .  The p r e s -  
ence of AG-EB and GSA in the resul t ing  f rac t ions  was de te rmined  by the prec ip i ta t ion  tes t  in aga r  with the 
appropr ia te  tes t  s y s t e m s .  

Monospecif ic  antibodies agains t  AG-EB were  obtained by decomposing the cor responding  prec ip i ta te  
in acid medium [5]. 

The p r e sence  of AG-EB in sect ions and cell  suspensions  f r o m  var ious  mouse organs  was detected by 
the indirect  f luorescent  antibody method [14]. Cell suspens ions  for  immanof luorescenee  were  obtained and 
t r ea t ed  by Dor fman ' s  method, using a F o r m v a r  f i lm [9]. The p repa ra t ions  were  dried,  mounted in 50% 
glycero l ,  and examined  in the ML-2  luminescence  mic roscope .  To es t ima te  the r e su l t s  200 ce l l s  were  
counted and the percen tage  of luminescen t  cel ls  de termined.  Sections f r o m  the var ious  mouse organs ,  3 p 
in th ickness ,  were  cut in a c ryos t a t  (-20~ f r o m  pieces  of t i ssue  f rozen  to -70~ The sect ions  were  fixed 
in acetone for  10 min,  then t r ea t ed  with antibodies against  AG-EB and with donkey antibodies against  rabbi t  
y globulin labeled  with f luoresce in  isothiocyanate  [6]. 

Sections,  squash  p repa ra t i ons ,  and f i lms f r o m  cell  suspensions  fo r  morphological  ana lys is  were  
s ta ined by the R o m a n o w s k i - G i e m s a  method (exposure with dye 30 min fo r  sec t ions ,  5 min fo r  squash p r e p -  
a ra t ions  and f i lms) .  
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Fig. 2. Localization of AG-EB in sections of the spleen of 
BALB/c mice, healthy and affected with Rauscher leukemia 
(a-d), and in cell suspensions f rom colonies formed in i r radi-  
ated mice (e-h). a) Section through spleen of a healthy mouse; 
b, c, d) sections through spleen of mouse with Rauscher leu- 
kemia; e, f) cell suspension f rom erythroid colony; g, h) cell 
suspension from mixed colony; a, b, c, e, f, g, h) incubation 
with antibodies against AG-EB; d) incubation with antibodies 
against AG-EB, neutralized by electrophoretic fractions con- 
raining AG-EB; f, /1) s imilar  fields of vis ion  to e, g, examined 
under phase contrast. Arrows indicate cells of myeloid series 
in which no AG-EB were fomld. Magnification a, b) 120 • c-h) 
270 • 

EXPERIMENTAL RESULTS 

Antiserum against RV contained antibodies against several components of normal mouse serum 
(NMS), against GSA, and against another antigen subsequently named AG-EB. Antibodies against GSA were 
present in two of six rabbits and antibodies against AG-EB in all six. Antisera not containing antibodies 
against GSA were used. 

To obtain monospecifie antiserum against AG-EB the antiserum was neutralized with one volume of 
NMS. The same antiserum and the plasma of BALB/c mice affected with Rauscher leukemia, concentrated 
twofold, were used as the test system for AG-EB in the precipitation test in agar (Fig. la). 

To detect antibodies against AG-EB the monospecifie antiserum was clarified for 30 rain at 13,000 g 
and the neutralizing dose of RLS extract, clarified at 9,000 g for 20 rain, determined beforehand was added. 
The antibodies eluted from the resulting precipitate were identified with a test system for AG-EB (Fig. la). 
These antibodies were used to locate the AG-EB by the immunofluoreseence method (Fig. 2). 
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TABLE 2. Immunof luorescence  
Tes t  fo r  Antibodies agains t  AG-EB 
with Various Cells f r o m  BALB/c 
Mice 

Type of cells 

Spleen cells from 
mice with Rauscher's 
leukemia 

Normal spleen 
ceils 

Erythrocytes 
Ttiymus cells from mice 

with Rauseher's 
leukemia 

Thymus ceils from 
normal mice 

% of fluo- 
rescent cells 

86 

9,5 
3,5 

Compar i son  of the tes t  s y s t e m  for  AG-EB with the tes t  for  
GSA and in the aga r  prec ip i ta t ion  tes t  demons t ra t ed  the i r  com-  
plete immunologic difference (Fig. lb).  

Af te r  immunoe lee t rophores i s  of the RLS ex t r ac t s  and de-  
velopment  with monospeci f ie  a n t i s e r u m  against  AG-EB,  a p r e -  
cipi tat ion a rc  was found in the zone of the s e r u m  fl globulins 
(Fig. lc) ,  whereas  TSA of Rauseher  l eukemia  had the mobi l i ty  
of ~2 globulins [1] and GSA the mobil i ty  of ~/ globulins [7]. Dur-  
ing e l ee t r epho re s i s  the act ivi ty  of AG-EB fell  sharp ly  and it 
could be detected and isolated only by the use of highly concen-  
t r a t ed  RLS ex t rac t s .  Af ter  p repa ra t ive  e l ee t rophores i s  AG-EB 
also was d i scovered  in the zone of the fl globulins.  The e l e c t r o -  
phoret ie  f rac t ion  containing AG-EB comple te ly  neut ra l ized  the 
antibodies used for  its detection in the prec ip i ta t ion  tes t  in agar  
and by the i m m u n o f u o r e s c e n c e  method (Fig. 2d). 

The prec ip i ta t ion  tes t  in aga r  with the t es t  s y s t e m  revea led  AG-EB in the s e r u m  and p l a s m a  of 
BALB/c  mice with Rausche r  leukemia  and also in normal  mice ,  but in much s m a l l e r  amounts .  It was also 
p resen t  in splenic ex t r ac t s  f r o m  mice  of all  the l ines studied, but with age the quantity of AG-EB dec reased  
apprec iably .  In mice with the l eukemias  studied AG-EB was found only in splenic ex t r ac t s  f r o m  animals  
with Rauscher  and Fr iend  leukemias .  

To de te rmine  which cells  contained AG-EB,  the indirect  immunof luoreseence  method was used. AG-  
EB was found in e ryos t a t  sect ions of the spleens of BALB/e  mice ,  both healthy and affected with Rauseher  
l eukemia  (Fig. 2a, b, e), but in the sec t ions  of the " leukemic"  spleens  nea r ly  all the cel ls  were  luminescent ,  
compa red  with only individual groups  of cel ls  in the no rma l  spleen.  F luo rescence  was obse rved  at the pe r iph -  
e ry  of the cel ls  but not in the nuclei .  P a r a l l e l  with the sect ions for  immunof luorescence ,  histological  
p repa ra t ions  were  s ta ined by  the R o m a n o w s k y - G i e m s a  method. However,  no cel ls  containing AG-EB could 
be identified in such p repa ra t ions  f r o m  the no rma l  spleen.  

To invest igate this p rob l em  McCulloeh 's  foci were  obtained in mice  in two exper imen t s .  In one ex-  
pe r imen t  mice were  i r r ad ia ted  and injected with a bone -mar row cell  suspension f r o m  syngeneic an imals .  
In the other  exper iment  the mice were  i r rad ia ted  only. In both cases  c l e a r l y  visible d i sc re te  cell colonies 
were  f o r m e d  a f t e r  8-10 days in the spleen of the mice .  Some of the colonies were  e ry th ro td  and some were  
mixed,  consis t ing of e ry th ro id  and myeloid  ce l l s ;  no lymphoid colonies were  fo rmed  in the spleen [4]. Sus-  
pensions were  p r e p a r e d  f r o m  individual colonies whose morphologica l  c h a r a c t e r i s t i c s  were  f i r s t  de t e r -  
mined in impres s ions  f r o m  each colony s tained by the R o m a n o w s k y - G i e m s a  method. A monolayer  was ob-  
tained f r o m  the suspension on F o r m v a r  f i lm and t r ea t ed  with antibodies against  AG-EB.  As is c l e a r  f r o m  
Table 1 and Fig. 2e-h,  the cel ls  of the myeloid  s e r i e s  did not f u o r e s c e .  In the e ry th ro id  colony there  were  
85% of f luorescent  cel ls ,  but in the mixed colonies the percen tage  of f luorescent  cel ls  c o r r e l a t e d  with the 
number  of cel ls  of the e ry th re id  s e r i e s .  All the f luorescen t  cel ls  were  e r y t h r e b l a s t s .  These r e su l t s  were  
conf i rmed  in a suspension of bone m a r r o w ,  in which only the e ry th rob la s t s  were  f luorescen t  (Table 1). 

Determinat ion of AG-EB in the var ious  cell suspensions  showed that e ry th rocy t e s ,  l ike thymus and 
spleen cel ls ,  contained hardly  any of this antigen (Table 2). 

AG-EB is not embryonic  hemoglobin,  fo r  only t r a c e s  of it could be found by the aga r  diffusion method,  
and then only in highly concentra ted  blood lysa tes  f r o m  mouse e m b r y o s .  

The AG-EB found in Rauscher  leukemia  thus differed f r o m  the TSA of Rauscher  l eukemia  and also 
f r o m  GSA in its immunochemica l  specif ic i ty  and e lee t rophore t i c  mobil i ty .  

AG-EB is evidently an antigen that is cha rac t e r i s t i c  of a ce r t a in  stage in the different ia t ion of cel ls  
of the e ry th ro id  s e r i e s .  It is contained on the su r face ,  for  it can be detected by the immunof luoreseence  
method in l iving cel ls .  In this r e s pec t  it r e s e m b l e s  the specif ic  sur face  antigens of the thymus ,  lympho-  
cy tes ,  and p l a sm a  cel ls  and it can evidently s e r v e  as a specif ic  m a r k e r  fo r  cel ls  of the e ry th ro id  s e r i e s .  
The sharp  inc reases  in the content of AG-EB in Ranscher  and Fr iend  leukemias  is explained by the fact  that  
both these f o r m s  of l eukemia  are  e r y t h r e b l a s t o s e s .  

So fa r  as the p re sence  of this antigen in p repa ra t ions  of Rauscher  v i rus  used to obtain a n t i s e r u m  is 
concerned,  this can be explained e i ther  by the i r  contaminat ion with cell  f r agmen t s  or  by the incorporat ion 
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of this antigen into the virus membrane during its reproduction. If monospecific antibodies against AG-EB 
are available, this can be studied by means of an electron-microscopic investigation. 
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