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During incubation of pe r iphe ra l  blood lymphocytes  f r o m  healthy blood donors with thymosine  
there  is an inc rease  in the number  of high-avidi ty  "ac t ive"  lymphocytes  with r e c e p t o r s  for  
sheep ' s  red blood cel ls  and of lymphocytes  with r e c e p t o r s  for  the C '3 -componen t  of com-  
p lement  and fo r  the F C - f r a g m e n t  of immunoglobulins;  the propor t ion  of cap - fo rming  i m -  
munoglobul in-posi t tve  lymphocytes  also i n c r e a s e s .  The role  of T -  and B- lymphocyte  sub- 
populations and of the i r  p r e c u r s o r s  as t a rge t  cel ls  for  the act ion of thymosine  is d i scussed .  
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Numerous invest igat ions in vivo and in vi t ro  have shown that mos t  biologicai ly act ive  subs tances  of the 
t h y m u s  and, in pa r t i cu la r ,  thymosine induce the expres s ion  of T-  lymphocyte  m a r k e r s  and potentiate immunologic  
reac t ions  media ted  through or regulated by T - c e l l s  [4, 12, 13]. Ex t rac t s  of thymus containing thymosine,  of  
different  degrees  of pur i ty ,  have been widely applied for  the identif ication of imma tu re  p r e c u r s o r s  of T - c e l l s  
among human p e r i p h e r a l  blood lymphocytes  [9, 12, 13]. In ce r ta in  immunopathologieal  s ta tes  incubation of 
lymphocytes  with thymosine  has been shown to cause an i nc r ea se  in the f rac t ion  of T - lymphocy te s  because  of 
a d e c r e a s e  in the number  of "ze ro"  Iymphocytes  [9]. However,  the action of thymosine  and of ex t rac t s  of t h e  
thymus on express ions  of m a r k e r s  c h a r a c t e r i s t i c  both of human T -  and B- lymphocy tes  s imul taneously ,  and 
the effect  of thymus ex t r ac t s  on dif ferent ia t ion of p r e c u r s o r s  of B- lymphocytes  have not yet  been adequate ly  
invest igated.  The poss ib i l i ty  of the l a t t e r  was demons t ra ted  in exper iments  with mouse  lymphocytes  [8]. 

The object  of the p r e s e n t  invest igat ion was to study the action of thymosine  (fraction !iV of calf  thymus 
extract )  in v i t ro  on express ion  of m a r k e r s  fo r  T -  and B- lymphocy tes .  

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

Mononuclear cel ls  f r o m  the pe r iphe ra l  blood of healthy donors,  separa ted  in a F i c o l l - V e r o g r a f i n  density 
gradient  [1], were  incubated (5 x l0 G cells  to 1 ml) for  90 rain at  37~ with 300 p g / m l  of thymosine  (fraction IV 
of calf thymus ex t r ac t  [5]) o r  without thymosine  in med ium containing 90% Eagle ' s  med ium and 10% pooled, in- 
act ivated group IV (AB) s e r u m .  After  incubation and a single washing, the number  of different  types of r o se t t e -  
forming cel ls  (RFC) - l y m p h o c y t e s  with r e c e p t o r s  for  sheep ' s  e ry th rocy te s  (E-RFC) [6], "ac t ive"  E -RFC [15], 
cel ls  with r e c e p t o r s  for  the C ' 3 - com ponen t  of complement  (EAC-RFC) [3], and for  the F C - f r a g m e n t  of irn- 
munoglobulin (EA-RFC) [2] - w a s  de te rmined .  During counting, depending on the number  of cor responding  
t e s t  e ry th rocy te s  adherent  to lymphocytes ,  groups of RFC of low avidity (with 1 or  2 e ry th rocy tes ) ,  of ave rage  
avidity (with 3 to 10 e ry th rocy tes ) ,  and of high avidi ty (with m o r e  than 10 e ry th rocy tes )  were  dist inguished.  
Lymphocytes  with more  than three  e ry th rocy t e s  were  r e g a r d e d  as t rue  RFC.  The number  of "ze ro"  cel ls  was 
de te rmined  by the fo rmula :  pe rcen t  of "zero"  cel ls  = 100%-(% E - R F C + %  EAC-RFC).  The act ion of thymosine  
was a s s e s s e d  quanti tat ively through an index of sens i t iv i ty  (IS): IS = (A-B) /B ,  where  A is the pe rcen tage  of 
lymphocytes  of a given type of RFC af te r  incubation with thymosine and B the pe rcen tage  of the same type of 
RFC a f t e r  incubation without thymosine .  

The number  of lymphocytes  with bui l t - in  immunoglobulins in the i r  m e m b r a n e  was de te rmined  by the 
method of Lobo and Horvitz  [5]. 
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Fig. 1. Individual differences in sensit ivity of lympho- 
cyte subpopulations to thymosine:  a) mean values of 
index of sensit ivity for  corresponding RFC. Ordinate, 
values of IS. 

TABLE 1. Effect of Thymosine on Relative Percentages  of Human Lymphocyte Population 
in Vitro 
Suspension of m o n o -  
nuc lea r  ce l l s  
tes ted 

Control 1 (intact cells) 
Control 2 (after incu= 

bation without 
thymosine) 

Experiment (after in- 
cubation wi~h thymoslne) 

P 
tt 

"A ctive" 
E-RFC 

11,34-2,34 

9,94-I ,50 

11,94-2,46 
>0,05 

22 

Numbers of different types of RFC (X 
E-RFC 

48,54- 2,02 

50,1___2,42 

5I ,64-2,20 
:>0,05 

35 

EA-RFC 

28,7• 

28,84"-2,07 

34,8• 
<0,02 

25 

m, %) 
EAC-RFC 

20,14-1,70 

20,3-+1,65 

26,0.-I-1,90 
<0,00i 

36 

' ' Z e r o "  
cells 

2 8 , 9 •  

3 1 , 0 + 2 , 5 5  

23. t • 
<0,01 

27 

Legend. P) significance of differences by Student's paired t - t e s t  between experiment  and 
control  2. Differences between control  1 and control 2 are  not significant, n) Number of 
obs ervatt  ons. 

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

The effect of thymus extract  on the lymphocyte subpopulations was marked by considerable variat ion 
in the individual sensi t ivi ty of the cells f rom different donors (Fig. 1). The g rea tes t  heterogeneity between 
lymphocytes f rom donors was observed in the sensit ivity of "active" E-RFC to thymus extract ,  the least  in 
the sensit ivity of plain E-RFC.  

Compar ison  of the resul ts  of s tat is t ical  analysis  of the data for percentages  of lymphocytes in cell sus -  
pensions incubated with or without thymosine (Table 1) shows that, in the group of donors investigated, thymo- 
sine significantly increased the numbers  of EA-RFC and EAC-RFC and reduced the number  of "zero"  cel ls .  
No stat is t ical ly significant differences were found between the numbers of E-RFC and "active" E-RFC be- 
tween the control and experiment.  However, as is c lear  f rom Fig. 2, thymosine considerably increased the 
number  of high-avidi ty RFC among the "active" E-RFC.  No changes were  found in the avidity of the cells 
among E-RFC under the influence of thymosine.  The increase  in the number  of EAC-RFC was accompanied 
by an increase  in the number of RFC with high and average avidity. The number of the EA-RFC subpopulation 
was increased  by thymosine a lmost  ent i re ly on account of high-avidity roset tes ;  under these c i rcumstances  
the number of low-avidity rose t tes  showed a corresponding stat is t ical ly significant decrease .  The resul ts  
i l lustrated in Fig. 3 demonstra te  that thymosine did not change the number of immunoglobulin-posit ive cells, 
in agreement  with observat ions made by other  workers  [14], but the number of cap- forming lymphoeytes in- 
c reased  s ta t is t ical ly  significantly. The resul ts  descr ibed above for  the change in avidity of "active" E-RFC 
confi rm previous findings [14] on induction of express ion of marke r s  of mature  human T- lymphocytes  in vitro 
by thymosine.  
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Fig. 2. Changes in avidity of RFC a f t e r  incubation with thymosine  in vi t ro .  Unshaded 
columns r e p r e s e n t  number  of RFC a f t e r  incubation with thymosine,  shaded columns 
number  of RFC in control .  Value of P is shown for  s ta t i s t ica l ly  significant  d i f ferences  
(by Student 's  pa i red  t - tes t )  value of P shown above cor responding  column. Ordinate,  
pe rcen tage  of cel ls  fo rming  rose t t e s ,  r e spec t ive ly ,  with: I) low, II) average ,  and l id 
high avidity.  

Fig. 3. Effect  of thymosine on immunoglobul in-pos i t ive  lymphocytes .  A) Relat ive 
percen tage  of immunoglobul in-pos i t ive  cel ls  among lymphocytes  a f t e r  incubation 
with thymosine  (unshaded column) and in control  (shaded column); B) re la t ive  p e r -  
centage of cap - fo rming  cells  among immunoglobul in-posi t ive  lymphocytes  af ter  in- 
cubation with thymosine  (unshaded column) and in control  (shaded column).  

Thymosine  a lso  was found to have an act ion on express ion  of r e c e p t o r s  for  F C - f r a g m e n t  of immuno-  
globulins.  In the method of EA r o s e t t e - f o r m a t i o n  used in these exper iments ,  unlike in that  suggested by Mor-  
r e t t a  et al. ,  [7], no T - c e l l s  with F C - r e c e p t o r s  were  found. This  showed that  f rac t ion  IV of thymus ex t rac t  in-  
duces different ia t ion of B-ce l l s .  This suggest ion is conf i rmed by the increased  mobil i ty  of the immunoglobul in  
r e c e p t o r s  under  the influence of thymosine  [10] and the inc rease  in exp res s ion  of the C ' 3 - r e c e p t o r  [8]. How- 
ever ,  the poss ib i l i ty  cannot be ruled out that the i nc rea se  in the number  of EAC-RFC took place because  of an 
i nc rea se  in the number  of T - c e l l s  ca r ry ing  C ' 3 - r e c e p t o r s ,  for  it has recent ly  been shown that  about 4% of T-  
cel ls  in human pe r iphe ra l  blood ca r r i ed  these  r e c e p t o r s  [11]. 

The width of act ion of thymus ex t r ac t  thus revea led  may be due both to the p le io t ropie  action of thymosine  
and to the p r e sence  of additional subs tances ,  such as "universa l  immunopoie t ic  polypeptide" [10], in f rac t ion  
IV of thymus ex t rac t .  
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