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Many inves t igators  in the las t  decade have been drawn to the study o f  problems connected with regula -  
t ion of the product ion of blood cel ls ,  including cel ls  of the mononuclear  phagocytic sys tem.  The study of the 
r o l e  of macrophages  in the product ion and secre t ion  of ce r ta in  substances control l ing hematopoies is  also has 
commenced:  colony-st imulat ing fac to r  [5], prostaglandin E, which inhibits granulocytopoies is  in vi tro [7], 
and a fac to r  st imulating monocytopoies is  [11]. 

The object  of the presen t  investigation was to study the effect  of products  s ec re t ed  by mouse  per i toneal  
macrophages  (PM) on the pro l i fe ra t ive  and colony-forming activity of mouse  bone m a r r o w  cel ls  (BMC). 

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

BALB/c  mice  weighing 20 g were  used.  PM were  obtained and cul tured by the method descr ibed  by the 
wr i t e r s  previous ly  [2]. T h r e e - d a y  cul tures  of PM were  incubated for  18 h at 37~ in the p re sence  of la tex  
m i e r o s p h e r e s  (d iameter  0.77 p) in the propor t ion of 50 par t i c les  to 1 PM in a volume of 0.5 ml  of Hanks '  
solution. Aider centr i fugat ion in the cold at 600g for  10 rain the incubation medium was passed through a 
mi l l ipore  f i l t e r  with pore  d iamete r  0.25 p and the f i l t ra te  was col lected.  To obtain a para l le l  control  f i l ter ,  
a PM monolayer  was incubated for  the same 18 h in Hanks '  solution without latex.  To tes t  monocy tos i s -  
inducing activity,  the f i l t ra tes  were  injected in a volume of 0.15 ml intravenously into mice .  The s tandard 
level  of monocytos is - inducing activity of the f i l t ra te  was taken to be its ability to increase  the absolute number 
o f  monocytes  in the blood af ter  2 days by 4-6 t imes .  The control  f i l t ra te  caused an inc rease  in monocytos is  
a f te r  the same 48 h by only 1.5-2 t imes .  BMC were  isolated by the method of Meerpohl  et al. [9] with ce r ta in  
modif icat ions,  giving an average  yield of 2.107 viable nucleated BMC from one mouse.  The f rac t ion of BMC 
adherent  to glass  (A-BMC), including promonocytes ,  monocytes ,  and m acrophages,  was separa ted  f rom the 
nonadherent  f rac t ion (NA-BMC) by incubating the BMC suspension (1.107 ce l l s /ml )  in Leighton 's  tubes for  
4 h, a f te r  which the NA-BMC were  t r a n s f e r r e d  to s i l iconized tes t  tubes.  

To assess  the effect  of the f i l t ra te  on granulomonocyt ic  p r e c u r s o r  cel ls ,  a monolayer  agar  sys tem was 
used as in the method of Bradley  et al .  [4] with slight modif icat ions [1]. The cel ls  were  cul tured in Leighton 's  
tubes .  Colonies (aggregates of 40 cel ls  of more)  and c lus t e r s  (aggregates  of 3 to 40 cells)  were  counted on the 
5th day of cu l ture .  "Endotoxin s e r u m "  was used as the s tandard s t imula tor  of colony format ion  (SCF). 

To study the effect  of the f i l t ra tes  on the p ro l i fe ra t ive  act ivi ty of BMC, f i l t ra te ,  control  f i l t ra te ,  o r  
physiological  sal ine was added to the adherent  and nonadherent  BMC fract ions  in a volume of 0.1 ml  to 1 ml  
medium No. 199 for 30 rain at 37~ P ro l i f e r a t i ve  act ivi ty was a s se s sed  on the basis of ~I- thymidine incorpo-  
rat ion [3]. 

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

During cul ture  of BMC in mono laye r  agar  cu l tu res  in the p re sence  of SCF, r egu la r  format ion  of colonies 
and c lu s t e r s  was Observed. Removal  of A-BMC had no significant effect  on the number  of colonies and c lus t e r s  
fo rmed  (Table 1). Single la rge ,  separa te ly  lying cel ls ,  with a foamy cytoplasm,  giving a posit ive reac t ion  for  
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TABLE 1. Effec t  of Secret ion Products  of Mouse Macrophages (f i l t rate and control  f i l t rate)  
on Accumulat ion of Colonies,  C lus te r s ,  and Immature  Macrophages  in Agar  Cul tures  of Mouse 
BMC and NA-BMC depending on the P r e s e n c e  of SCF in the Medium (M ~m) 

In presence of SCF In absence of SCF 

Addition to culture Ce lls 

0,[ m I Hanks' soluttoa 

0,1 ml  control 
filtrate 

0,1 m] filtrate 

BMC 
NA-BMC 
BMC 

NA-BMC 
BMC 
NA-BMC 

Leg end. 

COL 

83,6+7,14 
I06,6•  

44,6+2,49 
56,2+6,54 
21,3~1,53 

i 19,3+2,11 

CL 

168,2• 
129,2• 

102,6___+7,30 
t20,1•  
35,5•  
50,2•  

IM 

10,6• 
10,0• 

4;) ,0•  
40 ,2~3,18 

274,0• 
200,9~19,88 

COL CL 

69,3• 
77,0_+3,56 

50,7• 
53,9• 
40,3• 
47,7•  

[M 

3,2~+0,92 
4,1 +0 ,65  

I3 ,7•  
4 ,0+0 ,43  

100,2• 
45,9• 

Mean values obtained by counting colonies (COL), clusters (CL), and immature 
maerophages  (IM) and calculated per  105 mye lokaryocy tes  in five independent se r i e s  of exper i -  
ments  a re  given. 

peroxidase ,  and with a comparat ively  small ,  eccen t r i c  nucleus,  also were  obse rved  in the cul tures .  By the i r  
morphological  c r i t e r i a  these cel ls  were  c lassed  as " ea r ly"  o r  immatu re  maerophages  [6, 9]. In the absence 
of  SC F colony format ion was not observed,  the number  of c lus te r s  was reduced  by half, and only single im-  
ma tu re  maerophages  were  seen (Table 1). 

A ddition of f i l t ra te  at the beginning of incubation of the BMC suspension in the p resence  of SC F led to a 
significant dec rease  in the number  of colonies and c lus te r s ,  which was no less  m a rk ed  in the NA-BMC fract ion 
(P < 0.05). At the same t ime the re  was a marked  increase  in the number  of immature  maerophages :  by 25.8 
t imes  in the BMC cul tures  and by 20.9 t imes  in the NA-BMC cul tures .  Addition of the control  f i l t ra te  to the 
sys tem also led to a reduct ion in the number  of colonies and c lus te r s  and an increase  in the number  of im-  
ma tu re  maerophages ,  but by a much l e s s e r  degree  (P < 0.05, Table 1). 

In the absence of SCF the number  of c lus t e r s  in BMC and NA-BMC cul tures  fell  a li t t le under the influ- 
ence of the f i l t ra te  but the number  of immature  macrophages  increased  significantly (P < 0.05). The action 
of the control  f i l t ra te  under  the same conditions was to produce sma l l e r  changes.  

Incubation of A-BMC in the p resence  of f i l t ra te  led to elevation of the level  of ~H-thymidine incorpora -  
t ion, whereas  the cont ro l  f i l t ra te  did net change the  activity of ~ - t h y m i d i n e  incorporat ion by the same cel ls .  
In the NA-BMC fract ion the f i l t ra te  caused cons iderable  depress ion  of p ro l i fe ra t ive  act ivi ty.  The  control  
f i l t ra te  inhibited ~H-thymidine incorpora t ion  by the NA-BMC fract ion,  but by a l e s s e r  degree  (Fig. 1). 

The resu l t s  descr ibed  above a re  evidence that during phagocytosis  of la tex m i c r o s p h e r e s  in a mono-  
l aye r  cul ture  of PM s e c r e t o r y  products  capable of inducing monocytos is  accumulate ,  at approximately  the 
same t imes  (18-20 h) as the s imi l a r  fac tor  accumulates  in the blood se rum of m ice  af te r  in t raper i toneal  
inject ion of la tex  [11]. Accumulat ion of s imi l a r  products ,  but to a much l e s s e r  degree,  was observed  in con-  
t ro l  PM cul tures  without la tex.  The secre t ion  of these  products  can perhaps  be induced not only by phago- 
cy tos is ,  but also by the p roce s se s  of adhesion of PM to the glass  and the i r  spreading over  it, which have com-  
mon fea tures  with phagocytosis  [10]. 

To es tabl ish  the p r ec i s e  points of application of the monocytosis- inducing activity of the maerophagal  
products  t he i r  effect  on pools of mouse  bone m a r r o w  p r e c u r s o r  ce l ls  was analyzed.  A s ta t is t ical ly  signif i-  
cant dec rease  in the number  of colonies and c lus te r s  in agar  cul tures  of BMC in the p resence  of maerophagal  
products  indicated the i r  inhibitory action on the population of eolony-forming ce l l s .  This  conclusion is in 
agreement  with data showing a d e c r e a s e  in the intensity of 3H-thymidine incorporat ion by the NA-BMC 
fract ion,  which includes colony-forming cel ls .  At the same t ime,  maerophagal  products  under analogous 
conditions increased  the intensity of incorporat ion of 3H-thymidine by the A-BMC fract ion,  i.e.,  mainly by 
promonocytes .  Intensive accumulation of  unusual cells ,  identified by the i r  morphological  c r i t e r i a  as immature  
maerophages ,  was observed  in agar  cu l tures  of  BMC in the p re sence  of maerophagal  products  [6, 8]. 

Compar ison  of these  findings suggests  that the monoeytos is - inducing action of macrophagal  products  is 
based on the i r  s t imulat ion of pro l i fera t ion  of promonocytes  and also, perhaps ,  acce le ra t ion  of the i r  d i f ferent i -  
ation into macrophages .  The accumulat ion of immatu re  maerophages ,  d i scovered  in agar  cu l tures  of NA-BMC 
in the presence of filtrate may be evidence that PM secretion products can influence differentiation of even 
less mature precursor cells: monoblasts, promonoblasts, and also, possibly, subpopulations of colony-forming 
cells. 
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Fig. i. Effect of secretion 
products of mouse macro-  
phages (filtrate and control 
filtrate) on level of incorpo- 
ration of 3H-thymidine in cul- 
tures of mouse A-BMC 
(shaded columns) and NA-BMC 
(unshaded columns). I) 
Incubation with addition of 
filtrate; II) incubation with 
addition of control filtrate. 
Level of incorporation of 3H- 
thymidine in control cultures 
(without addition of filtrates) 
taken as i00o 

The results indicate the possible existence of a special mechanism of regulation of monocytopoiesis with 
the participation of products of macrophagal origin, the secretion of which is intensified during phagocytosis. 
Macrophagal products with monocytosis-inducing activity are responsible for  regulatory feedback between 
peripheral  effeetor cells and p recurso r  cells of monocytopoiesis. 
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