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W I T H  G R O W T H  OF S Y N G E N E I C  T R A N S P L A N T A B L E  
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Growth of a hemangiopericytoma in syngeneic (CBAx C57BL/6j)F 1 male mice led to regular  
changes in hematopoiesis: an increase in the weight end number of the spleen cells, an increase 
in the number of colony-forming units (CFU) in the spleen, intensification of myelopoiesis in 
the spleen, and the development of leukocytosis with a sharp increase in the number of poty- 
morphonuclear granulocytes in the circulating blood, i.e., a "leukemoid reaction" syndrome. 
This syndrome developed also when tumor cells were injected into a splenectomized host. A 
leukemoid reaction, although less marked, also was found in the late stages of development of a 
hepatoma, transplanted into syngeneic (CBAX C57BL/6j)F 1 male mice. Meanwhile, transplan- 
tation of a syngeneic strain of carcinoma of the bladder into the same mice did not lead to the 
development of a leukemoid reaction. 

KEY WORDS: hemangiopericytoma; hepatoma; carcinoma of the bladder; leukemoid reaction. 

During growth of certain solid tumors in animals and man changes in hematopoiesis - the so-called leu- 
kemoid reaction - have frequently been described [4, 5, 10, 12]. Leukemoid reactions in mice were character-  
ized by a high leukocytosis, with the dominance of polymorphonuclear neutrophils, splenomegaly, an increase 
in the number of stem cells in the spleen and bone marrow, and extramedullary hematopoiesis in the liver, 
kidneys, and lungs [1, 3, 7-9]. 

The object of the present  investigation was to study the leukemoid reaction in mice with transplantable 
tumors of strains of hemangiopericytoma, hepatoma, and carcinoma of the bladder. The strains were obtained 
in the wri ters '  laboratory and maintained by serial  passage through syngeneic recipients [2]. 

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

Experiments were carr ied out on adults (CBAX C57BL/6j) mice weighing 20-22 g reared  at the "Stol- 
bovaya"nursery,  Academyof Medical Sciences of the USSR. The mice were divided into two groups: the mice 
of group 1 were inoculated with tumors,  the mice of group 2 (control) remained intact. Tumors were t rans-  
planted subcutaneously into male mice: hemangiopericytoma, 1" 10 ~ cells per animal; carcinoma of the bladder 
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Fig. 1. Changes in spleen connected 
with growth of hemangiopericytoma 
(18th and 21st passages). Graphs drawn 
from combined results of two experi- 
ments: 1) control; 2) experiments. 
Abscissa, days after transplantation of 
tumor; ordinate: a) change in weight 
of tumor, b) weight of spleen, c) abso- 
lute number of nucleated cells in spleen, 
d) relative number of CFU per 10 ~ nu- 
cleated spleen cells. 
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Fig. 2. Changes in blood leutm- 
c~e  count connected with growth 
of hemangiopericytoma (9th pas- 
sage). 1) leukocytes; 2) granulo- 
eyes ;  3) lymphoc~es; 4) mono- 
cytes. Abscissa, days after t rans-  
plantation of tumor; ordinate, 
number of leukocytes in 1 mm 3 
blood. 
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and hepatoma,  0.5 ml  of a 50% homogenate  of t umor  t i s sue  pe r  animal .  At va r ious  t imes  af ter  t ransplanta t ion  
of the t umor  cel ls  the  s ta te  of hematopo ies i s  in the mice  was de te rmined  with r e s p e c t  to s e v e r a l  indices.  The 
number  of leukoeytes  in 1 m m  3 p e r i p h e r a l  blood was counted and the leukocyte fo rmula  calculated.  On the 
ba s i s  of the r e s u l t s  the absolute  n u m b e r s  of the va r ious  types  of leukocytes  in 1 m m  3 blood was calculated.  
Four  mice  f r o m  each group were  sac r i f i ced -a t  var ious  t i m e s  a f te r  t ransplanta t ion  of the tumor  ce l l s .  The 
spleen and f e m o r a  w e r e  r e m o v e d  f r o m  the killed an imals .  The  spleen was weighed, the absolute number  of 
nuclea ted  ce l l s  in the spleen was de te rmined ,  and the qual i ta t ive composi t ion of the ce l l s  in squash p r e p a r a -  
t ions  of the spleen and f i lms  of the bone m a r r o w  was studied. Blood and bone m a r r o w  f ihns  and squash p r e p a -  
ra t ions  of the spleen were  s ta ined w i th  a z u r e - e o s i n .  A di f ferent ia l  count was under taken on 200 ce l l s  in blood 
f i lms  and 1000 cel ls  in bone m a r r o w  f i lms  and squash p r e p a r a t i o n s  of the spleen.  In the expe r imen t s  with 
t ransp lan ta t ion  of the hemang iope r i cy toma  and hepatoma the number  of co lony- fo rming  units (CFU) in the 
spleen also was de te rmined ,  by the method of cloning hematopoie t ic  cel ls  in spleens  of lethally i r rad ia ted  mice  
[11]. F e m a l e s  weighing 21-22 g were  i r rad ia ted  in a dose  of 1200 R. An intravenous injection of 106 l iving 
nucleated spleen cei ls  was given to the mice  24h a f te r  i r rad ia t ion .  The  suspens ion of spleen cel ls  consis ted 
of the combined pool  of cel ls  obtained f r o m  four mice  of the s a m e  group at  the s ame  t ime  of day. The suspen-  
sions were  made up under asep t ic  conditions in the cold in med ium No. 199. Living ce l l s  were  counted in a 
G o r y a e v ' s  chamber  under water  i m m e r s i o n .  Colonies  in the spleen were  counted a f te r  8 days .  The numbers  
of endocolonies on a v e r a g e  did not exceed  0.1 per  spleen.  The  r e s u l t s  were  subjected to s ta t i s t ica l  analys is  
and the s ignif icance of d i f fe rences  was a s s e s s e d  a t  the P < 0.05 level  by Student 's  method. 

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

The  main  changes  in the spleen and blood of the mice  connected with growth of the hemangioper icy toma  
a r e  i l lus t ra ted  in F igs .  1 and 2. Dur ing growth of the  t umor  in the mice  the weight of the spleen and the num-  
b e r  of  ce l l s  in it i nc reased  cons iderab ly .  The  reac t ion  of the spleen was so act ive  that  its weight and absolute 
number  of ce l l s  were  s ignif icant ly higher than the control  levels  as ea r ly  a s 2  days  a f te r  t ransplan ta t ion  of 
the tumor .  The  r e l a t i ve  and absolute  numbers  of CFU also inc reased  (Fig. 1). The study of the cell  compo-  
si t ion of blood of the mice  with t u m o r s  showed that  as  the tumor  grew the leukocyte count increased ,  so that 
by death of the an imals  it ave r aged  44,000 c e l l s / l ~ m  3 blood, and in except ional  c a se s  reached 110,500 c e l l s / m m  3. 
The i nc rea se  in the number  of leukocytes  was mainly  connected with an inc rease  in the number  of po lymorphs  
and monocytes .  The  number  of m a t u r e  f o r m s  of neutrophi ls  was 10 t imes ,  and the number  of monocytes  10-20 
t imes  g r e a t e r  than n o r m a l .  The lymphocYte count at f i r s t  increased ,  following the leukocytosis ,  but l a t e r  
it fel l  and was back to n o r m a l  by the end of the expe r imen t  (Fig. 2). 

P r e l i m i n a r y  sp lenec tomy (8 weeks before  t ransp lan ta t ion  of the tumor)  did not affect  the development  
of the leukemoid reac t ion  in the blood but inhibited growth of the tumor  and prolonged the su rv iva l  of the ani-  
m a l s .  

Squash p r epa ra t i ons  of the sp leen  of the mice  with t u m o r s  showed inc reased  p ro l i fe ra t ion  of ce l l s  of the 
myeloid  s e r i e s ,  monocytes ,  and r e t i cu l a r  ce l l s .  The  p redominan t  cell  types were  myeloblas t s ,  p romye locy tes ,  
mye locy tes ,  and po lymorphs .  The  number  of  lymphocytes  and m e g a k a r y o c y t e s  r ema ined  unchanged. An in- 
c r e a s e  a lso  was obse rved  in the number  of juvenile f o r m s  of the e ry thro id  s e r i e s  (p roery throb las t s ,  basophil ic  
e ry th rob la s t s ,  po lychromatophi l ic  e ry th rob las t s ,  and oxyphilic e r y t h r o b l a s t s ) .  In squash p repa ra t ions  of bone 
m a r r o w ,  unlike those  of the spleen,  no i n c r e a s e  in the  intensi ty of mye lopo ies i s  was found. The  number  of  
mye lob las t s ,  p romye l ob l a s t s ,  and mye locy te s  was unchanged, whereas  the number  of s tab ce l l s  and po lymorphs  
fell below the control levels (P < 0.01). There was a marked increase in the number of blast cells and mega- 
karyoeytes in the mice with tumors. The study of the blood and spleen of mice with a hepatoma revealed in 
principle the same changes: an increase in weight of the spleen and in the absolute number of cells in it, an 
increase in the relative and absolute number of CFU. However, these changes differed somewhat from those 
observed during growth of the hemangiopericytoma. The increase in the number of CFU was observed only 
in the latest stages, when the tumors were very large and contained many necrotic areas and hemorrhages. A 
high leukoeytosis was never observed in the blood (the initial level was 12,800 cells/nun s, rising to 26,900 
cells/ram 3 blood on the 43rd day). The leukocyte formula also showed a shift toward mature neutrophils. After 
transplantation of a carcinoma of the bladder, no increase in weight of the spleen or in the absolute number of 
cells in it was observed. The total number of leukocytes in the blood was not higher than normal, although the 
blood formula was "reversed" with an increase in the number of mature granulocytes. For instance, on the 
50th day there were 60% of granulocytes compared with an initial 10-20%. 

Growth of the transplantable syngeneic tumors studied in these experiments thus led to the development 
of a leukemoid reaction. Significant changes in hematepoiesis, moreover, were found in the spleen. The leu- 
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kemoid reaction syndrome in mice with hemangiopericytoma, in the wri ters ,  opinion, is a convenient experi-  
mental model with which to study and identify factors capable of influencing the number of stem cells and matu- 
ration of monocytes and granulocytes. Besides its purely theoretical  interest, the isolation of such factors 
could be of practical  interest,  for they could be used to influence the regeneration of hematopoietic tissue 
when damaged in the course of cytostatic therapy. The wri ters  have suggested that factors of humoral nature 
are  responsible for the development of the leukemoid reaction in mice with tumors.  Delmonte [6] succeeded 
in isolating from a transplantable mammary gland carcinoma a humoral factor capable of inducing prol i fera-  
tion of stem cells and discharge of leukocytes into circulation. However, the etiological role of other agents 
and, in particular,  of viruses,  which are frequent Wpassengers" of transplantable tumors,  cannot be ruled out. 
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I M M U N O L O G I C  R E A C T I V I T Y  AND A D R E N O C O R T I C A L  F U N C T I O N  

IN T H E  E A R L Y  P E R I O D  OF C H E M I C A L  C A R C I N O G E N E S I S  
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A parallel  study was made of the level of immunologic reactivity and the state of adrenocortical 
function in BALB/c mice 7 days after a single injection of various doses of methylcholanthrene. 
Definite correlation was found between the degree of immunodepression induced by different 
doses of methylcholanthrene and determined as the number of antibody-forming cells in the 
spleen of the experimental mice and the l l -hydroxycor t icos teroid  concentration (both free and 
bound) in the blood plasma of the mice 7 days after injection of the carcinogen. These resul ts  
may indicate that adrenocortical  hormones play an important role  in the pathogenesis of immuno- 
depression induced by a chemical carcinogen. 

KEY WORDS: carcinogenesis; immunodepression; antibody-forming cells; l l -hydroxycor t ico-  
steroids. 

Immunodepression is  an important pathogenetic stage in the formation and progression of the neoplastic 
process  and it accompanies the development of the neoplasm from the moment of generation of the transformed 
cell until death of the host as a resul t  of the formed tumor. 

The mechanism of development of immunodepression due to the presence of a tumor differs from that 
of immunodepression associated wihh the induction of a tumor by chemical carcinogens or irradiation. In the 
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