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The ratio between the pools of proliferating and quiescent cells is one of the most important critical fac- 
tors  determining the sensitivity of normal and tumor t issues to most cytostatie agents {2]. Correlation between 
these parameters  and the sensitivity of target cells to kil ler  cells, which is evidently connected with modulation 
of antigens and cell membrane receptors  [10, 11], likewise is becoming increasingly evident. 

The writers  demonstrated previously that a temporary  change in functional activity of the mononuclear 
phagocyte system 0V[PS) caused by parenteral  injection of particles of inert colloids leads to modification of the 
toxic and antitumor effects of cytostatics: methotrexate, ftorafur,$ sareolysin [3, 9]. In particular,  injection 
of colloidal gold or  carbon particles potentiated the antitumor effect of methotrexate on developing Rauscher 
leukemia. The mechanism of this effect is not clear.  I t  may perhaps be explained by changes in proliferation 
of the tumor cells connected with disturbance of MPS function. Macrephages are known to be secre tory  cells, 
and among the biologically active compounds which they secrete,  the so-called monokines, there are factors 
which affect proliferation of other cells, including hematopoietie cells [7]. 

To test this hypothesis experiments were carr ied out, the results of which are described below. In most 
experiments a teehnique of nucleoprotein-cel l te  chromatography (NPC chromatography) was used to analyze the 
ratio between pools of proliferating and quiescent cells; this method enables the proliferative status of the cell 
population to be assessed [5, 6]. DNA in proliferating cells is very f i rmly bound with proteins and a high con- 
centration of LiC1 and urea (4 M and 8 Mrespectively) and heating to 96~ are necessary for its elution. When 
the cells change to the resting state, 1.5 M LiC1 and 3M urea at 4~ are sufficient to dissociate the DNA-protein 
complex [8]. 

*Corresponding Member, Academy of Medical Sciences of the USSR. 
$5-Fluoro--l-(tet rahydro-2--furyl )uracil (translator). 
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Fig. 1. Changes in weight of spleen, radioactivity (106 cells), and ratio between DNA from 
NPC chromatograms in fractions differing by strength of bond with proteins, during develop- 
ment of Rauscher leukemia. A: i) Weight of spleen; 2) radioactivity of DNA. B: fractions 
of gradient- a) salt, b) intermediate, c) high temperature. Mice received injections of i00 tt 
Ci[3H]thymidine daily on 5th, 6th, and 7th days of development, followed by 50 pCi on alter- 
nate days. Abscissa, days of development of Rauscher leukemia; ordinate: A (on left) weight 
of spleen, in mg, (right) radioactivity of DNA • 103, B) radioactivity of DNA (in per cent). 

Fig. 2. Dependence of DNA distribution from NPC-chromatograms in fractions differing by 
strength of binding with proteins, on duration of action of colloidal gold preparation. A) Nor- 
real mice, B) mice with developing Rauscher leukemia (15th day). Fractions of gradient: a) 
salt, b) intermediate, e) high temperature. Mice of all groups received injections of [~H]thy- 
midine in a dose of 300 #Ci 23 h (A) and 24 h (B) before sacrifice. Colloidal gold prepara- 
tion (1.5 mg per animal) injected 4 and 23 h (A) and 3, 19, and 24 h (B) before sacrifice. 
Abscissa, tithe (in h); ordinate, radioactivity of DNA (in per cent). 

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

Male (C57B1/6j ~• DBA/2)F 1 mice aged 2-3 months, f rom the "Stolbovaya" Nursery ,  Academy of Medical 
Sciences of the USSR, were used. Leukemia was induced by intraperi toneal  inoculation of 10 ~ leukemic spleen 
cells on day 0. In the experiments  of ser ies  I prol i fera t ion of spleen cells was studied during the development 
of leukemia,  in se r i e s  ti after  a single intraperi toneal  injection of colloidal gold [9] on day 0 in a dose of 1.5 
mg per  mouse.  Mice of all the groups compared were sacr i f iced simultaneously,  and gold was injected before-  
hand. [aH]Thymidine was injected into the mice 24 or  1.5 h before sacr i f ice  in a dose of 300 #Ci per animal 
(specific activity 23 Ci /mmole) .  In some experiments  [3H]thymidine was injected during development of leu-  
kemia in doses of 100 or  50 #Ci. The relat ive DNA content in the chromatographic  samples was determined by 
measur ing  [3H]thymidine incorporated into the cells.  Radioactivity was counted in a T r i t on - to luene  sys tem on 
a Mark III counter (Nuclear Chicago). 

Unfractionated cell lysates  were used as the original mater ia l .  For  this purpose mouse spleens were 
homogenized at 4~ in a lightly ground P o t t e r - E l v e h j e m  homogenizer  in TKM buffer (0.25 M KC1, 0.005 M 
MgC12, 0.025 M Tris-HC1, pH 7.6), containing 1 mM phenylmethylsulfonyl fluoride of 0.1% diethyl pyrocarbonate .  
The number  of cells was then counted in a Goryaev ' s  chamber .  The cells (1 x 106 to 2 x 106) were then lysed in 
a Dounce homogenizer  in 3 ml of a 1% solution of Tri ton X-100, made up in TKM buffer, with inhibitors of nu- 
cleases and proteases .  

The cell lysate  was mixed with celite 545, suspended in TM buffer, and applied to a cons tan t - tempera ture  
column cooled beforehand to 4~ DNA was eluted f rom the nue leopro te in-  celite column as descr ibed previ -  
ously [5] : initially in a l inear  concentrat ion gradient of LiC1 and urea (from TM buffer to 4 M LiCI, 8 Murea  in 
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Fig. 3. Changes in specific radioactivity 
of DNA in Rausche r  leukemia ,  depending 
on durat ion of action of colloidal gold. 
Mice of all groups rece ived  an inject ion 
of 300 #Ci of [3H]thymidine 1.5 h before  
sac r i f i ce  on 15th day of development  of 
Rausche r  l eukemia .  Colloidal gold p r ep -  
a ra t ion  injected 1.5, 3, and 23 h p r e v i -  
ously .  Ver t ica l  l ines  show s tandard  de- 
viation. Absc i s sa ,  t ime  (in h); ordinate ,  
speci f ic  rad ioac t iv i ty  of DNA (cpm • 106). 

TM buffer  at 4~ to elute DNA bound re la t ive ly  weakly with pro te ins ,  then in a t e m p e r a t u r e  gradient  f r o m  4~ 
to 96~ using a solution of 4 MLiC1 and8 M u rea  made up in TM buffer  as the e h a t e ,  to elute DNA mos t  f i rmly  
bound with p ro te ins .  DNA f rac t ions  elated in a sal t  gradient  (salt fract ion) and in t e m p e r a t u r e  gradients  f r o m  
4 to 70~ ( intermediate  fract ion) and f r o m  70 to 96~ (high t e m p e r a t u r e  fract ion) were  collected sepa ra te ly .  

EXPERIMENTAL RESULTS 

It will be clear from the data given in Fig. IA that the development of leukemia is characterized by neg- 
ative correlation between the increasing weight of the spleen and [3H]thymidine incorporation (calculated per 
106 cells). Among the various possible causes of this phenomenon, a reduction in the proliferative pool and dif- 
ferences in the character of recirculation of the cells dependent on the stage of the process can be distinguished. 
Fluctuating changes in the ratio between pools of proliferating and quiescent spleen cells were observed: In 
the normal spleen proliferating cells constitute about 40% of all cells, by the 8th day their fraction has doubled, 
by the 13th-15th days it has fallen again to its original level, after which it again rises sharply until the 23rd 
day, and falls until the 30th day (Fig. ib). These changes take place against the background of steady develop- 
meat of splenomegaly and, in our opinion, they reflect quantitative and qualitative changes in the cell compo- 
sition of the spleen - the principal organ affected in Rauscher leukemia. By the 8th day proliferation of malig- 
nant erythroblasts in the spleen, which normally is a lymphoid organ, leads to the appearance of detectable 
macroscopic colonies, and by the second week the spleen again becomes a more homogeneous organ, for most 
of its cells are malignant erythroblasts. Intensive proliferation later begins again in the spleen, this time of 
cells of the lymphoid and granulocytic series [I]. This wave of proliferation can be regarded as connected with 
the leukemoid response of the host to leukemia. Changes taking place in Rauscher leukemia can be used as a 
model of various clinical phases of development of human leukemia. They can be used for the experimental 
study of therapeutic measures, taking the pathogenesis of development of leukemia into account [4]. 

Data showing changes in the ratio between pools of dividing and quiescent cells during the 24-h period 
after loading of MPS with colloidal gold when the spleen was in the two relatively homogenous states (normal 
and on the 15th day of development of leukemia) are illustrated in Fig. 2. This procedure clearly caused 
roughly the same kind of response in the normal lymphoid and the malignant erythroblastlc cell populations in 
the spleen. After a reduction of the fraction of proliferating cells, restoration of the dividing pool of leukemic 
cells was observed. The same changes, but less marked, were observed in the cell population of normal spleen. 

Injection of colloidal gold led to a transient decrease in the number of cells in the S phase and to a de- 
crease in the rate of DNA synthesis. The rate of DNA synthesis then increased, and by 24 h it was higher than 
the initial level (Fig. 3). 
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The re su l t s  of these  expe r imen t s  (Figs. 2 and 3) agree  well with each o ther  and can be in t e rp re t ed  as 
evidence of par t ia l  synchronizat ion of the cells under the influence of loading of the MPS with colloidal gold. 

Since colloidal gold has no direct  effect  on mal ignant  e ry th rob la s t s ,  but is phagocytosed by macrophages ,  
modifying the i r  act ivi ty,  the resu l t s  indicate that p ro l i f e ra t ive  act ivi ty of both normal  and malignant  hematpo i -  
e t ic  cel ls  depends on the s ta te  of the m a c r o p h a g e s  in vivo and, consequently,  on the poss ib i l i ty  of or iented  r e g -  
ulation of the p roce s s  by means  of agents affecting MPS. 

The method of de termining the s t r e n g t h o f D N A - p r o t e i n i n t e r a c t i o n s ,  developed as descr ibed  above, is 
t he re fo re  useful for  examinat ion of s eve ra l  p rob l ems  in exper imenta l  oncology. It can also evidently be used 
in clinical oneology for  the study of s amples  of bone mar row,  lymph node, and spleen cel ls  and also of blood 
cells  of pat ients  with l eukemias ,  containing a high propor t ion  of blas t  cel ls .  
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The poss ib i l i ty  of using vi tamin A and its de r iva t ives  for  the prevent ion and t r ea tmen t  of mal ignant  neo-  
p l a sms  in man and animals  has been repor ted  s eve ra l  t imes  in the recent  l i t e ra tu re  [2, 3, 6]. The mechan i sm 
of the an t i tumor  action of re t inoids  has not yet been studied. Meanwhile Lotan and Dennert  [4] have shown that 
v i tamin A, in doses  giving a therapeut ic  effect,  can s t imula te  the fo rmat ion  of cytolytic T lymphocytes  (CTL) in 
vi t ro .  These  observa t ions  suggest  that  the ant i tumor  action of v i tamin A is  connected with inc reased  abili ty of 
the host to produce e f fee to r  cells concerned with re jec t ion  of the tumor .  The widespread  use of v i tamin A for  
the prevent ion and t r ea tmen t  of malignant  t umor s  is r e s t r i c t e d  because  this p repara t ion ,  in therapeut ic  doses ,  
has a toxic  act ion assoc ia ted  with mani fes ta t ions  of hyperv i t aminos i s .  Accordingly  the poss ibi l i ty  of using 
f l - ca ro t ene ,  a p r e c u r s o r  of v i tamin A which is nontoxic even in l a rge  doses ,  is pa r t i cu l a r ly  in te res t ing .  

The a im of this invest igat ion was to study the effect of var ious  doses  of f l - c a ro t ene  on CTL format ion  in 
vi tro,  to de te rmine  the opt imal  dose and schedule of adminis t ra t ion  of this substance,  and also to study its  e f -  
fect  on growth of t ransp lan tab le  s a r c o m a  180 and the length of surv iva l  of the an imals .  
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