
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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Fig. 1. Effect of various doses and schedules of administrat ion o f /3 -ca ro tene  on 
cytolytic activity of lymphocytes .  A, B, C, D) Groups of BALB/c  mice receiving a 
single intraperi toneal  injection of 13-carotene in doses indicated on figure, 9, 6, 3, 
and 1 day respect ively  before experiment .  I, II, III, tV) Ratio of lymphoctyes to 
ta rge t  cells 12 : 1, 25 : 1, 50 : 1, and 100 : 1 respect ively .  Ordinate,  percentage of 
specific lys is .  

Fig. 2. Effect of f i - ca ro tene  on duration of survival  of mice with transplanted 
s a r c o m a  180 and on size of tumor :  1) mice receiving injections of olive oil (con- 
trol);  2) mice receiving injections of 10 mg/kg  f l -caro tene .  Abscissa ,  duration of 
survival  of animals (in days); ordinate,  size of tumor  (in cm3). 

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

Experin~ents to determine the effect o f /3 -ca ro tene  on CTL formation were per formed on adult male 
BALB/c  (H--2 ~) mice weighing 18-20 g, obtained f rom the "Stolbovaya" Nursery ,  Academy of Medics/ Sciences 
of the USSR. f l -Caro tene  was synthesized in the Labora tory  of Chemis t ry  of Poiyene Compounds, nVitaminy" 
Resea rch-Produc t ion  Combine. The compound was injected intraper i toneal ly  into BALB/c  mice in various 
single doses,  in 100 #1 of olive oil, 1, 3, 6, and 9 days before setting up the mixed lymphocyte culture (MLC). 
The spleens were removed under s ter i le  conditions, suspensions of spleen cells were prepared,  and 25.106 k 
lymphocytes  f rom each group of mice  were mixed in the ratio of 5 : 1 with i r radia ted  spleuocytes of C3H ~--2"') 
mice  and incubated at 37~ in 6--well plates (Linbro 76-047--05) in 5 ml of DMEM medium (Flow Lab.), contain- 
ing 10% embryonic  calf se rum (Gibco), 2 �9 10 -3 M L-glutamine,  and 5 �9 10 -5 M 2- 'mercaptoethanol.  The cytotoxic 
activity of the l y m p h o c ~ e s  was determined on the 6th day of incubation as the quantity of Na251CrO4 isolated 
f rom lysed L-929 {H-2 ) target  cells by the method descr ibed previously [1]. 

To determine the anti tumor activity of f l -caro tene  an oily solution of the compound was injected in t ra -  
peri toneal ly into BALB/c  mice 6 days before t ransplantat ion of s a r coma  180 cells into the animals.  On the day 
of t ransplantat ion the injections were repeated,  and the compound continued to be injected every  6 days until 
the animals died. The therapeut ic  effect was a s se s sed  by the effect of f l -ca ro tene  on the size of the growing 
tumor  and on the length of survival of the animals.  

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

The resul ts  of determinat ion of the cytotoxic activity of lymphocytes obtained f rom mice receiving dif- 
ferent doses of f l -ca ro tene  are  given in Fig. 1. It can be concluded from comparat ive analysis of the data that 
the greates t  cytotoxic effect was obtained after injection of the compound in a dose of 10 mg/kg,  6 days before 
setting up the MLC. To determine whether f l -caro tene ,  given in the optimal dose and schedule, has a therapeu-  
t ic effect during development of a malignant neoplasm, its effect was studied on growth of transplantable s a t -  

794 



coma 180 and on the length of surv iva l  of an imals  with the tumor .  The r e su l t s  a re  given in Fig. 2. They show 
that f l - ca ro t ene ,  injected in a dose of 10 mg/kg ,  had no significant  effect  e i ther  on the s ize  of the growing t umor  
or  on the durat ion of survival  of the an imals .  

These  expe r imen t s  thus showed no d i rec t  re la t ionship  between the immunos t imula t ing  and ant i tumor  ac -  
t ivi ty of f l - ca ro t ene .  According to data in the l i t e r a tu r e ,  the ant i tumor  action of f i - c a ro t ene  could be demon-  
s t ra ted  only on a l imi ted  number  of slowly growing s t ra ins  of t u m o r s ,  main ly  induced by ul t raviolet  radiat ion 
[5]. The degree  of s t imula t ion  of CTL by f l - ca ro t ene  is  evidently insufficient to inhibit growth of the rapidly  
growing s a r c o m a  180. The poss ibi l i ty  l ikewise cannot be ruled out that the ant i tumor  act ivi ty of the compound 
may  be linked with i ts  abili ty to s t imula te  other  types  of e f fec tor  cel ls  of the immune  s y s t e m  such as m a c r o -  
phages,  no rmal  k i l l e r s ,  and K cel ls .  This hypothesis  may be tes ted  in future expe r imen t s .  
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Many a t tempts  to use b iochemica l  and enzymic  t e s t s  for  the diagnosis of mal ignant  t umor s  have not yet 
resul ted  in the i r  widespread  applicat ion in clinical p rac t i ce .  As before ,  the leading ro le  in this field is still  
played by his tologic  and pathomorphologic  methods of invest igat ion of b iopsy ma te r i a l ,  but this does not e f fec-  
t ively ensu re  detect ion of ea r ly  s tages  of cancer .  Meanwhile i t  is evident that the initial  s tages  of neoplas t ic  
t r an s fo rma t ion  of cells and t i s sues ,  without any c lear ly  dist inguishable external  mani fes ta t ions ,  a re  rea l i zed  
ini t ia l ly at the mo lecu l a r  level ,  with involvement  of the genet ic  ma te r i a l  of the cell in the p roce s s  [4]. As a 
resu l t  of express ion  of the modified genome,  changes in b iochemica l  p r o c e s s e s  in the cell ,  in the f o r m  of a 
change in its sens i t iv i ty  to external  r egu la to ry  fac to rs ,  weakening of in te rce l lu la r  in te rac t ions ,  etc.  [1, 6], be -  
come observab le .  Consider ing that it is d i s tu rbances  at the level  of regulat ion of b iosynthes is  and coordination 
of metabol ic  act ivi ty  that a re  the fea tu res  which dist inguish the t r a n s f o r m e d  f r o m  the normal  cell,  the w r i t e r s  
have concentra ted  the i r  attention on the study of prote in  phosphoryla t ion s y s t e m s .  Changes in the degree  of 
pro te in  phosphoryla t ion  are  known to be c losely  connected with modif icat ions of the functional and metabol ic  
s t a t e s o f e e l l s .  Changes in prote in  kinase act ivi ty a re  obse rved  when var ious  d is turbances  of the p ro l i fe ra t ive  
s ta tus  of the cell a re  p resen t  and, in pa r t i cu l a r  during t umor  growth [2, 5]. 

The aim of this investigation was to study the possibility of using protein kinase activity levels for the 
biochemical diagnosis of malignancy, using carcinoma of the colon, a very common disease, as the example. 
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