
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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Fig. 1. Dependence of protein kinase activity of MMC on pH of medium. Ab- 
sc issa ,  pH values; ordinate,  radioact ivi ty  (in cpm- 10-3). a) Normal t issue,  b) 
tumor  t issue;  1) histone kinase activity, 2) casein kinase activity. 

Fig. 2. Dependence of rat ios between histone kinase and casein kinase activity 
on pH of medium. Abscissa ,  pH values; ordinate,  histone kinase/casein kinase 
ratio.  1) Normal, 2) tumor .  

TABLE I.  Activity of Pro te in  Kinases (in units) 
in MMC of Healthy Subjects of Control Group and 
Patients with Carc inoma of the Colon (M • m) 

Test object Histone 
kinase 

Casein 
Casein kinase/ 
kinase histone 

kinase 

Control 
Tumor tissue 
MMC adjoining 

tumor (1 crn) 

MMC at a distance 
?tom tumor (25- 
30 cm) 

763• 
1386• 

14484-75* 

1342• 

118~25 
819• 

513• 

495• 

9,95• 
1,98• 

3,154-0,23* 

2,994-0,21. 

Legend. Mean values of rat ios in protein kinase 
activity calculated f rom individual values of these 
pa rame te r s .  * P <  0.01 compared with control.  

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

Altogether  65 persons ,  24 of whom were clinically healthy and 41 had carc inoma of the colon, were studied. 
The diagnosis was based on clinical examination, with endoscopic investigation of the colon and histological 
study of biopsy specimens obtained under direct  vision in every  case. All the tumors  studied were adenocarc i -  
nomas with different degrees of differentiation. None of the patients had been t reated by radiotherapy or  che-  
motherapy.  The control group contained healthy volunteers with no pathological changes in the mucous m e m -  
brane of the colon (MMC). Material  for  investigation f rom patients with carc inoma of the colon was taken f rom 
tumor  t issue and f rom areas  of MMC located 1 and 25-30 cm away f rom the tumor.  The mater ia l  was sub- 
jected to histological investigation and also f rozen at the t empera tu re  of liquid nitrogen and kept until required 
for  biochemical  analysis .  

Before determination of protein kinase activity, t issue samples (4--6 mg) were minced in a microhomoge-  
n izer  in 5 volumes of 5 mM Tris-HC1 buffer,  pH 7.4, containing 2 mM EDTA, 0.5 mM dithiothreitol,  3 mM NaF, 
0.5 mM phenylmethylsulfonyl fluoride, and 150 mM NaC1. The homogenate was centrifuged at 20,000g for 10 
min and the supernatant was used for  analysis .  The protein kinase react ion was car r ied  out in medium con- 
taining 50 mM Tris-HC1, pH 8.0, 10 mM MgC12, 1 mM EDTA, 2 mM NaF, 0.5 mM dithiothreitol,  50/~M [y-33p] - 
ATP {0.2-0.3 Ci/mmole) ,  and 5 #g of t issue extract  [3]. To determine cAMP-dependent histone kinase activity, 
histone H1 (2 mg/ml)  and cAMP (5 #M) were added to the sample,  and to determine casein kinase activity, de-  
phosphorylated casein (3 mg/ml)  was used as the phosphorylation substrate .  The final volume of the 
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sample was 0.1 ml and the duration of incubation at 30~ was 10 rain. The react ion was stopped by cooling 
the samples rapidly to 2-4~ an aliquot of the incubation medium was t r ans fe r r ed  to a Whatman 3MM paper 
f i l ter  and fixed in 10% TCA solution, and then the f i l ter  was washed at 5% TCA, in a mixture of ethanol and 
acetone (1 : 1), and in acetone. Radioactivity of the f i l ters  was measured  in s tandard toluene scint i l la tor  on a 
liquid scintil lation counter.  Enzyme activity was e x p r e s s e d i n  picomoles of orthophosphate t r ans fe r r ed  f rom 
ATP to 1 mg protein during incubation for 1 rain at 30~ 

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

Dependence of activity of the protein kinases on pH of the incubation medium is shown in Fig, 1. Activity 
of cAMP-dependent histone kinase and, in par t icular ,  of casein kinase was significantly higher in MMC of the 
tumor  than in normal  t issue.  The difference between protein kinase activities of tumor  and normal  t issue was 
par t icular ly  marked when rat ios  between histone kinase and casein kinase activity was compared (Fig. 2). 
Low values of this ratio,  charac te r i s t i c  of tumor  t issue,  were due to a high level of casein kinase activity, which 
was most conspicuous in the weakly alkaline pH zone. The possibil i ty cannot be ruled out that an abnormal 
form of casein kinase,  with maximal activity at pH 7.0-9.0, may have appeared in the tumor  t issue.  However, 
a detailed study of the many different fo rms  of this  enzyme would be necessa ry  to verify this hypothesis.  

To charac te r ize  the clinical mater ia l  the following pa ramete r s  of protein kinase activity were used: ac-  
tivity of histone kinase and casein kinase, and also the ratio between activities of these enzymes,  which evi-  
dently ref lects  a definite rule for  the intensity of phospherylat ion of proteins in normal  and cancerous t i ssues .  
Being relative, this pa rame te r  depends only a little ou some of the concrete  conditions of determinat ion of 
enzyme activity. The data given in Table 1 confirm a regular  increase  in casein kinase activity in tumor  t i s -  
sue, accompanied by a sharp  decrease  in the ratio between activities of these two protein kinases .  

Levels of protein kinase activity charac ter iz ing  MMC taken at distances of 1 and 20-30 cm f rom the tu- 
mor  focus are  very interest ing.  The high level of casein kinase activity and low values of the rat ios between 
protein kinase activities indicate a close resemblance  f rom the biochemical  point of view between tumor  t i s -  
sue and MMC at a distance f rom the tumor.  If cer tain levels of protein kinase activity are charac te r i s t i c  of 
tumor  t issue itself, easi ly detectable by pathomorphologic methods,  and if closely s imi la r  values are cha rac -  
t e r i s t i c  of MMC taken at a considerable distance f rom the tumor,  and histologically indistinguishable f rom nor -  
real, it is evident that the levels  of these pa ramete r s  will be of definite diagnostic value for  the detection of 
ear ly  stages of cancer .  MMC located at a distance f rom the tumor,  and outwardly intact, is perhaps t r a n s -  
formed,  although it does not exhibit morphological  features of malignant growth. However, the resul ts  of the 
enzymic investigation indicate the presence  of significant biochemical  changes in protein phosphorylation s y s -  
tems of this histologically unchanged MMC, located at a considerable distance f rom the focus of malignant 
growth. A number  of general  hypotheses can be put forward on the basis of this observat ion.  In the ease of 
adenocarc inoma of the human MMC the p rocess  of malignant degeneration of the organ, it can be tentatively 
suggested, is more  extensive (possibly affecting the whole organ) than the pathomorphologically demonstrable  
zone of tumor  growth. Consequently, the tumor can be regarded  as the local expression of a widespread but 
latent p rocess  of neoplast ic  t ransformat ion  of the organ.  F r o m  the diagnostic point of view the use of levels of 
t i ssue protein kinase activity may be useful for  the d iscovery  of r isk groups during examinations of the popu- 
lation, and it may  enable the resul ts  of radiotherapy,  chemotherapy, and su rge ry  and also the likelihood of r e -  
cur rence  of the disease,  and so on, to be predicted.  
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