
INTRODUCTION
The battle against cancer is being fought on different

levels from social prevention and information to basic
molecular studies of cell metabolism. The age-dependent
variability in nucleic acids precursors metabolism may
influence both individual progression of cancer and
efficacy of treatment. A comparative study of enzyme
activity features of nucleotides metabolism in blood of
different age patients with tumors of gastrointestinal tract
T3-4N0-xM0-y stages was carried out. Thymidilate in cor-
poration is a limiting step for DNA replication. Thymidine
kinase and thymidine phosphorylase play an important
role in thymidilate synthesis by the “salvage pathway”.
Thymidine kinase (TK; EC 2.1.2.1) directly catalyzes the
phosphorylation of deoxythymidine released from cells
by DNA catabolism in the salvage pathway [1]. High
tumor TK activities may be indicative of a poor response
to antimetabolic chemotherapy protocols. Thymidine
phosphorylase (TP; EC 2.4.2.4) plays a key role in
maintaining the thymidilate balance of the nucleotide
pool and controlling nucleic acid homeostasis [1]. On the
other hand, the biochemical and biophysical similarities
between TP and platelet-derived endothelial cell growth

factor (PD/ECGF) suggested that human TP is the same as 
human PD/ECGF. Therefore, this protein appears to
stimulate DNA synthesis, cell growth and chemotaxis of
endothelial cells in vitro and angiogenesis in vivo. 

The specific signaling pathways of cancerogenesis can
also be  regulated by purines. While adenosine is generated
as a result of hypoxia and cell necrosis in the core of
tumors, there is emerging evidence that some tumors
modify purine metabolism to facilitate production or
retard degradation of adenosine. A high concentration of
adenosine in the core of solid tumor may facilitate tumor
survival by suppressing the immune system and by
facilitating angiogenesis. In addition, tumors may stimulate
the conversion of purine nucleotide to adenosine by
increasing the expression of CD 73. CD73 or ecto- 5’
-nucleotidase of AMP (5’-NT; EC 3.1.3.5) is a widely
expressed ecto-enzyme which catalyzes the dephos phory- 
lation of AMP and other nucleoside monophosphates.
CD73 participates in purine salvage pathway through this
enzymatic activity, supplying cells with precursors for
energy metabolism and nucleic acid biosynthesis. The
adenosine deaminase (ADA; EC 3.5.4.4) decreases the
cellular levels of adenosine. Ecto-adenosine deaminase in
human cells can be bound to the cell surface and regulate
the level of extracellular adenosine during tumor
progression. The activities of ADA and 5’-NT are closely
associated with cellular immunity [4, 2].
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MATERIALS AND METHODS
Ninety-two adult patients, 46–60 years old, with gas -

trointestinal cancer T3-4N0-xM0-y stages were included in
this study. Sixty-eight non-cancerous persons, 25–70
years old without gastrointestinal tract pathology formed
a control group and  were also examined. The study protocol 
was approved by Ethical Committee permission of M.
Gorky Donetsk National Medical University for research
involving humans. The features of enzymes activity were
studied in blood serum and lymphocytes. TK activity was
determined by the radioisotope method as described
previously [4]. It was given in nanomoles of thymidilate
formed within an hour per 1 mg of protein. TP activity
was determined spectrophotometrically [4] at 300 nm
according to the amount of thymine formed. 5’-NT
activity was determined by the number of inorganic
phosphate, ADA – at 265 nm according to the amount of
inosine formed [4]. Protein concentration in biological
material was determined using the method described by
Lowry et al. [5]. Statistical analysis of results was
performed using Medstat software package. Significance
of differences was analyzed by parametric and non para-
metric methods.

RESULTS AND DISCUSSION
This study demonstrated that the serum activities of

TK, TP, ADA, 5’-NT strongly associated with age. There
is evidence that according with the norm, the TK has the
highest level of its activity in the blood at the age of 46–60 
years. The relationship between parameters was assessed
statistically using Spearman’s rank correlation test, i.e. 
 = 0.519, a positive correlation between the TK activity
and age was shown. Therefore, we determined the
possibility of TMP synthesis increasing by the “salvage
pathway” in healthy individuals aged 46–60 years. Howe- 
ver, an age-dependent activity increase is also char acte-
ristic of TP (the index of Spearman’s rank correlation, i.e.  
 = 0.874, a positive correlation between the TP activity
and age). It is interesting to note that direct correlation
between anabolism and catabolism enzymes activity (TK, 
TP) and age was revealed. This mechanism can regulate
the velocity of their pathway of dTTP synthesis in healthy
organism. The ADA and 5’-NT activities get the highest
values at the age  36–45 years. A strong positive correlation 
between the two enzyme activities has been demonstrated
( = 0,746).  So ADA and 5’-NT have cooperative effect
on the adenosine levels in human organism. 

The blood se rum is the most avail able ma te rial for pa -
tients’ moni tor ing. Ac cord ing to the ob tained find ings as
well as the re sults of our pre vi ous stud ies [4, 6], the ac tiv -
ity of se rum en zymes cor re lates with their ac tiv ity in the
tis sues. Our find ings are con firmed by the re sults of other
authors [7].  In this study, the key en zymes of thymid ine

and adeno sine me tabo lism were de ter mined in the blood
se rum of pa tients with stom ach can cer, co lon can cer, tu -
mors of rec tum (ta ble 2).

Table 1. The activity of thymidine and adenosine metabolism
enzymes in the blood serum in control group at the different age

Age, years TK
nmol/mg•h

TP
nmol/mg•min

ADA
nmol/mg•min

5’-NT AMP
nmol/mg•min

25–35 2.67±0.34 36.16±2.15 0.79±0.19 6.10±0.65
36–45 2.96±0.51 41.61±3.12 1.83±0.14 5.48±0.52
46–60 3.87±0.71 47.88±2.62 1.74±0.22 5.76±0.26
61–70 3.05±0.32 52.01±2.89 2.18±0.45 5.63±0.46

Ta ble 2. The se rum en zymes ac tiv ity of pa tients with can cers of
gas tro in tes ti nal tract T3-4N0-xM0-y  stages at the age of 46–60 years

Cancer
localizations

TK
nmol/mg•h

TP
nmol/mg•min

ADA
nmol/mg•min

5’-NT AMP
nmol/mg•min

Control 3.87±0.71    47.88±2.62 1.74±0.22    5.76±0.26     
Stomach 6.78±0.98** 14.65±2.38*** 7.58±0.84** 9.99±0.83*  
Colon 4.98±0.34*  18.06±1.13** 8.21±0.86** 9.71±1.35**
Rectum 4.78±0.14*  19.32±2.67** 5.69±0.49** 12.11±1.07**

Authen tic dif fer ences ver sus the norm: * p<0.05, ** p<0.01, *** p<0.001

Serum TK ac tiv ity in creases with the can cers of dif fer -
ent lo cal iza tions. The TP ac tiv ity in blood serum of
pa tients with can cer sharply de creases. This dis or der may
be one of the rea sons of dTTP syn the sis ele va tion and
higher rate of pro lif era tion. Blood se rum changes of TK
and TP ac tiv ity of stom ach can cer pa tients cor relates with
their ac tiv ity pe cu li ari ties in the tis sues. ADA and 5’-NT
ac tiv ity is in creased in all pa tients with both can cer of
stom ach and in tes ti nal can cer. It is cor re lated with TK and 
TP ac tiv ity changes, be cause in this case, the in hibi tory
ac tion of adeno sine on the py rimid ine syn the sis will be re -
moved. There are spe cific nu cleo tide me tabo lism changes 
which tu mors have to in crease the bio syn the sis of DNA
and pro lif era tive ac tiv ity [8].   

Tumor im mu no sur veil lance con trib utes to the con trol
of can cer growth. Many mecha nisms can be used by can -
cer cells to avoid the an ti tu mor im mune re sponse. One
such mecha nism re lies on the ca pac ity of can cer cells and
of the tu mor mi cro en vi ron ment to gen er ate adeno sine,
a ma jor mole cule in volved in an ti tu mor T-cell re sponse
sup pres sion. So an other as pect of the given study was to
evalu ate the white blood cells dys func tion ac cord ing to
the analy sis of pu rines me tabo lism dis or ders in groups of
pa tients with gas tro in tes ti nal tract tu mors. To re veal prog -
nos tic pos si bili ties of bio chemi cal in dexes, the research of
blast trans for ma tion re ac tion in lym pho cytes of patients
aged 46–60 was con ducted par al lel with ADA and 5’-NT
ac tiv ity de ter min ing. A de crease of blast trans for ma tion
re ac tion in dex was ob served in can cer pa tients (from
65.44±2.40 in the con trol group to 16.38±2.33 in case of
can cer de vel op ment). It has been found that the lym pho -
cytes ac tivi ties of ADA, 5’-NT were de creased in all
pa tients groups, but not pro por tion ally. It has been found
that lym pho cytes of ADA ac tiv ity de crease in case of can cer
of stom ach up to 89.63±3.65 nmol/106c·h in com pari son
with con trol (178.38±12.07 nmol/106c·h, p<0.01). This is
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ac com pa nied by 5’-NT ac tiv ity de creas ing up to 36.76±
0.92 nmol/106c·h (48.03±5.70 nmol/106c·h, p<0.05). We
dem on strated that ADA ac tiv ity in lym pho cytes of co lon
can cer pa tients is lower by 7.3 times as com pared to norm
(24.17±2.31 nmol/106c·h, p<0.001), but the 5’-NT ac tiv -
ity is lower by 1.7 times ac cord ing to the norm only (29.02 
±0.74 nmol/106c·h, p<0.01). In case of tu mor lo cal iza tion
in rec tum, ADA ac tiv ity is lower by 5.5 times (32.33±
0,58 nmol/106c·h, p<0.001), but the 5’-NT ac tiv ity is
lower by 2,3 times (20,98±0.59 nmol/106c·h, p<0.01). So,
it is very likely that disco or di nated ac tiv ity of 5’-NT and
ADA con trib ute to the ele vated lev els of ex tra cel lu lar
adeno sine dur ing tu mor pro gres sion and its regu la tory ef -
fects re ali za tion [8]. In di vid ual analy sis of lym pho cytes
func tional power showed that ADA, 5‘-NT ac tiv ity changes
was ac com pa nied by the de cline of cel lu lar im mune func -
tion (the blast trans for mation re ac tions of lym pho cytes
were de creased in all cases of can cer de vel op ment).

CONCLUSIONS
In patients with cancers of gastrointestinal tract the

nucleotide enzyme activitiey changes can be responsible
for some increase in DNA biosynthesis and proliferation.
A practical application of the present study is that the
investigation of 5’-NT, ADA lymphocyte activity can be
used as a biochemical test of lymphocyte dysfunction. 
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