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The role of hypercholesterolemia as a factor modulating functional activity of macrophages
during the growth of syngeneic transplanted 22a hepatoma in mice was studied. Starting from
day 21 after inoculation of tumor cells we observed the development of hyperlipoproteinemia
paralleled by an increase in macrophage activity parameters. The total serum cholesterol
content and production of nitroxide anions by macrophages were in positive correlation on
days 14-35 of tumor growth. We hypothesized that the development of hypercholesterolemia
at the late stages of some tumor growth is a factor stimulating production of nitrites and 5'-

nucleotidase activity.
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Activated macrophages play an important role in the
regulation of tumor growth [11]. The growth of ex-
perimental tumors is accompanied by changes in func-
tional activity of macrophages, e.g. increased produc-
tion of nitroxide anions [4,5] and activation of 5'-nu-
cleotidase ectoenzyme [3,15]. The mechanisms of
these changes are unknown. We observed similar shifts
in functional activity of macrophages in mice without
tumors receiving on atherogenic diet [2]. The growth
of some experimental tumors is paralleled by the de-
velopment of hypercholesterolemia [12], and we
therefore hypothesized that this factor can also be
essential for macrophages under conditions of tumor
growth.

5'-Nucleotidase (CD73) is one of the main en-
zymes of purine metabolism providing substrates for
macrophage activation (14) and a factor of cell ad-
hesion and mobility [13]. Nitroxide anions possess
cytotoxic effects and ensure the tumoricidal activity of
macrophages. Their effect on apoptosis [6] and angio-
genesis [10] depends on their concentration.

Institute of Experimental Medicine, Russian Academy of Medical Sci-
ences, St. Petersburg. Address for correspondence: aleksei kiselev(@
pobox.spbu.ru. Kiseleva E. P.

Here we analyze the correlation between changes
in serum content of neutral lipids, on the one hand,
and 5'-nucleotidase activity, nitrite production, and
other parameters of functional activity of peritoneal
macrophages, on the other, during the growth of trans-
planted 22a hepatoma in mice.

MATERIALS AND METHODS

Experiments were carried out on male C3HA mice
(18-20 g) from Rappolovo Breeding Center, Russian
Academy of Medical Sciences. The animals received
105 cells of syngeneic continuous 22a hepatoma (0.2
ml). 22a hepatoma cell strain was kindly provided by
Dr. O. N. Pogodina from Institute of Cytology, Rus-
sian Academy of Sciences. Controls received the same
volume of normal saline. The mice were sacrificed by
cervical dislocation. Serum levels of total cholesterol,
a-cholesterol, and triglycerides were measured on a
Keysys autoanalyzer (Boehringer Mannheim). Resi-
dent peritoneal macrophages were obtained by peri-
toneal lavage (cells from 4-5 animals were pooled)
and incubated in 96-well plates in RPMI-1640 with
10% ETC for 2 h. The monolayer was washed from
nonadhesive cells and used for evaluation of 5'-nucleo-
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tidase activity, neutral red pinocytosis, LPS-stimulated
nitrite production, and phorbol ester-stimulated NBT
reduction test by spectrophotometrical methods as de-
scribed previously [2]. Peritoneal exudation cell com-
position was evaluated in smears stained by the method
of Romanowsky—Giemsa. At all stages of the study the
smears consisted of 30-40% macrophages, 60-65% lym-
phocytes, 1-3% mast cells, and solitary neutrophils.

The data were processed using Student’s ¢ test and
analysis of paired correlations.

RESULTS

No changes in serum levels of neutral lipids were ob-
served during the first 2 weeks after hepatoma cell
inoculation. Total cholesterol content increased star-
ting from day 21, and the content of a-cholesterol and
triglycerides starting from day 28 (Fig. 1, a).

The study of functional activity of macrophages
on days 14-35 of hepatoma growth revealed an appre-
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ciable increase in all parameters with the peak on day
28 (Fig. 1, b, ¢). Increased production of nitroxide and
superoxide anions and pinocytosis stimulation are char-
acteristic signs of macrophage activation. The mecha-
nisms of 5'-nucleotidase activation in these cells are
little studied. Some scientists regard these changes as
a sign of immunosuppression [1], because the state of
“classical” activation of macrophages is associated
with a drop of enzyme activity [14].

We observed increased 5'-nucleotidase activity in
cells with increased functional activity of three other
parameters studied, and hence, this macrophage phe-
notype can be regarded as a variant of their alternative
activation.

Analysis of functional activity of macrophages
and parameters of lipid metabolism showed their si-
multaneous increase at the late stages of hepatoma
growth. Changes in serum level of total cholesterol
and nitrite production in macrophages positively cor-
related on days 14-35 (r+m=0.98+0.14 at p<0.01).

% of control

100
skk
skeskok
sksk
0 6
7
-100 w w \ ‘
7 14 21 28 35

Fig. 1. Effect of 22a hepatoma growth on serum level of neutral
lipids (a) and functional activity of peritoneal macrophages (b, ¢) in
C3HA mice. 1) a-cholesterol; 2) triglycerides; 3) total cholesterol;
4) 5'-nucleotidase activity; 5) nitrite production in LPS-stimulated
macrophages; 6) pinocytosis; 7) NBT reduction test in macrophages
stimulated by phorbol ester. Abscissa: day after tumor inoculation.
Each group consisted of 8-10 mice. *p<0.001, **p<0.01, ***p<0.05
compared to the control.
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We previously showed that nitrite production and
5'-nucleotidase activity increased in animals without
tumors receiving atherogenic diet [2]. Other authors
described increased production of nitroxide anions by
cholesterol-loaded neutrophils [9].

Hence, hyperlipoproteinemia developing in ani-
mals at the late stages of hepatoma growth can be
(similarly as in mice receiving atherogenic diet) a
factor modulating production of nitroxide anions and
activity of 5'-nucleotidase in macrophages. However,
comparison of both experimental models revealed es-
sential differences in the functional phenotype of ma-
crophages: all the studied parameters increased in
mice with tumors, while in animals receiving athero-
genic diet the production of nitrites and 5'-nucleo-
tidase activity increased against the background of
unchanged pinocytosis intensity and NBT reduction
rate [2]. Presumably, these changes were caused by
other factors influencing macrophages in animals with
tumors. For example, the increase of 5'-nucleotidase
activity on macrophage surface can depend on the
release of cell degradation products, specifically ade-
nosine phosphates into the blood flow [8]. Extracellu-
lar adenosine forming by dephosphorylation can sti-
mulate pinocytosis [7] and production of superoxide
anions in macrophages [14].

Presumably, the pattern of changes in the func-
tional activity of macrophages during tumor growth is
determined by tumor cell products, while hyperlipo-
proteinemia is just an extra factor.

Bulletin of Experimental Biology and Medicine, Vol. 137, No. 6, June, 2004

The study was supported by the Russian Foun-
dation for Basic Research (grant No. 03-04-49186)
and grant of Science School 540.2003.4.

REFERENCES

1. G. B. Kirillicheva, M. S. Solov’eva, I. G. Baturina, et al.,
Byull. Eksp. Biol. Med., 115, No. 6, 642-645 (1993).
2. E. P. Kiseleva, V. P. Puzyreva, R. P. Ogurtsov, et al., Ibid.,
134, No. 9, 334-337 (2002).
3. S. N. Khramtsova, D. Reinhold, T. I. Sukhova, et al., Bio-
khimiya, 54, No. 10, 1673-1681 (1989).
4. D. G. Alleva, C. J. Burger, and K. D. Elgert, J. Immunol., 153,
1674-1686 (1994).
. S. Bhaumik and A. Khar, Nitric Oxide, 2, 467-474 (1998).
6. B. Brune, A. von Knethen, and K. B. Sandau, Eur. J. Phar-
macol., 351, 261-272 (1998).
7.7Z. A. Cohn and E. Parks, J. Exp. Med., 125, 457-466 (1967).
8. J. Lazdins and M. L. Karnovsky, J. Cell. Physiol., 96, 115-
121 (1978).
9. J. L. Mehta, D. L. Lawson, F. A. Nicolini, et al., Biochem.
Biophys. Res. Commun., 173, 438-442 (1990).

10. E. Pipili-Synetos and M. E. Maragoudakis, Angiogenesis: Mo-
dels, Modulators, and Clinical Applications, Ed. M. E. Mara-
goudakis, New York (1998), pp. 307-319.

11. P. J. Polverini, Eur. J. Cancer, 32A, 2430-2437 (1996).

12. J. Radcliffe, D. Czajka Narins, V. Imrhan, and M. Edwards,
Biochem. Mol. Biol. Int., 47, No. 2, 293-299 (1999).

13. R. Resta, Y. Yamashita, and L. F. Thompson, Immunol. Rev.,
161, 95-109 (1998).

14. G. L. Tritsch and P. W. Niswander, Ann. NY Acad. Sci., 451,
279-290 (1985).

15. V. Umansky, P. Beckhove, M. Rocha, et al., Immunology, 87,
303-309 (1996).

W




