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We measured the content of glutathione and activity of glutathione-metabolizing and anti-
oxidant enzymes superoxide dismutase and catalase in samples obtained from 52 patients with
malignant lung tumors and 20 patients with benign lung tumors. The content of glutathione
and activity of glutathione-metabolizing enzymes underwent similar changes, but these
changes were most pronounced in malignant tumors. Antioxidant enzyme activity changed
insignificantly in benign tumors, but significantly decreased in malignant tumors (squamous
cell carcinoma and adenocarcinoma). The severity of changes in malignant tumors depended
on the degree of malignancy. Most pronounced changes were observed in adenocarcinoma,
which often metastasizes and is resistant to chemotherapy. These changes were least prono-
unced in bronchoalveolar carcinoma sensitive to chemotherapy.

Key Words: lung cancer; glutathione; glutathione-metabolizing enzymes, superoxide

dismutase; catalase

Studies of glutathione-metabolizing enzymes in tu-
mors attracted much attention over several years. Glu-
tathione plays an important role in DNA synthesis and
antioxidant and radiational protection and acts as a
sulthydryl buffer in cells.

Our previous studies [2] and published data [5,
7,13] show that activity of glutathione-metabolizing
enzymes glutathione reductase (GR), glutathione S-
transferase (GST), glutathione peroxidase (GSH-Px),
and y-glutamyltranspeptidase (y-GT) and glutathione
content increase in malignant lung tumors. A con-
siderable increase in activity of membrane-bound glu-
tathione-degrading y-GT in lung tumors is of particu-
lar interest. These changes are probably associated
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with consumption of glutathione or constituent y-ami-
no acids during tumor growth and intensive release of
glutathione into the tumor tissue [5]. We found that
the increase in y-GT activity is most pronounced in
malignant thymoma (70-fold higher than in normal
tissues) [2].

Attempts were made to evaluate the relationship
between changes in activity of glutathione-metaboli-
zing enzymes in lung tumors and the resistance of
cancer cells to chemotherapy. These experiments were
performed with cultured cells from human lung cancer
[8,15].

Published data show that activity of antioxidant
enzymes decreases in malignant lung tumors [9,12].
Here we compared glutathione content and activity of
glutathione-metabolizing and antioxidant enzymes su-
peroxide dismutase (SOD) and catalase in lung tu-
mors.
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MATERIALS AND METHODS

We examined specimens of malignant and benign lung
tumors obtained from 72 patients during surgery. Fifty-
two patients (47 men and 5 women, 42-78 years) had
malignant tumors, including squamous cell carcinoma
(n=32), adenocarcinoma (n=12), and bronchoalveolar
carcinoma (n=8). We examined 20 patients (12 men
and 8 women, 34-59 years) with benign tumors, in-
cluding tuberculoma (n=10) and hamartoma (n=10).

The specimens taken from individuals died due to
accidents served as the control. These samples were
obtained from the N. F. Sklifasovsky Institute of Emer-
gency 12-24 h after death.

Tissue samples were immediately frozen and sto-
red at -20°C. Before the experiment the tissues were
minced and homogenized in cold physiological saline
in a Potter-Eveljem homogenizer. Glutathione content
in the homogenate was measured as described else-
where [4]. Activities of glutathione-metabolizing en-
zymes GR (EC 1.6.4.2) [6], GSH-Px (EC 1.11.1.9)
[11], GST (EC 2.5.1.18) [10], and y-GT (EC 2.3.2.4)
[14] were estimated. We measured activities of Cu/Zn-
SOD (EC 1.15.1.1) [16] and catalase (EC 1.11.1.6) [1].

The measurements were performed in 2 repli-
cants. The results were analyzed by Student’s ¢ test.

RESULTS

The content of glutathione and activity of glutathione-
metabolizing and antioxidant enzymes in benign and
malignant tumors considerably differ from the control
(Table 1). It should be emphasized that the severity of
changes in malignant tumors was higher than in be-
nign tumors.

Activities of GR, GST, and GSH-Px in benign
tumors increased by 90-120, 85-100, and 100-150%,
respectively, compared to the control. y-GT activity in
malignant and benign tumors increased to a different
degree. Enzyme activity in tuberculoma 2.6-fold sur-
passed the control, while in hamartoma this parameter
increased by 50%. Glutathione content in tuberculoma
and hamartoma increased by 65 and 40%, respecti-
vely. Activity of antioxidant enzymes in tumor tissues
only insignificantly changed. SOD activity insigni-
ficantly decreased in hamartoma and remained prac-
tically unchanged in tuberculoma. Catalase activity
tended to increase in these tissues (particularly, in
tuberculoma). Various changes in activity of antioxi-
dant enzymes are probably related to different histo-
logical characteristics of tumors. Hamartoma is atypi-
cal hyaline cartilage surrounded by fatty and connec-
tive tissue layers. Tuberculoma consists of dense
caseous structures separated by connective tissue, which
attests to alternation of exacerbation and remissions [3].

TABLE 1. Glutathione Content and Activities of Glutathione-Metabolizing and Antioxidant Enzymes in Lung Tumors (M+m)
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In malignant tumors changes in activity of gluta-
thione-metabolizing enzymes and glutathione content
were more pronounced and also depended on indi-
vidual characteristics of tumors.

Most pronounced changes in test parameters were
observed in adenocarcinoma. This malignant tumor
often metastasizes and is resistant to chemotherapy.
Pathological changes were least pronounced in bron-
choalveolar carcinoma highly sensitive to chemo-
therapy.

In squamous cell carcinoma, adenocarcinoma, and
bronchoalveolar carcinoma we observed an increase in
activities of GR (by 201.3, 258.2, and 159.5%, re-
spectively), GST (by 100.4, 123.8, and 128.4%, re-
spectively), and GSH-Px (by 179.2, 165.4, and 113.2%,
respectively). y-GT activity underwent most prono-
unced changes. In squamous cell carcinoma, adeno-
carcinoma, and bronchoalveolar carcinoma enzyme
activity increased by 516.1, 1222.8, and 319.1%, re-
spectively. The total content of glutathione in squa-
mous cell carcinoma, adenocarcinoma, and broncho-
alveolar carcinoma increased by 157.0, 182.8, and
56.8%, respectively, compared to the control.

SOD activity in squamous cell carcinoma and
adenocarcinoma decreased by 41.2 and 40.2%, re-
spectively. In these tissues catalase activity decreased
by 35.4 and 60.6%, respectively. Catalase activity in
bronchoalveolar carcinoma decreased, while SOD ac-
tivity only tended to decrease.

When comparing changes in activity of glutathio-
ne-metabolizing enzymes in benign and malignant lung
tumors we found that enzyme activities and gluta-
thione content in tuberculoma and hamartoma only
insignificantly increased compared to malignant tu-
mors. This is probably associated with consumption of
glutathione or constituent y-glutamyl amino acids du-
ring benign tumor growth (similarly to cancer).

In rapidly growing malignant tumors we observed
a marked increase in activity of glutathione-metabo-
lizing enzymes. y-GT activity increased most signifi-
cantly in squamous cell carcinoma, adenocarcinoma,
and bronchoalveolar carcinoma (by 6, 13, and 4 times,
respectively). The increase in enzyme activities depen-
ded on tumor malignancy and its sensitivity to anti-
tumor drugs.
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