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Investigation on the immunoprotective activity of Cu/Zn superoxide dismutase from Hu-
micola lutea 103 AL (HLSOD) in hamsters with transplanted myeloid tumor was performed.
Survivability, tumor growth and tumor transplantability were followed. The immune status
of tumor-bearing animals, injected with the optimal protective HLSOD dose, was examined
during 27 days after tumor transplantation by the following parameters: (i) the number,
migration and phagocytic activity of peritoneal macrophages, (ii) the phagocytic activity of
blood polymorphonuclear leukocytes (PMNs), (iii) the responsibility in vitro of spleen lym-
phocytes to T and B cell mitogens.

It was established that intraperitoneal inoculation of HLSOD produced a protective effect
on the development of tumors. Elongation of the latent time for tumor appearance and
inhibition of the tumor growth were observed. The decreased percentage of mortality in
early stage of tumor progression was established. Immunological studies on tumor-bearing
hamsters (TBH) induced a temporary immunorestoring effect on the suppressed phagocytic
activities of peritoneal macrophages and blood PMNs during the first 14 days of tumor devel-
opment. Moreover, HLSOD showed an expressed stimulating effect on proliferative activity
in vitro of spleen B lymphocytes from healthy and TBH as well. The immunorestoring and
protective effect of the enzyme was probably due to improve of the oxidant-antioxidant
balance in peritoneal phagocytes. The temporary character of the effect can be explained
with the interference of immunosuppressing factors produced by tumor tissue as well as by
the presence of tumor antigens, tumor cells and antigen-antibody complexes in the circula-
tion.

Introduction (Okada et al., 1999; Seidman et al, 1999; Weber

and Bruch, 1999). During the last years, clinical

There has been a considerable interest in the
use of SOD in medicine over the last years arising
from its ability to reduce deleterious effects of O,~
in the cells. These radicals as well as H,O, and the
hydroxyl radicals are continuously generated in all
aerobic organisms. They can cause widespread
damage to the cell affecting nucleic acids, proteins
and lipids (Sies, 1993). In addition to their genera-
tion, reactive oxygen radical (ROS) formation ap-
pears to be markedly increased during stress con-
ditions. Oxidative stress is strongly implicated in
more than 50 human diseases including cancer

investigations have indicated that oxidant-antioxi-
dant balance is changeable during the oncogenic
process. Several authors have demonstrated that
antioxidant levels in more human and animal can-
cers are low (Oberley and Oberley, 1997; Janssen
et al., 1999; Ambrosone et al., 1999; Bittinger et al.,
1998; Grammatico et al., 1998). Zhong et al. (1997)
found a suppression of the malignant phenotype
of human glyoma cells by overexpression of
MnSOD. Kiningham et al. (1997) supposed that
MnSOD is a new type of a suppressor of tumor
genes, and overexpression of this enzyme selec-

0939-5075/2000/0700-0649 $ 06.00 © 2000 Verlag der Zeitschrift fiir Naturforschung, Tiibingen - www.znaturforsch.com - D

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung
@ ® @ in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der
BY ND Wissenschaften e.V. digitalisiert und unter folgender Lizenz verdffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fiir Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution-NoDerivs
3.0 Germany License.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung*) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher
Nutzungsformen zu erméglichen.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



650

tively modulates the activity of some transcription
factors in fibrosarcoma cells. However, in some
cancer types elevated levels of antioxidant en-
zymes have been found, particularly SOD (Ari-
vazhagan et al., 1997; Jung et al., 1997; Kahlos et
al., 1999). Animal experiments have supported the
concept that SOD has a protective effect during
the promotional phases of cancer development.
Recently, Li et al. (1998) established a protective
action of several antioxidants on the tumor trans-
formation, both, in vivo and in vitro. Inoculation
of Cu/ZnSOD was shown to prolong the survival
of experimental animals with Ehrlich ascites and
Sarcoma 180 tumors (Oberley and Buetner, 1979).

Materials and Methods
Tumor

The myeloid tumor, induced by Graffi virus, was
adapted to hamsters (Jakimov et al., 1979). The
tumor was initiated in the Institute of Experimen-
tal Pathology and Parasitology, Sofia by subcuta-
neous inoculations of 1x10° viable tumor cells. In
the present experiments, 2x10* viable tumor cells
were inoculated s.c. in the interscapular field of
hamsters. Such quantity of cells induced 100%
transplantability and 100% mortality of hamsters
according to our previous investigations (Tosh-
kova, 1995).

Experimental animals

Two months old “Golden Siberian” hamsters
from both sexes, weighing 80—100 g were used for
the experiments. The animals were obtained from
the animal house of the Institute of Microbiology,
Bulgarian Academy of Sciences, Sofia. They were
bred and grown under the standard conditions, ac-
cepted from the Bulgarian Veterinary Health Con-
trol Service.

Superoxide dismutase

The fungal strain H. lutea 103 from the Myco-
logical Collection of the Institute of Microbiology,
Bulgarian Academy of Sciences, Sofia, was used
for the production of Cu/ZnSOD. Cultivation was
performed in a 31 bioreactor ABR-09, developed
and realized by the Central Laboratory for Bioin-
strumentation and Automatisation (CLBA) of the
Bulgarian Academy of Sciences, Sofia. The biore-
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actor was equipped with a pH-monitoring system
and an automatic monitoring and controlling dis-
solved oxygen concentration (DO) system. The
fermentation parameters were the same as de-
scribed earlier (Pashova et al., 1999). The purified
HLSOD with specific activity 3100 U/mg protein
was prepared according to Dolashka-Angelova
etal. (1999). It is a water-soluble substance, a
glycoprotein homodimer with a molecular mass
of approximately 30700 Da (unpubl data). Purity
control of the enzyme was performed on 7.5%
polyacrylamide gels, as described by Davis
(1964), and the gel stained for protein detection
was compared with a duplicate gel, stained for
superoxide dismutase activity, as described by
Misra and Fridovich (1977). The SOD activity
was measured by the nitroblue tetrazolium
(NBT) reduction method of Beauchamp and Fri-
dovich (1971). One unit of SOD activity was
defined as the amount of SOD required for inhi-
bition of the reduction of NBT by 50% and was
expressed as units per mg protein (U/mg pro-
tein). Sodium cyanide (2 mM) was used to distin-
guish between the cyanide-sensitive isoenzyme
Cu/ZnSOD and the cyanide-resistant MnSOD.
The Cu/ZnSOD activity was obtained as total
activity minus that in the presence of 2 mm so-
dium cyanide. The protein contents was esti-
mated after Lowry e al. (1951), using crystalline
bovine serum albumin as standard.

Doses and way of application

For the examination of the optimal protective
effect of HLSOD, 30 animals were separated in
several experimental groups, and were injected in-
traperitoneally (i.p.) with different doses before
and after tumor transplantation (Fig. 1) as follows:
e Ist group: Hamsters, treated before transplanta-

tion of tumors, two times with 65 U HLSOD

per animal and 5 times after tumor transplanta-
tion, 2 times a week.

e 2nd group: Hamsters were injected S times with
65 U HLSOD per animal, starting simulta-
neously with tumor transplantation, 2 times a
week.

e 3rd group: Hamsters were injected 5 times with
125 U HLSOD per animal, starting simulta-
neously with tumor transplantation, 2 times a
week.
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e 4th group: Tumor-bearing hamsters were inves-
tigated without HLSOD treatment.

e Control groups: Healthy hamsters and HLSOD-
treated healthy hamsters were used for the in-
vestigations.

Biometric parameters

Tumor transplantability (TT). Tumor transplant-
ability (%) was determined for each experimental
group at days 10, 12 and 15 as ratios between the
number of tumor-bearing hamsters to the number
of all hamsters in the group.

Inhibition of tumor growth (ITG). The tumor
size in mm (mean arithmetical value of two tumor
diameters) was determined for each animal at days
10, 15, 20, 25 and 30 after tumor transplantation.
Inhibition of tumor growth (ITG) was calculated
according to the formula (Toshkova, 1995):

ITG = [(A-B)/A]x100,

A = mean arithmetical value of diameters (mm)
in TBH without HLSOD treatment and
B = mean arithmetical value of diameters (mm) in
HLSOD-treated TBH.

Mortality (M). Mortality (%) was followed at
days 30, 35, 40 and 45 after tumor transplantation.

Immune status

The immune status of the experimental animal
injected by the optimal protective dose of 65 U
HLSOD per animal, 2 times before and/or 5 times
after tumor transplantation was examined by the
following parameters:

Number, migration ability and phagocytic indices
of peritoneal macrophages were examined at days
7,14 and 27 after tumor transplantation. The peri-
toneal cells were collected by washing of the peri-
toneal cavity with 20 ml cold Hank’s balanced salt
solution (pH 7.2). After two washings with RPMI
1640 medium (Sigma; Deisenhofen, Germany)
without supplements, the cells were adjusted to
the necessary concentrations.

In vitro phagocytosis by peritoneal macrophages.
Macrophages in concentrations of 1x107 cells/ml
in RPMI 1640 without supplements were allowed
to adhere on glass lamellae for 2 h at 37 °C in
humidified 5% CO, atmosphere. After washing
with phosphate-buffered saline (PBS), a suspen-
sion of killed Staphylococcus aureus Smith cells

was added to a macrophage monolayer (the ratio
between macrophages to bacteria was 1:20). The
cells were allowed to interact 1 h under the same
conditions, washed and stained according to Pap-
penheim (1911). The phagocytic index (PI) was
calculated according to the formula proposed by
Ossada et al. (1982):

PI(%)=(number of macrophages, containing
bacterial cells per 200 counted macrophages) x100.

Migration of peritoneal macrophages. Migration
of macrophages in RPMI 1640 without the pres-
ence of antigen was examined by the method de-
scribed by Leu et al. (1972). Briefly, 6x107/ml ma-
crophages in RPMI 1640 were introduced in
hematocrit-siliconized glass capillaries (75/1 mm;
for clinical laboratory use), one side stopped by
bee vax. The capillaries were centrifuged at 4 °C
for 5min at 500 rpm, then they were cut at the
level of the visible cell pools and fixed with silicon
at the bottom of plastic petri dishes, containing
RPMI 1640, supplemented by 10% fetal calf se-
rum (Sigma; Diesenhofen, Germany), L-glutamine
and antibiotics. The migration fields were esti-
mated after 24 h incubation at 37 °C in humidified
5% CO, atmosphere, using a projection apparatus
and planimeter.

In vitro responsibility of spleen lymphocytes to
mitogens was estimated according to the method
described by Masson and Guanzura (1990).
Briefly, the splenocytes were aseptically disinteg-
rated in RPMI 1640 without supplements. The ob-
tained cell suspensions were separated by gradient
centrifugation on Ficoll-Paque (Pharmacia; Upp-
sala, Sweden). The cells from the interphase were
collected, then washed 3 times and adjusted to
1x10%ml RPMI 1640, supplemented with L-gluta-
mine, antibiotics and 20% fetal calf serum. The
100 ml/well lymphocyte suspensions were distrib-
uted in 96 plaque wells. Then, 50 ml phytohaemag-
glutinine from Phaseolus vulgaris (PHA; 25 mg/ml;
Sigma; Germany) or 50ml lipopolysaccharide
from E.coli (LPS; 25 mg/ml; Sigma, Germany)
were added per well. After incubation for 48 h at
37°C in 5% CO, atmosphere, the cells were
pulsed with 1 mCi * H-thymidine per well and then
reincubated for 18 h under the same conditions.
The cells from each well were collected on nitro-
cellulose filters using a semiautomatic collector
and distributed in scintillation bottles. The isotope
uptake was determined with a scintillation counter
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(Intertechnique, France). Stimulation indices of
lymphocytes (SI) were calculated according to
the formula:

SI=number of Cpm of lymphocytes incubated
with mitogen to Cpm of lymphocytes without mi-
togen.

Phagocytic indices of PMNs in the blood were
estimated at days 7, 14 and 27 after tumor trans-
plantation. They were determined according to the
method of Vulchanov (1954). Briefly, 0.10 ml pe-
ripheral blood and 0.05 ml of a 2% sodium citrate
solution and 0.05ml 2x10° of a suspension of
killed Staphylococcus aureus cells were allowed to
interact in glass tubes for 1 h at 37 °C. Smears
from each sample were prepared and stained by
Pappenheim (1911). The phagocytic indices (PI)
were calculated according to the formula (Ossada
et al., 1982):

PI(%) = (number of PMNs, containing bacterial
cells per 200 counted PMNs) x 100

Statistical methods

Differences between the results of experimental
groups were analyzed by the Student’s T test. Data
are presented as mean arithmetical values +SD.
P<0.05 was accepted statistically significant.

Transplantation
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Results

According to the results, presented in Fig. 1 and
2, it could be established that a single dose of 65
U HLSOD per hamster tended to be the most ef-
fective one during the treatment period (experi-
mental groups 1 and 2, see Fig. 1). For groups 1
and 2, treated by a single 65 U HLSOD dose per
animal, on day 10 the tumor transplantability was
only 20%, while animals treated by a single 125 U
HLSOD dose per animal, was 75%, and for un-
treated TBH, 100% tumor transplantabilities were
observed. On day 12, the experimental group 3
(125 U HLSOD/animal) showed already 100% tu-
mor transplantability, while the experimental
groups 1 and 2 (65 U HLSOD/animal) reached
values of only 80%.

Furthermore, a decreased mortality (%) at the
early stage of tumor progression in hamsters
treated by HLSOD was registered (Fig. 3). At day
30 after tumor transplantation, the mortality for
groups 1 and 2 (65 U HLSOD/animal) was 20%
and for group 3 (125 U HLSOD/animal) 0%. For
the control group it was 33%, and the latter
increased to 100% within 5 days, while for groups
1 and 2 (65 U HLSOD/animal) a mortality value
of a only 40% was observed.

L 1 1 |

|

Experimental group 1: i.p. injection of 65 U HLSOD/hamster

Experimental group 2: i.p. injection of 65 U HLSOD/hamster

Experimental group 3: i.p. injection of 125 U HLSOD/hamster

Fig. 1. Schedules for tumor transplantation and doses of HLSOD injections.
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Fig. 2. Transplantability (%) in hamsters, injected subcu-
taneously with 1x10° viable Graffi tumor cells and
treated by Zn/CuSOD. Experimental groups: 1. Tumor-
bearing hamsters (TBH), treated i.p. by a 65 U single
HLSOD dose per animal prior and after tumor trans-
plantation; 2. TBH, treated i.p. by a 65 U single HLSOD
dose per animal, starting at the day of tumor transplan-
tation; 3. TBH, i.p.-treated by a 125 U single HLSOD
dose per animal, starting at the day of tumor transplan-
tation; 4. Hamsters with transplanted tumors without
any treatment. Results are expressed as mean statistical
values + SD. Note: * p<0.05 as compared to the con-
trol group.

Mortability

30 35 40 45
Days

Fig. 3. Mortality (%) in hamsters with progressing Graffi
tumors, treated i.p.with HLSOD in different doses. Defi-
nition of experimental groups: see legend to Fig. 2. Note:
*p<0.05 as compared to the control group.

As demonstrated by Fig. 4, an inhibition of tu-
mor growth in the groups of HLSOD- treated tu-
mor-bearing hamsters at the early stages of tumor-
genesis (ITG=50% at day 15) was observed.

The results observed from the studies on mortal-
ity, on tumor transplantability and inhibition of tu-
mor growth demonstrate throughout that the ap-
plication of 65 U HLSOD/hamster has an optimal
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Fig. 4. Inhibition of tumor growth in hamsters, treated
i.p. with different doses HLSOD. Definition of experi-

mental groups: see legend to Fig. 2. Note: *p<0.05 as
compared to the control group.

protective effect for tumor-bearing hamsters. As
next, observations of the effect of HLSOD at its
optimal dose on the immune status of tumor-bear-
ing hamsters were performed.

I.p. application of a single 65 U dose of HLSOD
per animal induced a 2-4-fold increase of the peri-
toneal macrophage number in healthy animals
(group 1) and a 1-3-fold increase in TBH during
the whole tested period (27 days) with a maximum
at day 7 (10.31x10° and 7.51x10°, respectively;
number of macrophages of control group:
2.21x10; Table I). In the group of TBH without
treatment, the number of macrophage was similar
to that of the control group, with the exception
around day 7, when a lower value (1.33x10°) was
observed.

Futhermore, a suppression of the migration abil-
ity of peritoneal macrophages during tumor pro-
gression was registered (migration=1.60 mm?,
1.00 mm? and 0.93 mm?; control group: 2.27 mm?
at days 7, 14 and 27, respectively; Table I).
HLSOD-treatment induced an increase of the
macrophage migration ability of TBH, compared
to the untreated animals with transplanted tumors
(migration=1.91 mm?, 1.80 mm? and 1.71 mm?, de-
termined at the same days of observation;
HLSOD+T). HLSOD-treatement produced also a
significant increase of macrophage migration in
healthy control animals with a maximum at day 7
(migration=3.26 mm?, 3.12 mm? and 2.25 mm? at
days 7, 14 and 27, respectively; Table I, HLSOD).

Results of examinations of phagocytic abilities
of peritoneal macrophages are presented in Ta-
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Table I. Immunological parameters of hamsters with progressing myeloid tumor, treated by a 65 U HLSOD single
dose per animal. Experimental groups: 1. Tumor-bearing hamsters, treated with a 65 U HLSOD single dose per
animal (HLSOD+T); 2. Tumor-bearing hamsters (T): 3. Hamsters, treated only with a 65 U HLSOD single dose

per animal (HLSOD); 4. Healthy control animals (control).

Results are expressed as mean statistical

values £ SD.Note: *p<0.05 as compared to the control group.

Experimental Number of Migration of Phagocytic index Phagocytic index Stimulation index  Stimulation index
groups macrophages macrophages of macrophages of PMNs to PHA to LPS
(x10°) (mm?) (%) (%)
Days 7 14 27 7 14 27 7 14 27 7 14 27 7 14 27 7 14 27
1. HLSOD+T 751 500 334 191 180 1.71 53.53* 43.56 54.00* 54.51* 41.51 64.00 122 113 098* 3.17 215 052
+040 +0.17 +£0.25 +0.12 +0.20 £0.29 +2.12 +0.71 *2.83 +0.71 +0.71 +1.42 +0.08 +0.01 *0.11 +0.07 +£0.05 +0.05
4,T 133 221 252 160* 1.00 093 31.51 2825 26.56 3850 24.53* 20.00 1.02 109 145* 170 174 0.73
£0.15 +£0.25 +040 +0.21 £0.22 +0.01 +£2.12 +1.41 £2.12 +495 £0.71 £2.12 £0.01 £0.05 £0.06 +£0.01 +0.05 +£0.07
3. HLSOD 10.31* 5.53* 4.33* 326% 3.12 225 7121 60.51 4422 7155 5452 3800 1.04 1.07 126 251 3.39* 1.15*
+2.56 +0.10 +£1.52 +0.38 £0.02 +0.04 £2.83 +0.71 £2.83 +0.71 £2.12 +424 +0.01 £0.05 £0.01 £0.01 +0.05 +£0.02
4. Control 222 221 220 217 218 217 4550 4550 4550 4551 4550 4550 124 124 124 143 143 143
+0.40 +0.40 +0.40 £0.02 £0.02 £0.02 £0.71 £0.71 +0.81 +£2.83 +0.71 +1.41 +0.05 £0.05 +£0.01 +0.04 +£0.04 £0.02

ble I. Tumor progression induced a suppression of
the macrophage phagocytic indices (PI= 38.51%,
28.25% and 26.56%, established at days 7, 14 and
27, control value 45.50%). HLSOD-treatment
produced a stimulating effect on the macrophage
phagocytic ability in TBH and in healthy animals
at the 7th day (PI=53.53% and 71.21%, respec-
tively). Later, the PI values of both groups grad-
ually decreased, but after passing day 14, the
HLSOD-treated TBH showed increasing PI val-
ues again (T and HLSOD+T).

Phagocytic indices of PMNs in peripheral blood
of tumor-bearing hamsters were decreased during
the whole period of the observation (PI= 38.50%,
24.53% and 20.00% at days 7, 14 and 27, respec-
tively, control value: 45.50%; Table I: T and Con-
trol). In the group of HLSOD-treated TBH, the
phagocytic ability of PMNs was higher compared
to the untreated animals with tumors (P1=54.51%,
41.51% and 64.00% at days 7, 14 and 27, respec-
tively, HLSOD+T). The highest phagocytic index
(71.55%) was found for the group of HLSOD-
treated healthy animals at day 7 of observation
(HLSOD).

Results of the investigations on the in vitro re-
sponsibility of spleen lymphocytes to mitogens are
presented on Table I. It demonstrated that tumor
progression and/or HLSOD application did not
produce any significant changes in lymphocyte
stimulating indices (SI) in the presence of phyto-
haemagglutinine (PHA). The SI of proliferative
responses of spleen lymphocytes to E. coli LPS in
the group of TBH were insignificantly impaired

till day 14 compared to the controls (SI=1.70 and
1.74, at days 7 and 14 respectively, values for con-
trol animals: 1.43; Table I; T and Control), but fol-
lowed by a 100% decrease at day 27. HLSOD
treatment induced in TBH a marked increase of
B lymphocyte mitogen reactivity to LPS with a
maximum at day 7 of the investigation (SI=3.17
and 2.15 at days 7 and 14, respectively;
HLSOD+T), followed by a 3-fold decrease at day
27 compared to the control. HLSOD increased
also significantly B lymphocyte mitogen reactivity
in healthy animals (SI=2.51 and 3.39 at days 7 and
14; HLSOD).

Discussion

The obtained experimental data demonstrate
the protective effect of H. lutea SOD on the sur-
vivability of hamsters with transplanted myeloid
Graffi tumors, as expressed by (i) decreased tumor
transplantability, (ii) inhibition of tumor growth
and (iii) reduced mortality percentage. Similarly
Oberley and Buettner (1979) established elonga-
tion of survival time of experimental animals with
Ehrlich ascites and Sarcoma 180 tumor after intra-
venous and intramuscular injection of Cu/ZnSOD.

This protective effect can be partly explained by
the temporary immunostimulating and immunor-
estoring action of the preparation on the phago-
cytic activity of macrophages and PMNs at the be-
ginning stage of tumor progression (7-14th day)
as well as by the stimulating effect on the prolifer-
ating ability of B lymphocytes.
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The transitory character of immunorestorating
and protective effects of the preparation can be
explained by the intervention of the tumor immu-
nosuppression during tumor progression (Finke ez
al., 1999; Alexandroff et al., 1998). Reactive oxy-
gen species (ROS) and antioxidants were shown to
influence the development of malignant diseases.
Kogawa et al. (1999) reported that ROS enhanced
inhibition of tumor cell metastasis of mouse Meth
A sarcoma and Lewis lung carcinoma after treat-
ment with Cu/ZnSOD and adriamycin.

Increased expression of MnSOD has been de-
tected in several classes of human and experimen-
tal tumors and appears to correlate with poorer
prognosis in human neuroepithelial, ovarian and
cervical tumors. These observations suggest that
MnSOD provides a mechanism for counteracting
the intracellular oxidative processes that impairs
cell growth and viability in the context of growth
factor withdrawal which may promote tumor-cell
survival in vivo under conditions unfavourable to
cell growth (Palazzotti et al., 1999). Siemankowski
et al. (1999) found a selective increase of MnSOD
in MGF-7 tumor cells after TNF treatment. The
expression of Cu/ZnSOD, catalase or thiozedoxin
were not altered.

Data about the levels of SOD in tumor tissues
are contradictory depending on the kind of tumor
tissues, cell lines and stages of development of the
diseases. Bittinger et al. (1998) found that mela-
noma cells without stimulants produced large
amounts of superoxide anions at an increasing rate
in relation with time. Liaw et al. (1997) found

Alexandoff A. B., Robins A. R., Murray A. and James
K. (1998), Tumor immunology: false hopes — new ho-
rizonts?, Immunol. Today 19, 247-250.

Ambrosone C. B., Freudenheim J. L., Thompson P. A.,
Bowman E., Vena J. E., Marshall J. R., Graham S,
Laughlin R., Nemoto T. and Shields P. G. (1999),
Manganese superoxide dismutase (MnSOD) genetic
polymorphisms, dietary antioxidants, and risk of
breast cancer. Cancer Res. 59, 602-606.

Arivazhagan S., Kavitha K. and Nagini S. (1997), Erytro-
cyte lipid peroxidation and antioxidants in gastric can-
cer patients. Cell. Biochem. Funct. 15, 15-18.

Beauchamp C. and Fridovich . (1971), Superoxide dis-
mutase: Improved assays and an assay applicable to
polyacrilamide gels. Anal. Biochem. 44, 276-287.

Bittinger F., Gonzales-Garcia J. L., Klein C. L., Broch-
hausen C., Offner F. and Kirkpatrick C. J. (1998), Pro-
duction of superoxide by human malignant melanoma
cells. Melanoma Res. 8, 381-387.

lower Cu/ZnSOD in human hepatocellular carci-

noma compared to normal surrounding and cir-

rhotic tissue. Tanaka er al. (1997) reported about

a suppression of intracellular Cu/ZnSOD as a re-

sult of enhanced motility and metastasis of Meth

A sarcoma cells. Lu et al. (1997) established en-

hanced skin carcinogenesis in transgenic mice with

high expression of glutathione peroxidase or, both,
glutathione peroxidase and SOD.

In conclusion, i.p. application of Cu/ZnSOD
from Humicola lutea induces a protective and im-
munorestoring effect in hamsters with progressing
myeloid Graffi tumor. Three possible mechanisms
for this action can be hypothesized:

e Cu/ZnSOD from Humicola lutea improves the
oxidant-antioxidant balance in peritoneal ma-
crophages and PMNs resulting in decreased
toxic changes and increased phagocytic abilities
of these cells.

e Cu/ZnSOD from Humicola lutea increases the
levels of H,O, from radicals which supposedly
can not be detoxified by most cancer cell types
(Oberley and Oberley, 1997).

e The presence of polysaccharide chains in the
HLSOD molecule probably contribute to the
immunostimulating action of the preparation.
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