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Glutathione peroxidases (GPX), enzymes that catalyze the reduction of reactive intermediates have been implicated in the
action of several cytostatic drugs, Two major types ol GPX have been found: a selenium-dependent form (SeGPX) which
is active with both hydrogen peroxide and organic hydroperoxides, and a scelenium-independent GPX which is only active
with organic hydroperoxides, SeGPX and total GPX (LGPX) activity were assayed in cytosolic [ractions from malignant
and adjacent normal tissue in 13 patients with oral/oropharyngeal, and 10 patients with laryngeal squamous cell
carcinoma. Neck lymph node metastases were available from 2 and § of these patient respectively. Tumors from the
oral/oropharyngeal region contained significantly less SeGPX and (GPX activity than laryngeal tumors. Primary
oral/oropharyngeal and laryngeal (umors had lower SeGPX activitics than the matched normal mucosa. (GPX activilies
were similar in normal and tumor tissue. Mctastases contained slightly more SeGPX and (GPX activity (han the matched
tumor tissue. We conclude that the inherent anti-tumor drug resistance of human head and neck squamous cell carcinoma
18 not mediated by increased glutathione peroxidase enzyme activity in the tumor tissue, Key words: glutathione peroxidase,

head and neck cancer, drug resistance.

INTRODUCTION

Oral/oropharyngeal and laryngeal cancer account for
2.1 and 1.3 cancer deaths respectively per 100,000
inhabitants per year in The Netherlands (1). Early
involvement of regional lymph nodes tends to occur
in patients with these types of cancers. Chemother-
apy, usually added for the treatment of extensive
disease, 18 of limited use due to either intrinsic resis-
tance or development of (multidrug) resistance dur-
Ing treatment with anti-cancer drugs (2, 3).

The mechanisms involved in drug resistance are
poorly understood. In vitro studies with tumor cell
lines selected for resistance to commonly used
chemotherapeutic agents showed that several interre-
lated mechanisms may be involved in the acquisition
of the drug resistant phenotype. Decreased intracellu-
lar drug accumulation due to increased expression ol
P170 glycoprotein, a drug efflux pump (4), increased
repair of or tolerance to drug-induced damage due Lo
increased expression of DNA topoisomerases (5), and
increased metabolic drug inactivation by glutathione-
consuming reactions (6, 7) may all contribute to resis-
tance.

Glutathione peroxidases (GPX) are enzymes that
catalyze the reduction of organic hydroperoxides
(lipid hydroperoxides, DNA hydroperoxides) and hy-
drogen peroxide, intermediates imphicated in the ac-
tion of cytostatic drugs such as bleomycin or
adriamycin (8,9). Two major types of GPX have
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been found. One type contains selenium; this enzyme
is active with both organic hydroperoxides and hy-
drogen peroxide. The second type of GPX consists of
proteins that do not depend on selenium, and have
negligible activity with hydrogen peroxide. This class
comprises mainly glutathione S-transferases (10). All
GPX-catalyzed reactions use reduced glutathtone as a
cofactor (10). In sarcoma (1) and other human cell
lines (12) resistant to the anti-cancer drugs adri-
amycin or cisplatin, increased GPX activity has been
implicated as a mechanism of resistance, High GPX
levels are also present in several refractory solid
tumors, where they may be a barrier to cllective
treatment with chemotherapeutic agents (13-15). In
this study we examined the GPX activity with hydro-
gen peroxide (selenium-dependent activity, SeGPX)
and t-butylhydroperoxide (total activity, tGPX) as
substrates, in tumor tissue and corresponding normal
epithelium in patients with head and neck squamous
cell carcinoma.

MATERIAL AND METHODS

Tissue samples

Twenty-three patients (22 men and | woman, median
age 63 years, range 47-74 yecars) with head and neck
squamous cell carcinoma were operated on at the
Department of Otorhinolaryngology and Maxillofa-
cial Surgery of the St Radboud University Hospital.
All patients received primary surgical treatment. Tu-
mor localizations were oral cavily (n = 3), longuc
(n = 6) oropharynx (n =4) and larynx (n = 10). Onc
tamor was well differentiated, 19 tumors were moder-
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ately and 3 poorly dilferentiated. Representative parts
of tumor and adjacent normal mucosa were excised by
a pathologist. From 7 patients, samples of neck lymph
node metastases were obtained at primary resection,
All tissue samples obtained were [rozen within 20 min
after resection of the tumor, and were stored at
—70°C, Tissue fragments (10100 mg) were thawed
and homogentzed on ice in 5 volumes of homogenizing
buffer (250 mM sucrose, 20 mM Tris-HCI, 1 mM
dithiothreitol, pH 7.4) using small glass-glass homog-
enizers. Homogenales were centrifuged at 150,000 x g
at 4°C for 1 h. Supernatants (cytosolic fraction) were
divided into portions and stored at —70°C.

Assays

Protein was assayed by the method of Lowry et al.
(16). Glutathione peroxidase enzyme activity was
measured with hydrogen peroxide and t-butylhy-
droperoxide (Sigma Chemical Company, St Louis,
MO, USA) as substrates, essentially as described by
Howie et al. (14).

Statistical analysis

Data were calculated per mg total cytosolic protein
and expressed as the mean 4 standard error of the
mean. Results for the different groups were compared
with Student’s z-test. The paired Student’s ¢-test was
used to evaluate differences between pairs of normal
and malignant or normal and metastatic tissue. Corre-
lations between the parameters were tested with Pear-
son’s linear correlation procedure. Differences were
considered significant if the p value was below 0.05.

RESULTS

Cytosolic fractions of squamous cell carcinomas from
the larynx contained significantly more SeGPX activ-
ity and tGPX activity than fractions from compara-
ble tumors of the oral cavity, tongue and oropharynx

(Table I). In comparison with normal oral/oropha-
ryngeal mucosa, normal laryngeal mucosa had higher
SeGPX and tGPX activities, but the difference was
statistically significant only for tGPX activity.

Tumors at both localizations contained less SeGPX
activity than the corresponding normal tissues, and
when data from the two localizations were combined
the difference was significant (p < 0.05). tGPX activi-
ties were similar in normal mucosae and primary
tumor tissues, both i the oral cavity and larynx.

Metastases had SeGPX activities similar to those in
matched normal mucosae. tGPX activity in the
metastases was slightly higher in comparison with
both primary tumors and normal mucosae, but the
difference with respect to normal tissues was signifi-
cant only for metastases of oral/oropharyngeal tu-
mors (Table I).

When SeGPX activity was plotted against tGPX
activity for all 53 times samples analyzed, a regression
line with a correlation coefficient of 0.90 (p < 0.001)
was obtained.

DISCUSSION

tGPX activity was highly correlated with SeGPX
activity, indicating that GPX activity in normal and
malignant tissue from human head and neck mucosa
1$ mediated mainly by SeGPX. Howie et al. (14)
reported very similar results for normal and malig-
nant human lung, colon and breast tissue, in which
tGPX activity also closely paralleled SeGPX activity.

Parise et al. (17) reported higher concentrations of
glutathione and glutathione S-transferases in human
head and neck squamous cell carcinomas in compari-
son with normal tissue. Glutathione S-transferases
constitute a major part of selenium-independent GPX
activity (10), therefore higher tGPX activities might
have been expected in these tumors. Significantly
higher SeGPX and tGPX activities in tumor tissues

Table 1. Selenium —dependent glutathione peroxidase (SeGPX) and total glutathione peroxidase (tGPX) activity in
cytosols of primary tumors, corresponding normal mucosae and metastases from human head and neck squamous

cell carcinoma

Tumor
localization

SeGPX activity
(nmol/min/mg protein)

tGPX activity
(nmol/min/mg protein)

S ye—

Normal mucosa (n = 13)
Tumor (n = 13)
Metastasis {(n = 2)

Oral cavity,
tongue and
oropharynx

Normal mucosa (n = 10)
Larynx Tumor (n = 10)
Metastasis (n = 5)

oo g

21] 4+ 28 130 4+ 18
156 + 12 116 +9
202 4+ 45 172 4 27°
273 4 40 200 4 294
230 4+ 12° 198 + 9°
293 4 32 244 - 37

* p <0.05 vs. normal oral and oropharyngeal mucosa.
> p < 0.001 vs. oral and oropharyngeal tumor tissue.
* p <0.05 vs. normal oral and oropharyngeal mucosa.
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than 1n adjacent normal tissues have been reported in
malignancies from breast (14), lung (13, 15), colon,
stomach and kidney (14). The results of the present
study contrast with reports of other solid tumors, as
lower SeGPX activities and similar tGPX activities
were found in human head and neck squamous cell
carcinomas in comparison with adjacent normal tis-
sue. However, the combination of similar tGPX ac-
tivities and lower SeGPX activites indicates that
Se—independent GPX activities (i.e, glutathione S-
transferases) are increased in the primary tumors.

Metastases had higher SeGPX and tGPX activities
than the corresponding primary tumors, and mean
values were very similar (SeGPX) or slightly above
(tGPX) activities detected in the corresponding nor-
mal tissues. Janot et al. (18) assayed several principal
drug- and carcinogen-metabolizing enzymes in pairs
of tumor and adjacent normal tissue in the pyriform
sinus of the larynx. Except for a decrease in epoxide-
hydrolase and an increase in glutathione concentra-
tion in the tumors, these authors found no significant
difference between normal and tumor tissues.

Our results also show that GPX activity in human
head and neck squamous cell carcinoma varies with
the localization of the tumor. Malignancies in the
oral region contained significantly less SeGPX and
tGPX activity than laryngeal tumors.

In conclusion, human head and neck sgquamous cell
carcinomas contain less SeGPX activity and similar
amounts of tGPX activity in comparison with adja-
cent normal tissues. Tumors 1n the oral cavity had
significantly lower SeGPX and tGPX activities than
laryngeal tumors. These results do not support the
hypothesis that GPX plays a role in the mtrinsic
resistance of these tumors to anti-cancer drugs. Be-
cause both glutathione S-transferase enzyme activities
(17) and Se—~independent GPX activities (this study)
are increased 1n human head and neck squamous cell
carcinomas, further studies are indicated to examine
the composition of glutathione S-transferase sub-
classes in these tumors.

ACKNOWLEDGEMENTS

We thank E. C. M. Heinerman, MD, PhD, Department of
Otorhinolaryngology, University Hospital St Radboud, Ni-
jmegen, and I. Bruaset, DDS, Department of Maxillofacial
Surgery, University Hospital St Radboud, Nimegen, for
providing tigssue samples. Part of this study was supported
by grant NUKC 92-33 (T. P. J. Mulder) [rom the Duich
Cancer Society,

REFERENCES

1. CBS. Cancer morbidity and mortality in the Nether-
lands 19841985, Maandberckening Gezondheid CBS
1987; 87. 5-25.

2. Jacobs C. Adjuvant and neoadjuvant treatment of head
and ncck cancers. Sem Oncol 1991; 18: 50414,

3.

10.
il.

12,

13.

14.

i3,

16,

17.

|8,

Glutathione peroxidases in head and neck cancer 3

19
(S

Al-Sarraf M. New approaches to the management of
head and neck cancer-—the rolc of chemotherapy. Adv
Oncol 1990; 6: 11—4.

Endicott JA and Ling V. The biochemistry of P-glyco-
protein-mediated multidirug resistance. Ann  Rev
Biochem 1989: 58: 137-71.

. Giovanella BC, Stehlin JS, Wall ME, et al., DNA

topoisomerasc I-targeted chemotherapy of human colon
cancer in xenografts. Science 1989; 246: 10468,
Hayes JD, Pickett CB and Mantle TJ eds, Glutathione
S-transferases and drug resistance. London: Taylor and
Francis, 1990,

. Halliwell B, Gutteridge JM. Free radicals in biology and

medicine, Oxflord: Clarendon Press, 1985: 1804,

. Chabner B. Pharmacologic principles of cancer treat-

ment. Philadelphia; W, B, Saunders, 1982,

. Hong Tan K, Meyer DI, Coles B, Gillies N, Ketterer B,

Detoxication of peroxidized DNA by glutathione trans-
ferases. Biochem Soc Trans 1987; 15: 628-9.
Mannervik B. Glutathione peroxidase. Meth Enzymol
1985; 113: 490-5.

Samuels BL, Murray JL, Cohen MB ¢t al. Increased
glutathione peroxidase activity in a human sarcoma cell
line with inherent doxorubicin resistance. Cancer Rcs
1991: 51 521-7.

Hosking LK, Whelan RDH, Shellard SA, Bedford P,
Hill BT, An evaluation of the role of glutathione and its
associated enzymes in the expression of differential
sensitivitics to antitumour agents shown by a range of
human tumour cell lines. Biochem Pharmacol 1990: 40:
183342,

Carmichel J, Forrester LM, Lewis AD, Hayes JD,
Hayes PC, Wolf CR. Glutathione S-transferase isoen-
zymes and glutathione peroxidase activity in normal and
(umour samples from human lung, Carcinogenesis 1988,;
9: 1617-21,

Howic AF, Forrester LM, Glanccy MJ, ct al, Glu-
tathione S-transferase and ghutathione peroxidase cx-
pression in normal and tumour human tissucs.
Carcinogenesis 1990; 11: 451 -8,

Di Tlio C, Del Boccio G, Casaccia R, Aceto A, Di
Giamcomo F, Federici G. Selenium level and glu-
tathione-dependent enzyme activitics i1 normal and
neoplastic human lung tissues. Carcinogencsis 1987, 8:
281 -4,

LLowry O, Rosebrough NIJ, Farr AL, Randall RlJ.
Protein mcasurecment with the Folin phenol reagent, J
Biol Chem 1951: 193; 265--75.

Parise O, Janot F, Luboinski B, ¢t al. Thymidylate
synthase activity, folates, and gluta(hione system in head
and neck carcinoma and adjacent tissues. Head Neck
1994 16: 158064,

Janot F, Massaad L, Ribrag V, ¢t al. Principal x¢nobi-
otic-metabolizing enzyme systems in human head and
neck squamous cell carcinoma. Carcinogencsis 1993 14:
127983,

Address for correspondence:

T. P. J. Mulder

Department of Gastroenterology
St. Radboud University Hospital
P.O. Box 9101

NL-6500 FIB Nijmegen

The Netherlands

Tel: +-31-80615123

Fax: 4 31-80540103



