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Glutathione S-transferase (GST) enzyme activity, GST 
isoenzyme composition and glutathione (GSH) concentra
tion were assessed in normal and squamous cell carcinoma 
specimens of 14 patients with oral or oropharyngeal cancer 
and 11 patients with laryngeal cancer. Comparing malig
nant with normal oral/oropharyngeal tissues, no significant 
differences in GSH content, GST enzyme activity or iso
enzyme composition were found. However, some tumours 
had up to 3-fold increased GST enzyme activities and
11 malignant samples over-expressed GST-tc. GST-tc was 
present in all normal and malignant oral/oropharyngeal 
specimens investigated, whereas class a  and class \i were 
detected in only a few samples. GST-fj. was present in 
28% of the patients with oral/oropharyngeal tumours as 
compared with -60% in the normal population. GST-a, -|i 
and -71 were detected in 91, 64 and 100% of the normal 
laryngeal tissues respectively. In laryngeal tumours signi
ficantly higher levels of GST-tc and GSH but signi
ficantly lower amounts of GST-a were detected. Levels of 
class p GST were generally lower in cancerous tissues, but 
differences were not significant. In comparison with normal 
oral/oropharyngeal tissues, normal laryngeal tissues con
tained almost twice the amount of GST enzyme activity 
due to higher class a  enzyme levels. It is concluded that 
(ÏST-7C is elevated in 11 out of 14 tumours of the oral cavity 
and values are significantly increased in tumours of the 
larynx, which may contribute to the inherent anti-cancer 
drug resistance of these malignancies. In laryngeal tumours 
the increased GSH levels may confer additional resistance 
to radiation therapy.

Introduction
Oral/oropharyngeal and laryngeal cancers account for 2.1 and
1.3 cancer deaths per 100 000 population/year respectively in 
'Fhe Netherlands (1). Alcohol consumption and smoking have 
been implicated as causative factors in the development of 
these tumours. Early involvement of regional lymph nodes 
lends to occur in patients with these types of cancers. Chemo
therapy, usually added for the treatment of extensive disease, 
is of limited use in oral/oropharyngeal and laryngeal cancer 
due to either intrinsic resistance or development of (multi-drug) 
resistance during treatment with chemotherapeutic drugs (2,3).

'Fhe mechanisms involved in drug resistance are poorly 
understood. In vitro studies with tumour cell lines selected for 
resistance to commonly used chemotherapeutics demonstrated 
that several interrelated mechanisms may be involved in
♦Abbreviations: GST, glutathione S-lransierase; GSH, glutathione.
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the acquisition of the drug resistant phenotype. Decreased 
intracellular drug accumulation by increased expression of the 
P I70 glycoprotein drug efflux pump (4), increased repair or 
tolerance to drug-induced damage by over-expression of DNA 
topoisomerases (5) and high metabolic drug inactivation by 
conjugation with glutathione (GSH*) (6) are all considered to 
contribute to the observed resistance.

Glutathione S-transferases (GSTs) are enzymes which cata
lyse the nucleophilic addition of GSH to electrophilic centres 
of a wide variety of compounds. This reaction is the first step 
in the formation of mercapturic acids, a pathway mostly 
resulting in the elimination of potentially toxic compounds 
(7,8). GSTs are also involved in the meta bolism of several 
types of anti-cancer drugs and are over-expressed in many 
human refractory tumours (9). In cell lines resistant to anti
cancer drugs as diverse as alkylating agents, anthracyclines 
and c/s-platinum, increased GST and GSH concentrations have 
been implicated as resistance mechanisms [see Tsuchida and 
Sato (9) for review and references]. High GSH and/or GST 
levels in tumours may therefore be a barrier to an effective 
treatment with chemotherapeutics. Based on structural, 
physicochemical, enzymatic and immunological properties, 
cytosolic GSTs are divided into three classes: a , jLt and % (8). 
Recently a fourth class of GST (0) has been described (10). 
The predominant form present in most investigated human 
tumours is class % GST and comparison of matched pairs of 
normal and malignant tissues revealed elevated levels in 
stomach, colon, bladder, cervix and lung tumours (9,11-13).

Since different classes of GSTs have distinct substrate 
specificities, GST subclass composition may influence the 
detoxifying ability of tissues (8). Therefore we examined GST 
activity, GST isoenzyme composition and GSH levels in 
squamous cell carcinoma and corresponding normal epithelium 
of 14 patients with oral/oropharyngeal carcinoma and in 11 
patients with laryngeal carcinoma.

Materials and methods
Tissue samples
Twenty-five patients with oral/oropharyngeal or laryngeal squamous cell 
carcinoma were operated upon at the Department of Otorhinolaryngology and 
Maxillofacial Surgery of the University Hospital St Radboud. All patients 
received primary surgical treatment. Patient data are given in Table I. 
Representative parts of tumour and adjacent non-malignant mucosal tissue 
were excised by a pathologist. From six patients samples of neck lymph node 
métastasés were obtained from the same resection specimen. The neck 
metastasis of patient no. 4 occurred 5 months after resection of the primary 
tumour and was removed by radical neck dissection.

All tissue samples obtained were frozen within 20 min after resection of 
the tumour and stored at —70°C. Tissue fragments (10—100 mg) were thawed 
and homogenized on ice in 5 volumes of homogenizing buffer (250 mM 
sucrose, 20 mM Tris-H C l, i mM dithiothreitol, pH 7.4) using small 
glass—glass homogenizers. The homogenates were centrifuged at 150 OOOXg 
at 4°C for 1 h. Supernatants (cytosolic fractions) were divided into portions
and stored at —70°C.
Assays
Protein was assayed by the method of Lowry et a l  (15). GST enzyme activity 
with l-chloro-2,'4-di nitrobenzene as substrate by the method of Habig et a l
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Table I. Patient and tumour characteristics

Patient number Age Gender Site of primary tumour Classification9 Differentiation grade Metastatic
tumour tissue available

Patients with oral/oropharyngeal tumours
I 54 M Tonsil pTiN()M() Moderale —

n 6 b M Tongue pTiN()M(, Moderale —

3 64 M Moor of mouth PT: N()M0 Moderate
4 60 F Tongue Well
5 70 M Floor of mouth pT.,N2aM() Moderate —

6 61 M Hase of longue pT2N,M„ Moderate -f-
7 61 M Base of tongue pTiNiMo Moderate —

8 74 M Base of toni'ue pT.iN2bM<) Moderate
9 66 M Tongue pTiNjMo Moderate i"~>

10 47 M Lateral pharynx wall pTnN„M„ Moderate
11 59 M Base of tongue pT2N()Mn Moderate —

12 60 M Floor of monili pT.,N()M() Moderate 1

13 65 M Lateral pharynx wall pT.,N()M(, moderate -------------

14 65 M Lateral pharynx wall pT2NnMn Poor

Patients with laryngeal tumours
15 57 M Transglotiic pT.tN-,aMu Poor - \ -

16 84 M Supraglottie pT.|N(,M() Poor
17 61 M Supraglotlic pT.,NuM„ Poor
18 66 M Supraglotlic pT4NiaMn Moderate
19 65 M Glottic pT,N2aM(l Moderate
20 62 M Supraglotlic pT.jNi.Mji Moderate
21 63 M Supraglottie pT.,N,M(l Moderate
m 72 M Tttmsgloliie pT.jNnMj) Moderate * * * *  4

69 M Supraglotlic pT,N2aMu Moderate 1
24 60 M Supraglotlic PT.iN,cMu Moderate I
25 49 M Supraglotlic pT,N0M(1 Moderate «  •

“Staging according to the International Union Against Cancer Classification (14), 
llNeck metastasis was removed 5 months alter resection of the primary tumour.

(16). Total GSM was quantised by high performance liquid chromatography 
as described by us recently (17). GSTs class u, j.t and it were quantilied in 
cytosolic fractions by densilometrie analyses of immunohlois, essentially as 
described before (12). The eoelìieient o f variation of this method is U M .W . 
Class «  antibodies react against GST A M ,  GST AI-2 and GST A2~2 112), 
class (i antibodies recognize GST M la-ln . (ÌST M la - lb  and GST M lb-lh
( I8 J 9 )  and class k antibodies are directed against (ïST IM- 1 (20). ('ross- 
reactivity of the above-mentioned monoclonal antibodies with recently disco
vered (i.e. GST M2-M5) or yet unknown GST isoforms cannot be excluded.
Calcukuians am! statistical analyses
Total GSH was calculated as nmol/mg protein. Concentrations of GST 
subclasses were calculated as Hg/mg total cytosolic protein. Values below the 
detection limit ol the immunoblot assays (~0.()2 pg/mg protein) were evaluated 
as /ero.

Wilcoxon’s matehed-pairs signed-ranks test was used to evaluate différences 
between pairs of normal and malignant tissue. Differences between non-paired 
samples were analyzed using the Mann Whitney ¿/-lest. Correlations between 
the parameters were tested with Pearson's linear correlation procedure. 
Differences were considered significant if the l } value was • 0.05.

Results
Oral cavity and oropharynx
In most normal and squamous ceil carcinoma specimens GST- 
a  levels were below the detection limit ('Fable II).

Four patients (2L)%) expressed GST-jli in normal as well as 
in malignant tissue and these tumours contained less GST-¡i 
than the surrounding normal tissue.

GST-tc was by far the major subclass present and accounts 
for 92 and 97% of the cytosolic GST protein in normal and 
malignant tissues respectively. GST-tc content was higher in 
the tumours of 11 out of 14 pairs of samples and the 
mean tumour value was also hiuher (3.57 ± 0.61 versus

Vi*

2.7X ± 0.37 Jig/mg protein in normal tissue), but the difference 
was not significant iP 0.12).

Mean GST activity was higher in the malignant tissues (291 
± 66 versus 195 ± 23 nmol/min/mg protein in normal tissues) 
and tumour GST activities were higher in the same í 1 patients 
with increased tumour GST-tc levels. However, differences 
were not signiiìcant (P = 0,08).

Most tumours (10/14) contained less GSH than the matched 
normal tissue, resulting in a slightly lower mean GSH concen
tration in the tumours (26,9 ±  1.6 versus 30.5 ± 3.0 nmol/ 
mg protein in normal epithelium), but differences were not 
significant (P — 0.25).

'Fhe two lymph node métastasés investigated were similar 
to the corresponding primary tumour in all aspects analyzed.
Larynx

»

Mean GST-a levels were lower in tumours (0.26 ± 0.17 
versus 1.38 ± 0.43 |.tg/mg protein in normal mucosa) and in 
nine of the 11 pairs the tumour contained less GST-a than the 
normal mucosa (Table ill, P <  0.05).

GST-JJ. was expressed in six patients (55%) and in live of 
these patients the tumour contained less GST-p than the 
surrounding normal tissue, but the difference was not significant 
(/> 0.18).

GST-tc was the predominant GST subclass detected in all 
sani pi es and accounts for 63 and 89% of the total GST protein 
in normal tissues and tumours respectively. All except one 
carcinoma contained higher GST-tc concentrations than the 
matched normal tissue (P <  0.01) and mean GST-tc level was 
higher in tumour tissue (4.67 ± 0.47 versus 3.31 ± 0.39 jag/ 
mg protein in normal mucosa).

Mean GST activity in laryngeal tumours was higher than in 
surrounding normal tissues (495 ± 73 versus 382 ± 73 nmol/ 
min/mg protein respectively), but no significance was reached 
(/> 0.47),
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Table II. GST activity, GST isoenzyme level and GSH concentration in cytosols of oral/oropharyngeal tumours, corresponding normal tissues and métastasés

Patient number Tissue GST GSH (nmol/mg
’ ■ “ -------- ----------------------------------------------------------------------------------------- protein)
Activity (nmol/min/ Content (jug/mg prorein)
mg protein;

a K

1 N 320 — - 3.68 36.0
T 131 — — 1.66 23.5

2 N 84 — — 1.25 17.4
T 135 — - 1.71 30.2

3 N 182 0.07 — 1.81 29.8
T 245 0.05 — 2.70 23.6

4 N 168 — 0.61 2.46 29.2
T 191 0.09 0.17 3.26 24.4
M 166 — 0.43 2.87 32.7

5 N 195 0.03 — 2.64 27.3
T 438 0.05 — 4.20 31.7

6 N 228 — 1,05 1.27 32.9
T 307 — 0.93 2.94 24.2
M 183 — 0.44 2.03 20.6

7 N 98 — 1.84 1 1 . 0

T 143 — _ 2.06 28.0
8 N 204 — 0.56 2.58 23.3

T 211 — 0.15 2.79 35.2
9 N 166 — 1.12 1.02 23.0

T 226 — 0.25 2.32 19.1
10 N 79 — — 2.81 40.7

T 150 — — 3.32 26.4
11 N 181 — — 4.29 48.6

T 511 — — 8.26 32.5
12 N 322 — — 5.44 48.9

T 233 — — 3.97 32.9
13 N 154 — — 2.87 20.9

T 104 — — 1.80 13.1
14 N 355 — — 5.00 38.2

T 1053 — 8.97 31.7
Mean ±  SEM N I95±23 0.01 ± 0.01 0 .24± 0 .il 2.78±0.37 30.5±3.0

T 291 ± 6 6 0.01 ± 0.01 0.11 ±0.07 3.57±0.61 26.9+1.6

N, normal tissue; T, tumour; M, metastasis; - ,  not detectable.
Values are given as mean ± % standard error of the mean.

Mean GSH concentration in laryngeal tumours was 
almost twice as high as in normal tissues (40.9 ±  4.9 versus 
23.6 ±  5.2 nmol/mg protein respectively) and in nine of the 
10 matched pairs the tumour contained more GSH (P < 0.05).

GST subclass composition as well as GST activity and GSH 
concentration in four of the five lymph node métastasés were 
similar to primary tumours. However, one metastasis (patient 
no. 15) contained very high levels of GSH, GSTLji and GST- 
71: and consequently had a high GST enzyme activity.
Comparison o f normal laryngeal with normal oral/orophafyn- 
geal epithelium
In contrast to normal oral/oropharyngeal mucosa samples, 
GST-a was detected in all samples of normal laryngeal mucosa 
CP <  0.001, Tables II and III). In addition, laryngeal mucosae 
contained significantly more GST enzyme activity than oral/ 
oropharyngeal tissues (P <  0.001). GST-|i, GST-tc and GSH 
concentrations in normal laryngeal mucosae were not signi
ficantly different from those in normal oral/oropharyngeal 
mucosae.

GST activity measured in all samples correlated well with 
calculated GST activities (Figure 1). Calculations were based 
on the isoenzyme levels determined by immunoblot and 
assuming specific activities (with l-chloro-2,4-dinitrobenzene 
as substrate) of 187, 105 and 64 |imol/min/mg protein for 
class ji, it and a  respectively (8).

Discussion

Calculated GST enzyme activities, based on GST subclass 
levels quantified on immunoblot, demonstrated a good linear 
correlation with the measured GST enzyme activities. More
over, the slope of the regression line was ~1, indicating that 
almost ail GST activity towards 1-chloro-2,4-dinitrobenzene 
in the cytosolic fractions was accounted for by GST subclass 
immunoreactivity on Western blots. The failure to pass the 
origin may be due to underestimation of the highest calculated 
GST activities.

Normal laryngeal mucosae had significantly higher GST-a 
concentrations and GST enzyme activities than normal oral/ 
oropharyngeal samples. Mean GST-|i and GST-TC levels were 
also higher in normal laryngeal mucosae, whereas GSH levels 
were higher in normal oral/oropharyngeal samples, but differ
ences were not significant.

Teicher et al. (21) developed a cw-platinum-resistant head 
and neck squamous cell carcinoma cell line which, among 
other changes, displayed an increased GST activity. Numerous 
cell lines selected for resistance towards common chemothera
peutic drugs over-express GSTs. In addition, many refractory 
tumours have higher GST activities than the normal tissues they 
originated from (9). Since GSTs are involved in metabolizing 
several clinically relevant anti-cancer drugs (6), it has been 
suggested that increased GST concentrations may account for
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CÏST
p * » » *w w « i • • ► # I* V* * “«'«W/» ™ ‘ *

GSH (nmol/muW
«

r  1 - pn Hclli f
Avhviu Cument aie/íiiü!» « i. protein)
in:? prolan i

if K

15 N 279 1.37 u .()0 2.0X 17.f t

T 354 ---- 0.31 3.67 3.1.3
M 1752 2.94 12.77 140.8

16 N 405 1.58 0.30 3.53 ND
T 397 O.Ofi 0.07 3 92 39.0

17 N 596 1.40 1 ">7
^  1 ^  ? 4.14 28.6

T 570 0,40 1.43 4.89 32.2
IS N 540 i  SS • - 5.68 22.8

T 381 6.75 78.1
M 339 6.22 64.7

jy N 389 0.16 1.46 1.75 13.8
r j * 178 0.10 2.44 24.2
M 260 * 1.50 2.88 40.8

20 N 536 4.99 4.80 55.6
T 512 — • 5.43 35.9

21 N 381 1.47 2.81 23.1
T n i — 2.42 26.4

n4M M N 274 1.16 0.13 2.90 6.3
T 765 0.36 1.04 4.52 41.6

23 N 233 n <■«* 0.44 2.62 17.0
T 1038 l.KS —- 7.20 39.5
M :? 6 — 3.95 0.0

24 N 207 0.38 1.90 5.2
T 332 4.30 43.7
M 199 — ---- 2.36 42.0

25 N 371 0.16 1.17 4.25 46.4
T 600 0.17 0.39 5.88 52.0

Mean ± SEM N 382 ±39 1,38±0.43 0.58 ±0.23 3.312:0.39 23.6±5.2
T 495 ±73 0.2A±0.17J 0.30 ±0.15 4.67 ±0.47a 40.9 ±4.9“
M 565 ± 298 0.00 0.89±0.59 5.64± 1.90 57.7 ±23.3

N. normal tissue; T. tumnur; M, metastasis; - ,  not detectable; ND, not determined.
< 0.05 versus normal laryngeal mucosa.Values are given as mean ± standard error of the mean.

part of the inherent drug resistance observed in various human 
tumours (9).

Moscow et al. (22) reported a 7-fold increase in GST-tc 
mRNA levels in five squamous head and neck cancers as 
compared with adjacent normal tissue. In addition, Riou et ai
(23) found increased levels of GST-ti mRNA in squamous cell 
carcinomas of the cervix and Eimoto ei ai (24) observed 
higher GST-ti immunoreactivity in squamous cell carcinomas 
of the lung when compared with other histological types of 
lung cancer. In contrast, oesophageal squamous cell carcinomas 
had lower mean GSTtc concentrations than the surrounding 
normal tissue, but tumours with much higher GST-tc levels 
were also found (25). The head and neck squamous cell 
carcinomas analysed in the present study contained more GST 
K (-30% in oral/oropharyngeal and 40% in laryngeal tumours) 
than the surrounding normal tissue in 21 out of 25 pairs 
of samples. In laryngeal samples the differences in GST-tc 
concentrations were significant. Previously. Janot et al. (26) 
reported a slightly higher mean GST activity and GST-tc 
concentration in a limited number of normal and malignant 
specimens from the pyriform sinus of the larynx, however, 
differences did not reach significance. In a more extended 
study, Parise et ai (27) reported significantly higher GSH and 
GST enzyme activity levels in head and neck tumours as 
compared with paired control tissues.

Since GST-rc is by far the most prominent GST isoenzyme

in both normal and malignant head and neck tissue, GST 
enzyme activities are largely determined by GST-tc levels. 
Analogous to GST-ti levels, most tumours therefore contain 
more GST enzyme activity than the tissues they originated 
from (mean GST activity was almost 50% higher in oral/ 
oropharyngeal and 30% higher in laryngeal tumours), but 
differences were not significant.

Several refractory human cancers investigated contained 
elevated levels of GST-jc, suggesting a special role in drug 
resistance for this isoform (9). Studies by Lewis et al. (28) 
and Berhane et al. (29) indicate that class a  and p. GSTs may 
also be involved in anti-cancer drug resistance. However, GST- 
a  and GST-p levels were either undetectable or lower in the 
tumour tissues investigated here and it seems unlikely that 
these two GST subclasses contribute to intrinsic drug resistance 
in head and neck tumours. In contrast, GST-tc concentrations 
were higher in more than 80% of the head and neck tumours 
when compared with the adjacent normal mucosa and there
fore this isoenzyme may mediate part of the inherent anti
cancer drug resistance that is frequently encountered in these 
squamous cell carcinomas.

Due to a genetic polymorphism, only -55% of the Caucasian 
population has one or two functional GSTM 1 genes. Presence 
of GSTM 1-1 in smokers has been associated with a lower 
risk of squamous cell carcinoma of the lung (30,31), and 
bladder or larynx cancer (32). We did not assess smoking
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Fig. 1. Plot of calculated versus measured GST enzyme activities. Values 
are given as nmol/min/mg protein. GST enzyme activities (GST activity 
measured) was determined in all 57 samples with 1 -chloro-2,4- 
dinitrobenzene as substrate. GST activities were calculated (GST activity 
calculated) from the sum of the concentrations of GST subclasses as 
determined by immunoblot, multiplied by their specific activities with 
l-chloro-2,4-dinitrobenzene (187, 105 and 64 jumol/min/mg protein for class 
JLL, 7t and a  respectively; 8 ). Calculated GST activities = 0.94X(measured 
GST activities) +  150; correlation coefficient 0.92.

habits of our patients, but 29% of the patients with oral/ 
oropharyngeal tumours and 55% of the patients with laryngeal 
tumours were GSTM 1-1-positive. Overall, 10 of the 25 
patients (40%) did express GSTM 1 -1, which is not significantly 
different from the 55% value reported for the general population
(31). However, the characteristics of laryngeal and oral/ 
oropharyngeal tissue with respect to GST subclass composition 
are rather different and the latter group especially needs further 
study with respect to GSTM 1-1 expression.

High GSH levels may mediate resistance towards both 
radiation therapy and treatment with some anti-cancer drug 
regimens (33-35). Buthionine sulfoximine, a specific inhibitor 
of GSH synthesis, circumvents cisplatin resistance in human 
head and neck squamous cell carcinomas grown in nude mice 
(36). The high GSH levels found in most laryngeal tumours may 
therefore contribute to inherent drug and radiation resistance in 
such tumours.

Recently, Fountzilas et a i  (37) reported more complete 
responses during platinum-based chemotherapy for oral 
carcinomas than for laryngeal carcinomas; 46 and 10% respect
ively. In the present study, laryngeal tumours were found to 
contain higher GST and GSH levels than oral/oropharyngeal 
squamous cell carcinomas, which might also be indicative of 
a role for the GST/GSH system in anti-cancer drug resistance. 
However, data on tumours which were treated with chemo
therapeutics are required before definite conclusions can be 
drawn.

Regional neck lymph node métastasés are frequently encoun
tered in head and neck cancer. To our knowledge no data on 
GST composition of such métastasés have been published.

The few métastasés we were able to analyse had similar GST 
and GSH levels to their primary tumours, with the exception 
of one lymph node metastasis from a laryngeal tumour, which 
contained both a very high GST activity and a very high GSH 
concentration. If GST and GSH contribute to drug and/or 
radiotherapy resistance in primary tumours, regional métastasés 
with very high levels may be even less responsive to such 
therapies.

In conclusion, GST-tc is the predominant GST subclass 
detected in both normal tissues and in human oral/oropharyn
geal and laryngeal squamous cell carcinomas. The malignant 
tissues generally contain more GST-tc than the surrounding 
normal tissues. In addition, GSH levels were higher in laryngeal 
tumours when compared with adjacent normal tissue. These 
high GST-tc and GSH levels may occasionally be involved in 
the intrinsic drug resistance of head and neck cancers.

Acknowledgements
We thank Dr E.Heinerman, Department of Otorhinolaryngology, and Dr
I.Bruaset, Department of Maxillofacial Surgery, University Hospital St Rad
boud, Nijmegen, for providing tissue samples. Part of this study was supported
by grant NUKC 92-33 (T.P.J.M.) from the Dutch Cancer Society.

References
1.CBS (1987) Cancer Morbidity and Mortality in the Netherlands Ì984-  

1985. Maandberekening gezondheid CBS 87/6, pp. 5-25.
2 . Jacobs,C. (1991) Adjuvant and neoadjuvant treatment of head and neck 

cancers. Semin. Oncol., 18, 504-514.
3. Al-Sarraf,M, (1990) New approaches to the management of head and neck 

cancer—the role of chemotherapy. Adv. Oncol., 6 , 11-14.
4.Endicott,J.A. and Ling,V. (1989) The biochemistry of P-glycoprotein- 

mediated multidrug resistance. Anna. Rev. B io c h e m 58, 137-171.
5.Giovanella,B.C., StehlinJ.S., Wall,M.E., WaniJVLC. Nicholas,A.W., 

Liu,L.F., Silber,R, and Potmesil.M. (1989) DNA topoisomerase I-targeted 
chemotherapy of human colon cancer in xenografts. Science,
246, 1046-1048.

6 . Hayes,J.D., Pickett,C.B. and Mantle,T.J. (eds) (1990) Glutathione S- 
Transferases and Drug Resistance. Taylor and Francis, London, UK.

7.Boyer,T.D. and Kenney,W.C. (1985) Preparation, characterization and 
properties of glutathione S-transfcrases In Zakim,D. and Vessey,D. (eds), 
Biochemical Pharmacology and Toxicology. John Wiley and Sons, New 
York, NY, pp. 297-364.

S.Mannervik.B. (1985) The isoenzymes of glutathione S-transferase. In 
Meister,A (ed.), Advances in Enzymology. John Wiley and Sons, New 
York, NY, pp. 357-417.

9.Tsuchida,S. and Sato,K. (1992) Glutathione transferases and cancer. Crit. 
Rev. Biochem. Mol. Biol., 27, 337-384.

10. Meyer,J.D., Coles,B., Pemble,S.E., Gilmore,K.S., Fraser,G.M. and 
Ketterer,B. (1991) Thcta, a new class of glutathione transferases purified 
from man and rat. Biochem . 7., 274, 409-414.

II. Howie,A.F., Forrester,L.M., Glancey.M.J., Schlager,J.J., Powis,G., 
Beckett,G.J., Hayes,J.D. and Wolf.C.R. (1990) Glutathione S-transferase 
and gluLathione peroxidase expression in normal and tumour human 
tissues. Carcinogenesis, 11, 451—458.

12.Peters,W.H.M., Boon,C.E.W., Roelofs,H.M.J., Wobbes,Th., 
Nagengast,F.M. and Kremers,P.G. (1992) Expression of drug metabolizing 
enzymes and P-170 glycoprotein in colorectal carcinoma and normal 
mucosa. Gastroenterologyt 103, 448-455.

13. Peters,W.H.M., Wormskamp.N.G.M. and Thies,E, (1990) Expression of 
glutathione S-transferases in normal gastric mucosa and in gastric tumors. 
Carcinogenesis, 11, 1593-1596.

14.Hermanek,P. and Sobin,L.H, (eds) (1987) UICC TNM Classification o f  
Malignant Tumours, 4th Edn. Springer Verlag, Berlin, Germany.

15. Lowry,O.H., Rosebrough,N.J., Farr,A.L. and RandalitR.J. (1951) Protein 
measurement wiLh the Folin phenol reagent. J, Biol. Chem ., 193, 265-275.

16. Habig,W.H., Pabst,M.J. and Jakoby.W.B. (1990) Glutathione S-transferases, 
The first enzymatic step in mercapturic acid formation. J. Biol, Chem., 
249, 7130-7139.

17.Nijhoff,W.A„ Groen,G.M. and Peters,W.H.M. (1993) Induction of rat 
hepaLic and intestinal glutathione S-transferase and glutathione by dietary

623



T.P.J.Mulder et al

naturally occurring anticarcinogens. Int. J. Oncol., 3, 1131-1139.
18. Peters, W.H.M., Kock,L., Nagengast,F.M. and Roelofs,H,M.J. (1990) 

Immunodetection with a monoclonal antibody of glutathione S-transferase 
mu in patients with and without carcinomas. Biochem. Pharmacol., 39, 
591-597.

19.Van Ommen.B., BogaardsJ.J.P, P e t e r s , B l a a u w b o e r , B .  and van 
Bladeren,P.J. (1990) Quantification of human hepatic glutathione S- 
transferases. Biochem. J., 269, 609-613.

20. Peters,W.H.M., Nagengast,F.M. and Wobbes.Th. (1989) Glutathione S- 
transferases in normal and cancerous human colon tissue. Carcinogenesis,
10, 2371-2374.

21.Teicher,BA., Holden,S.A., Kelley,M.J., Shea,T.C., Cucchi,C.A., 
Rosowsky.A., Henner,W.D. and Frei,E. (1987) Characterization of a human 
squamous cell line resistant to a.ç-diiamminedichloroplatinum(II). Cancer
Res., 47, 388-393.

22. Moscow,J.A., Fairchi!d,C.R., Madden,M.J., Ransom,D.T., Wienand,H.S., 
O’Brien,E.E., Poplack,D.G.> Cossman,J., Myers,C.E. and Cowan,K.H.
(1989) Expression of anionic glutathione S-transferase and P-glycoprotein 
genes in human tissues and tumors. Cancer Res., 49, 1422-1428.

23.Riou,G., Barrois,M. and ZhouJD. (1991) Expression of anionic glutathione 
S transferase (GSTtc) gene in carcinomas of the uterine cervix and in 
normal cervices. Br. J. Cancer, 63, 191-194.

24. Eimoto,H., Tsutsumi,M., Nakajima,A,, Yamamoto,K., Takashima,Y, 
Maruyama,H. and Konishi,Y. (1988) Expression of the glutathione S- 
transferase placental form in human lung carcinomas. Carcinogenesis, 9,
2325-2327.

25. Peters,W.H.M., Wobbes,Th., Roelofs,H.M.J. and Jansen,J.B.M.J. (1993) 
Glutathione S-transferase in oesophageal cancer. Carcinogenesis, 14, 
1377-1380

26.JanotJF\, Massaad,L., Ribrag,V., de Waziers,!., Beaune,P.H., Luboinski,B., 
Parise,0.,Jr, Gouyette,A. and Chabot,G.G. (1993) Principal xenobiotic- 
metabolizing enzyme systems in human head and neck squamous cell 
carcinoma. Carcinogenesis, 14, 1279-1283.

27.Parise,O., Janot,F., Luboinski,B., Massaad,L-, Albin,N., Toussaint,C., 
Verjus,M.A., Bonnay,M., Gouyette,A. and Chabot,G.G. (1994) 
Thymidylate synthase activity, folates, and glutathione system in head and 
neck carcinoma and adjacent tissues. Head Neck, 16, 158-164.

28. Lewis,A.D., Hickson,I.D., Robson,C.N., Harris,A.L., Hayes,J.D., 
Griffiths,S.A., Manson,M.M., Hall,A.E., Moss,J.E, and Wolf,C.R. (1988) 
Amplification and increased expression of alpha class glutathione S- 
transferase-encoding genes associated with resistance to nitrogen mustards. 
Proc. Natl Acad. Sci. USA, 85, 8511-8515.

29.Berhane,K., Hoa,X.-Y., Egyházi,S., HanssonJ., Ringborg,U. and 
Mannervik,B. (1993) Contribution of glutathione transferase M3-3 to 1,3- 
bis(2 -chloroethyl)-l -nitrosourea resistance in a human non-small cell lung 
cancer cell line. Cancer Res., 53, 4257-4261.

30. Hirvonen,A., Husgafvel-Pursiainen,K., Anttila,S. and Vainio,H. (1993) The 
GSTM1 null genotype as a potential risk modifier for squamous cell 
carcinoma of the lung. Carcinogenesis, 14, 1479-1481.

3LNazar-Steward,V., Motulsky,A.G., Eaton,D.L., White,E., Hornung,S.K., 
Leng,Z.-T., Stapleton,P. and Weiss,N.S. (1993) The glutathione S- 
transferase |x polymorphism as a marker for susceptibility to lung 
carcinoma. Cancer Res., 53, 2313-2318.

32.Lafuente,A., Pujol, F., Carretero, P., Pérez Villa,J. and Cue hi, A. (1993) 
Human glutathione S-transferase ji (GSTp) deficiency as a marker for 
susceptibility to bladder and larynx cancer among smokers. Cancer Lett., 
68, 49-54.

33.Arrick,BA. and Nathan,C.F. (1984) Glutathione metabolism as a 
determinant of therapeutic efficacy: a review. Cancer Res., 44, 4224-4232.

34.Hosking,L.K., Whelan,R.D.H., Shellard,S.A., Bedford,P. and HilI,B.T.
(1990) An evaluation of the role of glutathione and its associated enzymes 
in the expression of differential sensitivities to antitumour agents shown 
by a range of human tumour cell lines, Biochem. Pharmacol., 40, 
1833-1842.

35.Mistry,P, Kelland,L.R., Abel,G., Sidhar,S. and Harrap,K.R. (1991) The 
relationships between glutathione, glutathione S-transferase and 
cytotoxicity of platinum drugs and melphalan in eight human ovarian 
carcinoma cell lines. Br. J. Cancer, 64, 215-220.

36. Bier,H. (1991) Circumvention of drug resistance in cisplatin-resistant 
sublines of the human squamous carcinoma cell line HLac 79 in vitro and 
in vivo. Acta O tolaryngolI l l ,  797-806.

37.Fountzilas,G., KosmidisJ?., Beer,M., Sridhar.K.S., Banis,K., Vritsios»A. 
and DaniilidisJ. (1992) Factors influencing complete response and survival 
in patients with head and neck cancer treated with platinum-based induction 
chemotherapy. Annls Oncol., 3, 553-558.

Received on July 15, 1994; revised on November 8, 1994; accepted on
November 16, 1994

624


