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Evaluation of glutathione
S-transferase activity in human
buccal epithelial dysplasias

and squamous cell carcinomas
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Abstract. Glutathione S-transferase (GST) activity and amouint of GST ¢, y and
7 isoforms were measured in 40 patients with histopathologically confirmed oral
epithelial dysplasia (OED) and squamous cell carcinoma of buccal mucosa. The
results were compared with those of normal mucosa in an equal number of age-
and sex-matched healthy controls. Mean total GST activities were significantly
elevated from normal buccal mucosa for mild OED, moderate OED, severe OED
and squamous cell carcinoma. GST activity of value approximating 100 nmol/
min/mg distinguished between normal and dysplasia, and of value about 400
nmol/min/mg delineated between dysplasia and squamous cell carcinoma were
observed. GST = was the predominant class in both the diseased and normal
buccal mucosa examined. This class 7 GST was present at an intracellular
concentration, which was significantly higher in diseased buccal mucosa than in
normal buccal mucosa. These results indicated.that = class GST was the major
form of this enzyme in the cytosolic fraction of oral mucosa. The severity of
OED related to squamous cell carcinoma development seemed to increase
concomitantly with an increase in the level of this enzyme. Further studies will
validate the role of GST = estimation in predicting the potential malignancy of
OED.
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Cytosolic glutathione S-transferases
(GSTs) are a family of enzymes divided
into four classes, called «, u, 7= and 6,
on the bases of structural, physiochem-
ical, . enzymatic and immunological
properties!'!2, They function as detoxi-
fication enzymes by catalysing the con-
jugation of glutathione to various elec-
trophilic substrates including carcino-
gens and cytotoxic drugs. This reaction
is the first step in the formation of mer-
capturic acids, a water soluble product
resulting in the elimination of poten-
tially toxic compounds?®. Total GST ac-
tivity has been found to be significantly
clevated in head and neck squamous

cell carcinomas when compared to nor-
mal tissues!. Also, the total GST activ-
ity as well as the GST =z level were
higher in the malignant than in the nor-
mal oral/oropharyngeal tissues!4. Al-
though GST =z isoform was demon-
strated immunohistochemically in hu-
man premalignant and malignant oral
epithelial lesions®!%2%, there are no pre-
vious quantitative studies regarding
GST isoenzymes’ total activity and the
amount of GST ¢, u and =z isoforms in
human OED. Therefore, the present
study is designed to assay the GST ac-
tivity: levels of GST «, x4 and 7 proteins
in patients with histopathologically

confirmed OED with various degrees of
severity and squamous cell carcinomas.
The results are compared with those
from normal buccal mucosa in an equal
number of age- and sex-matched
healthy controls.

Material and methods
Patients

Samples of the diseased buccal mucosa were
obtained from 40 male patients aged between
32 and 80 {mean age 51 years), who visited
the Oral Pathology Department of Kaohs-
iung Medical College Hospital. The diseased
buccal mucosa involved in this study com-
prised mild OED (10 samples), moderate
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OED (10 samples), severe OED (10 samples),
and well-differentiated squamous cell carci-
noma (10 samples). The TNM staging (T =
primary tumor; N — regional lymph nodes;
M — distant metastases) of the ten samples of
squamous cell carcinoma was also recorded
(Table 1). Ten normal buccal mucosal tissues,
taken from sex- and age-matched healthy in-
dividuals (mean age: 47 years; range: 22-65)
without the habits.of betel quid chewing and
cigarette smoking, were included as controls.
In all cases, no previous treatmients had been
given before the removal of tissues.

Histopathological classification of the
samples

A represéntative part of each specimen was
fixed in 10% neutral buffered formalin solu-
tion ard routinely processed for hematoxylin
and eosin staining for light microscopic
examination to enable the histological diag-
nosis of various degrees of severity of OED
and squamous cell carcinoma. The histo-
pathologic characteristics of OED include: 1)
basal layer hyperplasia; 2) nuclear enlarge-
ment and hyperchromatism; 3) loss of inter-
cellular adhesion and normial polarization; 4)
abnormal mitoses above the basal cell layer;
5) individual cell keratinization within the
spinous layer; 6) cellular pleomorphism; 7)
drop-shaped epithelial ridges; 8) irregular
stratification; and 9) altered nuclear-cyto-
plasmic ratio®>. Among these histologic
changes, the presence of basal cell hyper-
plasia, nuclear enlargement and hyper-
chromatism and drop-shaped rete ridges are
regarded as the minimal criteria for the histo-
logical diagnosis of OED?*. Diagnosis was
successfully achieved and the degrees of dys-
plasia were graded with reference to the fol-
lowing - criteria®s 1) mild OED-dysplastic
alterations confined to the lower third of the
buccal epithelium; 2) moderate OED-dys-
‘plastic changes observed for up to two-thirds
of the thickness of the buccal epithelium; and
3) severe dysplasia — more than two-thirds
but less than the whole thickness — of the
buccal epithelium contains the dysplastic
cells.

Extraction and assay of GST isoenzymes

The freshly excised tissues, cleaned in ice-
cold 0.9% NaCl solution, were trimmed to
remove the connective tissues with the dis-
secting microscope (Bauch & Lomb Stereo
Zoom® 7, zoom range 1.0X—7.0X). They
were either immediately processed or frozen
in liquid nitrogen and stored at —80°C. The
GST isoenzymes were extracted by the
method of Perers et al.!” with some modifi-
cations. All procedures were performed at
4°C, unless otherwise stated. Tissues: (~100
mg) were homogenized in ~5 volumes of ice-
cold 20 mM 'tris-HCI buffer. (pH 7.4) con-
taining 0.25 M sucrose and 1.4 mM dithio-
threitol with 10 strokes. in glass/glass tissue
grinders. The homogenates were centrifuged
at 10000xg at 4°C for 10 min and the cyto-

solic fractions were obtained after recentri-
fugation at 150000xg for 1 h. Supernatants
were frozen in liquid nitrogen and stored at
—80°C ‘in small portions. Protein contents
were determined using the method of Lowry
et al.® with percentage of coefficient of vari-
ation (% CV) of intra- and inter-assay pre-
cision determined to be 3.1 and 2.3, respec-
tively. GST activity with 1-chloro-2,4-dinitro-
benzene (CDNB) as substrate was assayed by
the method of HABIG et al.’> with % CV of
intra- and inter-assay established to be 8.6
and 7.2, respectively.

Statistical analysis

The Mann-Whitney U tests were used to
evaluate differences of activities between
tissues of normal mucosa, OED and squam-
ous cell carcinoma. Differences- were con-

sidered significant if the P value was less than
0.05.

Immunoblot analysis of GST =

For additional identification of GST =, im-
munoblotting of the tissue extracts was per-
forimed as described by TowBIN et al.?? with
antisera raised against GST =% (Novocastra
Lab. Ltd., Newcastlé upon Tyne, UK).

Results
Total GST activity

GST activity appeared to increase with
the increased size of squamous cell car-
cinoma, with the two T, cases having
the highest values (Table 1). The mean
total GST activity was significantly el-

Table 1. TNM staging and GST activities in patients with squamous cell carcinomas

Patient GST activity GSTr activity
No. TNM staging  (nmol/min/mg protein) (ug/mg protein)
1. T4N,M, 601 28.3
2. T4N1 Mo 732 31.0
3. T3N,M, 560 26.6
4. TN, M, 506 22.9
5. T3NeMg 432 23.1
6. T3NoM, 381 21.8
7. T,NegM,g 414 17.8
8. T MM, 431 15.3
9, T,NoM, 384 15.2
10. T MoM, 391 16.3

Table 2. GST activities in normal and diseased human buccal mucosa

Total GST activity

GST = activity

(nmol/min/mg protein) (ug/mg protein)
Squamous cell carcinoma #483.1+36.7 21.83 +1.78
Sévere OED® 308.2+14.6 14.90+0.38
Moderate OED 245.0+13.4 13.12£0.39
Mild OED 153.2+7.7 9.4620.41
Normal mucosa 94.7+5.3 4.73+0.38
2 mean*+=SEM.

® OED: oral epithelial dysplasia.

Table 3. Mann-Whitney U test for GST activities in normal & diseased human buccal mucosa

Squamous cell Severe  Moderate. Mild OED Normal

carcinoma OED OED mucosa

Squamous cell carcinoma a7.795* 7.795% 7.795% 7.795%
5.006* 7.873% 7.683% 7.795%

Severe OED*® 3.624%* 8.012% 7.795%
3.955% 7.683* 8.012%

Moderate OED 7.795% 7.795*
7.065% 8.012%

Mild OED 5.939*
8.012*

a critical values for total GST activity.
b critical values for GST = activity.
¢ OED: oral epithelial dysplasia.

* Significance at 95% confident level with degrees of freedom: 18 (P<0.05)
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Fig. 1. GST activity with value of about 100 nmol/min/mg protein delineated between nor-
mal & oral epithelial dysplasia (OED), as well as with value of approx. 400 nmol/min/mg
protein distinguished between OED & squamous cell carcinoma.

evated from normal buccal mucosa for
mild OED, moderate OED, severe OED
and squamous cell carcinoma (Tables 2

.-\~";*- .J'..
.

Fig. 2. Immunoblotting of representative
normal and diseased human buccal mucosal
tissue extracts, stained for GST. n with.the
specific antibody, expressed the GST 7 poly-
peptide of molecular weight 25 kd (arrow).
Normal-1: sample no. 1 of normal control;
leuko-37: sample no. 37 of mild oral epi-
thelial dysplasia (OED); leuko-30: sample no.
30 of moderat¢ OED; leuko-12: sample no.
12 of severe OED; SCC-8: sample no. 8 of
squamous cell carcinoma (Ty); SCC-7:
sample no. 7 of squamous cell c¢arcinoma
(T5);. SCC-5: sample no. 5 of squamous cell
carciioma (T3).

and 3). GST activity was observed of
approximately. 100 nmol/min/mg pro-
tein, namely 105.3 nmol/min/mg pro-
tein, as determined by adding the mean
of GST activity of normal mucosa with
2 standard errors, delineated between
the normal and OED (specificity: 100%;
sensitivity: 70%) (Fig. 1). Also, GST ac-
tivity was observed of about 400 nmol/

min/mg protein, namely 408.7 nmol/

min/mg protein, as obtained by sub-
stracting the mean of GST activity of
squamous cell carcinoma with 2 stan-
dard errors, distinguished between
OED and squamous cell carcinomas
(specificity:  93.3%; sensitivity: 60%)
(Fig. 1).

Activities of GST o, pand =

GST = activity appeared to be elevated
in relation to the size of squamous cell
carcinoma, with the highest values in
the two T, cases (Table 1). GST = was
the predominant class in normal and
diseased human buccal mucosa exam-
ined (Table 2). This class 7 GST is pres-
ent at an intracellular concentration
which is significantly higher in diseased
than it is in normal buccal mucosa
(Table 3). A significant increase in the
level of this enzyme seems to be con-
clusively concomitant with the increase
in severity of epithelial dysplasia related
to oral squamous cell carcinoma devel-
opment (Tables 2 and 3). A strong
correlation was observed (#r=0.92,
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P<0.0001) between GST activity and
GST x levels in all the samplés. No u
class and only low levels of a class GST
could be detected in any of the samples.

Immunoblot analysis of GST =

Immunoblotting with specific antisera
demonstrated GST = as a single band
with molecular weight approximately
25 kd in the samples of normal and dis-
gased buccal mucosa examined (Fig. 2).

Discussion

In somé studies on GST activity, such
as MULDER et al.'¥ and PARISE ét al.!é,
the control tissues were taken adjacent
to the diseased mucosae. Despite the
advantage of the direct comparison of
the GST activities between the experi-
mental and control tissues within the
same individual, these values may not
really represent the true disease-free,
normal GST activities. For this reason,
healthy volunteers were employed in the
present study.

An epidemiological study’ has dem-
onstrated that betel quid chewing alone
ot in combination with cigarette smok-
ing, are associated with an increased
risk of oral cancer in Taiwan. There-
fore, it may at least partially explain
why patients in the present report had
a higher GST activity than patients in
the previous study conducted by MULD-
ER et al.'* (483.1+36.7 nmol/min/mg
protein vs 29166 nmol/mg protein’?).
However, a more confirmative con-
clusion should only be achieved by
measuring the GST activity in individ-
vals who had betel quid chewing and
cigarette smoking habits but without
diseases in buccal mucosa. On the other
hand, the normal GST activity in the
present study is lower than the report of
MuLper et al.'* (94.7+5.3 nmol/min/
mg protein vs 195%+23 nmol/min/mg
protein!¥). This may be due to the dif-
ferent sources of the normal tissue$ in
these two reports. The present study
comprised control tissues taken from
disease-free, healthy subjects, whereas
adjacent non-malignant, but not necess-
arily normal, tissues were used in the
investigation of MULDER et al.'*.

The number. of squamous cell carci-
nomas of various stages assayed in this
study is small, and it would b¢ prema-
ture to obtain a definite conclusion con-
cerning the apparently higher GST ac-
tivity in the two T4 cases. However, a
similar finding of larger GST activity in
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T3/T4 patients was also reported by
PARISE et al.!% in head and neck squam-
ous cell carcinomas.

GST activity was found to be in-
creased in head and neck'® and oral/or-
opharyngeal'® squamous cell carci-
noma, but, as far as we know, no pre-
vious quantitative data of GST
isoenzyme concerning oral premalig-
nant epithelial lesions are available. The
present results reveal a significant in-
crease of total GST activity in mild
OED, moderate OED, severe OED and
squamous cell carcinoma, when com-
pared to normal buccal mucosa. The
finding of a higher total GST activity in
carcinomas compared with normal
tissues, has also been found in the cases
of other human tumors'>.

The results of the present study indi-
cate that certain levels of GST activity
delineated between the normal and
OED, as well as distinguishing between
OED and squamous cell carcinoma.
These are in agreement with the study
of BONGERS et al.? who reported on the
usefulness of GST immunohistochem-
ical activity detected in exfoliated cells,
in predicting the development of a sec-
ond primary tumor in patients with re-
sected oral squamous cell carcinomas:
However, considering the rather small
group of patients in this report, further
studies with more:subjects and follow-
up studies on the dysplastic lesions may
validate the role of GST 7 estimation
to predict the potential malignancy of
OED with various degrees of severity.
These are crucial not only in under-
standing the mechanism of oral car-
cinogenesis, but also in the establish-
ment of an éarly prevention of oral
squamous cell carcinomas..

Because essentially all activities are
attributed to the class 7 GST in this
experiment, the cytosolic activities may
be a good measure of the concen-
tration of this enzyme in the cytosol.
Furthermore, the 7« class GST activity
appears to be a concomitant increase
in the severity of epithelial dysplasia
related to oral squamous cell carci-
noma development. The increased
GST expression may be linked to car-
cinogen inactivation in oral carcino-
genesis. The appearance of GST =
could potentially enhance the ability of
keratinocytes to resist the burden of
carcinogens, therefore decreasing the
risk of carcinoma: development. How-
ever, it has been suggested that the role
of placental GST in models of chemi-
cal carcinogenesis may be its permiss-

ive influence on cell cycle activity and
down regulation of apoptosis, thereby
permitting expansion of a population
of initiated cells'®. Epithelial GST =
may alternatively confer an anticarcin-
ogenic defense mechanism on normal
keratinocytes on exposure to carcino-
gens and provide protection against
the development of cancer. However,
the same isoenzyme, epithelial GST =,
induced in oral carcinogenesis may, at
least partially, render the putative
atypical keratinocytes more susceptible
to clonal expansion'®.

A seven-fold elevation in GST =
messenger ribonucleic acid (mRNA)
levels in five head and neck squamous
cell carcinomas as compared with the
adjacent normal tissues, was demon-
strated by Moscow et al.!3." A signifi-
cantly higher GST # expression in cu-
taneous squamous cell carcinoma than
in normal skin with Northern blot and
immunohistochemical analyses, was
also reported by SHimizu et al.?°, In this
paper, class 7 GST is the most abun-
dant isoform and-is significantly higher
in diseased human buccal mucosa than
in normal buccal mucosa. This corre-
sponds with the strong positive corre-
lation of GST 7 content with CDNB
activity (»=0.92, P<<0.0001). This paper
demonstrates quantitatively that the
predominant isoform of the enzyme in
OED is 7 class GST. Indeed, using the
Northern blot. technique, Riou et al.!®
found an enhanced GST = mRNA in
dysplasias and in carcinomas of the
uterine cervix. In addition, enhanced
expression of GST # human cutaneous
premalignant lesions compared with
normal human skin was also reported
by Smmizu et al?!. Furthermore, the
quantitative results obtained in the
present study are consistent with the re-
cent immunohistochemical studies of
GST = in human oral mucosal epithel-
ium*?3. The substantial isoform investi-
gated, class 7 GST, has also been found
in human oral/orpharyngeal tissues'4,
epidermis' and other human tumors
and human cell lines'?,

We are unaware of previously pub-
lished results concerning electrophor-
etic identification of GST 7 isoform in
human oral mucosal epithelium. Im-
munoblotting in the present study, con-
ducted in oral mucosal tissues, indi-
cated that, as in other human malig-
nant tumors'®, the presence of GST =«
class of molecular weight was approxi-
mately 25 kd in both the normal and
diseased buccal mucosa.
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