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Abstract The expression of human placental-type gluta-
thione S-transferase (GST-m) was investigated in human
cutancous squamous cell carcinoma (SCC) and normal
skin using Northern blot and immunchistochemical anal-
ysis. In Northern blot examination, the expression of
GST-rn transcript was recognized in all instances, and
SCC showed a significantly higher expression of GST-n
than normal skin. In immunohistochemical examination,
GST-n was stained well in the cytoplasm of all cells of
the stratum granulosum, many cells of the stratum spino-
sum and a few cells of the stratum basale in normal skin.
Some cells of the stratum spinosum and almost all cells
of the stratum basale showed only a weakly positive or
almost negative reaction for GST-w. No nuclear staining
of GST-r was obvious in normal epidermal cells. In
SCC, many cells showed strong positivity for GST-x in
the cytoplasm, and some were obviously accompanied
by nuclear staining of GST-w. These findings suggest
that GST-r exists mainly in many cells in the upper lay-
ers of the normal epidermis and that GST-r is involved
in the process of carcinogenesis.
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Introduction

Numerous investigations concerning the function of glu-
tathione S-transferase (GST) as a detoxifying enzyme
have been conducted [3, 5, 10] since its discovery [2]. A
variety of isozymes of GST in the rat have also been in-
vestigated. Sato et al. [24] detected placental form of
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GST (GST-P) in pre-neoplastic and neoplastic lesions in
rat chemical hepatocarcinogenesis. Since then GST-P has
been used as a (pre)neoplastic marker in rat hepatocarci-
nogenesis because it does not exit in normal hepatocytes.
Human placental-type GST (GST-rt), which corresponds
to GST-P, was isolated from the human placenta [4] and
the cloning of GST-n was performed [11]. A large num-
ber of reports have been published concerning the ex-
pression of GST-xt in human malignant tumours [6, 7, 8,
9,12, 15, 16, 17, 18, 19, 20, 26, 27]. The present study
was conducted to compare the expression of GST-n in
human cutaneous squamous cell carcinoma with that in
normal skin using Northern blot and immunohistochemi-
cal analysis.

Materials and methods

Anti-human GST-r antibody (rabbit immunoglobulin) was pur-
chased from Bioprep Co. (#MED25PI, Dublin, Ireland). The anti-
body is polyclonal and cross-reacts with placental-type mouse and
rat GST but not with o of u-classes of enzyme (data from the
manufactuarer).

Human GST-n probe was purchased from Oncor (#11005,
Gaitherberg, Md.). Probe size is 725 bp ¢cDNA fragment and the
expected band in Northern analysis is at 0.7 kb (data from the
company). For control hybridization on the amount of RNA, the
complementary oligonucleotide probe for 28S ribosomal RNA
was synthesized, and the sequence is as follows: 5°AA-
CGATCAGAGTAGTGGTATTTCACC3' [1].

We used ten squamous cell carcinomas and four normal skin
samples obtained during surgical operations at Nagasaki Chuo Na-
tional Hospital and Nagasaki University Hospital. The clinical da-
ta are summarized in Tables 1 and 2. Half of the resected tumours
were fixed in 10% formalin and routinely embedded in paraffin.
All tissues were examined histologically, and pathological diagno-
sis was performed. For Northern blot analysis, the rest of resected
tumours were immediately immersed in a cold phosphate buffered
saline (PBS) containing diethyl pyrocarbonate and trimmed. After
trimming, these were snap-frozen in liquid nitrogen and stored at
—70° C until RNA extraction. The four corners of normal skin
grafts were used as controls. These were obtained from the thighs
of patients with various skin conditions using an electric derma-
tome for the purpose of skin implantation. A portion of the control
samples were fixed in 10% formalin and embedded in paraffin.
The remainder were quickly treated for Northern blot analysis as
described above.
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Table 1 Relevant clinical in-

formation on the patients with Patient Age Sex Site Size Histology Remarks
squamous cell carcinoma (M,
male; F, female; S.C.C., squa- 1 62 M Nose 26x18x10 mm Pseudoglandular S.C.C.  von Recklinghausen
mous cell carcinoma; Mod., 2 78 F Thigh  18x13x5 mm Mod. diff. S.C.C.
moderately; diff, differentiat- 3 82 M Ear 14x12x4 mm Mod. diff. S.C.C.
ed) 4 92 F Chest  45x30x10 mm Well diff. S.C.C.
5 90 M  Cheek 24x20x3 mm Well diff. S.C.C. with Actinic keratosis
6 92 F Cheek  40x40x25 mm Mod. diff. 5.C.C. with Actinic keratosis
7 71 M  Ear 30x27x4 mm Mod. diff. S.C.C.
8 69 M  Cheek 23x13~10x5mm Pseudoglandular S.C.C.  recurrent
9 74 F Hand  17x15x5 mm Well diff. S.C.C. recurrent
10 78 M Heel 28x25%3 mm Mod. diff. S.C.C.

Table 2 The sites of skin grafts taken as normal skin samples
from patients with various skin diseases and the relevant clinical
information (M, male; F, female; S.C.C., squamous cell carcino-
ma)

negative control staining was obtained by replacement of the pri-
mary antibody with nonimmunized rabbit serum.

Patient  Age Sex Site Background

11 78 M Thigh S.C.C.

12 69 M Thigh S.C.C.

13 61 F Thigh Necrotizing Fasciitis
14 74 F Thigh S.C.C.

Total RNA was extracted by the standard guanidium isothiocy-
anate/caesium chloride method [14], and the samples were stored
in ethanol at —70° C until use. Fifty micrograms of the total RNA
of each sample were electrophoresed on 1.0% agarose gel contain-
ing 8% formaldehyde. The quality of loaded RNA was confirmed
by the visualization of agarose gel stained with ethidium bromide
(EB). The samples were then transferred onto a GeneScreen Plus
nylon filter membrane (du Pont, Boston, Mass., USA).

The filter was baked for 2 h at 80° C in a vacuum. After prehy-
bridization, hybridization was performed at 60° C overnight using
a human GST-n probe labelled with the random primers DNA la-
belling system (BRL, Gaitherberg, Md., USA) and [a-32P] dCTP.
The hybridization solution contained 1% sodium dodecyl sulphate
(SDS), 1 M sodiumchloride, 10% dextran sulphate and 100 pg/mi
denatured salmon sperm DNA. The filter was washed several
times with 0.1xSSC—0.1% SDS (1xSSC consists of 0.15 M sodi-
um chloride and 15 mM sodium citrate) at 65° C. The filter was
exposed to a Fujix imaging plate for one day at room temperature
and analysed with a BAS 2000 bioimaging analyser (Fujix, Tokyo,
Japan).

After that, the filter was stripped and rehybridized at 42° C
with complementary oligoprobe for 28 S ribosomal RNA labelled
with T4 polynucleotide kinase and [v-32P] ATP. The filter was
washed several times with 0.1xSSC-0.1% SDS at 42° C and also
exposed to an imaging plate for three days at room temperature
and analysed with a BAS 2000.

For immunohistochemical analysis , the alkaline phosphatase
method was adopted. Deparaffinized tissue sections (5 um thick)
were immersed in 0.05 M TRIS-buffered saline (TBS) containing
1% bovine serum albumin for 15 min at room temperature to di-
minish the non-specific binding of the secondary antibody. After
washing in 0.05 M TBS for 5 min, each section was treated over-
night with anti-GST-m antibody (1:500) at 4° C. After washing,
the sections were treated with anti-rabbit IgG labelled with alka-
line phosphatase (1:500) at room temperature for 1 h purchased
from Organon Teknika Corp. (Durhman, N.C., USA). After wash-
ing, they were immersed in a prewarmed alkaline substrate buffer
(ASB) containing 1 mM levamisol for 5 min to bring about con-
version into substrate buffer and to block internal phosphatase ac-
tivity, and subsequently they were treated at 30° C with ASB
(ASB consists of 0.1 M TRIS-HCI (pH 9.5), 0.1 M sodium chlo-
ride and 50 mM magnesium chloride) containing 5-bromo-4-chlo-
ro-3-indolylphosphate p-toluidine salt and nitroblue tetrazolium
chloride purchased from Gibco BRL (Gaitherberg, M.D., USA).
Human full-term placenta was used as a positive control, while

Results

Ethidium bromide staining showed that the quality of
loaded RNA was good. A 0.7 kb transcript band corre-
sponding to GST-t mRNA was confirmed in 14 instanc-
es, that is, 10 SCCs and four controls. A 5.0 kb transcript
band for 28 S ribosomal RNA was also confirmed in all
14 instances (Fig. 1).

The transcript levels were quantitated by BAS 2000.
The normalized intensity of GST-x transcript band was
calculated by comparison with that of the respective 28 S
r-RNA band (GST-r expression/28 S r-RNA). The ratio
of each normalized value of GST-rt to the control mean
values was also calculated. The distribution of each ratio
and the mean values of SCCs and controls are shown in
Fig. 2.

The SCCs showed a mean value of 3.45 with a range
between 1.56 and 7.08, while the controls showed a
mean value of 1.00 with a range between 0.77 and 1.36.
Mann-Whitney’s U test revealed a statistically significant
difference between SCCs and controls (P<0.01).

The cytoplasm of all cells in the stratum granulosum
and many cells in the stratum spinosum of normal skin
responded well to GST-rt staining, but some cells in the
latter stained poorly. The cytoplasm of almost all cells in
the stratum basale were weakly positive or almost nega-
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Fig. 1 Northern blot examination of total RNA (50 ug in each
well) for analysis of GST-x transcripts at 0.7 kb. The numbers cor-
respond to patient numbers. The upper panel represents transferred
blots after visualization of the agarose gel with ethidium bromide
(EB). The lower panel represents 28S ribosomal RNA bands at
5.0kb
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Fig. 2 The ratio of each GST-rt transcript level normalized by the
respective 28S r-RNA band to control mean value along with the
mean values of squamous cell carcinomas and controls. A statisti-
cally significant difference (P<0.01) was confirmed by Mann-
Whitney’s U test

Fig. 3 Immunohistochemical staining of GST-% in normal skin.
GST-n is expressed diffusely in the cytoplasm of all cells in the
stratum granulosum, many cells in the stratum spinosum and a few
cells in the stratum basale. No nuclear staining of GST-r is evi-
dent. (x350)

tive, but the cytoplasm of a few cells stained well. No
cells with nuclear staining of GST-r were apparent in
the epidermis (Fig. 3).

In SCC, the GST-n was not expressed clearly in the
cytoplasm of all cells. But although the cytoplasm of
some cells was only weakly positive or almost negative,
that of the majority of cells was strongly positive. Some
cells clearly showed nuclear staining of GST-r (Fig. 4).

Discussion

Riou et al. [22] reported, on the basis of Northern blot
analysis, that although GST-t is expressed in normal ep-
ithelium its expression is enhanced in dysplasia and in
carcinoma of the uterine cervix. Also using Northern
blot analysis, Konohana et al. [13] stated that GST- was
expressed in the human skin but that no quantitative dif-
ference was recognized in the expression of GST-n be-
tween cultured human keratinocytes and the A431 SCC
cell line. No other reports has been published concerning
GST-r expression in human cutaneous SCC. In the
present study, a high expression of GST-t was confirmed
in human cutaneous SCC using RNA extracted from hu-
man specimens obtained rapidly during operations.
Therefore, the disparity between the results of Konohana
etal. [13] and our results is considered to be the differ-
ence between in vitro and in vivo experiments. It is a fact
that GST-r is expressed in normal human skin and that
some samples show a value of GST-rt close to that of
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Fig. 4 Immunohistochemical staining of GST-w in squamous cell
carcinoma. Many cells show strongly positive staining of GST-x
in the cytoplasm. Some cells show nuclear staining of GST-nt (ar-
rows). Note the intercellular bridges between tumour cells (arrow
heads). (x500)

SCC but we have confirmed that the expression is much
higher in human cutaneous SCC than in normal human
skin, using Northern blot analysis. Like SCC originating
from other organs therefore, SCC from the human skin is
considered to show a high expression of GST-x tran-
script.

In this paper, the immunohistochemical staining of
GST-r was shown in normal skin, but as far as we know
there has been no other report concerning the immuno-
histochemical analysis of GST-% in normal human skin.
Raza etal. [21] conducted the immunohistochemical
analysis of GST-n using Sencar mouse skin. They men-
tioned that GST-m is located in the sebaceous glands and
outer root sheath of the hair follicles but did not refer to
the staining pattern in the epidermis. Konohana et al.
[13] stated in their report that anti-GST-r did not pro-
duce a linear basement immunofluorescence pattern of
bullous pemphigoid (data not shown) and they clarified
that GST-m mRNA was expressed throughout the epider-
mis and epidermal appendages as well as the dermis us-
ing the in situ hybridization method. The present staining
pattern is thought to be consistent with the latter author’s
morphological data. A few cells of the stratum basale,
many cells of the stratum spinosum and all cells of the
stratum granulosum show a positive reaction for GST-xt
in the cytoplasm. This staining pattern may lead to the
speculation that GST-n is naturally distributed in many
cells in the upper layers of the skin to prevent toxic inju-
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ries, because the skin is the organ which borders on the
atmosphere and GST-rt is originally a detoxifying en-
zyme,

In an immunohistochemical analysis of the uterine
cervix, which also possesses a squamous epithelium,
Shiratori et al. [25] mentioned that the normal squamous
epithelial cells showed a weakly positive GST-r staining
in the cytoplasm in the intermediate layer but seldom
showed a positive reaction in the parabasal or superficial
layers. They also noticed the intra-nuclear binding of
GST-m, which was absent in the normal epithelium in
over 70% of cases of invasive carcinoma. There are
many similarities between the study described above and
our own with regard to the staining pattern of GST-n in
the normal epithelium, and the few differences such as
the staining pattern in the superficial layer may be attrib-
utable to tissue specificity. We also noticed nuclear stain-
ing of GST-nt in SCC, which is not an obvious finding in
normal skin. It is considered that the GST-m or GST-nt
related antigen mentioned by Shiratori et al. [25] is ex-
pressed in the nuclei. As Sato [23] speculated, it is possi-
ble that GST-xt in the nuclei either is involved in the pro-
cess of carcinogenesis, for example as a carrier protein
or acts to detoxify genotoxic substances from the cytosol
because it is originally a detoxifying enzyme.

In conclusion, the immunohistochemical staining pat-
tern of GST-n was demonstrated in normal human skin
and the nuclear binding of GST-r was clearly detected in
cutaneous SCC. The expression of GST-n transcript was
significantly higher in cutaneous SCC than in normal hu-
man skin.
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