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Correlated Expression of Glutathione S-Transferase-z and c-Jun or Other
Oncogene Products in Human Squamous Cell Carcinomas of the Head

and Neck: Relevance to Relapse after Radiation Therapy
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The expression of glutathione S-transferase (GST)-zr and four oncogene products, c-Jun, c-Fos, ¢-
H-Ras, and ¢-Myc, in human squamous cell carcinomas of the head and neck was investigated
immunohistochemically before and after radiation therapy, to examine whether these oncogene
products might be involved in GST-z expression, and also to examine the relationship between their
expression and therapentic response. Clinical response to radiation was evaluated in terms of both
tumor regression and relapse over two-year follow-up periods. The overall positive rates in 83
carcinoma specimens before therapy were 60.29% for GST-z and 28.9-51.8% for the individual
oncogene products, the positive rates for the oncogene products being higher in GST-z-positive than
in GST-z-pegative cancers, ¢-Jun was most highly correlated with GST-r expression. Following
radiation, the expression of GST-z and the oncogene products was altered in about a half of 30
patients. Eleven of the 18 patients who exhibited prior positivity for GST-z showed negative
conversion, while 4 of the 12 patients with prior negativity demonstrated positive conversion. In most
cases, changes in ¢-Jun staining coincided with those in GST-z. Regarding clinical response to
radiation therapy, the positive rates for GST-z and c¢-Jun before radiation were higher in the residual
cancer or relapse cases than in the group showing complete response without relapse, Examination of
26 patients with laryngeal cancer revealed that relapse occurred more frequently in cases exhibiting
positive reactions for GST-z, c-Jun, or ¢c-H-Ras. These resulis suggest a direct link between c-Jun and
GST-n in head and neck cancers before and after radiation. Although GST-r and the oncogene
products can be influenced by radiation, GST-r and c-H-Ras expression may be a risk factor for
relapse of laryngeal cancer.
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The giutathione S-transferases (GSTs)} are a family of
multifunctional proteins that act as both enzymes and
binding proteins in various detoxication processes.” One
of the isoenzymes, GST-r (GST P1-1 in the new no-
menclature®), is strongly expressed in a wide range of
human malignant tumors, including cancers of the colon,
uterine cervix, head and neck, and esophagus, and in
many cancer cell lines resistant to alkylating agents,
doxorubicin, and cisplatin.*® Since the GST-z gene pos-
sesses a 12-O-tetradecanoylphorbol-13-acetate-responsive
element (TRE) in its enhancer region,”® GST-7 expres-
sion in cultured cells has been suggested to be partly
regulated by the oncogene products, c-Jun and c-Fos.*'”
However, it remains to be clarified what factors are
actually responsible for the expression of GST-zr in
cancer tissues.

Qur previous study revealed that GST-z expression is
repressed by radiation therapy and is not directly in-
volved in determining response to radiation.'t'™ Al-

* To whom correspondence should be addressed.

though oncogenes such as ras and mye have been sug-
gested as factors influencing radiosensitivity in cultured
cell lines,'*' their significance as determining factors
remains to be established in clinical cases.'®

In the present retrospective study, the expression of
GST-z and four oncogene products, c-Jun, c-Fos, c-H-
Ras, and c-Myc, in human squamous cell carcinomas of
the head and neck was investigated immunohistochemi-
cally before and after radiation therapy, to examine
whether these oncogene products might be involved in
GST-x expression in vive, and also to examine the rela-
tionship between their expression and therapeutic re-
sponse.

MATERIALS AND METHODS

Patients Tissues were obtained at biopsy before treat-
ment from a total of 83 patients with squamous cell
carcinomas of the head and neck in the Department of
Otorhinolaryngology, Hirosaki University Hospital,
from 1991 to 1994. The patients included 35 with laryn-
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geal carcinoma, 24 with pharyngeal carcinoma, 14 with
maxillary carcinoma, 5 with carcinoma of the oral cavity,
and 5 with tongue carcinoma, and the ages of these
patients (67 men and 16 women) ranged from 37 to 83
years (mean age, 62.3 years). Staging and histologic
classification of the carcinomas were performed in ac-
cordance with the general rules for TNM classification
(International Union Against Cancer) and Clinical and
Pathologic Studies on Head and Neck Cancer (Japan
Society for Head and Neck Cancer), respectively.

Four to 6 weeks after radiation therapy, residual can-
cers were removed surgically from 37 patients and also
used for examination of GST-# and oncogene products.
Radiation therapy Of these 83 patients, 77 received
curative or preoperative radiation therapy. The radiation
was administered with 10-MeV photons from a linear
accelerator or cobalt 60 gamma rays. Irradiation was
performed with doses of 200 c¢Gy per fraction, and five
fractions per week. The total radiation dose was in the
range of 2,600-8,000 cGy. Radium 226-needles were also
utilized against carcinomas of the oral cavity or tongue.
Forty-four of these patients also received intravenous
administration of cisplatin and pepleomycin or 5-fluoro-
uracil during the period of radiation therapy as reported
previously.'!” These chemotherapy regimens were re-
peated in some patients.

Antibody preparations A gene fusion vector utilizing
cDNA of Schistosoma japonicum GST was used for the
expression of oncogene products in Escherichia coli,
essentially according to the method of Smith and
Johnson.” The plasmid expression vector, pGEX-3X,
was purchased from Pharmacia. Rat c-sun cDNA
{(pRJI101)*V and human ¢-H-ras (pRG12)* were kindly
donated by Dr. M. Sakai and Dr. E. Ohtsuka, respec-
tively. Human c-fos (pSPT-fos)*® and c-myc-exon-2
(pMyc6514-2)*%) were obtained from the Japanese
Cancer Research Resources Bank. The plasmids for
GS8T-Jun or GST-Fos fusion proteins were prepared as
reported previously.”® The plasmid for GST-Ras fusion
protein was made by an in-frame insertion of the BamH
I-EcoR 1 fragment of human c-H-ras nucleotides 5421
{corresponding to amino acids 1-139) into the pGEX-3X
vector, while that for GST-Myc fusion protein was pro-
duced by insertion of human c-myc-exon 2 nucleotides
2849-3605 (amino acids 1-252) amplified by polymerase
chain reaction. The expressed GST-fusion proteins were
purified from the respective bacterial lysates through a
GSH-agarose column as reported previously.’® Anti-
bodies to the respective fusion proteins were raised in
rabbits as described previously.”” Anti-fusion protein
antibodies were absorbed four times with the carrier GST
and confirmed to be specifically reactive to portions of
oncogene products, and not reactive to GST-x or other
human GST forms by immunoblotting. These absorbed
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antibodies were used for immunchistochemical staining.
Rabbit anti-GST-7 antibody was prepared as reported
previously.”® Its specificity for GST-r was confirmed by
immunoblotting using human GST forms and placenta
tissues as reported previously.?

Immunohistochemical staining methods All samples
were fixed in formaldehyde and embedded in paraffin.
Serial sections 6 gm thick were routinely passed through
xylene and a graded alcohol series and stained for GST-z
and oncogene products by the avidin-biotin-peroxidase
complex (ABC) method using specific antibodies. Affin-
ity-purified, biotin-labeled goat anti-rabbit immuno-
globulin G and ABC complex (Vectastain ABC kit,
PK4001) were obtained from Vector Laboratories Inc.
(Burlingame, CA). The sites of peroxidase binding were
determined by the diaminobenzidine method as described
previously.” Sections were then lightly counterstained
with hematoxylin for microscopic examination. Sections
were also stained with hematoxylin and eosin. As nega-
tive controls, preimmune rabbit sera or antibodies ab-
sorbed with the respective antigens were used instead of
the antibodies. As positive controls, sections from a
laryngeal cancer that had exhibited positive reactions
were used in every experiment,

Evaluation and statistical methods Clinical response to
radiation therapy together with chemotherapy was evalu-
ated in terms of tumor response at 2 to 8 weeks after the
last irradiation and relapse within a two-year follow-up
period. Assessment was made by reviewing the results of
serial clinical examinations, including radiologic investi-
gations, and confirmed by pathologic findings. For evalu-
ation of tumor response, the following four categories
were used, essentially according to the recommendations
of the World Health Organization (WHQ): complete
response, partial response, no response, and progressive
disease.””’ The disease-free survival time was defined as
the period that elapsed between the date of disappearance
of tumors and relapse. Kaplan-Meier and log-rank tests
were used to compare disease-free survival curves. In
immunohistochemistry, whole cancer tissues on each
slide were examined and carcinomas in which 30% or
more of the component cells were stained for G8T-7 or
oncogene products were evaluated as positive (+),
whereas tissues consisting of less than 30% stained cells
were counted as negative (—). Evaluation of staining
results for the individual oncogene products was per-
formed without information on results for the other
oncogene products. The staining data were analyzed
statistically by the ¥* method.

RESULTS

Correlated expression of GST-z and oncogene products
in head and neck carcinomas The expression of four
oncogene products, c-Jun, ¢-Fos, ¢-H-Ras, and c-Myc,
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Fig. 1. Nuclear localization of c-Jun (A) and ¢-Myc (B) in
a laryngeal carcinoma case visualized by immunochistochem-
ical staining. Original magnification X400.

was immunohistochemically examined in serial sections
of squamous cell carcinomas of the head and neck before
treatment, and compared with that of GST-z. The nu-
clear oncogene products, c-Jun (Fig. 1A), c-Fos and c-
Myc (Fig. 1B), were only detected in nuclei of some
cases, but most of the positive cases exhibited both cyto-
plasmic and nuclear staining. Typical staining patterns
for GST-7 and c-Jun are shown in Fig. 2A and 2B,
respectively. GST-z and c-H-Ras were in general homo-
geneously stained in the cytoplasm of positive cases.
Control staining using preimmune sera and antibodies
absorbed with the respective antigens proved negative.
Fig. 2C illustrates the result in the case of absorbed
anti-c-Jun antibody. Cells exhibiting either cytoplasmic
or nuclear staining for ¢-Jun or c-Fos were only localized
within areas exhibiting a positive reaction for GS8T-z. In
most specimens positive for c-Ras or c-Myc, positive
areas were also localized within GST-z-positive areas.
The overall positive rates in 83 carcinoma specimens
were 60.2% for GST-x and 28.9-51.8% for the oncogene
products, as shown in Table I. Carcinoma tissues positive
for c-Tun or c-Fos were all positive for GST-7 and those
negative for GST-r were negative for c-Jun or c-Fos.

GST-z and c-Jun Expression in Cancers

Fig. 2. Immunchistochemical staining for GS8T-7 (A) and
c-Jun (B) in a well differentiated squamous cell carcinoma of
the larynx. The panel (C) shows the result using anti-c-Jun
antibody absorbed with the antigen. GST-z and ¢-Jun are
seen mainly in cytoplasm of cancer cells. Cancer tissues
stained for c-Jun are also positive for GST-z. Cytoplasmic
and nuclear staining for c-Jun is competed out after absorp-
tion of the antibody. Original magnification <400,

Most specimens positive for c-H-Ras or c-Myc were also
positive for G8T-z. Comparison of the positive rates of
the individual oncogene products revealed values to be
higher for GST-z-positive cancers than for GST-z-
negative cancers (Table I, 7<0.01 for c-Jun, c-Fos, and
c-H-Ras; P<0.05 for c-Myc), indicating correlated ex-
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Table L.
Neck before Radiation Therapy

Staining of GST-z and Oncogene Products in Squamous Cell Carcinomas of the Head and

GST-7 No. of No. of patients exhibiting positive reaction (%)

staining patients c-Jun c-Fos c-H-Ras ¢-Myc
Positive 50 43 '(86.0)“) 24 (48.0) 26 (52.0) 24 (48.0)
Negative 33 0* 0** 4 (12.1)0= 7 (21.2)*
Total 83 43 (51.8)¢ 24 (28.9) 30 (36.1) 31 (31.3)

a) Positive rate in patients exhibiting positivity for GST-7.

b) Positive rate in patients exhibiting negativity for GST-x.

¢) Positive rate in total patients.

* P<0.05 and ** P<0.01 compared with GST-z-positive group.

Table II.
Cancers or Laryngeal Cancer according to Response to Radiation

Positive Rates of GST-z and Oncogene Products before Therapy in Head and Neck

c Response No. of No. of positive patients (%)
ancer o :
to radiation patients GST-x c-Jun ¢-Fos c-H-Ras c-Myc
A,
Head and Residual cancer o 42 29 (69.0) 25 (59.5) 13 (31.0) 17 (40.5) 15 (35.7)
neck or relapse
Complete response 31 13 (41.9)* 9 (29.00* 6 (194) 9(29.0) 12 (38.7)
without relapse
B.
Laryngeal Residual cancer 14 13 (92.9) 10 (71.4) 6(42.9) 7 (40.0) 5357
or relapse
Complete response 12 4 (33.3)™ 3 (25.0)* 2(167) 1 (83) 4(333)

without relapse

* P<0.05 and *% P<{0.01 compared with residual cancer or relapse groups in head and neck cancer

and laryngeal cancer, respectively.

pression. In particular, c-Jun expression was highly cor-
related with GST-7 expression. No significant relation-
ships between positivity for GST-7 or oncogene products
and tumor stage, degree of differentiation, or lymph node
metastasis were apparent for these cancers (data not
shown).

Relationship between staining of GST-m or oncogene
products a2nd response to radiation therapy Relationships
between clinical response to radiation therapy and the
GS8T-z or oncogene product staining results prior to
therapy were examined in 73 patients followed-up for
more than two years. Some cases received one or two
cycles of chemotherapy. The positive rates for GST-x or
individual oncogene products were not significantly
different among the four categories of tumor response
evaluated at 2 to 8 weeks after the last irradiation (data
not shown), confirming our previous results.'” Clinical
response was evaluated in terms of both tumor response
and relapse in the follow-up period. The 73 patients were
divided into two groups, one exhibiting a complete re-
sponse without relapse and the other showing residual
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cancers or relapse. The latter group included patients
demonstrating a partial response, no change, or progres-
sive disease as well as those developing tumors after an
initial disappearance. The positive rates for GST-z and
the oncogene products in the two groups are summarized
in Table ITA. GST-z (69.0%) and c-Jun values (59.5%)
were higher in the residual cancer or relapse group (P<
0.05) while the other oncogene products did not signifi-
cantly differ between the two groups.

Since these cases included several carcinomas (29 la-
ryngeal carcinomas, 21 pharyngeal carcinomas, 14 max-
illary carcinomas, 4 carcinomas of the oral cavity, and 5
tongue carcinomas) and the distributions of stages,
degree of differentiation, and radiation doses were not
similar in the two groups, comparisons were also per-
formed in 26 cases of laryngeal carcinoma that showed
similar distributions in these characteristics between the
two groups (Table IIB). The residual cancer or relapse
group included 14 cases (5 T1, 6 T2, and 3 T3; 7 well,
and 7 moderately differentiated carcinomas), of which 6
cases showed relapse. The total radiation dose of this
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Fig. 3. Relationship between GST-z staining before radia-
tion and response to therapy. Numbers in parentheses indi-
cate numbers of cases. CR, complete response without re-
lapse; RC, relapse or residual cancers, including partial re-
sponse, no change, and progressive disease categories.

group was in the range of 3,000 to 7,000 ¢Gy (average
5,800 cGy). The other group of complete response with-
out relapse included 12 cases (5 T1, 6 T2, and 1 T3; 4
well, 7 moderately, and 1 poorly differentiated carcino-
mas). The total radiation dose was in the range of 6,600
to 7,000 cGy (average 6,700 cGy). The positive rates for
GST-r and c-Jun were significantly higher in the residual
cancer or relapse group (P < 0.01 for GST-xz; P<0.05 for
c-Jun), while those for the other oncogene products did
not significantly differ between the two groups (Table
IIB). Of 6 cases with relapse, 5 each showed positive
reactions for GS8T-z, c-Jun, and c-H-Ras; 3 and 4 were
positive for ¢-Fos and ¢-Myc, respectively.

To exclude the possible involvement of chemotherapy,
positive rates were also compared in 17 cases that re-
ceived radiation therapy alone. The rate of GST-z posi-
tivity was also higher in the residval cancer or relapse
group (P<0.05, data not shown). Fig. 3 illustrates the
relationship between response to radiation therapy and
GST-r staining results in the 26 laryngeal carcinoma
cases. Thirteen of 17 GST-z-positive cases developed
residual cancers or relapse while 8 of 9 GST-7-negative
cases showed complete response without relapse.

Of 26 cases with laryngeal carcinoma, 8 featured resid-
ual cancers while the remaining 18 cases exhibited dis-
appearance of tumors up to 8 weeks after the last irradi-
ation. These 18 cases were further divided into two
groups depending on staining results for GST-z or the
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Fig. 4. Disease-free survival in relation to GST-z staining
{A) or c-H-Ras staining (B) before radiation therapy. In
panel A, solid line, GST-z-positive group (9 cases); dashed
line, GST-z-negative group {9 cases). In panel B, solid line,
c-H-Ras-positive group (6 cases); dashed line, c-H-Ras-
negative group (12 cases). % FP<0.05; xx P<0.01.

oncogene products before therapy to compare their dis-
eage-free survival times. The GST-z-positive group in-
cluded 9 cases (5 T1 and 4 T2), of which 5 demonstrated
relapse during the follow-up period, as compared to 1 of
9 in the GST-w-negative group (4 T1, 4 T2, and 1 T3).
Life-table plots of disease-free survival are shown in Fig,
4, with 2-year disease-free survival rates of 88.9 and
44.4% in the GST-zm-negative and positive groups, re-
spectively. The difference in survival distribution between
the two groups was significant by the log-rank test (P <
0.05, Fig. 4A). Significant differences were aiso observed
for c-Jun and c-H-Ras (P<0.05 for c-Jun; P<0.01 for
c-H-Ras, Fig. 4B), with higher disease-free survival rates
in the oncogene product-negative groups. No significant
differences were apparent for the other oncogene prod-
ucts (data not shown).

Altered expression of GST-7 and oncogene products
after radiation therapy Four to 6 weeks after radiation
therapy, 37 patients exhibiting residual cancers under-
went surgery, and the tissues obtained from 30 of them
were examined for expression of GST-x and the onco-
gene products to allow comparison with data before
radiation. The results are summarized in Table 1II. The
overall positive rate for G8T-x in the 30 specimens after
radiation was rather low as compared with the value
before radiation but the difference was not significant
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Table IIIL.
after Radiation Therapy

Comparison of Positive Rates of GST-z and Oncogene Products in Head and Neck Cancers between before and

GST-z No. of No. of positive patients (%)
staining patients c-Jun c-Fos c-H-Ras ¢-Myc
Before radiation Paositive 18 16 (88.9) 8 (44.4) 9 (50.0) 8 (44.4)
Negative 12 0 o* 1 (8.3)0= 3 (25.0)*
Total 30 16 (53.3) 8 (26.7} 10 (33.3) 11 (36.7)
After radiation Positive 11 1t (100) 2(18.2) g (72.7) 10 (90.9)8
Negative 19 I 3™ 1 (3.2)* 1 (5™ 2(10.5)™
Total 30 12 (40.0) 3 (10.0) 9 (30.0) 12 (40.0)

a) Positive rate in patients exhibiting positivity for GST-z.
b) Positive rate in patients exhibiting negativity for GST-x.

¥ P<0.05 and ek P<0.01 compared with GST-z-positive group before and after radiation, respectively.
§ P<0.05 compared with the corresponding value of G8T-z-positive group before radiation.

Table IV. Alterations in Staining of G8T-x and Oncogene Products in Individual Head and Neck

Cancers after Radiation Therapy

Alteration in staining

No. of patients

Before radiation After radiation GST-n c-Jun ¢-Fos c-H-Ras c-Myc
Positive Negative i1 10 (1) 7 (6) 7(3) 8(5)
Positive Positive 7 6 (6) 1(1) 33 3(3)
Negative Positive 4 6 (1) 2 (0) 6(3) 9(3H
Negative Negative 8 8 (N 20 (7 14 (1) 10 (4)

@) Numbers in parentheses indicate numbers of patients who shared common alterations in the
staining of both GST-x and individual oncogene products.

(36.7 vs, 60.0%, P=0.07), while the values for the
individual oncogene products were essentially similar
between before and after radiation. As with the results
before radiation, the positive rates of the respective
oncogene products were higher in GST-z-positive resid-
ual cancers than in GST-7-negative ones (P<(0.01 for all
oncogene products), indicating that the great majority of
GST-m-positive residual cancers coexpressed oncogene
products other than ¢-Fos. Of 11 cases exhibiting GST-z-
positive residual cancers, 10 also showed positive reac-
tions for c-Myc, the rate being more frequent than the
value before radiation (P< (.05, Table IIT). At the tissue
level, areas positive for the oncogene products were
localized within or coincided with GST-z-positive areas
except for a few cases.

Alterations in staining results in individual cases after
radiation therapy are summarized in Table IV. In the
case of GST-z, 11 of 18 patienis who exhibited prior
positivity showed negative conversion, while 4 of 12
patients with prior negativity demonstrated positive con-
version. Of the 11 exhibiting negative conversion, 10 also
showed the same conversion for ¢-Jun. Four patients that
showed positive conversion for GST- all exhibited the
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same alteration in c-Jun. Of 15 patients retaining prior
GST-r-positive or negative reactions, 13 also retained the
same reactions for c-Jun. Thus, in the great majority of
patients, changes in c-Jun staining coincided with those
in G8T-x staining, indicating that c-Jun was more closely
correlated with GST- expression than the other onco-
gene products. c-Myc staining revealed that 8 of 11 pa-
tients having a positive reaction before radiation showed
a negative reaction after radiation (Table IV), while 9 of
19 patients having prior negativity showed positive con-
version. Thus, in a total of 12 patients that showed
positive reactions for c-Myc after radiation, only 3 re-
tained this prior positivity. A similar tendency was also
observed for c-H-Ras. Of 9 patients exhibiting a positive
reaction, only 3 retained staining.

DISCUSSION

The present immunchistochemical investigation re-
vealed appreciable expression of GST-z and ¢-Jun in 60.2
and 51.8%, respectively, of squamous cell carcinomas of
the head and neck before treatment. The positive rates
for the other oncogene products, c-Fos, ¢-H-Ras, and



c-Myc, were 28.9-37.3% (Table 1), these values being
essentially similar to those reported by other investiga-
tors.* > Since positive areas for these oncogene products
were generally not as broad as that for G8T-x, carcino-
mas were evaluated as positive when 30% or more of the
component cells were stained. About a half to two-thirds
of positive cases were judged as negative, if cut-off values
were set as 50%, as used for GST-7 in our previous
study.'” When staining results were divided into three or
more categories depending on percent of positive areas,
the relationships between the individual staining results
could not be analyzed owing to their complexity. Thus,
the two categories of positivity and negativity were em-
ployed, cut-off values being set as 30%. The findings that
c-Jun, ¢-Fos, and c-Myc were generally stained in both
cytoplasm and nuclei (Fig. 2), were consistent with their
localization in colorectal cancers reported by Magrisso et
al.*® and Melhem et al.>” and our previous results in rat
tissues.?® Nuclear translocation of c-Jun synthesized in
the cytoplasm is suggested to be modulated by phosphor-
ylation or other modification.***”

The positive rates for the four oncogene products
examined were over 2-fold higher in GST-z-positive can-
cers than in their GST-z-negative counterparts (Table I),
suggesting that these oncogene products might be in-
volved in the expression of GS8T-z. In particular, c-Jun
expression was highly correlated with GST-7 expression.
The distribution of areas expressing c-Jun also coincided
with that for G8T-z in most positive cases. As compared
to the positive rate for c-Jun, the value for c-Fos was
rather low. This may reflect the shorter half-life of c-Fos
than that of c-Jun.*® However, not only c-Jun/c-Fos
heterodimers (AP-1) but also c-Jun/c-Jun homodimers
are known to be able to activate the transcription of
genes possessing TRE.*"* Ras proteins are suggested to
enhance the trans-activating potential of c¢-Jun via acti-
vation of the protein kinase C pathway and post-trans-
lational phosphorylation of ¢-Jun.***? Thus, the three
oncogene products, c¢-Jun, c-Fos, and c-H-Ras, may be
linked in enhancement of GS8T-x expression in squamous
cell carcinoma, with ¢-Jun being the most directly in-
volved.

The current data on 26 patients with laryngeal carci-
noma suggest that GST-7 expression might be partly
responsible for determining sensitivity to radiation ther-
apy (Fig. 3 and Table IIB). This finding differs from our
previous indication of no clear relationship between
GST-z and radiation response.'” In this study, response
to radiation was evaluated in terms of both immediate
tumor response and relapse within a two-year follow-up
period. Inclusion of relapse seems to be relevant to the
difference, because tumor response evaluation by itself
did not give a significant difference between GST-7-
positive and negative cases (data not shown). Further-

GS8T-rr and c-Jun Expression in Cancers

more, among the 18 cases of complete response after
radiation therapy, relapse occurred more frequently in
GST-z-positive cases than in negative ones (Fig. 4A).
Similar tendencies were also observed for c-Jun and c-
H-Ras (Fig. 4B). These results suggest that the expres-
sion of GST-7 and these oncogene products may be risk
factors for relapse of laryngeal cancer, GST-7 expression
has been suggested as a predictor of chemotherapeutic
results for acute nonlymphoblastic leukemia.*® The ex-
pression of ras and myc oncogenes has been suggested to
affect radiosensitivity in several cancer cell lines."™'" Qur
present results support the possible involvement of ¢-H-
Ras, but not c-Mye, expression in radioresistance of
laryngeal cancers (Table IIT). Most relapse cases also
exhibited correlated expression of GST-7 and the onco-
gene products before radiation, as observed in residual
cancers. However, it seems unlikely that such prior prop-
erties in relapse cases were directly linked to those in
residual cancers, since prior positive reactions for ¢-Myc
or c-H-Ras were altered in most individuals after radia-
tion,

The present study also revealed that the expression of
GST-z and the oncogene products can be influenced by
radiation therapy (Table IV). Alterations in the expres-
ston of all but c-Fos occurred as negative or positive
conversions in about half the cases. Following radiation,
negative conversion of GST-x occurred more often than
positive conversion. In the residual cancers, the expres-
sion of ¢-Myc was more closely correlated with GST-r
expression, as compared with before radiation (Table
IIT). The high correlation between GST-7 and ¢-Jun was
retained after radiation therapy and changes in c-Jun
staining almost completely coincided with those in GST-
7 (Table IV).

In conclusion, the present results indicate a relation-
ship between GST-z expression and oncogene products
in head and neck cancers. In particular, c-Jun is most
highly correlated with GST-z expression. Although in-
fluenced by radiation, GST-r and c-H-Ras expression is
suggested to be a risk factor for relapse in cases of
laryngeal cancers.

ACKNOWLEDGMENTS

We thank Professor 8. Takekawa, Department of Radiology,
Hirosaki University School of Medicine, for contributing pa-
tients to this study. We also thank Dr. M. Sakai, Department of
Biochemistry, Hokkaido University School of Medicine and
Professor E. Otsuka, Hokkaido University School of Phar-
macy, for the generous gift of cjun cDNA and c-H-ras, respec-
tively. This study was supported in part by the Karoji Memorial
Fund of Hirosaki University School of Medicine and by a grant
from the Ichiro Kanehara Foundation.

{Received September 19, 1996/Accepted November 22, 1996)

149



Jpn. J. Cancer Res. 88, February 1997

REFERENCES

1) Mannervik, B. and Danielson, U. H. Glutathione trans-
ferases — structure and catalytic activity. Crit. Rer.
Biochem. Mol Biol., 23, 283-337 (1988).

2) Mannervik, B., Awasthi, Y. C., Board, P. G., Hayes, J. D.,
Di Ilio, C., Ketterer, B., Listowsky, 1., Morgenstern, R.,
Muramatsu, M., Pearson, W. R., Pickett, C. B., Sato, K.,
Widersten, M. and Wolf, C. R. Nomenclature for human
glutathione transferases, Biochem. J., 282, 305-306
(1992).

3} Kodate, C., Fukushi, A., Narita, T., Kudo, H., Soma, Y.
and Sato, K. Human placental form of glutathione S-
transferase (GST-z) as a new immunohistochemical
marker for human colonic carcinoma. Jpn. J. Carcer Res.
(Gann), 77, 226-229 (1986).

4) Batist, G., Tulpule, A., Sinha, B. K., Katki, A. G., Meyers,
C. E. and Cowan, K. H. Overexpression of a novel anionic
glutathione transferase in multidrug-resistant human
breast cancer cells. J. Biol Chem., 261, 15544-15549
(1986).

5} Waxman, D. J. Glutathione S-transferases: role in alkylat-
ing agent resistance and possible target for modulation
chemotherapy — a review. Cancer Res., 50, 6449-6454
(1990).

6) Tsuchida, S. and Sato, K. Glutathione transferases and
cancer. Crit. Rey. Biochem. Mbol. Biol, 27, 337-384 (1992).

7y Cowell, I. G., Dixon, K. H., Pemble, 8. E., Ketterer, B.
and Taylor, J. B. The strocture of the human glutathione
S-transferase 7 gene. Biochem. J., 255, 79-83 (1988).

8) Morrow, C. 8., Goldsmith, M. E. and Cowan, K. H.
Regulation of human glutathione S-transferase 7z gene
transcription: influence of 5'-flanking sequences and trans-
activating factors which recognize AP-1 binding site.
Gene, 88, 215-225 (1990).

9) Xia, C. L., Cowell, I. G., Dixon, K. H., Pemble, S. E.,
Ketterer, B. and Taylor, J. B, Glutathione transferase 7.
Its minimal promoter and downstream cis-acting element.
Biochem. Biophys. Res. Commun., 176, 233-240 (1991).

10) Moffat, G. J., McLaren, A. W. and Wolf, C. R. Involve-
ment of Jun and Fos proteins in regulating transcriptional
activation of the human pi class glutathione S-transferase
gene in multidrug-resistant MCF7 breast cancer cells. J.
Biol. Chem., 269, 1639716402 (1994).

11) Tanita, J., Tsuchida, 8., Hozawa, J. and Sato, K. Expres-
sion of glutathione S-transferase-7 in human squamous cell
carcinomas of the pharynx and larynx. Loss after radiation
therapy. Cancer, 72, 569-576 (1993).

12) Nakagawa, K., Saijo, N., Tsuchida, S., Sakai, M.,
Tsunokawa, Y., Yokota, J., Muramatsu, M., Sato, K.,
Terada, M. and Tew, K. D. Glutathione-S-iransferase 7
as a determinant of drug resistance in transfectant cell
lines. J. Biol Chem., 265, 4296-4301 (1990).

13) Berns, E. M. J. J., Klijn, J. G. M., van Putten, W. L. T,
van Staveren, I, L., Portengen, H. and Fockens, J. A.
c-myc Amplification is a better prognostic factor than

150

14)

15)

16)

17)

18)

19)

20)

21}

22)

23)

24)

25)

26)

HER2/neu amplification in primary breast cancer, Cancer
Res., 52, 1107-1113 (1992).

Ling, C. C. and Endlich, B. Radioresistance induced by
oncogenic transformation. Radia:. Res, 120, 267-279
(1989),

Sklar, M. D. The ras oncogenes increase the intrinsic
resistance of NIH3T3 cells to ionizing radiation. Science,
239, 645647 (1988).

Samid, D., Miller, A. C., Rimoldi, D., Gafner, J. and
Clark, E. P. Increased radiation resistance in transformed
and nontransformed cells with elevated ras proto-oncogene
expression. Radiat. Res., 126, 244-250 (1991).

Hermens, A, F. and Bentvelzen, P. A. The influence of the
H-ras oncogene on radiation responses of a raf rhabdo-
myosarcoma cell line. Cancer Res., 52, 3073-3082 (1992).
Russel, J., Khan, M. Z., Kerr, D. J. and Spandidos, D. A.
The effect of transfection with the oncogenes H-ras and
c-myc on the radiosensitivity of a mink epithelial cell line.
Radiat. Res., 130, 113-116 (1992).

Rygaard, K., Slebos, R. J. C. and Spang-Thomsen, M.
Radiosensitivity of small-cell lung cancer xenografts com-
pared with activity of c-mye, N-mye, L-myc, c-raf-1 and .
K-ras proto-oncogenes. Int. J. Cancer, 49, 279-284 (1991).
Smith, D. B. and Johnson, K. S. Single-step purification of
polypeptides expressed in Escherichia coli as fusions with
glutathione S-transferase. Gene, 67, 3140 (1988).

Sakai, M., Okuda, A., Hatayama, L, Sato, K., Nishi, 8.
and Muramatsu, M. Structure and expression of the rat
cjun messenger RNA: tissue distribution and increase
during chemical hepatocarcinogenesis. Cancer Res., 49,
5633— 5637 (1989).

Miura, K., Inoue, Y., Nakamori, H., Twai, S., Ohtsuka, E.,
Ikehara, M., Noguchi, S. and Nishimura, S. Synthesis and
expression of a synthetic gene for the activated human
c-Ha-rags protein. Jpn. J. Cancer Res. (Gann), 77, 45-51
{1986).

Straaten, F. V., Muller, R., Curran, T., Beveren, C. V. and
Verma, I. M. Complete nucleotide sequence of a human
c-onc gene: deduced amino acid sequence of the human
c-fos protein. Proc. Natl Acad. Sci. USA, 80, 3183-3187
(1983).

Battey, J., Moulding, C., Taub, R., Murphy, W., Stewart,
T., Potter, H., Lenoir, G. and Leder, P. The human c-myc
oncogene: structural consequences of translocation into
the IgH locus in Burkitt Iymphoma. Cell 34, 779-787
(1983).

Taya, Y., Hosogai, K., Hirchashi, S., Shimosato, Y.,
Tsuchiya, R., Tsuchida, N., Fushimi, M., Sekiya, T. and
Nishimura, 8. A novel combination of K-ras and mye
amplification accompanied by point mutational activation
of K-ras in a human lung cancer. EMBO J., 3, 2943-2946
(1984).

Suzuki, S., Satoh, K., Nakano, H., Hatayama, 1., Sato, K.
and Tsuchida, §. Lack of correlated expression between



27)

28)

29)

30)

31)

32)

33)

34)

35)

the glutathione S-transferase P-form and the oncogene
products c-Jun and ¢-Fos in rat tissues and preneoplastic
hepatic foci. Carcinogenesis, 16, 567-571 (1995).

Satoh, K., Kitahara, A. and Sato, K. Identification of
heterogeneous and micrcheterogeneous subunits of gluta-
thione S-transferase in rat liver cytosol. drch. Biochem.
Biophys., 242, 104-111 (1985).

Soma, Y., Satoh, K. and Sato, K. Purification and subunit
structural and immunological characterization of five glu-
tathione S-transferases in human liver, and the acidic form
as a hepatic tumor marker. Biochim. Biophys. Acta, 869,
247-258 (1986).

Tsuchida, S., Sekine, Y., Shineha, R., Nishihira, T. and
Sato, K. Elevation of the placental glutathione S-transfer-
ase form (GST-z) in tumor tissues and the levels in sera of
patients with cancer. Cancer Res., 49, 5225-5229 (1989).
Shiratori, Y., Soma, Y., Maruyama, H., Sato, 8., Takano,
A, and Sato, K. Immunohistochemical detection of gluta-
thione S-transferase placental form (GST-7) in dysplastic
and neoplastic human uterine cervix lesions. Cancer Res.,
47, 6806—6809 (1987).

Miller, A. B., Hoogstraten, B., Staquet, M. and Winkler,
A. Reporting results of cancer treatment. Cancer, 47, 207-
214 (1981).

Sheng, Z. M., Barrois, M., Klijanienko, J., Micheau, C.,
Richard, J. M. and Riou, G. Analysis of the c-Ha-ras-1
gene for deletion, mutation, amplification and expression
in lymph node metastases of human head and neck carci-
nomas, Br, J. Cancer, 62, 398-404 (1990).

Field, J. K., Spandidos, D. A., Siell, P. M., Vaughan,
E. D., Evan, G. L. and Moore, J. P. Elevated expression of
the c-myc oncoprotein correlates with poor prognosis in
head and neck squamous cell carcinoma. Onrcogene, 4,
1463-1468 (1989).

Kawano, S. H., Okamura, K. and Hashimoto, N. Immu-
nohistochemical localization of c-myc oncogene product
and EGF receptor in oral squamous cell carcinoma. J. Oral
Pathol. Med., 19, 1-4 (1990).

Field, J. K. Oncogenes and tumour-suppressor genes in
squamous cell carcinoma of the head and neck. Qral Oneol.

36)

37)

38)

39)

40)

41)

42)

43)

4

45)

GST-7 and c-Jun Expression in Cancers

Eur. J. Cancer, 28B, 67-76 (1992).

Magrisso, 1. J., Richmond, R, E., Carter, J. H., Pross,
C. B, Gilfillen, R. A. and Carter, H. W. Immunohisto-
chemical detection of RAS, JUN, FOS, and p53 onco-
protein expression in human colorectal adenomas and car-
cinomas. Lab. Invest., 69, 674681 (1993).

Melhem, M. F., Meisler, A. I, Finley, G. G., Bryce,
W. H., Jones, M. O., Tribby, I. I, Pipas, J. M. and Koski,
R. A. Distribution of cells expressing myc proteins in
human colorectal epithelium, polyps, and malignant
tumors. Cancer Res., 52, 5853-5864 (1992).

Hunter, T. and Karin, M. The regulation of transcription
by phosphorylation. Cell, 70, 375-387 (1992).
Vandromme, M., Gauthier-Roouviere, C., Lamb, N. and
Fernandez, A. Regulation of transcription factor localiza-
tion: fine-tuning of gene expression. Trends Biochem. Sci.,
21, 59-64 (1996).

Ransonne, L. J. and Verma, I. M. Nuclear oncogenes fos
and jun. Annu. Rev. Cell Biol., 52, 5833-5864 (1990).
Landschulz, W. H., Johason, P. F. and Mcknight, S. L.
The leucine zipper: a hypothetical structure common to a
new class of DNA binding proteins. Science, 240, 1759—
1764 (1988).

Angel, P., Allegretto, E. A., Okino, 5. T., Hattori, K.,
Boyle, W. J., Hunter, T. and Karin, M. Oncogene jun
encodes a sequence-specific frans-activator similar to AP-1.
Nature, 332, 166-171 (1988).

Schuite, J., Minna, J. P. and Birrer, M. J. Deregulated
expression of human c+un transforms primary rat embryo
cells in cooperation with an activated c-Ha-ras gene and
transforms rat 1-A cells as a single gene. Proc. Natl. Acad.
Sei. US4, 86, 2257-2261 (1989).

Daum, G., Eisenmann-Tappe, 1., Fries, H. W., Troppmair,
J. and Rapp, U. F. The ins and outs of Raf kinases. Trends
Biochem. Sci., 19, 474-480 (1994).

Tidefelt, U., Elmhorn-Rosenborg, A., Paul, C., Hao,
X. Y., Mannervik, B. and Eriksson, L. C. Expression of
glutathione transferase Pi as a predictor for treatment
results at different stages of acute nonlymphoblastic leuke-
mia. Cancer Res., 52, 3281-3285 (1992).

151





