
Glutathione-S transferase-π staining characteristics of the 27
patients receiving chemotherapy were: less than 10% in 3
patients (11.1%), 10-50% in 9 patients (33.3%) and more than
50% in 15 patients (55.5%). One of the 3 patients (33.3%)
with GST-π staining percentage of less than 10%, 3 of 9
patients (33.3%) with staining percentage of 10-50% and 4
out of 15 patients (26.6%) with staining percentage of more
than 50% had an objective response to chemotherapy. No
significant correlation was found between GST-π expression
and response to chemotherapy in the 3 groups (p>0.05). 

Conclusion: Glutathione-S transferase-π expression might
not always predict the response to combination chemotherapy
regimens containing cisplatin. Several other mechanisms may
play a role in cisplatin-resistance. 
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on-small cell lung cancers (NSCLC) correspond to
75%-80% of all lung cancers. They are usually

diagnosed at late stages and for that reason, are
candidates for chemotherapy. However, treatment results
are satisfactory in only 30-50%.1,2 On the other hand
chemotherapeutic agents may have toxic effects and
worsen the life quality of the patients. Therefore,
prediction of the chemotherapeutic response is an
important issue. By this prediction, patients may be
protected from the toxic effects of chemotherapy and
excessive and expensive drug use. Glutathione-S
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transferases are a group of enzymes which catalyse and
conjugate glutathione and a large group of electrophilic
components and result in detoxification.3,4 Glutathione
(GSH) system is responsible for the metabolism of some
chemotherapeutic agents such as cyclophosphamide,
doxorubicin and cisplatin. Glutatione-S transferases
induces the conjugation of glutathione and electrolytes
in these drugs. By this way, drugs are inactivated and
resistance to chemotherapy is established.5,6 In many
studies it is stated that increase in GST-π activity

Objective: To determine the relation of glutathione-S
transferase-π (GST-π) expression and cisplatin resistance in
non small cell lung cancer (NSCLC). 

Methods: This study was carried out on 61 patients who
were admitted to Chest Diseases Clinic, Ondokuz Mayis
University, Samsun, Turkey, from 1997 to 1999. Twenty-
seven NSCLC patients out of 61 lung cancer cases whose
biopsy specimens were evaluated for GST-π, received
multiagent chemotherapy including cisplatin. The correlations
between GST-π expression and age, sex, performance score,
histology, stage of the disease and response to chemotherapy
were investigated.  

Results: There was a significant correlation between GST-π
expression and the histological type of the disease (p<0.05).
However, no significant relation was found with age, sex,
performance score or stage of the disease (p>0.05).
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stage IV. Among all lung cancer patients, performance
scores were 0-1 in 52 and 2 in 9 patients (Table 1). 

Chemotherapy. Twenty-seven NSCLC patients
received cisplatin-based multiagent chemotherapy
(Table 2). All of these patients received at least 3
chemotherapy cures. Each chemotherapy cycle was
repeated every 3 weeks. Response to the therapy was
controlled at least at the end of the third cure. 

Response criteria. Response to chemotherapy was
evaluated according to World Health Organization
criteria.18 A complete response (CR) was defined as the
complete disappearance of all evidence of tumor for at
least 4 weeks. A partial response (PR) was defined as a
greater than 50% decrease in the sum of the products of
the longest perpendicular diameters of all measurable
lesions, or a partial resolution of evaluable lesions for a
minimum of 4 weeks without the development of new
lesions. Progressive disease was defined as an increase
of 25% in the sum of the products of the perpendicular
diameters of any available lesion, or the development of
a new lesion. All remaining patients were classified as
stable diseases.18 Either a complete response or a partial
response was accepted as an objective response to
chemotherapy in our study. 

Immunohistochemical staining. Slides were
prepared from the tissues that were fixated in 10%
phosphate added neutral formaline and were placed in
paraffin. Immunohistochemical staining was carried out
by Biotin-Streptavidin Amplified (BioGenax, United
States of America) method and by using GST-π
(polyclonal, rabbit, Biogenex) primary antibody. The
case was accepted to be positive even if one cell was
stained. A hundred cells were counted from different
areas of the tumor. Tumors were categorized in 3
groups: less than 10%, 10-50% and more than 50%
positive. 

indicates resistance to cisplatin in various cancer types
such as nasopharyngeal carcinoma, ovarian carcinoma,
and non-Hodgkin’s lymphomas.7-9

Glutathione-S transferases are categorized into 4
groups as α, µ, π and µ according to their enzymatic and
structural properties.10 Especially GST-π is found in
NSCLC tumor tissue11 and it is important in assessing
cisplatin resistance.12 Thus, GST may be used as a tumor
marker.13,14 Besides, the response to the chemotherapy in
NSCLC patients may be analyzed by examining the
expression of GST in the tissues.15,16

In our study, GST-π expression in lung cancer patients
was evaluated immunohistochemically, and the
relationship between GST-π expression and response to
cisplatin-based chemotherapy regimens in NSCLC
patients were determined.

Methods. Cases. The study was performed on 61
patients with lung cancer who were admitted to Chest
Diseases Clinic, Ondokuz Mayıs University Hospital,
Turkey, 1997 to 1999. Thirty-eight NSCLC and 23 small
cell lung cancer (SCLC) patients were diagnosed by
bronchoscopic biopsies. The patients have not received
chemotherapy and radiotherapy previously. They were
staged according to the International Staging System17

according to the results of the chest x-ray, computerized
tomography of the lung, upper abdomen and brain,
whole body bone scanning and the fiberoptic
bronchoscopic examination. Their performances were
assessed according to the Eastern Cooperative Oncology
Group criteria. Complete blood count and renal and liver
function tests were evaluated before initiating the
chemotherapy. Median age of all lung cancer patients,
including 4 female and 57 male was 61.1. There were 38
NSCLC cases; 8 at stages I-II, 7 at stage III and 23 at

Table 1 - Comparison of the clinicopathological
characteristics of lung cancer patients
according to glutathione-S transferase-π
expression.

Characteristics

Age
Medium (Range)

Sex
Male
Female

Histology
Small cell carcinoma
Non small cell carcinoma

Performance status
0,1
2

Stage
Non small cell carcinoma
I+IIIA+IIB
IIIa
IIIb
IV

Small cell carcinoma
Limited
Extensive

GST-π
<10%

 65 (50-73)

  7
  2

  6
  3

  9

  3
 
 1
  2
 
 5
  1

Expression
10-50%

60.5 (35-82)  

24
  2

13
13

24
  2

  4
  1
  2
  6

  7
  6

Levels
>50%

63.5 (41-76)

26
 -

  4
22

19
  7

  4

  3
12

2
2

p-value*

>0.05

>0.05

<0.05

>0.05

>0.05

* according to Kruskal-Wallis and chi-square tests
GST-π − glutathione-S transferase π
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Table 2 - Chemotherapy regimens administered to the
patients.

Chemotherapeutic regimens

MIC
Mitomycin C (M)
Ifosfamide (I)
Cisplatin (C)

NC
Navelbin (N)
Cisplatin (C)

GS
Gemcitabin (G)
Cisplatin (C)

Cases

23

3

1

Dosage

6 mg/m2 iv
3 g/m2 iv

50 mg/m2 iv

30 mg/m2 iv
80 mg/m2 iv

1250 mg/m2 iv
80 mg/m2 iv

1 day
1 day
1 day

1-8 days
1 day

1-8 days
1 day

MIC - mitomycin, NC - navelbin
GS - gemcitabin, IV- intravenous

Table 3 - Comparison of clinicopathological
characteristics and response to
chemotherapy with the expression of
glutathione-S transferase-π in non small cell
lung carcinoma.

Characteristics

Age
Medium (Range)

Sex
Male
Female

Performance status
0,1
2

Stage
IIIa
IIIb
IV

Response to chemotherapy
CR + PR
PD
SD

Median survival (months)

<10%

66.5 (66-67)  

  2
  1

 
 3

  1
  2

  1
  2

  2

10%-50%

60 (35-71)

 
 9

 
 9

 
 1
 2
 6

  
 3
 3
 3
 
 9

>50%

65.5 (54-74)  

15

11
  4

  3
12

 
 4
  6
  5
 
 6

p-value*

>0.05*

>0.05*

>0.05*

>0.05*

>0.05*
 

 >0.05**

CR - complete response, PR - partial response, PD - progressive diseases, SD - stable disease
* according to Kruskal-Wallis and chi-square tests

** according to Kaplan-Meier test

The rate of glutathione-S transferase π expression
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Statistics. Kruskal-Wallis variance analysis, x2 test,
Fisher’s Exact x2 test and Kaplan-Meier methods were
used in statistical analyses. The results were accepted to
be significant when p value was <0.05. 

Results. Clinical characteristics and glutathione-S
transferase-π expression. Glutathione-S transferase-π
staining was found to be less than 10% in 6, 10%-50% in
13 and more than 50% in 4 of 23 SCLC patients. These
values were 3, 13 and 22 in NSCLC. There were no
cases with complete absence of staining. There was a
significant difference in GST-π expression between
SCLC and NSCLC cases. No relationship was found
between Gllutathione-S transferase-π expression and
age, sex, performance status and stage of the disease (p >
0.05). (Table 1) 

Response to chemotherapy and glutathione-S
transferase-π expression. An objective response was
obtained in 8 of 27 NSCLS patients receiving
chemotherapy. Glutathione-S transferase-π expression
was less than 10% in one, 10-50% in 3 and more than
50% in 4 patients. Glutathione-S transferase-π
expression was found to be less than 10% in 2, 10-50%
in 3 and more than 50% in 5 patients with stable disease.
In patients with progressive disease, 2 had less than
10%, 3 had 10-50% and 6 had more than 50% GST-π
expressions. No significant relationship was detected
between GST-π expression and response to
chemotherapy (p>0.05). (Table 3) 

Survival and glutathione-S transferase-π
expression. Median survival periods were 6 months, 9
months and 6 months for GST-π expressions of less than
10%, 10-50% and more than 50%. No significant
difference was found between the median survival of the
3 groups (>0.05). (Table 3)

Discussion. There are various histopathological
types of lung cancer. The susceptability of the tumor to
chemotherapy differs according to these types. It is
known that SCLC is sensitive to various
chemotherapeutics. However, NSCLC may be resistant
to chemotherapy or tumor may relapse after some time.
Different responses to chemotherapy may be observed
among different histopathological subtypes of NSCLC.
The response to chemotherapy is unpredictable
especially in late stages of NSCLC. For these reasons,
therapy is hard in late stages of NSCLC. However,
survival of the patients receiving chemotherapy is better
than the others.19,20 Although new drugs have been used
for NSCLC, cisplatin has been the standard drug in the
combination chemotherapy protocols.2 However
effectiveness of therapy decreases with the increase in
drug resistance. If sensitive and resistant tumors can be
detected before the therapy, the patient can be free of
excessive drug use by predicting the chemotherapy
response. Glutathione-S transferase-π is expressed in
lung cancer tissue and it has been now realized that the
degree of expression differs according to the histologic

subtype. Some investigators have graded GST-π
expression as zero when there was complete absence of
plasma membrane staining or cytoplasmic staining,
while some have accepted the expression to be positive
when more than 20% of the cells were stained.20,21

Eimoto et al21 have reported that GST-π expression was
positive in squamous cell lung cancer, but negative in
adenocancer and SCLC. Chung et al,22 have reported a
higher degree of positive staining in squamous cell
cancer cases compared to adenocancer cases. Another
study revealed 83% and 67% positive staining in
squamous cell carcinomas and adenocancer of the lung.
In the same study, a significant difference in GST-π
expression was observed between SCLC and NSCLC,
but not between SCLC and adenocancer.15 Some
investigators have even demonstrated that mesaurement
of serum GST-π could be used as a tumor marker in
lung cancer.13,14 Howie et al13 have observed that serum
levels of GST-π would be higher in adenocancers. On
the other hand Hida et al,14 have stated that GST-π
serum levels might have limited value as a tumor marker
for NSCLC.

In our study GST-π expression has been evaluated in
the 2 major histologic subtypes of lung cancer tissue and
the tumors have been categorized in 3 groups as having
less than 10%, 10-50% and more than 50% positive
GST-π expression. To our knowledge, such a
classification has not been used in the literature
previously, but we think that this type of classification
defines GST expression more clearly. Our results
indicate significantly higher GST-π expression in
NSCLC compared to SCLC in accordance with the
literature. Bai et al,15 have not detected any significant
relationship between GST-π expression and age, sex,
performance status and stage in NSCLC. Nakanishi et
al,16 have not observed any relationship with age, sex,
performance status, weight loss, histopathological type
and stage of the disease in NSCLC cases. No significant
relationship has been reported between the degree of
expression and clinicopathological properties of the
patients in several other malignant tumors expressing
GST-π, either.12,23,24 Similar results were obtained in our
study. 

There are many studies in the literature in which
several substances such as p-glycoprotein, GST-π,
topoisomerase-II and metallothioneine were investigated
as an adjunct to drug resistance in cancer cases.25-27  High
GST-π expression in some cancer tissues was correlated
to cisplatin resistance.8,9,28 Hida et al,14 claimed that high
GST-π expression as well as elevated serum levels of
GST-π in NSCLC might indicate resistance to the
treatment regimens containing cisplatin. In the study of
Bai et al,15 negative GST-π expression indicated a higher
response rate to cisplatin-based multiagent
chemotherapy in NSCLC.  Glutathione-S transferase-π
and p53 expressions were studied simultaneously to
evaluate the cisplatin resistance in NSCLC by Nakanishi
et al.16 It was stated that both GST-π and p53 could
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predict drug resistance.  Arai et al28 also claimed that
response to cisplatin containing chemotherapy is better
in NSCLC patients whose GST-π expression is negative,
and GST-π can be used to predict the chemotherapy
response. We could not demonstrate any significant
correlation between GST-π expression and response to
chemotherapy in our study. Hsu et al,29 have studied a
relatively small cohort of nasopharyngeal carcinoma
cases and declared that GST-π expression was not
correlated with chemoresistance to cisplatin in that study
group. It was reported that no significant relationship
was detected between GST-π expression and survival
rates in neuroblastoma.23 Resistance to cisplatin is
claimed to be due to several mechanisms such as
increase in cellular detoxification by glutathione-like
proteins, decrease in cellular accumulation of the drug,
increase in deoxyribonucleic restoration.30-32 

However, none of these mechanisms can explain why
resistance to cisplatin occurs. As previously stated,
contrary to the results of several studies in the literature,
in our study, resistance to cisplatin was not correlated
with GST expression. This might be as our study group
was small. Therefore, further studies with larger groups
are necessary to clarify a detailed mechanism of
chemoresistance in patients with lung cancer.
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