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SHORT COMMUNICATIONS 

Expression of glutathione-related enzymes in human bladder cancer cell lines 

(Received 18 September 1989; accepted 13 November 1989) 

The role of glutathione (GSH) peroxidase and GSH S- 
transferase (GST) in detoxification processes is well docu- 
mented [l-3]. GSH peroxidase provides protection from 
oxidants [3], whereas GST isoenzymes detoxify elec- 
trophilic xenobiotics either by catalyzing their conjugation 
to GSH or through non-catalytic binding of electrophiles 
[4]. Mammalian GST isoenzymes have been grouped into 
three major classes (Y, y, and n [2]. 

A it type GST has been shown to be elevated in rat 
preneoplastic nodules [S ,6] and in some human carcinomas 
[7,8], suggesting that it may be used as a marker for human 
carcinomas. A uniform elevation of GST K, however, was 
not observed in human lung tumors [9, lo]. These results 
suggest that overexpression of GST II in human tumors 
may be tissue specific and necessitate further screening of 
different human tumors and cell lines. These studies may 
be important in identifying human carcinomas where GST 
n may be used as a tumor marker. In the present study, we 
have determined GST IC expression in five human bladder 
cancer cell lines and in a cell line established from the 
normal bladder of a male fetus. The levels of GST and 
GSH peroxidase were also determined because these 
enzymes have been implicated recently in cellular resistance 
to chemotherapeutic agents [ll-141. The significance of the 
findings is discussed. 

Materials and Methods 

Human bladder cancer cell lines, 582 (ATCC-HTB l), 
I-IT-1 197 (ATCC-CRL 1473), SCaBER (ATCC-HTB 3)) 
and 5637 (ATCC-HTB 9) were obtained from the Ameri- 
can Type Culture Collection, Rockville, MD. Cell line 
FI-Is 738 Bl established from the normal bladder of a male 
fetus in second trimester was also obtained from the ATCC. 
Cell line FCCB-1 (Florida Cancer Center Bladder-l) was 
established in our laboratory from a bladder tumor biopsy. 
All these cell lines grow as monolayer. Cells were harvested 
by exposure to trypsin-EDTA. Harvested cells were 
washed three times with phosphate-buffered saline (PBS) 
and suspended in 10mM potassium phosphate buffer; 
PH 7.0, containine 1.4 mM 2-mercantoethanol. The cells 
were disrupted by sonication (2 x 30 set), and the super- 
natant fraction was obtained by centrifugation at 14,000 g 
for 45 min. 

GST activity with 1-chloro-2,Cdinitrobenzene (CDNB) 
was determined according to the method of Habig et al. 
[15]. GSH peroxidase activity was determined by the 
method of Beutler [16]. Protein content was determined by 
the method of Bradford [17]. 

Western blotting was performed by the method of Tow- 
bin et al. [18]. Details of Western blotting have been 
described previously [ 191. Chromatofocusing was per- 
formed as described by Ishikawa et al. [20]. 

Results and Discussion 

GST activity towards CDNB in 14,000g supernatant 
fractions of five human bladder cancer cell lines as well as 
a normal bladder cell line is presented in Table 1. This 
activity in cell line 582 was similar to that of the normal 
bladder cell line (FHs 738 Bl). On the other hand. GST 
activity was higher by 4.1-, 2.2-, and 1.5-fold in ceh lines 
SCaBER, 5637, and HT-1197, respectively, when com- 
pared with that of cell line FHs 738 Bl (Table 1). Inter- 
estingly, GST activity in FCCB-1 was about 82% of that in 
FHs 738 Bl. 

The expression of individual GST isoenzymes in these 
cell lines was studied by Western blotting using antibodies 
raised against (Y, p, and n classes of human GST isoen- 
zymes. Western blotting with antibodies raised against GST 
A of human placenta using equal amount of cvtosohc nro- 
tein (25 yg) revealed a ma;kedly higher level of GST n hype 
ant&en in cell lines SCaBER fFie. 1. lane 4). 5637 (lane 
5), and HT-1197 (lane 6) as cdmiared to that of FHs 738 
Bl (Fig. 1, lane 7). GST n content in cell line 582 (Fig. 2, 
lane 3), on the other hand, was similar to that of the normal 
bladder cell line. Similar to enzyme activity data, Western 
blotting also revealed slightly lower GST n content in cell 
line FCCB-1 (Fig. 1, lane 8) as compared to that of cell 
line FHs 738 BI. Even though molecular weight markers 
were not included in this gel, an examination of Fig. 1 
revealed that the M,values of n class GST subunit in normal 
human bladder tissue, normal human bladder cell line FHs 
738 Bl, and bladder cancer cell lines 582, SCaBER, 5637, 
I-IT-1197 and FCCB-1 were similar to that of GST n from 
human placenta, i.e. M, 22,500 [9,21,22]. 

GST isoenzyme profiles in normal human bladder tissue 
and one of the bladder cancer cell lines, SCaBER, were 
determined by chromatofocusing. Upon chromatofocusing, 
two peaks of GST activity corresponding to isoelectric 
points (PI) of 6.6 and 4.9 were observed in normal human 
bladder tissue (Fig. 2). GST isoenzyme having p1 of 4.9 
cross-reacted with antibodies against GST n of human 
placenta and constituted more than 95% of total GST 
activity in this tissue. Immunological interrelationship of 
GST isoenzyme with ~16.6 could not be established due to 
very low protein content. Since complete adsorption of 
GST activity occurred on a PBE 94 (pH 7-4) column, the 
possibility of any basic isoenzyme in bladder tissue was 
ruled out. Chromatofocusing of GST in the bladder cancer 
cell line SCaBER in the pH range 7-4 also revealed two 
peaks of GST activity corresponding to p1 of 6.0 and 4.8 
(Fig. 3). Similar to normal bladder tissue, GST isoenzyme 

Table 1. GST and GSH peroxidase activities in bladder 
cancer cell lines and a normal bladder cell line 

Cell line Enzyme activity 
(nmol/min/mg protein) 

GST* GSH peroxidaset 

582 102*10 34 2 3 
SCaBER 459 * 5 55 k-2 
5637 240 + 30 70 ” 6 
HT-1197 166+8 73 2 2 
FCCB-1 91+-5 93 ” 10 
FHs 738 Bl 1112 7 79 * 3 

* GST activity was determined using CDNB as substrate 
at 25”. 

t GSH peroxidase activity was determined using cumene 
hydroperoxide as substrate at 37“. 
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Fig. 1. Western blot analysis using antibodies raised against GST n of human placenta. Lane 1 contained 
purified GST II from human placenta (positive control); Lanes 2-8 contained an aliquot of 14,000 g 
supematant fraction containing 25pg protein. Key: Lane 2, normal human bladder tissue; Lane 3, 
bladder cancer cell line 582; Lane 4, bladder cancer cell line SCaBER; Lane 5, bladder cancer cell line 
5637; Lane 6, bladder cancer cell line HT-1197; Lane 7, normal human bladder cell line FHs 738 Bl; 

and Lane 8, bladder cancer cell line FCCB-1. 

with pI of 4.8 represented more than 95% of total GST 
activity and was immunologically similar to GST k of 
human placenta (data not shown). Due to low protein 
content, immunological characterization of GST isoenzyme 
with p1 of 6.0 could not be performed. Similar to normal 
bladder tissue, any basic isoenzyme was not detected in this 
cell line. Even though chromatofocusing studies with other 
cell lines could not be performed due to low GST levels, 
these results taken together with Western blot data sug- 
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Fig. 2. Chromatofocusing of affinity purified GST from 
normal human bladder tissue in pH range 7-4 on a PBE 94 
column. The column was equilibrated with 25 mM imida- 
zole-HCl (pH7.4) buffer. Elution was carried out with 
polybuffer 74-HCl (pH 4.0), diluted 1: 8 with deaerated 
water. Fractions of 1.5 n?L each were collected and moni- 
tored for pH (0) and GST activity (0) with CDNB. The 
flow rate was 20 mL/hr. One unit of enzyme catalyzed the 

Fig. 3. Chromatofocusing of GST in 14,000 g supernatant 
fraction of human bladder cancer cell line SCaBER in the 
pH range 7-4 on a PBE 94 column. Fractions of 2.2 mL 
each were collected and monitored for pH (0) and GST 
activity (0) with CDNB. The flow rate was 22mL/hr. 
Other conditions were similar to those described in the 

conjugation of 1 pm01 of CDNB to GSH/min at 25”. legend to Fig. 2. 

gested that GST x was the major form in these samples. 
Using 25 pg cytosolic protein and antibodies raised 

against (Y or p class human GSTs, a detectable cross-reac- 
tivity was not observed in Western blot analysis (data 
not shown). These results suggest that ,u or (Y class GST 
isoenzymes are either absent or present in very low con- 
centrations and that GST K is the major isoenzyme in all 
these cell lines. 

Data on GSH peroxidase activity are also presented in 
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Table 1. GSH peroxidase activity in cell lines 582, SCaBER, 
5637, and HT-1197 was 43,69, 88, and 92% of that in the 
FHs 738 Bl cell line (Table 1). Interestingly, this activity 
was about 1.2-fold higher in cell line FCCB-1 (Table 1). 

Overexpression of GST n has been reported in certain 
human tumors [7,8]. In the present study, out of five human 
bladder cancer cell lines, significant overexpression of GST 
n was observed in only three cell lines: SCaBER, 5637, and 
HT-1197. These results are similar to, those of our previous 
study [19] with three human small cell lung cancer cell lines 
where we found that GST n was elevated in only two cell 
lines. In a different study, on the other hand, GST n was 
found to be absent in six other small cell lung cancer 
cell lines [23], although this enzyme was shown to be 
overexpressed in non-small cell lung cancer cell lines [23]. 
Similarly, analysis of GST n in lung tumors and adjacent 
normal tissues did not reveal a uniform elevation of this 
isoenzyme in every tumor sample [9, lo]. The results of the 
present study suggest that GST x may not be an ideal 
marker for human bladder carcinoma. However, before 
proving conclusively that GST K may not be a marker for 
this tumor type, comparison of this isoenzyme must be 
carried out on a larger number of normal and neoplastic 
bladder tissues. 

GSH-dependent enzymes, particularly GST and GSH 
peroxidase, have been implicated recently in cellular drug 
resistance [l&14]. The key role of these enzymes in the 
detoxification process suggests that their relative expression 
may be an important factor in determining tumor sensitivity 
to chemotherapeutic agents [lo]. Recent studies provide 
direct evidence for the involvement of GSH-related 
enzymes in drug resistance [12,13,24]. For example, 
doxorubicin resistance in the MCF-7 human breast cancer 
cell line has been attributed to elevated GSH peroxidase 
activity [ 121. Even though we have not determined a cyto- 
toxicity profile in this study, the results presented suggest 
that these bladder cancer cell lines may exhibit differential 
sensitivity to various chemotherapeutic agents due to dif- 
ferences in GSH peroxidase and GST activities. In addition, 
it is interesting to note that GSH peroxidase activity was 
found to be lower in cell lines which exhibited elevated GST 
activity. The reasons and significance of down-regulation of 
GSH peroxidase activity in cell lines with high GST activity, 
however, remain to be elucidated. 

In summary, results of the present study suggest that II 
class GST isoenzyme(s) is the major form in normal human 
bladder, a normal bladder cell line, and bladder cancer cell 
lines used in this study. These results also suggest that 
whereas x class GST is uniformly overexpressed in several 
human tumors such as renal and colon carcinomas [7,8,25], 
this isoenzyme may not be uniformly overexpressed in 
bladder carcinomas. Even though the present study sug- 
gests that overexpression of 3t class GST in human tumors 
may be tissue specific, analysis of this isoenzyme in normal 
and malignant tissues of different tissue origin will be 
needed not only to substantiate this contention but also to 
identify human tumors where n class GST can be used as 
a tumor marker. In addition, studies are also needed to 
understand the mechanisms by which the expression of 
GSH-related enzymes is affected in various carcinomas and 
in cell lines resistant to chemotherapeutic agents. These 
studies will be important in determining the role of GSH- 
related enzymes in carcinogenesis and drug resistance. 
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Sex differences and endocrine regulation of morphine oxidation in rat liver 

(Received 17 July 1989; accepted 26 November 1989) 

Sex differentiation of rat liver metabolism of steroids is 
heavily dependent on neonatal imprinting by testicular 
androgens. This imprinting process has been indicated as a 
prerequisite for a hypothalamo-pituitary regulation of rat 
liver metabolism. Castration of male neonates interferes 
with the hypothalamic imprinting by testicular androgens 
111. The neuroendocrine effects on rat liver are mediated by 
the sex differentiated secretory pattern of growth hormone 
(GH) 12.31 which is regulated bv the hvoothalamus through 
the combined action gf somatostatin*and a GH-releasiig 
factor [4,5]. The sexual dimorphism in GH-secretion 
occurs at puberty, in parallel with the development of 
gonadal function and maintenance of a male secretory 
pattern in the adult rat is dependent on circulating andro- 
gens [2,6]. 

Sex differentiated rat liver metabolism has been 
described for a variety of drugs and steroids [7,8]. A 
number of endocrine manipulations modifies hepatic 
metabolism [l, 6-91. Castration of male rats at neonatal or 
at adult age, as well as continuous infusion of GH to male 
rats tends to feminize hepatic metabolism [l, 3,4,6,9] 
and hypophysectomy of male and female rats markedly 
attenuates sex differences in liver metabolism [7,9]. 

Perinantal exposure of rats to morphine is known to 
interfere with the development of sexual behaviour [lo, 111 
and to interact with certain endocrine parameters [lo]. We 
recently reported on the effects of perinatal exposure to 
morphine on hepatic metabolism in adult rats of both 
sexes [12]. The microsomal capacity to perform several 
cytochrome P450 mediated reactions was significantly dif- 
ferent in the morphine treated rats compared to controls 
and the effects were similar in males and females. 

The present study was designed to investigate whether 
N-demethylation of morphine is regulated via the hypo- 
thalamo-pituitary-liver axis in a way similar to that pre- 
viously described for metabolism of 4-androstene-3,17- 
dione (androstenedione) [3,4,6-91. 

Materials and Methods 

In experiment 1 male and female Sprague-Dawley rats 
(Mollegaard Breeding Center, Ejeby, Denmark; were kil- 
led at either 21 or at 56 days of age. Hypophysectomy was 
performed at Mollegaards at the age of 42 days by an 
intraauricular method under short anaesthesia with 
metohexital sodium (Brietal). These rats were killed at 56 
days of age and were compared to their untreated controls. 

In experiment 2 male Sprague-Dawley rats (ALAB, 
Stockholm, Sweden) were castrated either neonatally, 
within 36 hr of birth, or at 42 days of age. All rats in the 
experiment were killed at the age of 61 days. 

Adult male rats in experiment 3 were treated with con- 
tinuous infusion of bGH (6 pg/hr) in Alzet osmotic mini- 
pumps, model 2001 (Palo Alta, CA). bGH (USDA-bGH- 
B-l) was kindly supplied by the NIIDK (MD, U.S.A.). 
Treatment was started at 49 days of age and the rats, 
including untreated male and female controls, were killed 
at 56 days of age. 

Methods. The animals were starved overnight before 
decapitation in order to reduce hepatic levels of glycogen. 
Liver microsomes were prepared according to Emster et 
al. (131 and protein was measured as described by Lowry 
et al. [14]. Metabolism of androstenedione was measured as 
previously described [8] and N-demethylation of morphine 
according to Rane et al. [15]. 4-[4-‘%]Androstene-3,17- 
dione (59mCi/mmol) was obtained from the Radio- 
chemical Center (Amersham, U.K.) and unlabelled andro- 
stenedione from the Upjohn Company (Kalamazoo, NI). 
Morphine chloride was purchased from Apoteksbolaget 
(Gothenburg, Sweden). 

Statistical analysis. Statistical analysis was performed 
using the Wilcoxon rank sum test [16] and the level of 
significance was set at P < 0.05. All values were expressed 
as means 2 SD. 


