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Abstract-The effect of sodium bubrate was examined on the growth and phenotypic expression 
of a cell line derived from the ascitic fluid of an untreated patient with ovarian carcinoma. The 
chemical inducer of differentiation, sodium butyrate, markedly enhances the activity of the membrane- 
bound glycoprotein enzymes, alkaline phosphatase and y-glutamyl transpeptidase. The alkaline 
phosphatase corresponds to placental Regan @pe. Sodium butyrate (1 mM) alone has only a small 
inhibitory effect on cell growth. However, it was shown to potentiate the anti-proliferative effect of 
Adriamycin@ and to render the cells sensitive to cis-platinum. 

INTRODUCTION 
SODIUM BUTYRATE, a known inducer of cell differen- 
tiation in hematopoietic cell lines [ 11, was shown to 
inhibit proliferation and to induce differentiated 
features in solid tumor cell lines [2, 31. The pheno- 
typic alterations induced by sodium butyrate 
included altered cell morphology, changes in 
enzyme activities, altered expression of receptors 
and cell surface antigens and decreased deacety- 
lation of histones [2-lo]. We have extensively stud- 
ied the effects of sodium butyrate on melanona and 
breast cancer cell lines [g-12]. In both cancer cell 
types, sodium butyrate induced a marked increase 
in the activity of the plasma membrane-bound 
enzyme y-glutamyl transpcptidase [ 11, 121. 
Another enzyme activity that was also found to be 
enhanced in breast cancer and in human melanoma 
cancer cell line as well as in colon and rectal cancer 
cells was alkaline phosphatase [9, 12-141. 

It has been suggested that differentiating agents, 
including sodium butyrate, might potcntiate the 
action of other therapeutic modalities, such as 
irradiation and chemotherapy [3, 151. 

In the present study we examined the effect of 
sodium butyrate on the growth and enzyme activi- 
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ties of a new cell line derived from the ascitic fluid 
of an untreated ovarian cancer patient. Sodium 
butyrate, which is only slightly inhibitory itself, 
increased the sensitivity of this cell line to two 
widely used chemotherapeutic drugs, &-platinum 
and Adriamycin@. 

MATERIALS AND METHODS 
Sodium butyrate was obtained from Merck. 

Adriamycin@ and &-platinum were donated as a 
gift by Abic, Israel. 

Cell line 

Recently, a clone has been derived from the ascitic 
fluid of an untreated ovarian cancer patient. The 
cells (GZL-8) grow in monolayer, show an abnormal 
karyotype, are CA125 negative, possess estradiol 
binding sites and lipid droplets (submitted for publi- 
cation). Cells are grown in a mixture of DMEM 
and F12 (1: l), supplemented with 10% fetal calf 
serum and antibiotics. Cells are transfered twice 
weekly. 

Extraction and determination of enzyme activities 
Cells ( 106) were incubated in growth medium in 

the presence or absence of sodium butyrate ( 1 mM) 
for 72 h. Then, cells were scraped with a rubber 
policeman and extracted for determination of 
enzyme activities. Alkaline phosphatase activity 
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was extracted and measured spectrophoto- 
metrically as previously described [ 121. Activity 
was measured also in the presence of specific inhibi- 
tors and at 65”C, in order to classify the alkaline 
phosphatase type [4, 161. Enzyme activity was 
expressed as nmoles product/mg protein/h. 

y-Glutamyl transpeptidase was measured 
spectrophotometrically on a whole cell preparation 
as previously described [ 11, 121. Enzyme activity is 
expressed as nmoles product formcd/mg protein/h. 

Effect of sodium butyrate alone and in combination with 
vtotoxic drugs on cell growth 

Cells (10”) were incubated in 0.5 ml growth 
medium in 24-well plates in different concentrations 
of Adriamycin@ and cis-platinum alone or in combi- 
nation with 1 mM sodium butyrate for 72 h. Cells 
were detached with EDTA (1 mM) and counted in 
a Coulter counter. 

RESULTS 
GZL-8 cells were incubated with sodium butyrate 

(1 mM) for 72 h. This treatment resulted in a 
significant increase in the activities of two mem- 
brane enzymes; alkaline phosphatase and y-gluta- 
my1 transpeptidase (Table 1). Both enzymes were 
previously shown to be increased following treat- 
ment of various cancer cell types with sodium 
butyrate [ 11, 121. In Table 2 we examined the 
activity of alkaline phosphatase in the presence of 
specific inhibitors. The results suggest that the 
enzyme activities of untreated as well as sodium 
butyrate-treated cells correspond to that ofplacental 
Regan I type. 

Treatment of the cells with 1 mM sodium buty- 
rate for 72 h resulted in 19% decrease in cell number 
(Figs. 1 and 2). The cytotoxic agent Adriamycin@ 
inhibited cell growth in a concentration dependent 
manner. Co-addition of sodium butyrate and 
Adriamycin@ resulted in a combined inhibitory 
effect, especially pronounced at low concentrations 
(0.01-0.05 p,g/ml) of Adriamycin@ (Fig. 1). This 
cell line is found to be practically insensitive to 
inhibition by cis-platinum. Addition of sodium 
butyrate (1 mM) rendered the cell sensitive to inhi- 
bition by cis-platinum (Fig. 2). 

Table 1. Effect of sodium butyrate on alkaline phosphatase and 
y-glutamyl transpeptidase activities of GZL-8 ovarian cancer cell 

line (nmoleslmgprotein/h) 

Alkaline 
Treatment phosphatase 

None 482 3 

Sodium butyrate 89f 12 

P value 0.05 

Values are means +- SE. 

y-Glutamyl 
transpeptidase 

208 -c 40 

589 + 110 

0.002 

Table 2. Sensitivity of alkaline phosphatase activity to heat and 
specific inhibitors in untreated and sodium butyrate-treated GZL- 

8 cells 

Inhibitor 

Enzymeactivity 
Sodium butyrate- 

Untreated treated 

None 100 100 
Heat (65“C, 15 min) 130 105 
L-Phenylalanine (10 mM) 61 59 
L-Homoarginine (2 mM) 116 94 
L-Leucine (5 mM) 100 90 
EDTA (2 mM) 100 103 
Levamisole (1 mM) 103 90 

100% activity corresponds to 48 nmoles product formed/mg 
protein/h for untreated cells and 89 for sodium butyrate-treated 
cells. 
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Fig. 1. The effect of Adriamycin@ with and without sodium buprate 
(1 mM) on GZL-8 cell number following 3 days incubation. Each bar 
represents mean ? S.E. of eight replicates of two independent experiments. 
P values were calculated for Adriamycin@ and sodium bu&rate us. 

Adriamycin@ alone. 

DISCUSSION 
In the present study we show that sodium buty- 

rate induces phenotypic alterations in this cell line, 
such as enhanced activities of y-glutamyl transpep- 
tidase and alkaline phosphatase, which might reflect 
differentiated characteristics. We have previously 
shown that sodium butyrate induced differentiated 
features in melanoma and breast cancer cell lines, 
including enhanced activities of y-glutamyl trans- 
peptidase and alkaline phosphatase [9-l 21. -y-Glut- 
amyl transpeptidase has been previously shown to 
be associated with cell differentiation in lympho- 
blastoid and leukemic cells [ 171. 

Untreated as well as sodium butyrate treated cells 
express alkaline phosphatase activity that seems 
to correspond to placental Regan I type enzyme. 
Placental alkaline phosphatase of Regan and Nagao 
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1 I- 
jig/ml Cis- Platinum 

Fig. 2. The effect of cis-platinum with or zilhout radium butyrate 
(1 mM) on GZL-8 cell number following 3 days incubation. Each bar 
represents mean 2 S.E. of eight replicates. P values mew calculated ,for 

cis-platinum and sodium bu&rate z’r. cis-platinum alone. 

types have been shown to appear frequently in 
ovarian cancer and have also been detected in serum 
of patients [18]. It has been suggested as a marker 
for reduced proliferation and differentiation in 

ovarian cancer cell lines and in tumor tissue [18, 
191. Lines derived from well differentiated serous 
adenocarcinoma showed high histochemical stain- 
ing for alkaline phosphatase as compared to lines 
dcrivcd from poorly differentiated adenocarcinoma 
[ 19, 201. Using monoclonal antibodies to placental 
type alkaline phosphatasc it has also been reported 
that poorly differentiated and anaplastic ovarian 
tumor cells showed a higher proportion of negative 

areas [ 181. 
WC show that sodium butyratr potentiates the 

efficacy ofwidely used chcmothcrapeutics, although 
it exerts only a minor effect on cell growth by itself. 

Combined treatment of cancer with chemothera- 
peutics and differentiating agents has been pre- 
viously suggested [3, 151. Sodium butyrate has been 
reported to inhibit in a synergistic manner the 
growth of ncuroblastoma ccl1 lines with Adria- 
mvcin@, 5-fluorouracil, irradiation, papaverine and 
vincristinc [S]. Our present findings show that 
sodium butyratc potcntiatcd the anti-proliferative 
effect of Adriamycin@ in the ovarian cancer ccl1 line 
and also renderrd the initially irresponsivr cells 
sensitive to c&platinum. 

Since sodium butyratc may be administered in 
Go [21], combined trcatmcnt with these cytotoxic 
agents might bc considered. 
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