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INTRODUCTION

  Hormone replacement therapy (HRT) in postmenopausal 

women is important in improving quality of life. HRT can help 

hot flush, bone pain and many other climacteric symptoms. 

(1-3) However, a possible HRT hazard in the development of 

breast cancer has restricted its use in breast cancer patients 

despite several conflicting results.(4,5) Although the available 

data is contradictory, it is generally accepted that long term or 

high dose estrogen treatment may lead to small increase in 

relative risk of breast cancer.(6)

  Tibolone is a synthetic steroid with tissue specific estro-

genic, progestogenic and androgenic activity. By virtue of being 

rapidly converted into three active metabolites (∆4 isomer, 3α- 

OH-metabolites and 3β-OH-metabolites) with different speci-

fic effects on different tissues, tibolone is thought to have tissue 

specific activity.(7) It is known as an effective therapeutic agent 

for hot flush, bone pain, dyspareunia, and mood disorders with-

out exerting proliferative effect in the breast and endome-

trium.(8,9) It can decrease the local production of estrogen in 

human breast tissues by inhibition of sulfatase,(10) which 
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Purpose: Tibolone is a tissue specific steroid hormone 
newly recognized as an estrogenic agent for hormone 
replacement therapy (HRT). The aim of the study is to 
characterize the basic mechanism of tibolone in the PLD 
signal transduction pathway of breast cancer cell lines. 
Methods: The levels of phospholipase D (PLD), caspase 3 
mRNA and protein, and the cell counts were measured in 
estrogen receptor positive MCF-7 and negative MDA-MB-231 
cell lines treated with estradiol, tamoxifen and tibolone and 
three metabolite forms of tibolone (3β-OH-tibolone, ∆4 
isomer, 3α-OH-tibolone). Multimodality methods such as 
RT-PCR, immunoblot analysis and in vivo enzyme activity 
assay were used. 
Results: The addition of estradiol to MCF-7 cell line resulted 
in cell proliferation in a time-dependent manner while that 
of tamoxifen and tibolone showed antiproliferative effects. 
The addition of tamoxifen or tibolone to MCF-7 and MDA- 
MB-231 cell lines resulted in the elevation of caspase 3 
mRNA levels, indicating the induction of apoptosis. PLD 
mRNA level was elevated in both cell lines treated with 
tamoxifen, but decreased in those treated with the various 
tibolones, except for 3β- OH-tibolone. In immunoblot an-
alysis, while MCF-7 cell line treated with tamoxifen showed 
an increased level of PLD expression, in MDA-MB-231 cell 
line the expression was decreased. Similar results were 
observed in the addition of tibolones, which resulted in an 
increase of PLD expression level in MCF-7 cell line and a 
decrease in MDA-MB-231 cell line. In vitro PLD activity 
assay showed decreased activity after estradiol treatment 
and increased activity after tamoxifen and tibolone treatment

in MDA-MB231 cell line. In MCF-7 cell line,among the 
tibolones only ∆4 isomer increased PLD activity. Tibolone-
showed antiproliferative and apoptosis-inducing effects on 
MCF- 7 and MDA-MB-231 cell lines. But its influence on the 
signal transduction pathway varied slightly between the two 
cell lines.
Conclusion: we were able to find the antiestrogenic pro-
perties of the estrogenic agent tibolone. (Journal of Korean 
Breast Cancer Society 2003;6:1-7)
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suggests that tibolone can be a useful alternative hormone 

replacement agent in patients at risk of breast cancer. Tibolone 

also demonstrated an apoptosis inducing effect in breast cancer 

cells.(11) But the molecular effect of tibolone in various signal 

transduction pathways has not been well confirmed. The signal 

transduction system is a coordinate system that switches exte-

rnal stimuli such as growth factors, differentiation factors, 

hormones, neurotransmitters and light to internal second mes-

senger and associated proliferation, carcinogenesis and apo-

ptosis. Phospholipase D (PLD) is one of the important enzymes 

that function as a growth factor signal transduction pathway. 

Stimulation of PLD occurs in a wide variety of cells treated 

with hormone and growth factors.(12-14) PLD catalyzes the 

hydrolysis of phosphatidylcholine (PC) to produce phosphatidic 

acid (PA) and choline. PA is metabolized to diacylglycerol 

(DAG), a protein kinase C (PKC) activator.(15) In humans, an 

increase in PKC activity has been demonstrated in breast 

tumors(16) and Noh et al. also reported an overexpression of 

PLD1 in human breast cancer tissues relative to normal tis-

sues.(17) These findings suggest PLD activation may enhance 

proliferation, differentiation and carcinogenesis. Since estrogen 

plays a role in the regulation of PLD (Noh et al, unpublished 

data), we assumed that tibolone might exert an influence on 

PLD signal transduction. So we analyzed PLD expression and 

activity after treatment of estrogen receptor bearing MCF-7 cell 

line and estrogen receptor not bearing MDA-MB-231 cell line 

with estradiol, tamoxifen, tibolone and its metabolites.

METHODS

    1) Materials and cell lines

  PMSF, leupeptin, aprotinin, Triton X-100, DTT, Hepes and 

diethylpyrocarbonate (DEPC) were obtained from Sigma Chem-

ical Co. Trizol reagent was obtained from Gibco BRL, the First 

strand cDNA synthesis kit from Boehringer Mannheim, Taq 

DNA polymerase from TaKaRa Shuzo Co., protein G Sepha-

rose from Pharmacia Biotech Products, peroxidase conjugated 

goat anti-rabbit IgG antibody from Jackson ImmunoResearch 

Laboratories, Inc., and the Enhanced Chemiluminescence Dete-

ction (ECL) system from Amersham Corp. The protein concen-

tration was determined using a protein assay kit from Pierce. 

Two human breast cancer cell lines, MCF 7 (ER+, PR+, 

bcl-2+) and MDA-MB-231 (ER-, PR-), were used in this 

study. Estradiol and tamoxifen were purchased from standard 

commercial suppliers. Tibolone and its metabolites were kindly 

supplied by Organon international. Antibody for PLD was 

provided by professor Min (Department of Physiology, College 

of Medicine The Catholic University of Korea, Seoul, Korea).

    2) Cell culture

  MCF 7 and MB-MDA-231 cells were maintained in medium 

A (RPMI 1640, 2 mM glutamine, 100 U/ml penicillin, 100 g/ml 

streptomycin, 5% fetal bovine serum) in 75 ml flasks (Falcon) 

and grown in the presence of 5% CO2 in air at 37
o
C. Cells 

were switched into medium B (phenol red-free RPMI 1640, 2 

mM glutamine, 100 U/ml penicillin, 100μg/ml streptomycin, 

5% dextran coated charcoal stripped fetal bovine serum) to 

remove the effect of exogeneous estrogen. Each cell line was 

treated with estradiol, tamoxifen, tibolone and its metabolites 

3αOH tibolone, 3βOH tibolone and ∆4 isomer. Each estra-

diol, tamoxifen, tibolone and its metabolites were solubilized 

with ethanol at a concentration of 1 nM, 1μM, and 1μM 

respectively. The effects of treatment were monitored at the 

time point 0, 3, 6, 24, 48 and 72 hours. After each period, cell 

count was measured under light microscopy (×40).

    3) RNA isolation and RT-PCR

  Each cell line was collected in eppendorf tube, and total 

RNA was extracted by routine Trizol
Ⓡ (Gibco-BRL Co) 

method. The RNA pellet was dissolved in diethylpyrocarbonate 

(DEPC)-treated H2O to concentrations of approximately 0.5 

microgram per milliliter to 1.0 microgram per milliliter and 

stored at -70
o
C. The quantity and quality of the RNA 

preparations were determined by absorbance at 260 nm and 280 

nm. One microgram of total RNA sample was reverse trans-

cribed using MMLV-Reverse Transcriptase with random primer 

p(dN)6, according to the manufacturer's instructions. Produced 

cDNA were purified using phenol:chloroform:isoamyl alcohol 

25：24：1 solution and dissolved in sterile distilled water. 

PCR analysis was performed as described. Primers used for 

amplification are listed in table 1. Amplification conditions 

used consisted of 30 cycles of 94
oC for 30 seconds, 60oC for 

1 minute, and 72
o
C for 1minute. PCR products were electro-

Table 1. Primers used for RT-PCR
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ
 Markers Sequences (5'-3')
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
 hPLD1 Forward TGGGCTCACCATGAGAA

Reverse GTCATGCCAGGGCATCCGGGG

 Caspase 3 Forward ATACTCCTTCCATCAACTAG

Reverse AACATCACAAAACCATAATC

 β-actin Forward CACTGTGTTGGCGTACAGGT

Reverse TCATCACCATTGGCAATGAG
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
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phoresed in 1.5% agarose gel and stained with ethidium bro-

mide. Stained gels were pictured by the BIPS 3.0 system with 

computer image analyzer. Beta-actin was used for internal 

validation.

    4) Immunoblot analysis

  Cell lines were cultured for 2 hr prior to the addition of 

estrogen, tamoxifen and tibolone. After treatment, cells were 

scrapped in cold-lysis buffer and cytosolic and membrane 

fractions were prepared according to the methods of Exton. 

Proteins were determined using the BCA protein Assay reagent 

system. Equal amounts of protein were loaded on a 10% SDS- 

PAGE. Separated proteins were transferred to nitrocellulose 

paper and analyzed for the presence of PLD using proper 

antibodies. Goat anti-mouse antibody (1：1,000) and Goat anti- 

rabbit antibody (Jackson immunoresearch Inc., Pennsylvania 

USA) were used as second antibodies. Immune complexes were 

detected with the ECL (Enhanced Chemi Luminescence detec-

tion, Amersham, UK) method. 

    5) In vitro PLD enzyme activity assay

  The two cell lines described above were used in this 

experiment to identify the tibolone effect on cell signaling. 

Cells in 6-well plates were labeled 1 day before confluence 

with [
3
H] myristic acid for 24 hours. Cells were labeled for 3 

days with [
3H] glycerol. For all experiments employing [3H] 

myristic acid, cell monolayers after labeling were rinsed 2 times 

with [3H] glycerol and equilibrated for 5 hr in phenol red free 

medium containing 0.3 mg BSA/ml. After one final wash, cells 

were exposed to tamoxifen and tibolone as indicated. After cell 

treatment, media were aspirated and total cellular lipids were 

extracted.

  [
3H] PA, [3H] DG and [3H] phosphatidylethanol were reso-

lved from total cellular lipids by TLC employing solvent syst-

ems. The lipids, identified by co-migration with commercial 

standards, were visualized in iodine apor. Radio-activity was 

determined in the silica gel scrapings by liquid scintillation 

spectrometry. Areas of the gel were first scraped into 0.5 ml 

water, then 4ml of EcoLume was added and the contents of 

the plastic minivials were mixed before counting.

  Water-soluble phospholipid metabolites were separated into 

base and phosphoryl-base moieties on a Dowex 50 W acidic 

cation exchanger using Bio-Rad Poly-prep 10 ml columns. 

Phosphobases were eluted with water and free bases with 10 

ml 1.0 N HCl. Samples were assayed for radioactivity by liquid 

scintillation spectrometry.

    6) Statistical analysis

  Independent T test was used to compare the means of cell 

number and PLD activity between different treatment groups.

RESULTS

    1) Tibolone effects on cell viability and apoptosis

  MCF 7 cell lines treated with estradiol, tamoxifen, and 

tibolone and metabolites were monitored at 3 hr, 6 hr, 24 hr, 

48 hr and 72 hr after treatment for viable cell number count 

by light microscope. Fig. 1 shows a time dependent increase 

of cell numbers up to 1.5 fold compared to the control (no 

treatment) after estradiol treatment (P＜0.05). On the contrary, 

Fig. 1. Cell viability after estradiol, tamoxifen and tibolone treatment in MCF-7 cell line. Estradiol increased cell growth in MCF7 cell 

line compared with control while tamoxifen and tibolone decreased cell number (P＜0.05, respectively). (Con = control, E2= 

estradiol; TAM = tamoxifen).
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a serial decrease of cell numbers was observed after tamoxifen 

and tibolone treatment (P＜0.05). At 72 hrs after treatment, 

tamoxifen presented approximately a 75% decrease in cell 

numbers and tibolone a 50∼60% decrease. No definite 

differences were evident between tibolone and its metabolites. 

The same results were observed in MDA-MB-231 cell line 

(data not shown) except in case of estradiol. Estradiol did not 

stimulate cell growth after treatment in case of MDA-MB-231 

cell line. To identify whether the decrease of cell number was 

derived from apoptosis, RT-PCR for caspase 3, a mediator of 

apoptosis, was performed in two cell lines (Fig. 2 and 3). 

RT-PCR revealed a time dependent increase of caspase 3 in 

the groups treated with tamoxifen and tibolone, which sug-

gested that the observed cell number decrease was generated 

by apoptosis.

    2) The effect of Tibolone on PLD mRNA level and 

PLD protein expression

  Time dependent analysis of PLD mRNA level and PLD 

expression in both cell lines was done by RT-PCR and 

immunoblot. In MCF-7 cell line (Fig. 2), after 24 hours of 

estradiol treatment, PLD mRNA level and PLD protein ex-

pression showed no significant difference from the control. In 

the case of tamoxifen treatment, both PLD protein expression 

and mRNA level were increased. In the tibolone treated group, 

PLD protein expression was increased time dependently. How-

ever, PLD mRNA level was decreased in all tibolone and its 

metabolites. In MDA-MB-231 cell line (Fig. 3), as in MCF-7 

cell line, estradiol showed no influence on PLD expression after 

24 hrs. Tamoxifen decreased PLD protein expression and 

increased PLD mRNA level time dependently; results which 

differed from MCF7 cell line. In tibolone treated cell lines, all 

tibolone and its metabolites showed a time dependent decrease 

of PLD protein expression. However, they showed variable 

effects on mRNA expression. (tibolone; 3α-OH-tibolone and 

∆4 isomer showed a decrease while only 3β-OH-tibolone 

showed an increase).

    3) The effect of tibolone on PLD activity

  To evaluate the effect of tibolone on PLD activity, in vitro 

Fig. 2. RT-PCR and immunoblots 

for PLD and caspase 3 

after estradiol, tamoxifen 

and tibolone treatment in 

MCF-7 cell line (Con = 

control, E2 = estradiol, 

TAM = tamoxifen).

Fig. 3. RT-PCR and immunoblots 

for PLD and caspase 3 

after estradiol, tamoxifen 

and tibolone treatment in 

MDA-MB-231 cell line 

(Con = control, E2 = estra-

diol, TAM = tamoxifen).
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PLD activity assay was performed. In MCF-7 cell line, estradiol 

slightly decreased PLD activity with a relative decrease of 

about 20%. But tamoxifen increased PLD activity by up to 

seven fold. In the case of tibolone, only ∆4 isomer increased 

PLD activity, by up to 2.5 fold (P＜0.05), while the other 

metabolites did not affect PLD activity (Fig. 4). In MDA- 

MB-231 cell line, estradiol increased PLD activity by up to 1.2 

fold after 60 minutes and tamoxifen showed only a minimal 

effect. In the case of tibolone, 3β-OH-tibolone and ∆4 isomer 

increased PLD activity by between 1.1 and 1.6 fold after 60 

minutes, but 3α-OH-tibolone decreased the activity by about 

0.8 fold after 60 minutes, although it increased the activity at 

10 minutes by up to 1.2 fold (Fig. 5). In independent T test, 

only ∆4 isomer showed significant increase (P＜0.05). As a 

result, the influence on PLD activity varied significantly among 

the estradiol, tamoxifen and tibolone treated MCF7 and 

MDA-MB-231 cell lines.

DISCUSSION

  Tibolone is metabolized into two hydroxy forms (3αOH 

tibolone and 3βOH tibolone) by 3α/β hydroxysteroid dehyd-

rogenase in the intestine and liver rapidly after administration. 

It also can be converted into ∆4 isomer by the enzyme 3β 

hydroxysteroid dehydrogenase-isomerase directly or after con-

version to 3βOH tibolone.(7) Then these forms are converted 

into sulfated inactive forms and are activated by sulfatase.(18) 

These 3 active forms have different hormonal receptor binding 

affinities and this binding affinity difference is one of the 

explanations for the tissue specific activity (i.e. progestagenic, 

androgenic or estrogenic effect target tissue) of tibolone.(19) In 

the breast, many studies have reported the anti-proliferative 

effect of tibolone. Tibolone decreases mammographic density 

during administration(8,9,20,21) and Kloosterboer et al. 

reported a growth inhibition effect of tibolone in the DMBA 

induced mammary cancer model.(22) Because of this property, 

tibolone has been studied as a possible alternative hormonal 

replacement agent in postmenopausal woman. Two mechanisms 

had been proposed to explain this antiproliferative effect in 

breast tissue. First, tibolone has a breast tissue-specific sulfatase 

inhibitory effect(23) which prevents conversion to estrone from 

estrone sulfate(24) and allows estrogen deprivation to occur due 

to this lack of estradiol pool. The other suggested mechanism 

is an apoptosis inducing effect. Gompel et al. reported a 

decrease of bcl-2, anti apoptotic protein and DNA fragmen-

tation in breast epithelial cells after tibolone treatment.(11) 

However, it is not clear how the apoptotic signal is transduced 

by tibolone.

  Apoptosis is a very complicated reaction regulated via nume-

rous signals. In tamoxifen-induced apoptosis, many findings 

have suggested that tamoxifen induced apoptosis signals are 

transferred through non-receptor mediated pathways.(25)

  PLD also plays a role in apoptosis. Ceramide induces 

apoptosis via a mitochondria-caspase pathway. Several reports 

have shown decreased PLD activity and mRNA level in cell 

lines that were treated with ceramide.(26-28) This apoptotic 

signal may be transduced through protein kinase C (PKC), the 

main regulator of PLD.(29) In our experiment, tibolone showed 

an apoptosis inducing effect in both estrogen receptor positive 

Fig. 4. In vitro PLD activity assay after estradiol, tamoxifen and 

tibolone treatment in MCF-7 cell line. Tamoxifen and ∆4 

isomer showed significant increase of PLD after 60 min-

utes of treatment (P＜0.05). (E2= estradiol; TAM= tam

oxifen).

Fig. 5. In vitro PLD activity assay after estradiol, tamoxifen and 

tibolone treatment in MDA-MB-231 cell line. Only ∆4 

isomer had significant increasing effect among tibolone and 

metabolites (P＜0.05). (E2 = estradiol; TAM = tamoxifen).
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and negative cell lines, which suggests that apoptosis induced 

by tibolone may be mediated by some signal transduction 

pathway like tamoxifen. However, the effect of tibolone on 

PLD expression was somewhat variable. In estrogen unrespo-

nsive MDA-MB-231 cell line, PLD protein expression was 

decreased time dependently and caspase3 mRNA level was 

increased when tamoxifen and tibolone were introduced. How-

ever, the PLD mRNA level varied according to each tibolone 

compound. In estrogen responsive MCF7 cell line, tamoxifen 

and all tibolone compounds resulted in a time dependent 

increase of PLD protein expression despite the variable change 

of PLD mRNA level. So we can hypothesize, that in receptor 

positive cell lines, it does not seem that tibolone and tamoxifen 

induced apoptosis is transduced through a PLD associated 

signal pathway. On the contrary, in receptor negative cell line, 

the apoptosis signal induced by tamoxifen and tibolone may be 

transduced through a PLD associated signal transduction pat-

hway. If this hypothesis is true, tibolone influences PLD 

expression according to receptor status and this may be due to 

the estrogen receptor binding capacity of tibolone.(19) That is, 

if the cells have hormonal receptors, then tibolone may increase 

PLD expression through the estrogen receptor, whereas if they 

don't, tibolone may decrease PLD expression by a receptor 

independent mechanism. The effect of tibolone on PLD activity 

was also different between the two cell lines. In MCF7 cell 

line, estradiol did not affect PLD activity while tamoxifen 

increased PLD activity by about 7 fold. On the contrary, 

tibolone showed no activity increase except ∆4 isomer. In 

MDA-MB-231 cell line, estradiol increased PLD activity while 

tamoxifen did not. All metabolite forms of tibolone increased 

PLD activity but only ∆4 isomer statistically significant 

increase. However, the meaning of these results is not clear. 

  Tibolone exhibits a unique biological property; namely its 

tissue specificity. This tissue specific property raises the pos-

sible use of tibolone as an alternative treatment in hormone 

replacement therapy for breast cancer risk patients. However, 

further clinical and biological studies are required for confirm-

ation.

CONCLUSION

  Tibolone demonstrated an apoptosis inducing effect in both 

hormonal receptor positive and negative breast cancer cell lines. 

Furthermore, tibolone affected the PLD associated signal 

transduction pathway in various ways according to the hor-

monal receptor status. Because these influences on the PLD 

associated signal transduction pathway were highly variable, 

elucidation of the exact mechanism of tibolone action on the 

PLD associated signal transduction pathway will require further 

research.
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