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Summary

 

Objective and design 

 

Gross cystic disease (GCD) of the breast is

reported to occur in 7% of women in the developed world and,

although not premalignant, is thought to be associated with

an increased risk of breast cancer. Hormone and growth factor

concentration levels were measured in breast cyst fluid (BCF) to

correlate them with their mitogenic activity in tumour (MCF-7) or

nontransformed (MCF-10A) cells.

 

Results 

 

Oestradiol (E

 

2

 

), oestrone (E

 

1

 

), E

 

2

 

-sulfate (E

 

2

 

-S), E

 

1

 

-sulfate

(E

 

1

 

-S) and epidermal growth factor (EGF) concentrations were, as

expected, significantly higher in type I than in type II cysts, while

transforming growth factor-beta 2 (TGF-

 

β

 

2) showed higher levels

in type II cysts. Fifty per cent of the BCF samples stimulated [

 

3

 

H]-

thymidine incorporation into MCF-7 cells while 34·5% inhibited this

parameter. In MCF-10A cells, most BCF samples were stimulatory

(85%). E

 

2

 

, E

 

1

 

 and EGF concentrations in BCF samples correlated

significantly and positively with cell proliferation in MCF-7 cells, whereas

a significant negative correlation was found for TGF-

 

β

 

2. In MCF-10A

cells, only E

 

2

 

-S and E

 

1

 

-S exhibited significant positive correlation,

whereas a significant negative correlation was found for TGF-

 

β

 

2.

Progesterone (Pg), E

 

2

 

 and EGF incubated under the same conditions

had a stimulatory effect on [

 

3

 

H]-thymidine incorporation into

MCF-7 cells, whereas TGF-

 

β

 

2 inhibited this parameter. Pg, E

 

2

 

, E

 

1

 

 and

EGF significantly stimulated this parameter in MCF-10A cells.

 

Conclusions 

 

The stimulatory action of BCF on cell proliferation

in a model of human breast epithelial cells could partly explain the

increased incidence of breast cancer in cyst-bearing women.

(Received 13 June 2005; returned for revision 11 July 2005; finally 

 

revised 9 September 2005; accepted 4 October 2005)

 

Introduction

 

Gross cystic disease (GCD) of the breast, defined on the basis of the

presence of palpable cysts, was reported in 1981 to occur in 7% of

women in the developed world.

 

1

 

 Cysts are found mainly in women

in their thirties to late forties/early fifties and are uncommon in post-

menopausal women unless they are receiving hormone replacement

therapy.

 

2

 

 Higher risks of developing breast cancer, ranging from 1·7

to 7·5, have been reported in the literature for women with palpable

cysts.

 

3

 

 Breast cysts are not considered to be premalignant lesions but

simply markers of an increased risk affecting the whole organ.

 

1

 

 There

are two clearly defined types of breast cysts.

 

4

 

 Type I cysts are lined

with apocrine epithelium and contain fluid with an electrolyte com-

position similar to that of intracellular fluid, high concentrations of

potassium [K

 

+

 

], low concentrations of sodium [Na

 

+

 

], Na

 

+

 

/K

 

+

 

 ratio

< 3, and high concentrations of steroid hormones, including oestro-

gen (both oestradiol and oestrone), androsterone, epiandrosterone,

dehydroepiandrosterone, and their conjugates, mainly sulfates.

Type II cysts are lined with flattened attenuated epithelium, contain

fluid with an electrolyte composition similar to that of plasma (Na

 

+

 

/

K

 

+

 

 ratio > 3) and have lower concentrations of steroid hormones and

their conjugates than type I cysts.

 

4

 

 Several groups have demonstrated

that cyst fluid contains large amounts of steroid hormones,

 

5–7

 

peptides

 

8

 

 and growth factors.

 

5,6,8–10

 

 Some authors have suggested

that oestrogen serum levels,

 

11,12

 

 as well as growth factors, such as

serum IGF levels

 

13,14

 

 or intracystic epidermal growth factor (EGF)

concentrations,

 

15

 

 are correlated with an increased risk of breast

cancer.

BCF has been reported to stimulate proliferation of NIH 3T3

mouse embryo fibroblasts.

 

16

 

 When analysing the influence on breast

cancer risk of the mitogenic activity in these cells, a stratification of

this activity was found, with samples from the highest-risk group

containing a several-fold increase in activity compared with samples

from the lowest-risk women. Mitogenic activity was ascribed mainly

to EGF concentration levels.

 

16

 

 Other studies investigated the effect

of BCF on oestrone-sulfatase activity in MCF-7 and MDA-MB-231

human breast cancer cells, counting cell number as a control. Most

BCF samples analysed inhibited enzymatic activity but some samples

inhibited cell proliferation.

 

17

 

 Others reported that all the BCF sam-

ples tested inhibited cell growth in the MDA-MB-231 cell line while
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the majority of the samples inhibited MCF-7 cell growth.

 

18

 

 Again,

cell proliferation was analysed only as a control for the activity of

the same enzyme. Our group has attempted to analyse whether the

increased risk of breast cancer in cyst-bearing patients could be

mediated by a mitogenic activity of the BCF. As a model for the epi-

thelium lining the cyst, two cell lines were chosen. MCF-7 cancer cells

are well-differentiated, oestrogen-sensitive and metastatic, derived

from pleural effusion.

 

19

 

 MCF-10A, an immortal cell line that arose

spontaneously from human diploid breast cells of extended lifespan,

was obtained from a premenopausal woman with fibrocystic

disease.

 

20

 

Our group has recently suggested that the enhanced levels of

IGF-I/IGFBP-3 found in patients with type I cysts might be associ-

ated with the increased risk of breast cancer described for these

patients.

 

21

 

In this study, the mitogenic activity of BCF was analysed in both

MCF-7 and MCF-10A cells and correlated with hormone and

growth factor concentration. Additionally, the cells were incubated

under the same conditions with each hormone and growth factor

to confirm their effect on [

 

3

 

H]-thymidine incorporation.

 

Patients and methods

 

Experimental subjects

 

Fifty-five premenopausal women diagnosed with GCD of the breast,

classified

 

1

 

 according to Haagensen’s criterion (cyst greater than

3 mm in diameter, as measured by ultrasound), were studied.

Patients were studied because of a breast lump found by either auto-

examination or clinical examination. All the patients underwent a

physical examination, mammography, ultrasonic examination and

fine-needle aspiration. Aspirated material was analysed cytologically.

For therapeutic reasons, as indicated by clinical consensus,

 

22

 

 the cysts,

whether single or multiple, were aspirated only when their diameter

measured by ultrasound was greater than 3 mm. All the cysts

were aspirated during the early follicular phase, and blood samples

were extracted simultaneously.

Of the 55 patients with GCD, 31 presented a single cyst, four pre-

sented double cysts and 10 presented more than three cysts simul-

taneously. All the patients showed cysts greater than 3 mm, which

were aspirated at least once. Cysts recurred in only three patients and

none developed breast cancer during the study. None of the patients

presented with a family history of breast cancer. Postmenopausal

women, patients with either endocrine pathologies or breast cancer,

and pregnant women were excluded from the study. Therefore, all

patients selected menstruated regularly and none of them had used

oral contraceptives for 6 months prior to the study.

Patients were classified as possessing a type I cyst when the Na

 

+

 

/K

 

+

 

ratio in the BCF was < 3, and type II when the ratio was > 3. BCF

aspiration was performed during the early follicular phase of the

menstrual cycle (between days 3 and 7).

Patients were examined in two Medical Centres by two well-

trained ultrasound observers. The protocol was approved by

two local ethics committees (Hospital Alemán and Instituto de

Biología y Medicina Experimental) according to the Helsinki II

Declaration.

 

Methods

 

Cell culture

 

MCF-7 and MCF-10A human breast cells were obtained from the

American Type Culture Collection (Manassas, VA, USA). The cells

were routinely cultured in phenol red free

 

23

 

 Dulbecco’s Modified

Eagle’s Medium (DMEM): Ham F12 (1 : 1) supplemented with 10%

foetal calf serum (FCS) (South American FCS, Invitrogen Life Tech-

nologies, Carlsbad, CA, USA), 2 m

 



 

 glutamine, 2 

 

µ

 

g /ml bovine

insulin, 100 UI/ml penicillin, 100 

 

µ

 

g /ml streptomycin, and 15 m

 



 

HEPES. MCF-10A medium was supplemented with 20 ng/ml EGF.

Cells were subcultured once a week after trypsinization [0·25%

trypsin

 

−

 

0·025% ethylenediaminetetraacetic acid (EDTA)] and

seeded at a concentration of 80 000 cells /25 cm

 

2

 

 flask. The medium

was changed twice a week.

 

Mitogenic activity of BCF

 

Cells were seeded at 7000–10 000 cells /well in 96-well plates and

incubated at 37 

 

°

 

C in RPMI 1640 phenol-red free medium with 2%

charcoal-stripped FCS (for MCF-7 cells) or 5% charcoal-stripped

FCS (for MCF-10A cells), 2 m

 



 

 glutamine, 100 UI/ml penicillin,

100 

 

µ

 

g /ml streptomycin, 250 ng/ml amphotericin B and 15 m

 



 

HEPES. After 24 h, the medium was changed and different amounts

of BCF (from 2·5 to 15 

 

µ

 

l in 200 

 

µ

 

l of medium) and 0·2 

 

µ

 

Ci [6-

 

3

 

H]-

thymidine (Sp. Act: 20 Ci/mmol; Dupont-New England Nuclear,

Boston, MA, USA) were added. After 20 h incubation at 37 

 

°

 

C, cells

were harvested in a Nunc Cell Harvester 8, and filters were counted

with scintillation liquid (Optiphase ‘Hisafe’ 3, Wallac, Turku,

Finland) in a liquid scintillation counter. MCF-10A cells were

trypsinized prior to harvesting.

 

Assays

 

Sodium and potassium determination.

 

These electrolytes were

determined with an EEL flame photometer, using 1 : 100 and 1 : 500

dilutions, respectively.

 

Radioimmunoassay (RIA) of E

 

2

 

, E

 

2

 

-S, E

 

1

 

, E

 

1

 

-S and progesterone (Pg) 

in BCF.

 

To measure the different steroids, several purification steps

were undertaken. For extraction, 2 ml diethylether was added to

500 

 

µ

 

l BCF. The organic phase was used to measure the nonconju-

gated steroids (E

 

2

 

, E

 

1

 

 and Pg). The aqueous phase containing E

 

2

 

-S

and E

 

1

 

-S was deproteinized with ethanol (1 : 4), and enzymatically

hydrolysed,

 

24

 

 with modifications to the enzyme concentration and

incubation time as described by Sheckleton 

 

et al

 

.

 

25

 

 These steroids

were then measured as E

 

2

 

 and E

 

1

 

.

E

 

2

 

 was determined by RIA with a Diagnostic System Laboratories

Inc. kit (Webster, TX, USA). The antibody has a very low cross-

reaction with E

 

1

 

 (3·4%), E

 

1

 

-S (0·21%) and dehydroepiandrosterone-

sulfate (DHEA-S, nondetectable). The intra-assay coefficient of

variation (CV) was 5·3%, the interassay CV was 9·1% and the func-

tional sensitivity of E

 

2

 

 was 5 pg/ml. E

 

1

 

 was determined with a com-

mercial RIA kit (Diagnostic System Laboratories Inc.) containing an

antibody of high specificity. Cross-reactions were low: 1·2% with E

 

2

 

,



 

22
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2·0% with E

 

1

 

-S, and nondetectable for DHEA-S. Intra-assay and

interassay CVs were 4·6% and 5·8%, respectively, and the functional

sensitivity was 5 pg/ml. Pg was determined with an RIA kit from

Diagnostic System Laboratories Inc. with an intra-assay CV of 7·6%,

an interassay CV of 9·8% and a functional sensitivity of 1 ng/ml.

 

EGF determination.

 

RIA determination of EGF was performed

using the double antibody method, developed by Molinolo et al.

 

26

 

and adapted for BCF. In brief, the BCF samples were diluted (1 : 20)

in phosphate buffer, and 100 

 

µ

 

l was incubated with 100 

 

µ

 

l of the

anti-EGF rabbit antibody (Peninsula Laboratory, USA, final dilution

1 : 100 000), 100 

 

µ

 

l of 3% normal rabbit anti-serum, 100 

 

µ

 

l phosphate-

buffered saline and 100 

 

µ

 

l of 

 

125

 

I-EGF (20 000 counts per minute with

specific activity of 20 

 

µ

 

Ci/

 

µ

 

g) for 24 h at room temperature, after

which 100 

 

µ

 

l of a second antibody [goat anti-rabbit immunoglobulin

G (IgG) diluted 1 : 10] was added and the tubes incubated for 24 h

at room temperature. The range of the standard curve was 0·006–

6·25 ng/ml. The detection limit of the assay was 25 pg.

 

Transforming growth factor-beta 2 (TGF-

 

β

 

2 determination.

 

A com-

mercial enzyme-linked immunosorbent assay (ELISA) was used

(R&D System, Quantikine, Minneapolis, MN, USA). Following the

manufacturer’s instructions, latent TGF-

 

β

 

2 was activated by in-

cubation with 1 N HCl. The dilutions used were 1 : 20 for type I BCF

and 1 : 50 for type II BCF. The standard curve was in the range 31·5–

2000 pg/ml. Intra-assay CV was 7·1% for low-concentration samples

and 2·7% for high-concentration samples and the typical minimum

detectable dose was 7·0 pg/ml (according to the manufacturer). All

the samples were included in the same determination.

 

Serum IGF determination.

 

IGF-I was determined in serum by an

immunoradiometric assay (IRMA) after separation of IGFs from

IGFBPs by acid–ethanol extraction (Diagnostic System Laboratories,

Inc.). The detection limit was 0·80 ng/ml, the intra-assay CV (meas-

ured by us) was 4·4% and the interassay CV was 6·5%.

 

Statistical analysis

 

A nonparametric Kruskall–Wallis test, followed by a 

 

posteriori

 

Dunn’s test, was used to compare concentrations between groups.

Correlation analysis was performed by GraphPad Software calculat-

ing Spearman’s correlation.

 

Results

 

BCF concentration levels of several hormones and growth factors in

type I and II cysts were measured in order to correlate them with

their mitogenic activity in tumour (MCF-7) or nontumour (MCF-

10A) cells. Figure 1 depicts the concentration levels found for these

compounds. When the oestrogen concentration level was analysed,

nearly half the BCF samples showed nondetectable concentrations

of E

 

2

 

 (Fig. 1a) and/or E

 

1

 

 (Fig. 1b). However, as reported previously,

 

7

 

oestrogen concentration was significantly higher in type I cysts than

in type II. When considering the concentration levels of oestrogen-

sulfate, both E

 

2

 

-S (Fig. 1c) and E

 

1

 

-S (Fig. 1d) concentrations

were significantly higher in type I cysts than in type II, as reported

previously.

 

7

 

 These higher hormone concentrations in type I cysts

were also evident for other conjugated hormones such as DHEA-S

and 5-androstene-3

 

β

 

,17

 

β

 

-adiol-sulfate (Adiol-S) (data not shown).

Pg (Fig. 1e) concentration levels did not differ significantly between

type I and type II cysts, although a tendency to higher levels in type II

cysts was evident, in contrast to lower serum levels of this hormone

found in type II cyst bearers. The levels of EGF and TGF-

 

β

 

2 were

significantly different between both types, with higher levels of EGF

(Fig. 1f ) in type I cysts, and higher TGF-

 

β

 

2 levels in type II cysts, as

described previously.

 

27,28

 

BCF samples were tested for their capacity to influence cell pro-

liferation of two breast cell lines, the cancer MCF-7 cells (55 BCF)

and the spontaneously immortalized nontransformed MCF-10A

cells (27 BCF). When analysing the effect of the direct incubation of

different concentrations of BCF on [

 

3

 

H]-thymidine incorporation

into both cells lines, the effect was usually seen even at very low

amounts of BCF (2 

 

µ

 

l). However, at 10 

 

µ

 

l (in 200 

 

µ

 

l total volume)

the effect was always evident. For this reason, further determinations

used this amount of BCF. As can be seen in Table 1, half of the BCF

samples were able to stimulate [

 

3

 

H]-thymidine incorporation into

cancer cells MCF-7, while 34·5% were inhibitory, and the rest did

not produce any effect. The stimulation or inhibition caused by

type I and type II cysts differed, with a 2·3-fold main stimulation by

type I cysts and a marginal stimulation (1·2-fold) by type II cysts

(

 

P <

 

 0·0001, not shown). However, on nontransformed MCF-10A,

most BCF samples were stimulatory (85%). Again, the 3·35-fold

main stimulation by type I cysts was significantly greater than the

1·9-fold stimulation by type II cysts (

 

P <

 

 0·005, not shown).

Mitogenic activity was correlated with the concentration levels of

these hormones and growth factors in BCF. As seen in Fig. 2, both

E

 

2

 

 and E

 

1

 

 correlated significantly with [

 

3

 

H]-thymidine incorporation

into MCF-7 cells. E

 

2

 

-S, E1-S and Pg did not correlate significantly

with this parameter, and consequently were not included in the fig-

ure. A significant positive correlation was found between mitogenic

activity and EGF, whereas a significant negative correlation was

found between mitogenic activity and TGF-β2 concentration. When

Table 1. Effect of different breast cyst fluids (BCF) on [3H]-thymidine 
incorporation into breast cancer cells MCF-7 and nontransformed MCF-10A 
in culture
 

Stimulation

n (%)

Without effect

n (%)

Inhibition

n (%)

MCF-7: type I and II n = 55 28 (51) 8 (14·5) 19 (34·5)

MCF-7: type I n = 32 25 (75) 5 (15·6) 3 (9·3)

MCF-7: type II n = 23 4 (17·4) 3 (13) 16 (69·6)

MCF-10A: type I and II n = 27 23 (85) 2 (7·5) 2 (7·5)

MCF-10A: type I n = 14 14 (100) 0 0

MCF-10A: type II n = 13 9 (70) 2 (15) 2 (15)

Effect of the incubation of 10 µl of different BCF on 200 µl of medium 
with 7000–10 000 human breast MCF-7 (tumoral) or MCF-10A cells 
(immortalized nontumoral). The number of BCF samples that evidenced 
either stimulation or inhibition or had no effect and the percentage obtained 
by comparing those numbers to the total number of samples 
(in parentheses) discriminated by type are shown.



Breast cysts: mitogenic activity and hormone and growth factor content 23

© 2005 Blackwell Publishing Ltd, Clinical Endocrinology, 64, 20–28

these hormone and growth factor concentration levels in BCF were

correlated with the mitogenic activity in MCF-10A cells, only E2-S

and E1-S exhibited a significant positive correlation while TGF-β2

showed a negative correlation (Fig. 3). Moreover, a positive correla-

tion was found (Fig. 4) between the stimulation of MCF-7 and MCF-

10A, suggesting that some of the compounds present in BCF were

able to influence proliferation in both cell lines. A very striking cor-

relation was found between serum IGF-I concentration and BCF

mitogenic activity in MCF-7 cells (Fig. 5a). However, as serum IGF-I

correlated with EGF concentration in BCF, this could be the mediator

of serum IGF-I (Fig. 5b). When combinations of hormones or growth

factors were assessed, no correlation was found for E2 + E1/Pg, whereas

the combination E2 + E1 + Pg correlated significantly (P < 0·0001).

To determine whether the concentration levels of each of these

compounds found in BCF could stimulate or inhibit cell prolifera-

tion, [3H]-thymidine incorporation was measured after incubation

under the same conditions as when incubating with BCF samples.

As can be seen in Fig. 6a, Pg, E2 and EGF had a stimulatory effect

on MCF-7 cell proliferation, whereas TGF-β2 inhibited this para-

meter with no significant effect of 1 µ E1. When [3H]-thymidine

incorporation into MCF-10A cells was studied, Pg, E2, E1 (margin-

ally) and EGF (even at concentrations as low as 1 ng/ml) significantly

stimulated this parameter (Fig. 6b).

Discussion

The aim of this study was to determine whether BCF samples are

able to stimulate the proliferation of human breast cell lines, as a

model for the epithelial cells lining the cyst. A nontumoral cell line

(MCF-10A) obtained from a premenopausal woman with fibrocystic

disease20 was chosen as a model of the nonmalignant epithelium.

However, the human breast cancer cells MCF-7 were also used to

determine whether BCF could influence transformed cells. We were

unable to produce primary cultures from the BCF samples we

obtained, so could not undertake the experiments on proliferation

of the epithelial cells lining the cyst. However, most of the BCF sam-

ples studied significantly stimulated [3H]-thymidine incorporation

into the nontransformed cells, whereas only half of them stimulated

the tumour cells. This result can be attributed to the fact that non-

tumoral cells are normally more subject to hormone and growth

Fig. 1 (a) Oestradiol (E2), (b) oestrone (E1), 
(c) oestradiol-sulfate (E2-S), (d) oestrone-sulfate 
(E1-S), (e) progesterone (Pg), (f ) epidermal 
growth factor (EGF) and (g) transforming 
growth factor-β (TGF-β) concentration levels in 
breast cyst fluid (BCF) from patients with type I 
and type II cysts. The points represent individual 
measurements whereas the bars are the median 
for each group. Statistical analysis was performed 
by the nonparametric Kruskall–Wallis test 
followed by Dunn’s analysis.
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factor control than are tumoral cells.29 In both cases, type I cysts

were found to be more efficient in inducing proliferation than type II

cysts, probably because of their higher concentrations of steroids and

growth factors. Some authors have reported6,30 similar E1 and E2 con-

centrations in cysts of both types. However, another group5 reported

a significantly higher E2 concentration level in type I than in type II

cysts, in accordance with our results. Several groups have also

reported a higher concentration level of sulfated oestrogen7,31,32 on

type I cysts as compared with type II cysts. In addition, the E1-S con-

centration was very high in BCF, much higher than that found in

serum.33 The importance of these concentration levels of sulfated

hormones is that breast tissue expresses oestrone sulfatase,34,35 then

allowing the hydrolysation of this hormone and acting as a reservoir

for active oestrogens. It has been shown that breast cysts, namely

type I cysts, contain large amounts of EGF, which is probably

secreted locally by breast epithelium under the control of steroids,5

and that the risk of breast cancer is strongly related to the intracystic

level of EGF.15 Another study indicates that EGF levels are higher in

cysts aspirated from breasts with an associated proliferative patho-

logy, either benign or neoplastic.36 Thus, the association between

EGF concentration level and type I cysts could reflect a proliferative

stimulus on the mammary tissue around the cyst. The concentration

of TGF-β2 is considerably higher in type II than in type I cysts. Similar

results have been reported previously,28,37 for TGF-β2 as well as for

TGF-β1, although the former has levels 10–100 times higher. It

should be noted that, contrary to the other growth factors, TGF-β
is an inhibitor of proliferation, a promoter of differentiation, and an

inductor of apoptosis in the majority of human epithelial cells.38 The

question of whether the human breast cyst is an active endocrine

gland, rather than an inactive reservoir in which hormones, growth

Fig. 2 Correlation between (a) oestradiol (E2), 
(b) oestrone (E1), (c) epidermal growth factor 
(EGF) and (d) transforming growth factor-β2 
(TGF-β2) in breast cyst fluid (BCF) and their 
mitogenic activity of the in MCF-7 cells. The 
points are the measurement of individual BCFs 
and the Spearman correlation coefficient was 
obtained, as indicated in Patients and Methods, 
by GraphPadPrism software.
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Fig. 3 Correlation between (a) oestradiol-sulfate 
(E2-S), (b) oestrone-sulfate (E1-S) and 
(c) transforming growth factor-β2 (TGF-β2) 
concentration levels in breast cyst fluid (BCF) and 
their proliferative effect on MCF-10A cells. The 
points are the measurement of individual BCFs 
and the Spearman correlation coefficient was 
obtained, as indicated in Patients and Methods, 
by GraphPadPrism software.
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factors and other compounds are accumulated in unusual concen-

trations, is still unresolved. It is possible that fibrocystic disease may

result from an inappropriate histological response to changing hor-

monal levels.39

The different hormones and growth factors described in BCF were

incubated with both cell lines to determine their action under the

same conditions of incubation as the BCF. MCF-7 cell proliferation

is modulated by (but not dependent on) a series of hormones, such

as oestrogen and Pg.40,41 The effect of EGF/TGF-α on cell prolifer-

ation has been known for a long time.42 Although MCF-7 cells were

not considered to respond to TGF-β,43 a growth-inhibiting action is

mediated by membrane-bound type II receptors.44 An indirect

action by stimulation of sulfatase activity has also been described

in these cells.45 MCF-10A cells are nontransformed with several

characteristics of normal epithelium, rendering it a good model

for human normal epithelium. Even if no oestrogen receptor α has

been described in these cells,46 we, as well as others, have found that

E2 was mitogenic at 10 n.47 Oestrogen receptor β expression was

recently described in these cells.48 MCF-10A cell development is

arrested in the absence of EGF in the culture medium.49

Two previous studies on the sulfatase activity of the enzyme con-

verting E1-S into E1 analysed the effect of BCF on cell proliferation

of MCF-7 cells as a control. In the first study, 7/21 (33%) BCF

samples were shown to be inhibitory on MCF-7 cell proliferation,17

and in the second study, 8/10 were inhibitory.18 These studies were

performed for longer periods than those used in the present study,

and these differences could account for the prevalence of a stimula-

tory effect on MCF-7 cells. To discard any possible nonspecific effect,

parallel incubations were performed with charcoal-stripped FCS at

the same concentration levels (data not shown). The effect of FCS

was inhibitory in both cell lines.

The mitogenic effect of the BCF was correlated with the different

hormone and growth factor concentrations measured. When corre-

lating [3H]-thymidine incorporation into MCF-7 cells with hor-

mone and growth factor concentration levels, a significant positive

correlation was found for E1, E2 and EGF, whereas the correlation

with TGF-β2 was negative. Although a very high oestrone-sulfatase

activity has been described in MCF-7 cells,50 no correlation was

found between oestrogen-sulfate concentration and [3H]-thymidine

incorporation into MCF-7 cells. A possible explanation could be that

Fig. 4 Correlation between mitogenic activity of breast cyst fluid (BCF) in 
both cell lines (MCF-7 and MCF-10A). The points are the measurement of 
individual BCFs and the Spearman correlation coefficient was obtained, as 
indicated in Patients and Methods, by GraphPadPrism software.

Fig. 5 Correlation between mitogenic activity 
of (a) breast cyst fluid (BCF) in MCF-7 cells or 
(b) epidermal growth factor (EGF) concentration 
in BCF and serum IGF-I concentration. The 
points are the measurement of individual patients 
and the Spearman correlation coefficient was 
obtained, as indicated in Patients and Methods, by 
GraphPadPrism software.

Fig. 6 The minimal concentration of progesterone (Pg), oestradiol (E2), 
oestrone (E1), epidermal growth factor (EGF) and transforming growth 
factor-β2 (TGF-β2) that exhibited a mitogenic effect on (a) MCF-7 and 
(b) MCF-10A cells. MCF-7 and MCF-10A cells were incubated as indicated 
in Patients and Methods. The minimal concentration level that increased 
or inhibited proliferation was obtained from a dose–response curve for each 
of the compounds tested. In the case of MCF-10A, two equally stimulatory 
concentrations of EGF are shown. Statistical analysis was performed by a 
nonparametric Kruskall–Wallis test, followed by a posteriori Dunn’s test.
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these cells are not very sensitive to oestrogen, showing only 30–40%

stimulation with micromolar concentrations of free oestrogen.

For MCF-10A, [3H]-thymidine incorporation correlated positively

with E1-S and E2-S concentration whereas TGF-β2 concentration

correlated negatively. E2 was found to stimulate nearly fourfold

[3H]-thymidine incorporation into MCF-10A cells. Although oes-

trogen concentration did not correlate with this parameter, oestro-

gen sulfates correlate significantly. Considering that MCF-10A cells

express oestrone sulfatase, these results can be understood consider-

ing the huge concentrations of oestrogen sulfates in BCF, nearly

three orders of magnitude higher than the corresponding non-

conjugated oestrogens. Although, to our knowledge, oestrone sulfatase

activity has not been evaluated in MCF-10A cells, it has been

reported that this activity is higher in tumours than in regions

considered normal.34 However, this activity is 130–300 times higher

than aromatase activity in both tumour and normal breast tissue.34

Even if it has been reported that in other cell lines sulfatase activity

is inhibited by BCF,17,18 the levels of nonconjugated oestrogens prob-

ably attained by incubation of the MCF-10A cells with BCF could

justify the correlation of these parameters. MCF-10A was shown to be

more sensitive to stimulation with several steroid or growth factors

than MCF-7 tumour cells.

There was a notable absence of correlation between [3H]-thymidine

incorporation into MCF-10A cells and EGF concentration in BCF.

These cells are dependent on the presence of this factor for their

growth, with cell cycle arrest on its deprivation.51 EGF is also an

inhibitor of apoptosis in this cell line.52 Nevertheless, concentration

levels of this growth factor as low as 1 ng/ml are able to maximally

stimulate [3H]-thymidine incorporation into MCF-10A cells, as

shown in this study. As each BCF sample tested had a higher EGF

concentration level, maximal cell proliferation by this factor was

attained and no further increase could be observed. With respect to

TGF-β2 negative correlation, this factor has been described previ-

ously as being inhibitory in this cell line.44,53

Additionally, a significant correlation was found between [3H]-

thymidine incorporation into MCF-10A and into MCF-7 cells.

Although this correlation was significant, the low correlation co-

efficient suggests that while some of the growth factors and hormones

may be influencing both cell lines, some of them may be acting

differently. Both growth factors could account for the similarities

while steroids could account for the differences. Finally, serum IGF-I

showed a significant correlation with BCF mitogenic activity in

MCF-7. This finding can be understood considering the correlation

found between serum IGF-I concentration levels and EGF con-

centration levels in BCF. Consequently, the serum IGF-I effect could

be ascribed to an enhanced EGF concentration level within the cyst.

This finding is of considerable importance as we have recently

reported21 that IGF-I concentration levels were significantly higher

in sera from patients with type I cysts than in patients with type II

cysts. A highly significant decrease in IGFBP-3, the major IGFBP, was

found in patients with type I cysts with respect to healthy women,

whereas no significant difference was evident between the different

cyst types. The ratio IGF-I/IGFBP-3, an estimate of biologically

active IGF-I, was significantly higher in patients with type I cysts

than in both type II patients and healthy women. IGFBP-1 levels

were significantly lower in patients with type I cysts than in controls

or type II cysts. IGF-I/IGFBP-1 was significantly higher in patients

with type I cysts than in type II bearers or in healthy women. Oes-

trogen levels correlated with IGF-I in both patients and controls.

Could EGF concentration in BCF be the missing link between

serum IGF-I concentration levels and the increased cancer risk

described for type I cyst bearers?

The results presented here suggest that BCF is able to stimulate

[3H]-thymidine incorporation into both human breast cancer MCF-

7 cells and human breast noncancer MCF-10A cells. This stimulation

correlates with E1, E2 and EGF in MCF-7 and E1-S and E2-S in MCF-

10A cells and could consequently be mediated by a combination of

them. In the latter cells, EGF concentration in BCF was always higher

than the concentration needed for maximal stimulation, and thus it

does not correlate with [3H]-thymidine incorporation. In both cases

TGF-β2 appears to contribute to inhibiting this parameter. The pres-

ence of these hormones and growth factors in correlation with

mitogenic activity of the BCF could eventually explain, at least in

part, the increased breast cancer risk in cyst-bearing women.
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