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Abstract
Hormone dependent breast cancer is a common disease in humans as well as in dogs. In both
species it concerns mostly middle aged individuals. Women have a chance of 1 in 8 to
develop breast cancer and unspayed bitches even have a chance of 1 in 4.
In women it is known that mammary fibroblasts produce estrone, which can stimulate
estrogen receptor positive (ER+) epithelial cells when it is converted to estradiol. Estrone
production is catalysed by the enzyme aromatase and this enzyme is a target in breast cancer
therapy by the use of aromatase inhibitors like fadrazole. In dogs, the only used mammary
cancer therapy is surgery.
It is known that a lot of people, including a large group of cancer patients, take dietary
supplements. Many of these supplements contain fytoestrogens like the isoflavone genistein.
Different studies showed inhibiting as well as stimulating effects of genistein on breast cells.
We investigated the effect of genistein on breast tissue by using a co-culture model in which
primary mammary fibroblasts were co-cultured with a mammary ER+ epithelial cancer cell
line (MCF-7) and a mammary epithelial cell line that represents healthy breast tissue (MCF10A). Of special interest was to find out if genistein interferes with fadrazole therapy in breast
cancer patients.
We used healthy tissue derived fibroblasts as well as tumour tissue derived fibroblasts from
dogs. By using healthy and tumour fibroblasts we also wanted to learn more about the
influence of fibroblasts on epithelial cells and their importance in breast cancer etiology and
use in a breast cancer model.
Another interest was to find out if canine breast cancer shows the same characteristerics as
human breast cancer and if canine primary fibroblasts can be a good alternative in a human
breast cancer co-culture model. Subsequently, we wanted to learn if aromatase inhibiters
might be useful in veterinary medecin as well.
Furthermore we were interested in the relation of Cox-2 and Cyp19 (aromatase enzyme gene)
expression. A positive correlation has been described before in human breast cancer and we
wanted to know if this correlation can also be seen in canine mammary cancer.
We performed aromatase assays and real time PCRs on primary canine fibroblasts and we
could measure aromatase activity and its gene expression (Cyp19). Both were higher in
tumour derived fibroblasts than in healthy tissue derived fibroblasts. Aromatase activity can
not be increased with some known inducers of human aromatase, which suggests that Cyp19
expression is under control of different promotors in dogs. Fadrazole inhibited aromatase
activity in canine fibroblasts very efficient (p<0.01), like it does in human cells and it might
be useful in veterinary medicine as well.
Genistein at a concentration of 30 µM did increase Cyp19 expression significantly in healthy
fibroblasts, but the increase in tumour fibroblasts was not significant.
In co-cultures of healthy fibroblasts with MCF-10A and MCF-7 cells, genistein exposure
caused a non significant increase of Cyp19 expression. When tumour fibroblasts were cocultured with MCF-10A and MCF-7 cells, genistein exposure had no effect or even an
inhibiting effect on Cyp19 expression, which was significant in 1 experiment (P<0.05).
We used pS2 expression as an indicator of the estrogen respons in MCF-7 cells. Genistein at a
concentration of 30 µM did not alter expression of this gene when MCF-7 cells were monocultured, but it did increase pS2 expression when MCF-7 cells were co-cultured with both
tumour and healthy fibroblasts, which was significant in a co-culture with tumour fibroblasts
(p<0.05).
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When we exposed co-cultures of MCF-7 cells with healthy fibroblasts to genistein and
fadrazole (10 µM) together, pS2 decreased (not significantly), probably because of aromatase
inhibition by fadrazole and as a consequence less estrogen stimulation on epithelial cells.
When co-cultures of MCF-7 cells with tumour fibroblasts were exposed to both compounds,
pS2 expression showed the same significant (p<0.05) elevated levels as when only genistein
was added. Fadrazole did not show any inhibiting effect in this model. This suggests that
genistein might negate the aromatase inhibiting effect of fadrazole therapy completely.
Genistein should be considered as a potential risk for breast cancer patients who are using
aromatase inhibitors as a therapy.
These results also indicate that tumour derived fibroblasts act different than healthy mammary
tissue derived fibroblasts and that tumour fibroblasts interact differently with epithelial cells
than healthy fibroblasts. Therefore, it seems necessary to use tumour derived fibroblasts from
human tissue to opitimize the breast cancer co-culture model, which can be very useful in
further research. Canine fibroblasts are probably not very useful, because we have seen in our
aromatase assays that Cyp19 expression is regulated differently in dogs.
With real time PCR, we also found a strong positive correlation between Cox-2 and Cyp19 in
canine mammary cells. These results suggest also a (partially) similar mammary tumour
etiology with women and a possible role for cox-2 inhibiters, next to aromatase inhibiters in
dogs.
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Introduction
Human and canine mammary tumours
Mammary tumours are common in both female humans and female dogs. The incidence rate
differences, but the incidence increases with age in both species.
A study of Dobson et al (2002) shows that in the United Kingdom skin and soft tissue
tumours are the most common tumours found in dogs, followed by alimentary and mammary
tumours [1]. However, mammary tumours are almost only seen in female dogs. Only 1 % of
the cases affect male dogs [2].
Of all female dogs, 1 in 4 non-spayed dogs will develop a mammary neoplasm [3]. In female
dogs, 52% of all tumours have their origin in mammary tissue and a review by Todorova
shows that about 50 % of these mammary neoplasia is malignant. According to this review
most female dogs are between 10 and 11 years old when they develop these tumours [4]. A
mean age of 6-7 years at onset is also mentioned in the literature [5]. However, it is clear that
this is a disease of the middle aged and old female dog.
Mammary cancer is also in women one of the most common types of cancer. In de United
States a women has a chance of 1 in 8 to get this disease [6]. The Cancer Statistics report
estimates breast cancer accounts for 26% of all cancers in women for 2008. It also reports that
the risk of getting an invasive type of breast cancer is 1 in 8 when spread over all ages. This
suggests that even more than 1 in 8 women will have some type of a mammary abnormality.
The probability of developing invasive breast cancer differs between ages. The group at the
highest risk consists of women from 60 to 69 years. Breast cancer is for women as well as for
dogs a disease which concerns most of the times older individuals [7].
Hormone dependency and estrogen receptors
In women, most breast tumours are estrogen dependent; they need estrogen for cell
proliferation. Estrogen dependency of breast tumours increases with age, approximately
51,4% of breast tumours in patients younger than 35 years and 81,6% of breast tumours in
patients of 70 -74 years old. In general, the incidence of hormone dependent breast cancer is
60 % higher in postmenopausal women. An estrogen receptor positive (ER+) breast tumour
has a better prognosis in women than an estrogen receptor negative (ER-) tumour which can
proliferate without estrogen stimulation [8, 9].
There are two different types of estrogen receptors: ER-α and ER-β. In normal breast tissue,
both receptor types are found. In mammary tumours, ER-α is associated with promoting
tumour growth and the ER-α / ER-β ratio increases in neoplasm. In breast cancer cell lines,
ER-β is associated with inhibition of tumour cell proliferation, but about the in vivo effect of
ER-β stimulation is still not a lot of knowledge [10].
In dogs, mammary tumours are also hormone dependent. When dogs are spayed, especially
before their first estrus, they have much less risk at getting mammary neoplasm. Dogs spayed
before their first estrus have a risk of 0.05% of getting a malignant mammary tumour in later
life. This risk increases for dogs spayed after their first estrus to 8% and for dogs spayed after
their second estrus or later to 26% [2]. In canine mammary tumours, both estrogen and
progesterone receptors (ER and PR) can be present [5]. In general, healthy mammary gland
tissue, hyperplastic lesions and benign neoplasia are high in ER expression and malignant
tumours have a lower ER expression or no ER expression at all. One study showed a
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difference in ER status between different stadia of canine mammary ductal carcinoma. In this
study, especially the intermediate grade tumours had a high ER expression [3, 11-13].
Breast tissue and estrogens
Breast tissue consists of different cell types: cells that form the epithelial part and cells that
form the stromal part. The mammary gland has a lobulo-alveolar structure formed by
myoepithelial cells, ductal epithelial cells and alveolar epithelial cells [14]. Fibroblasts from
the stromal part are not only important as supporting tissue. Mammary fibroblasts also
produce estrogen that can bind the ER on epithelial cells which stimulates epithelial cell
proliferation in this way. In addition, epithelial cells secrete certain factors that stimulate
fibroblasts to produce and secrete estrogen. Both cell types stimulate each other in this way,
which results in a positive feedback loop between these cells.
In premenopausal females, most of the estrogen is produced by the ovaries. In
postmenopausal women, estrogen production in the ovaries ceases and estrogen production
will mainly take place in adipose tissue, muscles and connective tissue and therefore estrogen
production in mammary tissue becomes more important [9]. Estrogen production by
mammary fibroblasts can result in a very high local concentration of this hormone. This can
promote tumour development, since estrogen will stimulate proliferation of ER+ cells.
Because of the positive feedback loop, estrogen production can become excessive in and
around the tumour site which will again stimulate tumour development and growth [15, 16].
Aromatase and estrogen production
Mammary fibroblasts are able to produce estrogen, because they contain the aromatase
enzyme which plays a crucial role in the process of estrogen synthesis. Aromatase converts
androgen into the estrogen called estrone (figure 1). Aromatase is bound to the endoplasmatic
reticulum membrane in the cell. The corresponding gene for this enzyme is called Cyp19 and
it’s a member of the Cytochrome P450 family. It consists of the ubiquitous flavoprotein,
NADPH-cytochrome P450 reductase and an unique cytochrome P450 [17].

Figure 1. Estrogen biosynthesis and metabolism. The main enzymes are (1) aromatase, (2) 12 B-hydroxysteroid
dehydrogenase, (3) cytochrome P450 1A2, (5) cytochrome P450 1B1 and (6) catechol-O-methyl transferase
[18].
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In the positive feedback loop between fibroblasts and epithelial cells, aromatase activity is
influenced by factors secreted by epithelial cells. These factors can bind promoters of the
Cyp19 gene to increase aromatase expression and, as a consequence, the estrogen production
and secretion by fibroblasts [17, 19, 20].
Fibroblasts
Cyp19
Androgens  Estradiol (E2)
Cyp19 Stimulating factors

E2

Epithelium cells
Figure 2. Positive feedback loop between mammary fibroblasts and epithelial cells. Fibroblasts stimulate
epithelium proliferation by secreting E2 and epithelial cells stimulate fibroblasts to produce E2 by stimulating
Cyp19 expression.

In healthy human breast tissue, certain promoters are known to be involved with the
regulation of Cyp19 gene transcription. In healthy tissue this concerns promotor P I.4, which
is regulated by glucocorticoids and class 1 cytokines, like IL-6, IL-11 and TNF-α.
In situations of mammary neoplasia, Cyp19 expression is under control of different promoters
and different regulating factors than in a healthy situation. This causes an increased
expression of aromatase and, as a result, elevated levels of estrogen in tumour tissue, which
promotes tumour growth in estrogen dependent tumours [9].
After this so called promoter switch, P II and P I.3 become predominant over P I.4. These
‘tumour- promotors’ are regulated by cAMP, interleukine-6 in combination with its
interleukine-6 soluble receptor and prostaglandin E2. Apart from production of these
cytokines by tumour cells, they are also secreted by macrophages and lymphocytes [15, 17,
19, 20].
In dogs, little is known about aromatase expression, regulation and activity in healthy and
tumour mammary tissue. One study showed a significantly increased expression of aromatase
in canine mammary tumours, compared to normal canine mammary tissue. It also showed a
significant decrease of aromatase expression in hyperplastic mammary tissue, compared to
tumour canine mammary tissue [21]. Another group studied the aromatase expression in a
specific cancer, canine inflammatory mammary carcinoma, and found a non-significantly
elevated expression of aromatase in these tumours [22].
Cyclo-oxygenase 2
Another enzyme that might play an important role in breast cancer is cyclo-oxygenase 2
(Cox-2), one of the two isoforms of cyclo-oxygenase. There is a lot of interest in this enzyme
and it is clear it has a key-role in several types of cancer, which is supported by the fact that,
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in these cancers, Cox-2 inhibitors can prevent cancer, reduce tumour growth or even decrease
tumour size in both human and dog [5, 23-26].
Cyclo-oxygenase is localized on the membrane of the endoplasmic reticulum and the
membrane of the nucleus in cells. The enzyme is responsible for the conversion of
arachidonic acid to prostaglandin H2. This “precursor-prostaglandin” can be metabolized or
transformed to many different primary prostaglandins.

Figure 3. Synthesis of prostaglandins out of arachidonic acid under control of Cox-1 and Cox-2 [27].

Cox-1 is found in almost all tissues and its products play an important role in the physiology
of the healthy situation, while cox-2 is in general undetectable in non-pathological situations.
Cox-2 expression can increase dramatically in tissues with inflammation and in case of a lot
of cancer types, for example breast, prostate, bladder and lung cancer [5, 25].
In neoplasia, Cox-2 expression can, for example, be induced by inflammatory reactions,
growth factors, tumour promotors and oncogenes [28].
Cox-2 is believed to promote tumourgenesis in different ways. First of all, Cox-2 might
induce angiogenesis in the tumour, which is essential for tumour growth and also for tumour
metastasis. Secondly, some studies suggest a role for Cox-2 in mediating resistance to
apoptosis. Also, a proliferation stimulating role is mentioned. Although a lot of the
mechanisms are not yet fully understood, these effects are described in several studies [23, 25,
26, 29, 30].
In many mammary neoplasia samples, Cox-2 expression is detectable. A study among women
found detectable levels of Cox-2 in 100% of breast tumour tissue samples (n=21) [31]. A
study among dogs showed also 100% Cox-2 detection in mammary lesions, except for ductal
hyperplasia. Cox-2 expression was higher in malignant than in benign canine mammary
neoplasia [28]. In another study among dogs only 56% of the mammary tumours was positive
for Cox-2 (n=50). However, of the anaplastic carcinomas, 100 % was positive, but of the
adenocarcinomas, only 44% was positive, so it might differ between mammary cancer types
[30].
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In breast cancer, Cox-2 might play a specific role in cancer etiology. As mentioned before, in
human breast tumours PGE2 is one of the regulators of Cyp19 gene expression which results
in expression of aromatase. PGE2 is formed by conversion of PGH2, which is synthesized by
Cox-2. Several studies have described a positive correlation between the expression of Cox-2
and aromatase in several types of human breast cancer [5, 31, 32].
Mammary cancer therapy
In women, there are several possible therapies against breast cancer like surgery,
chemotherapy, radiation therapy and hormonal therapy. After surgery, many adjuvant
therapies for women are directed toward inhibiting the levels of estrogens by aromatase
inhibiting medicines or estrogen receptor blockers and mediators. In dogs, only surgical
removal is recommended. There has been done some research to other therapies, especially to
chemotherapies, but no effective ones have been found yet. It might be useful to use
medicines like aromatase inhibiters for dogs as well. Until now, aromatase inhibitors are only
clinically used in veterinary medicine for male dogs with benign prostatic hyperplasia [2, 3335].
Fadrazole
One of the used aromatase inhibitors as a therapy for postmenopausal women with breast
cancer is fadrazole. This is a non-steroid aromatase inhibitor of the second generation.
Fadrazole is an imidazole derivative and inhibits the activity of the aromatase enzyme in a
competitive way. The effect, reduced estrogen production, is a result of the interference with
steroid hydroxylation after binding [33, 36, 37].
Dietary supplements
Especially for humans but also for animals, it becomes more and more common to use a
special diet or nutritional supplements. These supplements are taken for several reasons, but
also as a preventive or supporting cancer therapy, alone or in combination with their regular
therapy.
In general, 50 % of all Americans are using dietary supplements and cancer patients and
survivors use these supplements even more. Velicer et al (2008) draw an inventory up of the
use of supplements by cancer survivors in the US. Among these people 64-81% was using
vitamin or mineral supplements and 26-77% was using multivitamins. Of the cancer
survivors, breast cancer survivors were the highest users[38].
Another population based study, done by Miller et al (2008) and based on the California
Health Information Study in 2001, shows that 58,8% of the cancer patients was also using
supplements. Most of them were only using single vitamins, but also 41% of the cancer
patients was using a herb or a botanical supplement[39].
Phytochemicals
Lots of dietary supplements, as well as a regular diet, contain phytochemicals. These
chemicals derive from vegetables, fruits and other plant foods and do not have a nutritional
value. There is a lot of discussion about the use of certain dietary supplements in breast cancer
and a lot of research has already been done. Some phytochemicals are suggested to have a
positive contribution to breast cancer therapy or prevention, but others are suggested to be
possible interfering factors in regular therapies or even risk increasing factors in getting
hormone-dependent diseases like breast cancer [10, 40-42]
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Phytoestrogens
Phytoestrogens are phytochemicals with a structure and / or function that is similar to
estradiol. Two major groups of phytoestrogens are lignans and isoflavones. Flavones and
coumestans are also groups of phytoestrogens, but they are less well studied because they are
less abundant in our diet. Phytoestrogens are weak estrogens, but they can reach much higher
plasma concentrations than endogenous estradiol in postmenopausal women [10, 40, 41].
A study of Rice et al (2008), describes several effects of phytoestrogens in the body.
According to this article, phytoestrogens can mimic estrogen binding to the ER and initiate
estrogen dependent transcription and they can reduce the plasmaconcentration of free
hormones by increasing the concentration of sex hormone binding globulines. They also
might have an inhibitory effect on angiogenesis, cell signaling pathways and steroidogenic
enzymes, probably by competition with natural substrates, but possibly also by inhibiting
expression of these enzymes. Also, a stimulating effect on the immune system and an action
as anti-oxidants is ascribed to these chemicals [10, 40-42] .
Different studies show different effects of phytoestrogens. Some inhibit aromatase and are
therefore thought to have a supportive role in breast cancer therapy, but other studies show a
growth stimulating effect on ER+ tumour cell lines and suggest exposure to phytoestrogens to
be a breast cancer risk factor [9, 43].
According to a review of Duffy et al (2007), the effect of phytoestrogens in women depends
on their hormonal status. Low estrogen situations, as in postmenopausal women, may
contribute to a stimulating effect of the phytoestrogens on tumour cell proliferation. In high
estrogen situations, as in premenopausal women, this might be the opposite [41].
Because of some of their possible positive features, phytoestrogens are often used as an
alternative for Hormone Replacement Therapy to relieve menopausal symptoms, because
people might have the theory that they are natural and as a result, healthy and harmless.
Unfortunately, women who survived breast cancer have more menopausal symptoms and they
form a large group of potential users. They are advised not to take these supplements because
this might increase the risk of recurrence of breast cancer. [10, 40, 41].
Genistein
Genistein is the metabolite of genistin, an isoflavone phytoestrogen. The brake down of
genistin into genistein is caused by glucosidases in the intestinal tract and before it will be
absorbed it’s metabolised into p-ethyl phenol by bacteria. The greatest source of genistein is
soybeans, but also many supplements that should decrease menopausal symptoms contain
genistein [10, 40, 41, 44].
Genistein is said to have features like being a weak estrogen (but relatively strong compared
to other phytoestrogens), being a selective estrogen receptor modulator and it might have antiestrogenic properties.
In breast tissue, genistein has a direct and an indirect effect on epithelium proliferation. The
direct effect is caused by binding the ER. Genistein has, like many other phytoestrogens, a
higher affinity for ER-β than for ER-α. The indirect effect is caused by influencing aromatase
activity in fibroblasts. The direct effect on the tumour cells is also still under discussion.
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Because ER-β is associated with inhibition of tumor cell proliferation in vitro, genistein was
thought to have an inhibitive effect on breast tumour growth in vivo.
According to Duffy et al (2007), the growth inhibitory features are due to inhibition of protein
kinases, which are involved in growth signaling pathways, after ER binding [41, 45].
Unfortunately several studies found the opposite, but other studies do support the anti-tumour
effects of genistein [9, 10, 40-42, 44-46].
A review by De Lemos shows that the effect of genistein is dose-dependent. At low
physiologically concentrations of <10 µ mol/L, genistein increases the growth of ER+ breast
tumour cells. At higher concentrations of >10 µ mol/L, it appears to inhibit this growth. These
results, that show a dose-dependent way of action, are supported by other studies [9, 44]. In
an individual, the plasma concentrations are most of the time lower than 10 µ mol/L and it’s
quite difficult to achieve a high concentration with dietary intake [41, 47, 48].
The effect of genistein on aromatase expression in mammary fibroblasts is also under
discussion. Nevertheless, most studies found genistein to be a weak aromatase inhibitor [9,
49].
A study of Van Meeuwen et al (2007) shows that within a certain concentration range
genistein can inhibit aromatase and promote tumour cell proliferation at the same time. In this
situation, cell proliferation is more responsive and overrules the effect of aromatase inhibition
[9].
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Aim of the project
Our main interest is to learn more about the interactions between mammary fibroblasts and
breast tumour cells. A lot of breast cancer models have been used and especially co-cultures
of human primary mammary fibroblasts and a breast cancer cell line were used to involve the
feed-back loop between these cell types. Until now, fibroblasts from healthy mammary tissue
have been used and we were interested if there would be a difference in using healthy or
tumour tissue derived fibroblasts. A hypothesis is that the use of tumour derived fibroblasts
will optimize the breast cancer co-culture model, because of the cyp19 promoter switch in
tumour fibroblasts and the altered levels of estrogen production. Consequently, we expect
different tumour cell behaviour in a co-culture with tumour derived fibroblasts.
In dogs, as in human, mammary cancer is a common disease and we are interested in a
potential role for dogs as a model for human breast cancer. It is easier to obtain primary
canine mammary fibroblasts, both healthy and tumour tissue derived, than to obtain human
mammary fibroblasts. We would like to learn if canine fibroblasts have the same features as
human fibroblasts concerning the aromatase enzyme and if canine fibroblasts can be used in
human breast cancer co-culture models.
The effect of Genistein on breast cancer is under discussion. We are interested in possible
different effects of genistein in a model representing healthy breast tissue and a model
representing tumour breast tissue. By using healthy tissue and tumour tissue derived
fibroblasts as well as cell lines that derive from malignant and non-malignant human breast
epithilium, we expect to see a different effect of genistein on each cell type as well as on
different cell combinations.
Fadrazole is an aromatase inhibitor and used as a therapy in hormone dependent breast cancer
in women. By decreasing aromatase activity, less estrogen will be produced and secreted and
tumour proliferation will not be stimulated. Genistein is suspected to interfere with this
therapy, mainly by stimulating tumour cell proliferation by binding the ER on the tumour
cells. We will try to reject or support this hypothesis by using both compounds in our different
co-cultures.
Since there is only one mammary cancer therapy in dogs it is interesting to look for
alternative or adjuvant options. Human breast cancer therapies might also be useful in dogs.
We would like to learn if aromatase has a prominent role in canine mammary tumours. When
aromatase can be measured in canine fibroblasts and if there is a difference in healthy and
tumour derived cells, it is also interesting to learn more about the regulation of its expression
and activity. By using known inhibitors and inducers of aromatase in human fibroblasts, it can
be tried to induce and reduce this activity in dog cells. A second purpose of using these test
compounds is to see if aromatase activity in the dog is regulated by similar promotors and
their corresponding regulatory factors as in human. If there will be a similar effect, aromatase
inhibitors might have a therapeutic role next to surgery in canine mammary cancer.
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Materials and methods
Primary fibroblasts
Obtaining tissue
Canine mammary tissue was obtained from the Animal Laboratorium (Gemeenschappelijk
Dierenlaboratorium) of the Utrecht University, the Small Animal Department of Utrechts
Veterinary Faculty and two private clinics. Tissue was derived from two male dogs and four
female dogs. The dogs from the private clinics had surgery because of the mammary
abnormalities. The dogs from the laboratory and faculty were sacrificed for other research
projects.
Three of the female dogs had mammary neoplasia. From one of these, we were able to get
tumour and normal mammary tissue. One tumour, received from a private clinic, ca 1 cm,
rounded and rigid, had been sent for pathological examination and it was characterized as a
mixed adenoma. This tumour was in total stored at –80 ˚C. The other dog from a private clinic
had tumours in all mammary glands with very different sizes. Most of them were surgically
removed. One of these masses was very large and ulcerated with necrosis in the centre. From
this dog, multiple samples were taken from several masses and put together for fibroblast
isolation. The dog from the University clinic had also small, rounded and rigid masses
localized in one mammary gland. From this dog, tissue was taken from the tumour side and
from a macroscopic healthy looking mammary gland. Fibroblasts were isolated separately
from both samples. One female dog from the University clinic didn’t have any
macroscopically recognizable mammary tumours when she was sacrificed and fibroblasts
from this dog were assumed to be healthy fibroblasts.
Fibroblast isolation
To isolate fibroblasts from the canine mammary tissue, a protocol was used from Heneweer et
al to isolate human fibroblasts [17].
Tissue was collected as sterile as possible and transferred directly into cold sterile phosphate
buffered saline (PBS) on ice. Tissue was washed twice with sterile PBS and minced with
sterile instruments in a sterile petridish to get fractions as small as possible. The minced tissue
was then transferred to a sterile jar and 100 ml sterile Krebs-Ringer buffer containing
collagenase I 150U/ml (51,55mg/100 ml) was added. The closed jar was put in a 37 C
waterbath to stir for 2,5 hours. Then, the tissue was poured and stirred through a mesh and
centrifuged at 800 rpm for 20 minutes. The supernatant was removed and the pellet was
reconstituted in 5 ml culture medium (RPMI 1640, 10% fetal calf serum, 1 %
penicilin/streptomycin, 1% amphoteircin B and 1 ug/ml insulin). This cell suspension was
transferred to a 25 cm2 flask. The plated cells were kept in an incubator at 37 ºC and 5% CO2
and were not disturbed for at least 24 hours.
Fibroblasts culturing and passaging
Fibroblasts were passaged once a week. After trypsonizing the cells, warm culture medium
was added. This suspension was centrifuged for 5 minutes at 800 rpm. Supernatant was
removed and the pellet was resuspended in warm medium and transferred to a new flask.
Fibroblasts were passaged at 1:2, so out of every flask, two new were seeded. After passaging,
cells were left undisturbed for 24 hours. Three or four days after passaging, medium was
renewed. Cells were incubated at 37 ºC and 5% CO2
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MCF-7 cell line
In our experiments we used the MCF-7 cell line as a model for estrogen-dependent breast
cancer cells. This is an ER+ human mammary adenocarcinoma cell line, derived from a 72
year old woman, and it was obtained from the American Type Culture Collection (ATCC No.
HTB-22).
MCF-7 culturing and passaging
MCF-7 cells were cultured in the same medium as the fibroblasts (RPMI 1640, 10% fetal calf
serum, 1 % penicilin/streptomycin, 1% amphotericin B and 1 ug/ml insulin). They were kept
in 75 cm2 flasks at 37 C and 5% CO2.
Once a week, MCF-7 cells were passaged in the same way as the fibroblasts, except MCF-7
cells were passaged in a 1:3 proportion. Three or four days after passaging, medium was
renewed.
MCF-10A cell line
The MCF-10a cell line was used as a model for healthy epithelial breast cells. This is a human
mammary fibroadenoma cell line which is not malignant. This cell line was obtained from the
American Type Culture Collection (Rockville MD).
MCF-10A Culturing and Passaging
After taken out of the freezer, MCF-10A cells were first cultured in Dulbecco’s modified
Eagle’s medium and Ham’s F12 medium (1:1) with 2,5 mM L-glutamine supplemented with
20 ng/ml epidermal growth factor, 0,01 mg/ml insulin, 500 ng/ml hydrocortisone, 5 % Horse
Serum and 100 U/ml penicillin / streptomycin. After a while this medium was changed into
the same culture medium as the fibroblasts were cultured in (RPMI 1640, 10% fetal calf
serum, 1 % penicilin/streptomycin, 1% amphotericin B and 1 ug/ml insulin), because they
also had to function and grow under these conditions when they were co-cultured with
fibroblasts.
Once a week, MCF-10A cells were passaged according to the same procedure and proportion
as the fibroblasts. Three or four days after passaging, medium was renewed.
Freezing cells
Most fibroblasts were frozen to keep them for possible further experiment after this project.
Cells were frozen in a concentration of 3*106 cells per ml culture medium with 10% DMSO.
Cells were stored in liquid nitrogen.
Aromatase assay
Aromatase activity in fibroblasts was measured and some expected inducers and inhibitors of
this activity were tested. In this test, tritium labelled androstenedione (3 H-androstenedione) is
added to the cells after a period with hormone-free medium with testcompounds. The
aromatase enzyme converts this 3 H-androstenedione into estrone and a water molecule.
During the reaction, the labelled H-atom becomes incorporated in the H2O molecule. The
tritium-labelled water, which is isolated in a few steps, gives a radioactive signal that is the
result of the amount of tritium-water.
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Figure 4. Schematic view of the proces in fibroblasts during an aromatase assay.

Aromatase assay protocol
The aromatase activity was determined after the protocol of Lephart and Simpson, with minor
modifications.
Cells were counted and plated at a density of 2.5*105 cells per well on a 12 wells plate. After
48 hours culture medium was removed and replaced by 1 ml of fresh culture medium with 1
µl of a test compound. After 24 hours, medium with test compounds was removed and
replaced by 400 µ l serum-free medium that contained 1.54 µl/ml 3H-androstenedione per
well. The cells were then incubated for 6 hours at 37˚C and 5% CO2. After 6 hours, 320 µl of
medium from each well was transferred to an ep vial containg 800 µl chloroform. The vials
were vortexed for 15 seconds and centifuged for 2 minutes at 11000g. From the aqueous
phase of the supernatant, 160 µl was tranferred to an ep vial containg 160 µ l dextran coated
charcoal to remove the last organic compounds. After 15 seconds of vortexing, another
centrifuge step at 11000 g for 15 minutes was done. From the aqueous phase of the
supernatant, 200 µl was transferred to a scintillation vial and 3 ml of scintillation cocktail
(Perkin Elmer, Boston, MA, USA) was added and measured in a coulter counter.
Test compounds
The choice of test compounds that were used, was based on their influence on human
mammary fibroblasts according to several articles [15, 16, 23, 31, 33, 36, 37, 50]. Test
compounds were dissolved in DMSO, except for 8-Br.-cAMP and PGE2 which were
dissolved in PBS and ethanol respectively.
Table 1. Concentrations of test compounds used in the aromatase assay on canine mammary fibroblasts and their
assumed effect.

Dexamethasone
PMA
8-Br-cAMP
PGE2
4-OH-androstenedione
Fadrazole

Concentration

Assumed effect on aromatase

100 nM
100 nM
10 µM
1 mM
1 µM
0.25µM

Induced activity
Induced activity
Induced activity
Induced activity
Inhibited activity
Inhibited activity

MTT assay
After an aromatase assay, cell viability was tested with a 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide assay (MTT assay). MTT was obtained by SIGMA (Aldrich
Fluka B.V. Zwijndrecht NL). The yellow coloured MTT is reduced by enzymes of the
mitochondria of cells to blue coloured formazan crystals. With a Polarstar Galaxy (BMG,
Laboratory Technologies) spectrophotometer, the relative amount of produced formazan
crystals can be measured. Well functioning healthy cells produce more formazan crystals,
than cells in a bad condition.
For this assay, 250 µl 20% MTT in medium was added to the cells and after at least 20
minutes of incubation at 37˚C, absorption was measured spectrophotometrically at 595 nm.
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Protein assay
A protein assay was performed to calculate the aromatase activity per mg protein. Medium
was removed from these wells and 0.5 ml 5mM NaOH was added.
For measuring the protein amount for each well the Lowry protocol was used. Three solutions
were used. Lowry A solution constisted of 20.0 g Na2CO3 (0.19M), 4.0 g NaOH (0.1M) and
0.2 g Na-K-tartrate (0.7mM) dissolved in 1.0 L miliQ. Lowry B solution consisted of 0.5 g
CUSO4.5H2O in 100 ml miliQ. Folin solution was made at 1:1 with H2O.
Six dilutions were made to make a calibration curve with bovine serum albumin (BSA) to
calculate the protein concentration.
Table 2. Dilutions with BSA (1 mg/ml: 0,25,50,75,100,150) for calibration curve.

BSA(µl)

miliQ (µl)

0
25
50
75
100
150

1000
975
950
925
900
850

Of each concentration of the calibration curve, 150 µl was transferred into a tube. Then, of
each sample, also 150 µl was transferred into a tube. Lowry A and Lowry B were put together
at 50:1 to form Lowry C solution of which 750 µl was added to every tube. The tubes were
vortexed and then left undisturbed for 10 minutes. After this time, 75 µl Folin solution was
added to each tube and the tubes were vortexed again. After at least 30 minutes, abosorption
measuring on the smartspec at 750 nm could start. First, a standard curve was made and the
resulting R-square, which should be close to 1, was checked. Samples were measured and
concentrations were determined.
Real Time PCR
With a Real Time Polymerase Chain Reaction, the expression of certain genes from cells in
co-culture could be measured, through amplifying and quantifying mRNA. After exposure to
testcompounds, RNA was isolated from the cells with RNA instapure which was obtained
from Eurogentec (Nederland B.V. Maastricht NL). Out of the RNA, copy DNA was made by
using iScripttmcDNA Synthesis Kit from BIORAD Laboratories INC. When primers for
specific genes and IQ SYBR Green Supermix from BIORAD Laboratories INC, are added,
the PCR could start running. To measure the expression of a gene, a reference gene is needed.
For dog as well as human cells, β-actin was used which is known to be a housekeeping gene
and the expression is constant in all circumstances. The expression of the human genes pS2
and Cyp19 and the canine genes Cyp19 and Cox-2 were determined in this project. PS2
expression was measured as an indicator of estrogen response of the cells. Cox-2 could only
be measured in mono-cultures of canine cells, because these primers interfered with the
human RNA. Primers were obtained from Invitrogen (Life Technologies, Merelbeke, NL).
The effect of the genistein, fadrazole and a combination of these compounds on the
expression of Cyp19 and pS2 genes in the cells was measured by RNA quantification.
MCF-10A expresses neither Cyp19 nor pS2.
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Culturing and exposure for PCR
On day 1, fibroblasts were counted and plated in 2 ml of culture medium per well at a density
of 8*104 per well in a six-wells plate. Also on day 1, the MCF-7 or MCF-10A cell line culture
medium was replaced by hormone free assay medium (RPMI 1640, 10% dextran charcoal
treated serum, 1 % penicilin/streptomycin, 1% amphotericin B and 1 ug/ml insulin). Day 4,
MCF-7 or MCF-10A cells were counted. Culture medium was removed from the fibroblasts
and after washing the cells with PBS, MCF-7 or MCF-10A cells were plated on top of the
fibroblasts at a density of 8*104 in 2 ml assay medium in each well. Day 5, medium was
removed and replaced by assay medium with testcompounds and 20 nM testosterone.
Table 3. Used testcompounds and their concentrations at exposure.

Concentration
Genistein
Fadrazole
Genistein & Fadrazole

30 µM
1 µM
30 µM & 1 µM

Fadrazole was dissolved in DMSO, Genistein was dissolved in ethanol. Testosterone was also
dissolved in DMSO.
To the control samples, DMSO was added (besides the Testosterone). After 72 hours
incubation with testcompounds, RNA could be isolated on day 8.
RNA isolation
To isolate RNA, the wells were put on ice directly after taking them out of the incubator.
Medium was removed and cells were washed with cold PBS. RNA-instapure was put on the
cells in an amount of 1 ml per well and this was transferred into a RNAse free ep vial. An
amount of 100 µl chloroform was added and after vortexing for 10 seconds a centrifuge step
of 12000 rpm for 15 minutes followed. 400 µl of the upper layer was transferred to a new ep
vial and 400 ul isopropanol was added. Again, this was vortexed and then centrifuged for 15
minutes at 12000 rpm. The supernatant was carefully removed and the pellet was washed with
750 µl ethanol 70 %. This was vortex untill the pellet was released from the wall of the vial
and then centrifuged for 10 minutes at 12000 rpm. The supernatant was removed and the
pellets were dried at room temperature for 10-15 minutes under laminar flow hood. Each
pellet was then resuspended in 15 µl of cold sterile RNAse free water and stored at –80 ºC or
RNA amount and purity were directly measured.
A SmartSpectmPlus spectrophotometer from BIORAD Laboratories INC was used to measure
the concentration and purity of RNA by absorbance at 260 and 280 nm. To measure, RNA
stock was diluted with 25 fold by adding 2 µl RNA solution to 48 µl RNAse free water. This
was transferred to a cuvette for measuring. Purified RNA should have an A(260 nm)/A(280
nm) ratio close to1,9. Finally, the RNA stock was diluted to a concentration of 66,67 µg/ml to
get a RNA concentration of 1 µg/15 µl for optimal use for a PCR run.
cDNA synthesis
To produce copy DNA, a mix was made with 4 µl 5x iScript Reaction Mix and 1 µl iScript
Reverse Transcriptase for each sample. In special eps, 5 µl of this mix and 15 µl of the RNAdilution were put together. After a short centrifuge step this was put into the Biorad and the
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cDNA producing protocol was runned. This protocol is started by 5 minutes at 25 ºC, then
followed by 30 minutes at 42 ºC and finished with 5 minutes at 84 ºC. The obtained cDNA
was finally diluted fivefold by adding 80 µl RNAse free water.
PCR running
First a reactionmix was made. For each sample, 12,5 µl iQ SYBRGreen Supermix, 1 µl 10
µM forward primer and 1 µl 10µM reversed primer were put together.
Table 4. Sequences of the primers used for Real Time-PCR.

Human pS2
Human β-actin
Canine Cyp19
Canine Cox-2
Canine β-actin

Forward Primer (5’to 3’)

Reversed Primer (3’to 5’)

CATCGACGTCCCTCCAGAAGAG
TTGTTACAGGAAGTCCCTTGCC
CCTCGTGCGTATGGTAACAG
TTCCAGACGAGCAGGCTAAT
CTGGAACGGAGAAGGTGACA

CTCTGGGACTAATCACCGTGCTG
ATGCTATCACCTCCCCTGTGTG
ACCCAGTTCGTTGCTGACTT
GCAGCTCTGGGTCAAACTTC
AAGGACTTCCTGTAACAATGCA

The amount of RNAse free water in the mix was variable and depended on the amount of
cDNA that was used. Totally, the mix and the cDNA made an amount of 25 µl. For Cyp19
and pS2, 10 µl cDNA was added to each well, so only 0,5 µl H2O was put in the mix for each
sample. For β-actin, human and dog, 5 µl cDNA per well was used, so for each sample 5,5 µl
H2O was added to the mix. After finishing the mix, it was vortexed, shortly centrifuged and
distributed to the wells of a 96 well PCR plate (ICycle iQtm of BIORAD Laboratories INC).
Finally cDNA was added to the wells and the plate was cealed with a plastic cover. After a
short centrifugestep, the measuring could start. A standard protocol was runned for all the
samples.
Table 5. Temperature conditions during standard protocol of RT-PCR. Cycle three respresents the melting
curve.

Cycle

Repeats

Step

Setpoint

Dwell Time

1
2

1x
40x

3

81x

1
1
2
1

95 ºC
95 ºC
60 ºC
55 ºC

3 minutes
15 seconds
45 seconds
30 seconds with an increase of
0.5ºC to 95 ºC

After measuring, the names and conditions of the samples were entered in the software
program MyIQtmRT-PCR detection System (BIORAD Laboratories INC). This program
calculated the normalized gene expression in every sample by using the β-actin housekeeping
gene as a reference.
Photographing fibroblasts
Several photographs were taken with an Olympos CKX41 microscope, connected to a
Olympos DP 20-5 device to follow and register the behaviour of primairy fibroblasts in
culture. An SD digital camera cart was inserted and pictures could be saved.
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Results
Canine fibroblast isolation
It was not sure if the human fibroblast isolation protocol would also work for fibroblast
isolation from canine tissue, since collagenase I was used and effectiveness was not known
before. However, it worked very well except for tissue from one dog from which we isolated
two cell types.
In four out of five isolations, viable, dividing fibroblasts were obtained.
The aqcuired fibroblasts were growing differently, depending on their origin.
The fibroblasts from healthy mammary tissue grew in the expected well organized, wave-like
pattern (figure 5). Healthy fibroblasts from the male dog proliferated about twice as fast as
healthy fibroblasts from female dogs, but beside this they behaved very similar in culture.

Figure 5. Fibroblasts isolated from healthy (male) canine mammary tissue.

Figure 6. Fibroblasts isolated from healthy (male) canine mammary tissue.

Fibroblasts isolated from a mammary neoplasia, were growing less well organized and
proliferated faster than healthy female fibroblasts. A wave-like pattern could only be seen
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when the flasks were completely full with these cells, but still it did not look as regular as in
the healthy cultures.

Figure 7. Fibroblasts isolated from abnormal canine mammary tissue.

From mammary tissue of one female dog, fibroblasts were isolated out of a neoplasia as well
as out of macroscopic healthy looking mammary tissue. These two samples were growing
differently from each other as described above and the difference between cells derived from
normal and abnormal mammary tissue from this dog was quite obvious in culture.
From mammary tissue of one female dog, not only fibroblasts, but also other uncharacterized
cells were unintentionally isolated from abnormal mammary tissue. The combination of these
cells had a very specific growth pattern (figure 8). To samples from this dog will be referred
in this report as mixed cell culture.

Figure 8. Fibroblasts, a cell clump and unknown cells from abnormal canine mammary tissue.

The second cell type seemed to grow out of cell clumps and it looked like they were using the
fibroblasts to grow on. Fibroblasts from this sample didn’t grow in a wave-like pattern but it
seemed like they were stimulated to grow in a matrix-like pattern, almost to form tissue.
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After passaging, fibroblasts were concentrated around the cell clumps and then growing out as
a network.

Figure 9. Fibroblasts seemed to be centred under or around the clump.

After eosine (May Grünwald eosine-methylene blue, Merck Germany) and HE
(haemotoxyline-eosine, Merck Germany) colouring, a closer look could be taken at the
strange cell mixture. Nuclei were coloured purple, cytoplasm was coloured pink.

Figure 10. Fibroblasts and unknown cells, coloured with eosine (May Grünwald eosine-methylene blue, Merck
Germany) and HE (haemotoxyline-eosine, Merck Germany). Nuclei were coloured purple, cytoplasm was
coloured pink.

The cell clumps were also floating in the culture medium. As an experiment to learn more
about these cells, one day after passaging, only medium of one flask with a culture of these
mixed cells was transferred to a new flask. It was assumed that only dead cells or cells in bad
condition would be in the medium, but soon a whole new culture was growing in this new
flask out of the medium and its contents.
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Figure 11. Cells attached to the bottom of the flask in which only medium from a culture was transferred.

The unusual aspect had our interest and pictures were sent to two cytologists. They agreed
that the second cell type didn’t look like an epithelial celltype, but they couldn’t tell what they
were. Comparing pictures of these cells with pictures in articles about tumour stem cells,
showed a very similar image. After several passages, the second celltype started overruling
the fibroblasts and their morfology changed. This indicates that they might have been less
differentiated cells before. A flask of defrosted cells of passage 7 and a flask of cell that were
still in culture of passage 17 were sent to Prof. D. Argyle, veterinary oncologist of
Edinbrugh’s University1. He is involved in tumour stemcell research and hopefully they will
characterize them by using specific markers.
Aromatase assay
Healthy vs tumour fibroblasts
Aromatase activity could not be measured in fibroblasts which originated from male dogs.
After exposure to compounds, which were suspected to induce aromatase activity, still no
aromatase activity could be measured.
In fibroblasts from female dogs, aromatase activity was detectable. Basal activity differed
substantially between fibroblasts derived from healthy and tumour mammary tissue. Two
measurements were done. In the first, healthy and tumour fibroblasts derived from the same
dog were used. In the second, healthy fibroblasts derived from another dog. In the first
measurement, aromatase activity was 10.5 times higher in tumour derived fibroblasts, than
aromatase activity in healthy fibroblasts from the same dog. In the second measurement,
aromatase activity in tumour fibroblasts (same dog as in the first measurement) was 2.1 times
higher compared to aromatase activity in healthy fibroblasts from another dog.

1

Professor David J. Argyle BVMS PhD DECVIM-CA (Oncology) MRCVS
RCVS and European Specialist in Veterinary Oncology
William Dick Professor of Veterinary Clinical Studies
The Royal(Dick) School of Veterinary Studies and Roslin Institute
Easter Bush
Midlothian
EH25 9RG
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Of the tested compounds, only PMA induced aromatase activity in the canine fibroblasts. In
tumour fibroblasts, aromatase activity increased 6.4 fold in the first and 5.8 fold in the second
measurement. In the healthy fibroblasts it increased 10.2 fold in the first and 2.0 fold in the
second measurement. These healthy fibroblasts derived from two different dogs. The increase
of aromatase activity in tumour fibroblasts after exposure to PMA was significant (p<0.05).
Dexamethason, PGE2 and 8-Br-cAMp, all known inducers of aromatase activity in human
fibroblasts, did not have any effect on aromatase activity in canine fibroblasts.
Fadrazole inhibited aromatase activity, both in tumour and healthy fibroblasts.
Compared with the basal activity in the DMSO control groups, aromatase activity decreased
53 % in tumour fibroblasts and even to unmeasurable levels in healthy fibroblasts.
As a positive control, 4-OH-androstedione was used which is known as an efficient inhibitor
of aromatase activity in human fibroblasts. It was expected to do the same in canine
fibroblasts and it indeed reduced aromatase activity in both types to levels far beneath basal
activity levels.

Figure 12. Aromatase activity in healthy and tumour fibroblasts derived from the same dog.

Figure 13. Aromatase activity in healthy and tumour fibroblasts derived from two different dogs.

Aromatase activity in the mixed cell culture was quite high, compared to the healthy and
tumour fibroblasts that were isolated and used for this experiment. The mixed cells were also
plated at a density of 2.5*105. While counting cells it was impossible to distinguish the two
cell types from each other, which means that only an unknown part of the plated cells were
fibroblasts and that much less cells than 2.5*105 cells were responsible for the measured
aromatase activity.
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Figure 14. Aromatase activity measured in the mixed canine cell culture.

Basal aromatase activity was 36.6 times higher than in mono cultured tumour fibroblasts and
76.6 times higher than in healthy fibroblasts. Again in these cells, only PMA significantly
induced aromatase activity 2.8 fold (p<0.05). Both Fadrazole and 4-OH-androstenedione (not
shown) inhibited aromatase significantly (p<0.01).
Real Time PCR
Effect on Cyp19 expression in mono-cultured canine healthy and tumour fibroblasts
When healthy fibroblasts and tumour fibroblasts were mono-cultured, there was no difference
in their respons to the used compounds genistein, fadrazole or a combination of these. Cyp19
expression was stimulated by genistein in healthy as well as in tumour fibroblasts and this
increased expression was significant in healthy fibroblasts (p<0.05). The effect of fadrazole
on mono-cultured healthy fibroblasts was not tested. In mono-cultured tumour fibroblasts, the
expression of Cyp19 was reduced when cells were exposed to fadrazole.
A combination of genistein and fadrazole did not show a different expression of Cyp19
compared to the basal level of the DMSO control groups of both tumour and healthy
fibroblasts.
Effect on Cyp19 expression in co-cultured canine healthy fibroblasts with MCF-10A
cells
Exposure to genistein, fadrazole and a combination of these compounds caused an increased
expression of the Cyp19 gene in a co-culture of healthy fibroblasts and MCF-10A cells.
However, none of these results differed significantly to DMSO control samples.
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Figure 15. % Cyp19 expression in mono-cultured healthy fibroblasts and co-cultured healthy fibroblasts with
MCF-10A cells after exposure to genistein (30 µM), fadrazole (1 µM) and a combination of these compounds in
the same concentrations.

Effect on Cyp19 expression in co-cultured canine healthy fibroblasts with MCF-7 cells
When MCF-7 cells were co-cultured with healthy canine fibroblasts, Cyp19 expression
increased after genistein exposure and decreased after expsoure to fadrazole or fadrazole and
genistein together. Again, none of these results were significant.

Figure 16. % Cyp19 expression in mono-cultured healthy fibroblasts and co-cultured healthy fibroblasts with
MCF-7 cells after exposure to genistein (30 µM), fadrazole (1 µM) and a combination of these compounds in the
same concentrations.

Effect on Cyp19 expression in co-cultured canine tumour fibroblasts with MCF-10A
cells
When MCF-10A cells were co-cultured with tumour canine fibroblasts, no significant
differences in Cyp19 expression were found after exposure to genistein, fadrazole and a
combination of these compounds.
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Figure 17. % Cyp19 expression in mono-cultured tumour fibroblasts and co-cultured tumour fibroblasts with
MCF-10A cells after exposure to genistein (30 µM), fadrazole (1 µM) and a combination of these compounds in
the same concentrations.

Effect on Cyp19 expression in co-cultured canine tumour fibroblasts with MCF-7 cells
When MCF-7 cells were co-cultured with tumour canine fibroblasts, again no significant
differences in Cyp19 expression were found after exposure to genistein, fadrazole and a
combination of these compounds.

Figure 18. % Cyp19 expression in mono-cultured tumour fibroblasts and co-cultured tumour fibroblasts with
MCF-7 cells after exposure to genistein (30 µM), fadrazole (1 µM) and a combination of these compounds in the
same concentrations.

Effect on pS2 expression in mono-cultured MCF-7 cells
In mono-cultured MCF-7 cells, pS2 expression did not alter when genistein and / or fadrazole
was added.
Effect on pS2 expression in co-cultured canine healthy fibroblasts with MCF-7 cells
When MCF-7 cells were co-cultured with canine healthy fibroblasts, genistein did increase
pS2 expression, but this was not significant.
The expression levels of pS2, found after fadrazole exposure, were decreased, but again not
significant.
When this co-culture was exposed to genistein and fadrazole at the same time, pS2 decreased
compared to basal expression that was measured after DMSO (control) exposure. As a result,
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compared to the increased expression pS2 after only genestein exposure, the expression
decreased dramatically when fadrazole was added to genistein.

Figure 19. % pS2 expression in mono-cultured MCF-7 and co-cultured healthy fibroblasts with MCF-7 cells
after exposure to genistein (30 µM), fadrazole (1 µM) and a combination of these compounds in the same
concentrations.

Effect on pS2 expression in co-cultured canine tumour fibroblasts with MCF-7 cells
Also when MCF-7 cells were co-cultured with canine healthy fibroblasts, an increase of pS2
expression after genistein exposure was found, which was significant in only one round of
experiments (p<0.05).
The expression levels of pS2 found after fadrazole exposure, were and non consistent, but
decreased significantly in one of the experiments.
Remarkably, a great difference appeared compared to co-cultured MCF-7 cells with canine
healthy fibroblasts when they were co-cultured with canine tumour fibroblasts after an
exposure to a combination of genistein and fadrazole.
When these compounds were added as a combination to a co-culture of MCF-7 cells with
tumour fibroblasts, the same elevated expression levels were seen as after exposure of
genistein alone. In two out of three rounds of experiments this elevation of pS2 expression
was significant (p<0.05).

Figure 20. % pS2 expression in mono-cultured MCF-7 and co-cultured tumour fibroblasts with MCF-7 cells
after exposure to genistein (30 µM), fadrazole (1 µM) and a combination of these compounds in the same
concentrations.
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Mono-cultured MCF-7 cells vs co-cultured canine tumour fibroblasts with MCF-7
cells
The percentage of increased pS2 expression after genistein and fadrasole exposure to a coculture of MCF-7 cells with tumour fibroblasts in the second experiment was also
significantly increased compared to pS2 expression after genistein and fadrazole exposure to
MCF-7 cells alone (p<0.05).
Effect on Cyp19 expression in canine mixed mammary tumour cells
Basal expression of Cyp19 in canine mammary cells from this tumour was much higher than
found in mono-cultured fibroblasts. In the first round of experiments it was even 20 times
higher than in mono-cultured canine tumour fibroblasts. However, this expression differed a
lot between the used passages for experiments, since it decreased with passaging.
There was no significant change in Cyp19 expression levels after exposure to genistein and /
or fadrazole on these cells, although a slight reduced expression of Cyp19 expression was
seen after exposure to a combination of genistein and fadrazole.

Figure 21. % Cyp19 expression in mixed canine mammary cells after exposure to genistein (30 µM), fadrazole
(1 µM) and a combination of these compounds in the same concentrations.

Correlation of Cox-2 and Cyp19 expression in canine mixed tumour cells
From three rounds of experiments with canine mixed tumour cells, DMSO control samples
were used to determine Cyp19 expression as well as COX-2 expression. In these cells, a
strong positive linear correlation between Cyp19 and Cox-2 expression was found with a R of
0.9689.

Figure 22. Correlation of Cyp19 and Cox-2 expression DMSO controls of in mixed canine mammary cells.
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Discussion and Conclusion
Fibroblasts
In our experiments we have seen differences between healthy and tumour derived canine
mammary fibroblasts when they were mono-cultured as well as when they were co-cultured
with MCF-10A or MCF-7 cells.
First of all, a totally different growth pattern of mono-cultured fibroblasts could be noticed
macroscopically between those derived from healthy and those derived from tumour tissue.
Tumour fibroblasts grew much less organized than fibroblasts derived from healthy tissue.
Second of all, we were able to compare aromatase activity from healthy and tumour
fibroblasts and we measured a significantly higher activity in tumour fibroblasts. Even when
we took fibroblasts from a neoplastic mammary gland and a macroscopically healthy
mammary gland from the same dog, there was significantly higher aromatase activity in
fibroblasts from the tumour side.
Consistent with the higher aromatase activity in tumour fibroblasts, using real time PCR we
found increased levels of cyp19 expression in tumour fibroblasts compared to healthy
fibroblasts.
Co-culture breast cancer model and exposure to genistein or / and fadrazole
When we used real time PCR on co-cultures, results were very different when tumour
fibroblasts were used instead of healthy fibroblasts. Of course, a part of this must be caused
by the higher cyp19 expression and aromatase activity in tumour fibroblasts, but not all of
these differences can be explained by this.
When we exposed mono- and co-cultured cells to genistein, we found an increased cyp19
expression in healthy and tumour fibroblasts when they were monocultured and in healthy
fibroblasts when they were co-cultured with MCF-10A or MCF-7 cells. Nevertheless, the
increased expression after genistein exposure in tumour fibroblasts is questionable, because of
the large deviation of the results.
Remarkably, when tumour fibroblasts were co-cultured, genistein had no effect or even an
inhibitive effect on cyp19 expression. Considering the non significant increase of cyp19
expression in mono-cultured tumour fibroblasts and the unchanged or even inhibited cyp19
expression in co-cultured tumour fibroblasts, it is possible that genistein is only able to
stimulate cyp19 expression in healthy fibroblasts. On the other hand, when genistein does
increase cyp19 expression in mono-cultured tumour fibroblasts as well, the inhibitive effect of
genistein in co-cultured tumour fibroblasts with MCF-7 cells must be caused by the
interaction between those two celltypes in this model.
Looking at the pS2 expression of MCF-7 cells, we can conclude that genistein does not alter
pS2 expression in mono-cultured MCF-7 cells. When these cells were co-cultured with both
types of fibroblasts, genistein exposure increased pS2 expression. In a co-culture of MCF-7
cells with healthy fibroblasts, this might be caused (partially) by the increased cyp19
expression after genistein exposure through the positive feedbackloop between these cells.
We can not use this possible explanation for co-cultured MCF-7 cells with tumour fibroblasts,
because genistein exposure had no or even an inhibitive effect on cyp19 expression in cocultured tumour fibroblasts. In this situation, it might be possible that genistein can stimulate
tumour growth only by acting directly on the epithelial tumour cells and not through an
31

Influence of genistein in a mammary cancer co-culture model

increase of estrogen produced by fibroblasts and its positive feedbackloop. Considering the
fact that genistein did not influence pS2 expression on mono-cultured MCF-7 cells,
fibroblasts might be needed next to epithelial cells to achieve this direct effect of genistein on
MCF-7 cells. Of course, it is also possible that a completely different mechanism caused the
increased pS2 expression in this co-culture after genistein exposure.
After exposure to fadrazole, pS2 expression decreased in co-cultures of MCF-7 cells with
both types of fibroblasts, although only significant when MCF-7 cells were co-cultured with
tumour fibroblasts. This decreased expression is probably caused by the inhibited aromatase
activtity and consequently the decreased stimulation of MCF-7 cells by estrogen through the
positive feedbackloop. Our findings confirm the effect of fadrazole as a breast cancer therapy.
The most interestering thing happened when we combined genistein and fadrazole exposure
to the co-cultures. When we added this combination to a co-culture of MCF-7 cells with
healthy fibroblasts, pS2 expression decreased. This suggests that the inhibitive effect of
fadrazole was stronger than the stimulating effect of genistein. This also reinforces the
hypothesis that genistein increased pS2 expression in this co-culture by increasing aromatase
in fibroblasts and the positive feedbackloop.
Amazingly, when we did the same to our co-cultures of MCF-7 with tumour fibroblasts, the
complete opposite happened; pS2 expression increased significantly. In this model, there was
no inhibitive effect of fadrazole. These results confirm our thoughts that in a breast cancer coculture model with MCF-7 cells and tumour fibroblasts, MCF-7 cells can be stimulated
directly by genistein.
All together, these findings suggest that the use of genistein by breast cancer patients, might
promote tumour growth, mainly by acting directly on epithelial tumour cells. It is well known
that a lot of cancer patients take supplements with phytochemicals like genistein and our
study suggests a specific risk for women that are taking fadrazole as a breast cancer therapy.
Genistein might negate the inhibiting effect of fadrazole completely in a concentration that
can easily be reached in plasma by oral intake of supplements.
More research about this interference of genistein with fadrazole therapy has to be done.
Untill now, mostly human primairy mammary fibroblasts from healthy people are used in a
co-culture model, but our study suggests that it is necessary to use human primary fibroblasts
derived from neoplastic breast tissue to optimize the co-culture model and to approach the in
vivo situation as far as possible.
Aromatase in canine mammary cancer
In canine mammary cancer, aromatase is not often described as a key enzyme in tumour
etiology. In all canine fibroblasts, we were able to detect aromatase activity and cyp19
expression. In tumour derived fibroblasts both were higher compared to healthy tissue derived
fibroblasts, like described in human breast cancer. This suggests that aromatase also has a role
in canine mammary cancer. When we tried well known inducers of aromatase activity in
human fibroblasts on canine fibroblasts, there was no effect. This suggests that cyp19
expression is regulated by different promotors in canine fibroblasts than in human fibroblasts.
This also means that canine fibroblasts are probably not very useful to create a good human
breast cancer model.
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Cox-2 and cyp19 expression in canine mammary cancer
Next to cyp19 expression, real time PCR was also used to measure cox-2 expression in the
canine mixed cells. In human breast cancer, a connection has already been described and also
correlations have been found. In canine mammary gland tumours, high expression levels of
cox-2 have also been found before. These combined cells in this mixed culture might be very
usefull for research on the subject because these two celltypes might represent real canine
mammary neoplastic tissue. In these mixed cells, we found a very nice and strong correlation
of cyp19 and cox-2 expression which suggests an important and connected role for both
enzymes in canine mammary cancer like in human breast cancer. Cox-2 and aromatase
inhibiters might also be useful in canine mammary cancer therapy, especially after surgery.
However, cox-2 is described to act on cyp19 expression through PGE2 in human fibroblasts.
In our aromatase assays, we could not stimulate aromatase activity by exposing canine
fibroblasts to PGE2 like it does in human fibroblasts. We can not support the hypothesis that
cox-2 and cyp19 expression is correlated through PGE2 with the use of a canine mammary
cancer model.
Furthermore, now we have seen the effective inhibition of aromatase by human aromatase
inhibitors in dogs, this medication might also be usefull in estrus prevention of the bitch. After
all, aromatase inhibiters will decrease estrogen levels.
It will be very interesting for veterinary practice to continue research about this subject and to
learn if and when aromatase inhibitors can be used in veterinary medicine.
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