Available online at www.sciencedirect.com

science (@ ormeot NCER

ELSEVIER Cancer Letters 235 (2006) 100113

www.elsevier.com/locate/canlet

Transcriptional deregulation of VEGF, FGF2, TGF-31, 2, 3
and cognate receptors in breast tumorigenesis

Giannoula Soufla®, Filippos Porichis®, George Sourvinos?,
Stamatis Vassilaros®, Demetrios A. Spandidos™*

“Department of Virology, Medical School, University of Crete, P.O. Box 1527, Heraklion 710 03, Crete, Greece
hPmlepsis Breast Cancer Diagnosis and Research Center, Athens, Greece

Received 12 November 2004; received in revised form 8 April 2005; accepted 11 April 2005

Abstract

Angiogenesis is an important event during the neoplastic process and is induced by the secretion of numerous growth factors
from endothelial cells. Vascular endothelial growth factor (VEGF), basic fibroblastic growth factor (FGF2), and transforming
growth factor-B1, B2, B3 (TGF-B1, 2, 3) and cognate receptors {TGF-BRI, 11, 1I1) mRNA expression pattern was evaluated by
RT-PCR in 25 breast cancer tissue samples and adjacent normal tissues, and correlated to clinicopathological features. Western
blot analysis was performed to evaluate VEGF and TGF-B1 protein levels. TGF-B1 and TGF-$3 mRNA levels were
significantly different in breast cancer specimens of differing histology (ductal, lobular, other) (P=0.020 and P=10.043). No
statistically significant difference was observed at the mRNA level of VEGF between normal and tumor tissues while elevated
VEGEF protein levels in tumors were associated with patients’ menopausal status. A strong hormonal influence of ER and PR on
TGF-B mRNA expression was established. FGF2 transcript levels were substantially decreased in cancer compared to adjacent
normal specimens (P=0.031). A disruption of mRNA co-expression patterns was observed in malignant breast tissues
compared to controls. Western blot analysis revealed differences between VEGF and TGFB1 mRNA and their corresponding
protein levels. A substantial negative correlation of TGF-$1 protein and TGF-B1 mRNA levels (P=0.016) was demonstrated
by breast tissue-pair analysis. Summarizing, our findings suggest that transcript levels of the examined markers in breast cancer
are associated with menopausal and hormonal status, while their co-expression pattern is altered in malignant tissues compared
to controls. In addition the difference between VEGF and TGF-B1 mRNA and protein levels observed, indicates that post-
transcriptional mechanisms may regulate expression of these molecules in breast cancer.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Angiogenesis, the formation of new blood vessels
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also essential in tumor progression, invasiveness and
metastasis [2]. Tumor cells as well as non-malignant
cells (macrophages, mast cells, fibroblasts) secrete a
large number of growth factors that either stimulate or
suppress neovascularization controlling endothelial
cell growth and survival [3,4]. Among these, VEGF is
considered to be the most important.

Vascular endothelial growth factor (VEGF) is a
multifunctional glycoprotein that acts as an endo-
thelial cell specific mitogen [4,5]. In addition to
stimulating cell proliferation, VEGF has been proved
to increase vascular permeability and induce capillary
tube formation. Elevated VEGF expression at
advanced stages of the disease has been reported in
a variety of human malignancies including breast,
endometrial, ovarian, bladder, and lung tumors [6—
11]. Its prognostic value has been extensively studied
mostly by enzyme-linked immunosorbent assays and
immunohistochemical methods in early breast cancer
patients with controversial results [12,13]. Attempts
to establish a relationship between VEGF protein as
well as mRNA expression and clinicopathological
characteristics demonstrated only an association with
estrogen receptor status in some reports while others
indicated otherwise [12,14—-17]. Most studies how-
ever, reported that VEGF expression is positively
associated with relapse-free survival or overall
survival in breast cancer patients [4].

Basic Fibroblast Growth factor mediates the
neovascularization process, by promoting angioblast
differentiation, cell growth and invasion. FGF-2 acts in
a paracrine and autocrine manner and is produced
either by tumor cells, or infiltrating inflammatory cells
(macrophages). When secreted from tumor cells,
FGF2 is responsible for basement membrane dissol-
ution, migration and metastasis of endothelial cells
[3-5]. It can upregulate other important angiogenic
factors like VEGF and inhibits endothelial cell
apoptosis. Its role has been described in highly
metastatic prostate cells, uterine endometrial cancer,
pancreatic and hepatocellular carcinoma [18-21] but
most studies failed to implicate FGF2 among the major
players in the development of breast cancer, although
they are suggestive of some involvement [22].

Transforming growth factor beta (TGF-B) has a
highly complex role acting as a growth modulator
involved in angiogenesis, cell proliferation, differen-
tiation, adhesion and migration [23-28]. TGF-8 has

been proved to substantially inhibit cell growth in
normal epithelial cells in vivo and in vitro [29,30],
inducing in parallel its own mRNA expression. TGF-
beta’s growth inhibitory effects are attributed to its
ability to arrest cells in the G1 phase of the cell cycle
[27,30]. Immunosuppression however, is another
major effect of this multifunctional molecule. It has
been shown to inhibit T and B cell proper function,
leading to immune response deficiency and tumor
growth. Moreover TGF-B via a paracrine action
promotes tumor stroma formation and decreases
tumor infiltrate providing tumor cells an alternative
escape mechanism from the immune response [31].
Five isoforms of TGF-3 have been identified so far but
only three (TGF-B1, 2, 3) are expressed in mammalian
cells. TGF-[1 is the most characterized isoform todate
and along with TGF-B3 exhibits stronger inhibitory
effects than TGF-B2. Cell function regulation by
TGF-B arises from his interaction with cell surface
receptors I, II, III (TGF-BRI, II, III) [23-26]. It has
been suggested that TGF-Bf may play a role as
autocrine/paracrine regulator of breast tumor pro-
gression. Furthermore deficiency in TGF-BRII
expression has been associated with malignant
progression of breast cancer since tumor cells become
insensitive to TGF- B mediated growth inhibition.

A variety of angiogenic growth factors have been
reported to be overexpressed during breast cancer
development. These genes may represent potential
targets for prognosis and therapy of breast cancer.
However angiogenesis is recognized as a process that
involves the coordinated action of a group of genes
that either induce or suppress neovascularization. The
mRNA expression profile of a panel of growth factors
in breast cancer tissues has not been investigated, and
their role as an ensemble in the underlying mechanism
of breast malignant transformation is poorly under-
stood. In order to provide a distinct molecular portrait
of each tumor, we evaluated the combined expression
of VEGF, FGF2, TGF-B1, 2, 3 and their receptors
TGF-BRI, 11, III in breast cancer tissues and compared
it with adjacent normal specimens. Most importantly
we investigated the co-expression pattern of these
factors in breast cancer and compared it to that of the
adjacent normal specimens, with the scope of
identifying alterations that may favor or account for
the loss of the balance between enhancers and
inhibitors of angiogenesis supporting the tumorigenic
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process. Furthermore, we examined whether the
expression profile of these genes is correlated with
clinicopathological features.

2. Materials and methods
2.1. Patients and controls

A total of 25 individuals who were admitted to
Prolepsis Breast Diagnosis and Research Center,
Athens, Greece and underwent surgical treatment
from 2003 to 2004 due to breast cancer disease,
without having received any radiotherapeutic or
chemotherapeutic treatment prior to surgery were
included in this study. Tissue specimens were
obtained at the time of the surgical procedure. Half
of the sample was snap-frozen and stored at — 80 °C
until required for RNA extraction while the rest was
fixed in 10% formaldehyde solution for histopatholo-
gical examination. Only histologically confirmed
normal or malignant breast tissues were processed to
RINA extraction.

Histological cell types of the tumors were as
follows: ductal infiltrating carcinoma (n=15) (60%),
lobular infiltrating carcinoma (n=1) (4%), multifocal
infiltrating carcinoma {(n=1) (4%), in situ intraductal/
microductal and nodular carcinoma (n=2) (8%),
adenoma (n=1) (4%), mucinous carcinoma (n=1)
(4%) and of mixed histological differentiation (n=4)
(16%). Histologically normal tissue specimens adjacent
to the tumor of each patient consisted our control group.

Age at the time of surgery ranged from 35 to 72,
mean (55.5+2.1). Thirteen women were in the
reproductive period and 12 were in menopause. One
(5%) of the 21 patients with invasive cancer had well
(grade I), 6 (29%) moderately (grade II), and 14 (67%)
poorly (grade III) differentiated cancer.

Patients were classified according to hormonal
status (positive, negative, unknown). The ER, PR and
HER-2 status was determined in the laboratory of
Prolepsis research and Diagnosis Center by immuno-
histochemistry. In all cases the results were assessed
as follows: a) no staining or weak staining (<10%)
was considered negative, whereas b) moderate (10—
50%) or strong (>50%) staining was considered
positive. Table 1 summarizes patients’ clinical
characteristics.

Ethics Committee of the University of Crete
approved the present study and all participating
patients gave written informed consent.

2.2. RNA and protein extraction

Total RNA and protein were extracted from each
specimen using the Trizol reagent (Invitrogen Ltd,
UK) according to the manufacturer’s instructions.
RNA concentration and purity was determined on a
UV spectrophotometer (Hitachi Instruments Inc.,
USA) by absorbance measurements. RNA integrity
was examined by denaturing polyacrylamide gel
electrophoresis. Protein concentration was deter-
mined by Bradford assay.

2.3. RT-PCR

Reverse transcription reactions for the preparation
of first strand ¢cDNA were conducted using the

Table 1

Clinicopathological characteristics of the patients
Characteristics No. of patients (%)
Age (vears)

<50 10 40
>50 15 60
Menopausal status

Premenopausal 13 52
Postmenopausal 12 48
Histological type

Ductal invasive 15 60
Lobular invasive 1 4
Other 9 36
Tumor grade

I 1 4
I 6 24
III 14 56
No grade 4 16
Receptor status

ER+ 15 60
ER— 9 36
Unknown 1 4
PR+ 13 52
PR— 11 44
Unknown 1 4
HER2

Positive 12 48
Negative 12 48
unknown 1 4
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Thermoscript RT-PCR Kit (Invitrogen Ltd, UK)
according to the manufacturer’s protocol.

Transcribed products were subjected to PCR for
the growth factors of interest in a PTC-200 program-
mable thermal controller (MJ Research Inc., USA).
1 ul of cDNA was amplified in a total volume of 10 pl
containing, 1x PCR reaction buffer, 2 mM MgCl,,
0.8 mM dNTPs, and 0.65U Platinum Zag DNA
polymerase (Invitrogen Ltd., UK). All primer pairs
were designed to span at least one intron in order to
avoid amplification of contaminating genomic DNA
along with cDNA. Primer pair sequences and
amplification conditions were previously described
[32]. Cycling conditions for performing the analysis
in the exponential phase of each PCR reaction were
determined experimentally (data not shown). In the
amplification reactions for each specific RNA primer
set, RNA primers for f2-microglobulin were included
as an internal control in all PCR reactions.

PCR products were analysed on 8.5% polyacryl-
amide gels and silver stained. Gels were scanned on
an Agfa SnapScan 1212u (Agfa-Gevaert N.V.,
Belgium). Integrated density of the bands was used
as quantitative parameter and was calculated by
digital image analysis (Scion image). The intensity
of P2-microglobulin amplification was used as an
internal standard. The ratio of the integrated density of
each gene tested to that of B2-microglobulin was used
to quantify the results. All RT PCR reactions were
performed in triplicates. Present analysis conducted
on normal and pathological samples may be a
manifestation of RNA profiles of endothelial and
stromal components.

2.4. Western blot analysis

Twenty-five micrograms of protein were electro-
phoresed through a 10% polyacrylamide gel and the
separated proteins were transferred onto PVDF
membranes by overnight blocking at 4 °C. After
blocking with 3% milk powder in PBS-T for 1 h at
room temperature, the membranes were incubated
with a commercially available mouse anti-TGF-1
(1:250 dilution) or anti-VEGF (1:500 dilution) (R and
D systems) or anti-beta-actin (Sigma) antibody for
1 h. The blots were then incubated, after the standard
washes, for 1 h with an anti-mouse IgG conjugated to
horseradish peroxidase and after further washing with

PBS-T, bands were visualised using the ECL method
(Chemicon Int. CA), as described in the manufac-
turer’s protocol.

2.5. Statistical analysis

One-sample Kolmogorov—Smirnov-test was
applied to our results for all factors studied and
revealed that the distribution of expression values in
our study was not normal. Therefore, non-parametric
procedures (Kruskal Wallis and Mann—Whitney-test)
were applied to the set of data for the evaluation of
significant statistical differences in mMRNA expression
of VEGF, FGF2, TGF-B1, 2, 3 and TGF-BRI, 1I, III
between the groups of different clinicopathological
characteristics. Probability values less than 0.05 were
considered statistically significant exhibiting signifi-
cant differences between groups. Age distribution was
assessed similarly. Data are presented as the mean and
standard error of the mean value (mean +SEM). The
Spearman’s rank correlation was used to evaluate the
significance of the growth factors’ mRNA co-
expression pair wise, in the groups of normal, and
cancer tissues. Spearman’s rho correlation coefficient
values range from —1 to 1. The sign of the correlation
coefficient indicates the direction of the relationship
(positive or negative). Probability values less than
0.05 were considered statistically significant showing
linearly related variables. Statistical calculations were
performed using the SPSS software, version 11.

3. Results

We evaluated the mRNA expression profile of
VEGF, FGF2, TGF-B1, 2, 3 and TGF-BRI, II, III
(Fig. 1) in a total of 25 breast cancer and adjacent
normal tissue specimens. An infiltrating ductal
carcinoma was reported in the majority of patients.
The most frequent histological grade was G3.

3.1. Transcript levels of growth factors and receptors

Our findings indicate that FGF2 and TGF-B3
mRNA expression is significantly different between
tumor and corresponding adjacent normal breast
tissues (P=0.031 and P=0.043, respectively,
Mann—Whitney-test) (Table 2). Specifically, TGF-[33
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Fig. 1. (A) Representative examples of VEGF, FGF2, TGF-B1, 2, 3
and TGFPRI, II, IIT mRNA expression in cancer and adjacent
normal breast tissues. Ratio: integrated density of the band of each
gene divided by the integrated density of the internal standard band
(B2-microglobulin or f-actin). (B) Representative examples of
VEGF and TGF-f1 protein expression assessed by western blot
analysis in cancer and adjacent normal breast tissues. Ratio:
integrated density of the band of each gene divided by the integrated
density of the internal standard band (82-microglobulin or -actin).

transcript levels in cancer specimens were signifi-
cantly elevated compared to normal tissues, whereas
FGF2 expression was considerably decreased. VEGF
mRNA expression was higher in tumor (mean=
0.3440.03) compared to normal tissues (0.30 +0.04)
but the difference was not statistically significant.
Similarly, TGF-B1 and TGF-B2 exhibited higher
mRNA levels in cancer specimens compared to
controls, whereas all TGF-B Receptors (TGF-BRI,
RII, RIII) had lower transcript levels in tumors than
normal tissues (Table 2); the differences however
were not statistically significant.

Breast cancer tissues exhibited significantly differ-
ent TGF-B1 and TGF-B3 mRNA levels in respect of
differing histology (ductal, lobular, other type of

carcinoma) (P=0.020 and P=0.036, respectively
Kruskal Wallis test). Lower levels were observed in
ductal carcinoma compared to other types of cancer,
while the lowest TGF-B1 mRNA levels were found in
lobular carcinoma.

Significantly higher TGF-B2 and TGF-B3 mRNA
levels were found in ER positive breast cancer tissues
compared to ER negative cancer specimens (P=
0.002 and P=0.014, respectively). TGF-B2 and TGF-
BRII transcript levels in the normal specimen group
were also significantly higher in ER positive tissues
(P=0.002 and P=0.014, respectively). Progesterone
Receptor (PR) positive breast cancer tissues express
significantly higher TGF-B2, TGF-B3 and TGF-SRIII
mRNA than PR negative tumors (P =0.004, P=0.006
and P=0.004, respectively), and this was observed in
PR positive normal breast tissues concerning TGF-§2
mRNA (P=0.031) as well (Table 3). Tumors as well
as adjacent normal breast tissues expressing the
cerbB2 (HERZ2) were found to express significantly
lower FGF mRNA levels than HER?2 negative tissues
(P=0.018 and P=0.043, respectively). No corre-
lation was established between transcript levels of any
the growth factors studied in normal or malignant
breast tissues and grade of the tumors, patients’ age or
menopausal status.

3.2. mRNA co-expression analysis pair wise

Spearman correlations for evaluation of VEGF,
FGF2, TGF-B1, 2, 3 and TGF-BRI, I, I co-
expression patterns in the groups of cancer and
adjacent normal breast tissue are demonstrated in
Table 4 (A, B, respectively). In normal specimens,
VEGF mRNA was co-expressed with that of FGF2
and the ligands TGF-B1 and TGF-82 (P=0.018, P=
0.029 and P=0.048, respectively). TGF-f1 mRNA
expression was positively correlated with TGF-B2,
TGF-B3 and TGF-BRII (P=0.032, P=0.037 and P=
0.007). Significant positive correlations were also
established between TGF-f2 and TGF-B3 (P=
0.033), as well as the receptor TGF-BRII mRNA
(P<0.001). TGF-BRII and TGF-BRII transcript
levels were considerably co-expressed (P=0.026).

In the group of breast cancer specimens the mRNA
angiogenic profile appeared to be different since
VEGF mRNA expression was only correlated with
TGF-B2 (P=0.017). TGF-B1 exhibited a marginal
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Table 2

mRNA expression in breast cancer and adjacent normal tissues
Growth factor Tumor Normal P-value
VEGF/f2M 0.344+0.03 0.30+0.04 NS
FGF2/32M 0.45+£0.02 0.62+0.09 0.031
TGF-B1/82M 0.28+0.02 0.254+0.02 NS
TGF-B2/82M 0.20+0.05 0.12+0.02 NS
TGF-B3/82M 0.63+0.22 0.324+0.12 0.043
TGFBRI/B2M 0.164+0.03 0.30+0.14 NS
TGFBRII/B2M 0.37£0.05 0.4640.08 NS
TGFBRIIl/B-actin ~ 1.47£0.69 2.9440.84 NS

Data are presented as Mean+ SEM (standard error of the Mean).
Mann-Whitney-test. P<0.05 is statistically significant; NS, not
significant

mRNA co-expression with TGF-BRI (P=0.052),
while all previous correlations were abolished. TGF-
B2 transcript levels were correlated with those of
TGF-B3 and TGF-BRII (P=0.028 and P=0.011,
respectively). A strong positive correlation was
observed between TGF-B3 and TGF-BRIII mRNA
expression (P <0.0001).

3.3. Protein levels of VEGF and TGFBI

VEGF and TGF-B1 protein levels in the tumors and
adjacent normal breast tissues were determined by
western blot analysis (Fig. 1). Our findings did not
indicate any association of VEGF and TGF-B1 protein
levels with clinicopathological characteristics such as
patients’ age, histological type of the tumor, differ-
entiation grade, ER, PR, or HER-2 status, with the
exception of VEGF protein levels in tumor specimens
that were found to be significantly elevated in post-
menopausal women (Fig. 2).

Co-expression pattern analysis in the group of
normal breast tissues demonstrated that TGF-B1
protein levels were significantly correlated with

TGF-BRII mRNA levels (P=0.048), while in the
group of malignant breast tissues a strong positive
correlation was observed between TGF-B1 protein
and TGF-BRIII mRNA levels (P <0.0001).

3.4. Breast cancer tissue-pair analysis

The ratio of the integrated density of each gene
tested to that of B2-microglobulin (f2M) was used to
quantify the results in a similar manner as in the
groups of normal and malignant breast tissues, but in
this case the ratio of the transcript levels of each gene
to B2M in the tumor sample to that of the adjacent
normal tissue [(VEGF/B2M) tumor/(VEGF/32M)
normal] was used to provide a distinct molecular
portrait of each tumor that was compared with
clinicopathological features.

Significantly different TGF-1 mRNA levels were
observed in breast tissue pairs in respect to tumor
stage (P=0.046). Pair-wise analysis revealed margin-
ally higher TGF-B1 expression levels in moderately
(grade IT) than poorly (grade III) differentiated cancer
(P=0.052). VEGEF transcript levels were found to be
substantially elevated in postmenopausal compared to
premenopausal women (P=0.035) (Fig. 2). ER
positive tissue-pairs expressed significantly higher
TGF-B2 mRNA than ER negative specimens
(P=0.009). TGF-B3 transcript levels were elevated
in EGFR positive compared to EGFR (HER-2) tissue-
pairs (P=0.049).

Spearman correlations for evaluation of VEGF,
FGF2, TGF-B1, 2, 3 and TGF-BRI, II, III co-
expression patterns in breast tissue-pairs revealed a
significant positive correlation between VEGF and
TGF-B2 mRNA expression (P=0.017) as well as a
marginally non significant co-expression of TGF-32
and TGF-BRII mRNA (P=0.059).

Table 3

Statistically significant difference of mRNA expression of tumor and adjacent normal tissues in respect to ER and PR status

Growth factor ER P value PR P value
Positive Negative Positive Negative

(TGFB2/B2M)tumor 0.3010.07 0.1940.05 0.002 0.321+0.07 0.06+0.03 0.005

(TGFB3/B2M) tumor 0.81+0.33 0.65+0.22 0.014 0.90+0.39 0.38+0.19 0.052

(TGFBRIILI/B-actin) tumor 2.01£0.99 1.46+0.69 NS 2.62+1.24 0.31+0.11 0.026

(TGFB2/$2M) normal 0.171+0.03 0.1240.02 0.002 0.1940.02 0.04+0.02 0.009

(TGFBRII/B2M) normal 0.59+0.09 0.44+0.07 0.014 0.56+0.11 0.31£0.10 NS

Data are presented as Mean + SEM (standard error of the Mean). Mann—Whitney test. P<<0.05 is statistically significant; NS, not significant.
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Fig. 2. (A) VEGEF protein levels of breast cancer tissue specimens
derived from premenopausal and postmenopausal women. Relative
values of protein expression versus [2-microglobulin exhibited
significant differences with respect to menopausal status (P=0.010,

An association between VEGF and TGF-B1
protein levels of breast tissue pairs and clinicopatho-
logical characteristics of the specimens was not
established by our findings. However TGF-f1 protein
levels were found to be considerably increased in
tissue pairs in which TGF-B1 mRNA was under-
expressed compared to tissue specimens with normal
TGF-B1 mRNA expression (P=0.049). Furthermore,
co-expression pattern analysis demonstrated a sub-
stantial negative correlation of TGF-B1 protein and
TGF-B1 mRNA levels (P=0.016). A significant
negative correlation was also observed between
VEGF protein and TGF-BRI mRNA levels (P=
0.009), while a marginally non-significant negative
correlation was indicated by our findings between
TGF-B1 protein and TGF-BRI transcript levels (P=
0.060).

4. Discussion

Angiogenesis has been shown to play a major role
in breast cancer development. Among the growth
factors implicated in neovascularization, VEGF and
FGF have been recognized as the main inducers of the
angiogenetic switch in human cancers, while other
molecules such as members of the TGF-B family have
been associated with tumor inhibition.

In the present study we evaluated the combined
mRNA expression of VEGF, FGF2, TGF-$1, 2, 3 and
TGF-BRI, II, III that are known to be secreted by
premalignant and malignant epithelial cells, in cancer
and adjacent normal breast tissues. The mRNA
expression levels obtained were associated with
clinicopathological features followed by co-
expression analysis.

<
Mann—Whitney test). (B) mRNA levels of VEGF in breast cancer

tissue pairs derived from premenopausal and postmenopausal
women. Relative values of VEGF mRNA expression versus (2-
microglobulin in each tissue-pair exhibited significant differences
with respect to menopausal status (P =0.035, Mann—Whitney test).
(C) Scatterplot of TGF-B1 protein expression versus TGF-B1
mRNA expression in breast cancer tissue pairs (r= —0.652, P=
0.016).
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4.1. Vascular endothelial growth factor

Increased VEGF mRNA levels have been reported
in breast tumors compared to normal tissues [33,34].
VEGEF protein levels assessed by ELISA have been
directly associated with increased microvessel density
during tumor progression, suggesting that VEGF is an
important mediator of angiogenesis in breast carcino-
genesis [15,35]. According to our results the mean
value of VEGF mRNA expression levels in breast
cancer specimens was higher than that observed in
normal breast tissues, but the difference was not
statistically significant. Interestingly, VEGF protein
levels in breast tumors were found to be significantly
elevated in postmenopausal women, while VEGF
mRNA did not exhibit a similar association with
menopausal status. Furthermore, breast tissue pair
analysis revealed that the actual difference of VEGF
mRNA in each tissue pair (ratio of VEGF mRNA of
each tumor to its adjacent normal tissue specimen)
was significantly higher in postmenopausal patients;
however a similar association was not established for
VEGF protein. Our findings suggest that VEGF
expression is possibly associated to menopausal status
but the responsible mechanism as well as other
pathways probably involved in its post-transcriptional
regulation remain obscure.

4.2. Basic Fibroblast Growth factor (FGF2)

The majority of studies evaluating the role of FGF2
in breast carcinogenesis indicated lower FGF2 mRNA
levels in tumors compared to normal breast tissues
[36-39]. This finding is consistent with our results that
demonstrated a significant decrease in FGF2 mRNA
expression in breast cancer specimens as opposed to
adjacent normal tissues. Immunohistochemical evalu-
ations have reported FGF2 expression to be mainly
associated with normal tissues of different origin and
particularly with stromal components, while little or
no expression has been attributed to cancer cells [37,
40]. Furthermore breast cancer cell lines have not
been found to express FGF2, in contrast to cell lines
derived from normal breast cells. Diminished FGF2
mRNA expression seems to be a feature of cervical
cancer as well, since lower FGF2 transcript levels
were also found by our group in cervical cancer
tissues compared to normal cervical specimens [32].

Other reports however presented conflicting results
regarding FGF2 mRNA levels indicating increased
FGF2 amounts in tumors compared to normal tissues,
while others found no difference failing in this way to
implicate its involvement in disease progression [39—
41].

4.3. Transforming growth factor beta

TGF-B is involved in many aspects of cellular
function by influencing angiogenesis as well as
growth inhibition, cell differentiation, migration, and
local immune response. According to our data, TGF-
B1 protein is at basal levels in normal breast
specimens. However in breast tumor tissues at early
stages of malignant transformation (Stage I) TGF-B1
protein displays high values, which gradually
decrease in advanced stages of cancer (II, III) and
finally reaches basal levels (stage III) as indicated by
our results. Our observations were likely expected by
the activation of the growth inhibitory mechanism of
TGF-B1, as a consequence of abnormal cellular
differentiation [3-5]. In advanced stages of cancer
however, TGF-B1 protein expression seems to
approach normal levels, possibly explained by the
need of inhibition of the immunosuppressive action of
TGF-B1, leading to an effective immune response
[42]. Our data support the hypothesis that TGF-1
acts as a tumor suppressor in early epithelial
carcinogenesis and switches to pro-oncogenic agent
during tumorigenic progression [43-45].

It has been previously suggested that loss of TGF-f3
growth-inhibitory effects are not attributed to either
loss of TGF-BRI and TGF-BRII expression [46] or
mutational inactivation of these two receptors
which is a very rare event in breast cancer [47—49].
Our findings, consistent with previous reports
based on immunohistochemical evaluations [46],
indicate reduced TGF-BRIT mRNA expression with
increasing tumor grade. Moreover, TGF-BRI tran-
script levels are not significantly different among
breast cancer tissues of differing grade, in agreement
with TGF-BRI protein evaluating reports [46]. Thus,
diminished responsiveness to TGF-B is not likely
to be a consequence of defective TGF-BRI or TGF-
BRII expression according to our evaluation
which suggests that signal transduction pathways
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downstream of the TGF-f receptors may be respon-
sible for defective TGF-J3 signalling.

Our evaluation provides evidence of a strong
hormonal influence of TGF- mRNA expression by
both Estrogen and Progesterone receptors (ER, PR).
Specifically TGF-B2 and TGF-B3 mRNA levels were
significantly elevated in ER positive breast tumor
tissues whereas TGF-BRII displayed a similar
increase in normal tissues (Table 4). These data
along with the fact that transcript levels of TGF-f2,
TGF-B3 and TGF-BRIII were positively correlated
with PR status, reinforces previous findings indicating
the existence a cross-talk between TGF-P signalling
and steroid hormone receptors that seems to control
growth and differentiation processes in breast car-
cinogenesis [50]. Since loss of ER has been associated
with loss of TGF-B inhibitory effects, elucidation of
the exact mechanism that mediates ER and TGF-
interaction as well as TGF-f3 signal transduction could
influence the choice of an appropriate therapeutic
approach.

The exact mechanism by which TGF-B is impli-
cated in cell growth and differentiation is the result of
many different biochemical pathways that require
further investigation.

4.4. mRNA co-expression analysis pair wise

TGF-beta signalling is activated by the binding and
bringing together of the two receptors TGF-BRI and
TGF-BRII by one of the TGF-B ligands (B1, B2, B3).
TGF-BRI and TGF-BRII are transmembrane kinases
that form a heterotetrameric complex when brought
together by a TGF-B ligand. TGF-BRIII receptor is a
membrane-anchored proteoglycan lacking a kinase
activity thus cannot mediate signal transduction.
TGF-BRII binds to all three TGF-B ligands (B1, B2,
B3) and facilitates access to the signalling receptors.
In case that TGF-BRII expression or its binding
affinity is either reduced or defective in a system,
TGF-BRIIl forms a TGF-BRIII/TGF-B/TGF-BRII
complex and expedites access to the signalling
receptors. Loss or reduction of expression of the
signalling receptors is associated with reduced
responsiveness to the TGF-B tumor inhibitory effects
[51-53].

In the normal specimen group we observed a
positive correlation between VEGF and FGF2 mRNA

expression, as expected since FGF2 is known to be an
inducer of VEGF. Moreover, VEGF was co-expressed
with TGF-B1 and TGF-2 as a consequence of the
need for counteraction of VEGF angiogenic activity
by TGF-B growth inhibitory effects. All three TGF-3
isoforms were positively correlated suggesting that it
is possible that all ligands (each at a time) actively
take part in the heterotetrameric complex with the
signalling receptors in these settings. Furthermore the
significant co-expression of TGF-B1 and TGF-B2 with
TGF-BRII is consistent with our knowledge of the
mechanism that initiates TGF-8 signal transduction
through the surface receptors. However in the group
of tumor tissues the co-expression profile was
substantially altered. Surprisingly transcript levels of
TGF-BRII were no longer correlated with any TGF-
isoforms. Moreover, the significant TGF-BRIII
mRNA co-expression with TGF-B2 and TGF-B3
observed, reveals that TGF-BRIII could comprise an
essential requirement for the bringing together of the
two signalling receptors in these systems by mediat-
ing TGF-P ligands’ access and binding to TGF-BRIL
The latter is reinforced by our finding that TGF-B1
protein levels exhibited a positive correlation with
TGF-betaRIII mRNA in tumors instead of TGF-BRII
as demonstrated by our results in adjacent normal
tissues. The substantial role of TGF-BRIII in signal-
ling activation in malignant tissues has also been
observed by our group in cervical carcinogenesis [32].
These findings suggest a disruption of the mRNA co-
expression profile of the angiogenic factors that we
have studied, in the group of tumor specimens.

4.5. Breast cancer tissue-pair analysis

Breast cancer tissue-pair analysis demonstrated
decreasing TGF-B1 mRNA expression in respect to
increasing tumor grade but these findings were not
confirmed by the corresponding results at the protein
level. TGF-B1 protein levels were inversely correlated
to TGF-B1 mRNA expression values suggesting that
post-transcriptional regulation of TGF-B1 may occur
in agreement with previous in vitro studies [45,54,55].

The significant positive correlation between VEGF
and TGF-B2 mRNA levels revealed by co-expression
analysis, suggests that TGF-B mRNA increases in
breast malignant transformation, however it is unclear
if this happens as a need for counteracting the growth
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promoting action of VEGF, or TGF-f has switched its
role to tumor promoter in each specific case. Clearly
TGF-beta’s role in breast carcinogenesis is highly
sophisticated and the mechanism that underlies the
opposing roles of TGF-3 depends on disease stage as
well as context and relative amounts of ligands and
receptors that mediate signal transduction.

Our results give indirect evidence that the
dysregulation of growth factor mRNA expression
may be involved in the breast tumorigenic process.
Additionally, disruption of co-expression patterns of
the factors included in this study, in cancer specimen
groups compared to controls, suggests a transcrip-
tional deregulation during breast cancer development.
Further studies are needed to elucidate the potential
use of mRNA expression profiles of angiogenic or
other factors as progression indicators in breast
carcinogenesis.
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