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Abstract

Background PTHrP, a mediator of humoral hypercalce-
mia of malignancy, is considered as a potential activator to
induce breast cancer cells metastasizing to bone. However,
recent clinical evidences and basal research results prove
that PTHrP expression in primary tumors indicates good
prognosis. BMP-6, as a member of TGF-f superfamily, is
closely correlated with tumor differentiation and skeletal
metastasis.

Purpose These experiments were designed to investigate
the molecular mechanism of PTHrP regulating BMP-6 in
breast cancer cells.

Methods and results Through detecting mRNA expres-
sion levels of PTHrP and BMP-6 in 35 breast cancer
specimens, the two genes’ expression were proved to be
negatively correlated. Moreover, PTHrP (1-40), instead of
PTHrP (107-139), inhibited BMP-6 mRNA expression in
MCF-7 cells, indicating that PTHrP exerts its effect on
BMP-6 through membranous PTHrP receptor. Inhibitors
against signaling pathways downstream of PTHrP were
utilized. H89, the PKA pathway inhibitor, eliminated the
inhibitory effect of PTHrP on BMP-6. In addition, silenc-
ing of BMP-6 strengthened the antimitogenic effect of
PTHrP.

Conclusions These results suggest that PTHrP acts as the
upstream molecule of BMP-6, and exerts antimitogenic
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effect via reducing BMP-6 mRNA expression through
PKA signaling pathway in breast cancer cells.

Keywords PTHrP - BMP-6 - Breast cancer -
Antimitogenic effect

Introduction

Breast cancer, as one of the most frequent malignant
tumors, is the leading cause of cancer death in women
worldwide (Pisani et al. 1999). The initiation, progression
and metastasis of breast cancer include a series of genetic
changes which are regulated by various local growth fac-
tors, such as TGF-f superfamily and parathyroid hormone-
related peptide (PTHrP).

PTHrP, a mediator of humoral hypercalcemia of
malignancy, plays an essential role in normal mammary
gland and bone development. The molecular mechanisms
by which PTHrP exerts its effects have been widely
investigated. Basically, there are two pathways that PTHrP
regulates tumorigenesis: (1) pro-proliferative and antiapo-
ptotic effect mediated by the NLS-containing midregion of
PTHrP peptide through endocrine pathway; (2) antimito-
genic effect mediated by the membrane receptor, PTHIR,
through activating the combined actions of the PKA and
PKC signaling pathways (Rajendra et al. 2006; Torricelli
et al. 2006; Nakamura et al. 2008). By immunohisto-
chemistry, the expression of PTHrP was detected in 60-
69% of primary breast cancers. 85% of breast cancers with
bone metastasis were PTHrP positive. These findings
support the view that PTHrP may be related to the breast
cancer bone metastasis (Southby et al. 1990; Powell et al.
1991). However, the exact role that PTHrP plays during
the tumorigenesis remains to be investigated further.
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Henderson et al. performed a prospective study of 526
consecutive patients with operable breast cancer for a
median observation of 10 years and found that only in the
bone microenvironment and influenced by specific factors,
the bone resorption-stimulating effect of PTHrP emerges to
favor growth in bone; in contrast, during the early stages of
tumor dissemination, increased production of PTHrP by
breast cancers confers on them a less invasive phenotype,
and patients with PTHrP-positive primary tumors had a
significantly improved prognosis for survival (Henderson
et al. 2001, 2006). The detailed molecular mechanism
underlying the effects of PTHrP on breast cancer behavior
remains to be explored.

Bone morphogenetic protein-6 (BMP-6), which belongs
to the transforming growth factor-f (TGF-f) superfamily, is
expressed in various cancer cells, including breast, prostate,
esophagus and osteosarcoma. Recent studies found that
BMP-6 is overexpressed in both breast cancer cell lines and
tumor samples from breast carcinoma patients (Clement
et al. 1999; Akiyoshi et al. 2004). Our previous findings
demonstrated that BMP-6 transcription can be activated
dose-dependently by estrogen through its demethylated
promoter in human estrogen receptor positive (ER™") breast
cancer cell line MCF-7 (Zhang et al. 2005, 2007). When
considering the fact that estrogen plays a major role in pro-
moting the proliferation of neoplastic breast epithelium
(Doisneau-Sixou et al. 2003), we speculate that BMP-6 may
be involved in the process of breast carcinogenesis.

Through detecting the expression levels of BMP-6 and
PTHrP in breast cancer specimens, we found that the
expression of these two genes is negatively correlated.
After a series of experiments focused on the molecular
mechanism of PTHrP regulating BMP-6 expression in
breast cancer cell line MCF-7, we demonstrated that BMP-6
expression can be downregulated by PTHrP through PKA
signaling pathway, thus inhibiting the mitosis of breast
cancer cells.

Materials and methods

Tumor samples

Tumor and non-tumor samples were collected from excised
tissues of 35 breast cancer patients in Tianjin Medical
University Cancer Institute and Hospital. The patients had
a mean age of 53.6 &+ 13.5 years and were recruited from
the same department.

Cell culture

Human breast cancer cell line MCF-7 was maintained in
RPMI 1640 (GIBCO BRL, Grand Island, NY, USA)

@ Springer

supplemented with 10% FBS (Hyclone, Logan, UT, USA),
and 100 U/ml penicillin and streptomycin (growth med-
ium) at 37°C in a humidified atmosphere with 5% CO,.
The cells were seeded at 10° cells in 6-well plates and
allowed to attach for 24 h and transfection were performed.

RNA isolation and real-time PCR

Human breast cancer cell line MCF-7 was transient trans-
fected with PTHrP expression plasmid or treated with
PTHrP (1-40) or PTHrP (107-139) (100 nM, Sigma,
Madison, WI, USA) for 24 h before the total RNA was
extracted. In certain cases, the cells were pretreated with a
series of kinase inhibitors (Sigma, Madison, WI, USA),
including H-89 (10 pM) for PKA inhibition, GO-6976
(12 uM) for PKC inhibition, SB203850 (10 uM) for
p38MAP kinase inhibition, and U0126 (10 uM) for MEK
inhibition, and PKA signaling pathway activator dbcAMP
(0.5 mM). Total RNA was isolated using TRIzol Reagent
(Life Technologies Inc., Grand Island, NY, USA) accord-
ing to the manufacturer’s protocol. After reverse tran-
scription reaction (20 pl) using 2 pg of total RNA,
real-time PCR was carried out in a 25 pl final volume by an
ABI PRISM 7000 (ABI, USA) sequence detection system
according to the manufacturer’s protocol. The reaction
mixture contained 1x SYBR Green I, 0.5 pmol/l of each
primer, 2.5 mM MgCl,, and 0.5 ul cDNA from (20 pl)
reverse transcription reaction. The conditions of real-time
PCR were as follows: 94°C 4 min followed by 40 cycles at
94°C for 30 s, 68°C for 1.5 min. There is no non-specific
amplification determined by dissolve curve. There are three
repeat tubes per cDNA specimen, three cDNA specimens
independently for each data point. The real-time PCR
results were reported as the fold of relative light units for
experimental groups when compared with those for control
group after normalization with GAPDH expression. Error
bars represent the standard errors for three independent
experiments, with each data point done in triplicate. The
primers used for real-time PCR are as follows:

BMP-6

Upstream  primer: 5'-CAACAGAGTCGTAATCGCTC
TACC-3' (41,323 to +1,346)

Downstream primer: 5-TTAGTGGCATCCACAAGC
TCT-3’ (+1,701 to +1,721) PCR product is 308 bp.

GAPDH

Upstream primer: 5'-ACCACAGTCCATGCCATCAC-3’
(4526 to +545)

Downstream primer: 5'-TCCACCACCCTGTTGCTG
TA-3' (+958 to +977) PCR product is 451 bp.
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Transient transfection and luciferase assay

PTHrP expression plasmid and the human 1.2 kb (—1,119/
+37) BMP-6 promoter-luciferase plasmid were previously
constructed in our laboratory. The plasmids were trans-
fected into MCF-7 cells by LipofectAMINE reagents
(Invitrogen, Carlsbad, CA, USA) following the manufac-
turer’s instructions in 6-well plates. 24 h after transfection,
luciferase activity was detected using a kit from Promega
Corp. (Madison, WI, USA) with a luminometer. The effi-
ciency of transfection was monitored by cotransfection
with phRL-null vector (0.5 pg/well). The luciferase results
were reported as relative light units of firefly luciferase
activity normalized with the Renilla luciferase activity.
Error bars represent the standard errors for three indepen-
dent experiments, with each data point done in triplicate.

Western blot analysis

After 3 days of treatment or 24 h after the transient trans-
fection, cells were then trypsinized for counting or lysed in
lysis buffer (50 mM Tris—HCI pH 7.5, 150 mM NaCl, 1%
Triton X-100, 0.5% sodium deoxycholate) supplemented
with 1 mM sodium orthovanadate, | mM ethylene glycol-
bis-(beta-amino ethyl ether), 1 mM sodium fluoride, and
1 pM microcysterine. The protein concentrations were
determined using the BCA protein assay kit (Pierce, Rock-
ford, IL, USA). The cell extracts (30 pg) were assayed by
SDS-PAGE. After transferred to a PVDF membrane
(Amersham Biosciences, Piscataway, NJ, USA), the blots
were probed with a mouse monoclonal BMP-6 (74219.11)
antibody (Santa Cruz Biotechnology, CA, USA, Order
number: sc-57042, Specificity: raised against full length
BMP-6 of human origin) against BMP-6 or a monoclonal
anti-c-myc antibody (Sigma, Madison, WI, USA, Order
number: M4439, Specificity: N-terminal or C-terminal
c-Myc tagged fusion proteins) against c-Myc which fused to
PTHrP’s C-terminus (M-PTHrP) at a dilution of 1:1000. A
monoclonal anti-f$-actin antibody (Sigma, Madison, WI,
USA, Order number: A2228, Specificity: Recognizes an
epitope located on the N-terminal end of the f-isoform of
actin) at a dilution 1:1000 was used to confirm equal protein
loading. The immune complexes were detected using ECL
reagents (Amersham Biosciences, Piscataway, NJ, USA)
and the results were imaged on films.

Cell proliferation assay and cell cycle assay

The target sequence of the siRNA is 5-GCGACACCACA
AAGAGUUCHt-3' for human BMP-6 as previously repor-
ted (Babitt et al. 2007). BMP-6 siRNA was transfected into
MCEF-7 cells, 24 h after the transfection, cells were treated
with 100 nM PTHrP (1-40) or 0.5 mM dbcAMP for 72 h.

The cell proliferation assay was performed by the addition
of 10 ul CCK-8 (Cell counting kit-8, Jindojin, Japan)
solution to each well, followed by incubation at 37°C for
2 h. Absorbance was measured at 450 nm using a micro-
plate reader. As for the cell cycle assay, 48 h after the
serum starvation, cells were trypsinized, then washed twice
with PBS. Cells was fixed in 70% ethanol on ice for 30 min
and stored at —20°C overnight. Then the cells were cen-
trifuged at 1,500 g for 4 min, washed with PBS, and
treated with 50 pl of 1 mg/mL RNase A (Sigma) followed
by the addition of 500 pl of 100 pg/ml propidium iodide
(Sigma, Madison, WI, USA) in the dark for 30 min at
37°C, samples were then analyzed on a FACSCalibur flow
cytometry (BD Biosciences, San Jose, CA, USA) and data
were analyzed by MODFIT software (Verity, Topsham, ME).

Statistical analysis

Statistical significance was determined by ANOVA and
Scheffe’s test, and the levels of probability are noted. The
results are expressed as mean =+ standard error (SE) for at
least three separate experiments. The comparisons of the
expression levels of PTHrP and BMP-6 in 35 tumor speci-
mens were performed by y° test and Fisher’s exact test.

Results

mRNA expression of BMP-6 and PTHrP in breast
cancer specimens are reversely correlated

We analyzed 35 tumor tissue samples and compared the
amount of BMP-6 mRNA and PTHrP mRNA with tumor-
free resection margins (non-tumor samples) from the same
patient. As shown in Table 1, in 17/35 patients with higher

Table 1 mRNA expression of BMP-6 and PTHrP detection in 35
breast cancer specimens

PTHrP mRNA Number of BMP-6 mRNA expression
expression cases

T>N T<N
T>N 17 5 12
T<N 18 17 1
Total 35 22 13
P value 0.000069

Comparison of PTHrP and BMP-6 mRNA levels in breast cancer
tumor samples versus non-tumor samples

All tumor samples were adjusted to the same GAPDH mRNA levels

PTHrP mRNA and BMP-6 mRNA amounts were determined with
real-time PCR

T tumor tissue sample, N tumor-free tissue sample from resection
margin (non-tumor sample)

@ Springer



298

J Cancer Res Clin Oncol (2011) 137:295-303

Fig. 1 Overexpression of PTHrP inhibits BMP-6 expression in breast » @

cancer cell line MCF-7. PTHrP expression plasmid at different doses
(0, 0.2, 0.6 and 1.8 pg) was transient transfected into breast cancer
cell line MCF-7 cells, BMP-6 mRNA expression was detected
through both PCR a and real-time PCR b. ¢ PTHrP expression
plasmid at different doses (0, 0.2, 0.6 and 1.8 pg) was transient
transfected into MCF-7 cells, BMP-6 protein expression was detected
through western blot by a monoclonal human antibody against BMP-6.
PTHrP with a c-myc tag fused to its C-terminus was detected by a
monoclonal mouse antibody against c-Myc. d PTHrP expression
plasmid was transient transfected into MCF-7, total RNA was
harvested at different time points (0, 1, 3, 6, 12, 24 and 48 h), BMP-6
mRNA expression level was detected through real-time PCR.
*P < 0.05 compared with 0 h group

amount of PTHrP mRNA in the tumor versus non-tumor
samples, there are 12 specimens with lower amount of
BMP-6 mRNA in tumor samples; on the contrary, in the
18/35 patients with lower amount of PTHrP mRNA, there
are 17 specimens with higher BMP-6 mRNA expression,
indicating that the expression levels of these two genes are
reversely correlated.

PTHrP (1-40) inhibits BMP-6 expression in breast
cancer cell line MCF-7

To detect the regulation pattern of PTHrP on BMP-6 in
breast cancer, PTHrP expression plasmid at different doses
(0, 0.2, 0.6 and 1.8 pg) was transiently transfected into
breast cancer cell line MCF-7, BMP-6 mRNA expression
was detected through real-time PCR. As shown in Fig. la
and b, BMP-6 mRNA expression was obviously reduced in
PTHrP overexpressed group (about 90% downregulation in
the PTHrP 1.8 pg group when compared with the PTHrP
0 pg group). We also performed western blot to detect the
inhibitory effect of PTHrP on BMP-6. As shown in Fig. lc,
BMP-6 protein level can be reduced significantly by PTHrP
in a dose-dependent manner. To further confirm this result,
we examined the effect of PTHrP on the endogenous
expression of BMP-6 in MCF-7 cells at different time
points. As shown in Fig. 1d, PTHrP remarkably down-
regulated BMP-6 expression at 12 h and exhibited a
maximal inhibition at 24 h after transfection. These results
confirm the expression of BMP-6 is suppressed following
PTHrP overexpression in MCF-7 breast cancer cells.

To determine whether the membranous PTHrP receptor,
PTHIR, is necessary for the regulation of PTHrP on BMP-
6, MCF-7 cells were treated with PTHrP (1-40) or PTHrP
(107-139) for 24 h and BMP-6 mRNA expression was
detected through real-time PCR. As shown in Fig. 2a,
PTHrP (1-40) significantly downregulated the BMP-6
mRNA expression at the concentration of 10 nM. When
compared with the inhibitory effect of PTHrP (1-40),
PTHrP (107-139) showed no obvious effect on the regu-
lation of BMP-6 mRNA. To further confirm this result, we

@ Springer

FL-PTHIP (1 g)

b L4
L2 |
& 1t
(=Y
S 08
=
? 0.6
(=™
& 04
0cl:
0
PTHrP Owng PTHrP 0.2wng PTHrP 0.6ug PTHrP 1.Bug
¢ Oupg 02ug 06ug 18ug PTHrP
- = — BP5

— W W | MPTHP

— B -actin

BHP-6/GAPDH
= =1 =
o= (=71 [==]

=
(3=

Oh lh 3h 6h 12h 2dh  48h

also detected the effect of these two constructs on BMP-6
promoter, and found that PTHrP (1-40) downregulated
BMP-6 promoter activity significantly (about 40% at the
concentration of 10 nM; while PTHrP (107-139) showed
no effect on BMP-6 promoter activity (Fig. 2b). We also
demonstrated that PTHrP (1-40) repressed the BMP-6
protein expression at the concentration of 10 nM by
Western blot (Fig. 2c). These results indicate that PTHrP
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Fig. 2 PTHrP (1-40) not PTHrP (107-139) inhibits BMP-6 expres-
sion in MCF-7 cells. a MCF-7 cells were treated with PTHrP (1-40)
or PTHrP (107-139) at different doses (0, 0.1, 1, 10, 100 nM), 24 h
later, total RNA was extracted to detect BMP-6 mRNA expression
level through real-time PCR. b Human 1.2 kb (—1,119/4+37) BMP-6
promoter-luciferase plasmid was transient transfected into MCF-7
cells, 24 h later, the cells were treated with PTHrP (1-40) or PTHrP
(107-139) at different doses. Total protein was harvested to detect
BMP-6 promoter activity through luciferase assay. *P < 0.05 com-
pared with the 0 nM group. ¢ MCF-7 cells were treated with PTHrP
(1-40) at different doses (0, 0.1, 1, 10, 100 nM), 24 h later, total
protein was extracted to detect BMP-6 protein level by western blot

(1-40), but not PTHrP (107-139), downregulates BMP-6
mRNA expression through PTHIR.

PTHrP inhibits BMP-6 transcription through the PKA
signaling pathway

To study the mechanism underlying the PTHrP regulating
BMP-6 gene expression, we treated MCF-7 cells with a
series of inhibitors against the signaling pathways down-
stream of PTHrP that may be involved in regulating BMP-
6 expression. As shown in Fig. 3a, the inhibitory effect of
PTHrP on BMP-6 was rescued effectively by the addition
of PKA inhibitor H89. As for other signaling pathway
inhibitors, PKC inhibitor GO6976 slightly rescued the

PTHrP-induced inhibition of BMP-6 gene expression by
about 15%, but without statistical significance, while
p38MAPK and MEK inhibitors had no effect. These results
indicate that PTHrP inhibits BMP-6 gene expression
through PKA signaling pathway. To further confirm this
result, we performed luciferase assay to detect the BMP-6
promoter activity at the presence of dbcAMP or H89. As
shown in Fig. 3b, direct stimulation of PKA activity by
0.5 mM of dbcAMP, a cell membrane-permeable analog of
cAMP, resulted in strong inhibition of BMP-6 promoter
activity in MCF-7 cells, and PTHrP (1-40), but not PTHrP
(107-139) exerted a similar effect as dbcAMP. The addi-
tion of H89 rescued the inhibitory effect of PTHrP (1-40)
on BMP-6 promoter.

PTHrP exerts its antimitogenic effect through
downregulating BMP-6

To investigate the biological significance of PTHrP
downregulating BMP-6 mRNA expression in breast cancer
cells, BMP-6 was silenced in MCF-7 cells (Fig. 4a) and
cell proliferation assay was performed. As Fig. 4b shown,
the treatment of PTHrP (1-40) inhibits cell proliferation in
MCEF-7 cells, which is coincident with the previous find-
ings (Maioli and Fortino 2004). The similar effect was
observed in the group treated with dbcAMP. The silencing
of BMP-6 gene strengthened the antimitogenic effect of
PTHrP, and overexpression of BMP-6 gene overcame the
antimitogenic effect of PTHrP. To confirm this result, cell
cycle assay was performed by flow cytometry. As shown in
Fig. 4c and Table 2, a significant decreased number of
cells at S—-G2—-M phase were found in PTHrP treated group,
the PTHrP/siBMP-6 group showed more effective inhibi-
tion on cell progression, and the PTHrP/BMP-6 group
eliminated the inhibition of PTHrP on cell progression.
These results indicate that PTHrP functions as the upstream
regulator of BMP-6 and exerts its antimitogenic effect
through downregulating BMP-6 mRNA expression.

Discussion

In this study, we observed that the expression of the two
genes, BMP-6 and PTHrP, were negatively correlated in
breast cancer specimens. PTHrP (1-40), not PTHrP (107-
139), exhibited inhibitory effect on the mRNA expression
of BMP-6, indicating that PTHrP regulates BMP-6 gene
expression through PTHIR. Using inhibitors against dif-
ferent PTHrP signaling pathways, we found that PTHrP
inhibits BMP-6 expression through PKA signaling path-
way. Our data indicates that BMP-6, acts as a downstream
target of PTHrP signaling pathway, is downregulated by
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Fig. 3 Inhibition of BMP-6 a
expression by PTHrP is

dependent on PKA signaling

pathway. a MCF-7 cells were

treated with a series of kinase
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PTHrP in breast cancer cells, and the biological signifi-
cance of this process turns to be the antimitogenic effect.

PTHrP and BMP-6 are two important growth factors for
normal development. PTHrP plays a central role during the
chondrogenesis. Besides, abnormal breast development
was detected in patients with Blomstrand chondrodysplasia
because of the impairment of the PTHrPRI1 signaling
pathway, indicating that the PTHrP is necessary for the
formation of human mammary glands (Wysolmerski et al.
2001). BMP-6 regulates proliferation and apoptosis of
mesenchymal and epithelial cells during the development
(Hogan 1996-1997). If the tumorigenesis of breast carci-
noma is the opposite of normal mammary gland growth,
the interaction between these two genes during normal
development may give us some hints of their exact func-
tions during the disease process. The interaction between
PTHrP and BMP-6 was found to contribute to the regula-
tion between cell proliferation and differentiation. Addition
of PTHrP abolished the expression of BMP-6 mRNAs in
chondrocytes and inhibits chondrocyte maturation
(Grimsrud et al. 2001). When exogenous BMP-6 was
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added to PTHrP containing cultures, maturation occurred
with the expression of high levels of type-X collagen,
despite the presence of PTHrP in the cultures (Grimsrud
et al. 1999).

PTHrP and BMP-6 participate in the process of carci-
nogenesis. Dai et al. found that BMP-6 contributes to the
osteoblastic activity of prostate cancer in vivo indicating
that BMP-6 may participates in promoting the ability of
tumor cells to invade the bone microenvironment (Dai
et al. 2005). Previously, we reported BMP-6 gene expres-
sion can be activated dose-dependently by estrogen
because of the demethylation status of BMP-6 promoter in

Fig. 4 PTHrP exerts antimitogenic effect through downregulating
BMP-6 expression. Cells were transfected with siRNA for silencing
BMP-6 (siBMP6) or pcDNA6B-BMP6 for overexpressing BMP6.
24 h after the transfection, the medium was transferred to 2.5% serum
and the cells were treated with PTHrP (1-40) (100 nM) or dbcAMP
(0.5 mM) for 72 h. The silencing efficiency was validated by real-
time PCR (a). Cell proliferation assay was performed using Cell
Counting Kit (b) and cell cycle assay was performed through flow
cytometry (c¢). *P < 0.05 compared with control
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Table 2 Data on cell cycle analysis presented in cytometry

Sample Gl (%) S-G2-M (%)
Control 60.87 £ 0.33 39.13 £0.13
dbcAMP 66.57 = 0.42 33.43 £ 0.93%
PTHrP 67.55 £ 0.32 32.45 £ 0.33%
siBMP-6 69.50 £+ 0.13 30.50 £+ 0.72%*
PTHrP/siBMP-6 70.10 £+ 0.28 29.90 & 0.57*
BMP-6 56.26 £+ 0.71 43.74 + 0.69*
PTHrP/BMP-6 61.71 & 0.02 38.29 £ 0.94

Cell cycle assay was performed through flow cytometry and com-
parison of cell S-G2-M phase was performed in the treated sample
versus untreated control

*P < 0.05 compared with control

ER™ breast cancer cell lines indicating that BMP-6 may
play an important role during the process of ER-positive
breast tumor growth. In addition to BMP-6, PTHrP has
now been shown to function as an paracrine or autocrine
growth factor to suppress the growth of transformed cells,
such as human astrocytes and hepatoma cells (hep G2) (Li
et al.1996; Shankar et al. 2000). Although based on the
hypercalcemic effect of PTHrP, PTHrP is defined as a
potential activation factor which endows tumor cells with a
special property they require to establish and grow in bone,
more and more clinical evidences have indicated that
PTHrP expression in primary tumors connote prolonged
survival in some types of human cancer such as breast
cancer (Henderson et al. 2006; Bakre et al. 2002), hepa-
toma (Li et al. 1996) and lung cancer (Montgrain et al.
2007). Midregion PTHrP (38-94) restrains MDA-MB-231
growth and accelerates cell death through inducing the
expression of Bcl-xs, Bad, Ripl and caspases (Luparello
et al. 2008). Studies by Bakre et al. (2002) show that local
administration of PTHrP is a potential effective strategy to
inhibit angiogenesis and tumor growth. The molecular
mechanism of how PTHrP exerts its inhibitory effect on
breast cancer cells proliferation needs to be investigated
further.

PTHrP activates G-protein-coupled receptor, thereby
activating the adenylate cyclase-protein kinase A (AC-PKA)
and phospholipase C-protein kinase C (PLC-PKC) pathways
(Abou-Samraetal. 1992; Hoare et al. 2001). Previous studies
have shown that the activation of PKA by cAMP in MDA-
MB-231 cells leads to Raf-1 kinase inactivation and results
in significant suppression of cell invasion (Carie and Sebti
2007). PTHrP inhibits endothelial cell migration in vitro and
angiogenesis in vivo by activating protein kinase A (Bakre
et al. 2002). Maioli and Fortino (2004) found that PTHrP
inhibits breast cancer cell proliferation through the com-
bined action of the adenylylcyclase (AC)/PKA and phos-
pholipase C (PLC)/PKC pathways. In our experiment, we
have observed the same function of PTHrP/PKA. In addition,

@ Springer

we have characterized that BMP-6 is one of the downstream
targets of PTHrP/PKA signaling in the process of breast
cancer cells proliferation inhibition. This finding may pro-
vide us some clues to investigate the detailed role that PTHrP
plays during breast carcinogenesis.
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