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Co-expression of parathyroid hormone
related protein and TGF-beta in breast
cancer predicts poor survival outcome
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Abstract

Background: Better methods to predict prognosis can play a supplementary role in administering individualized
treatment for breast cancer patients. Altered expressions of PTHrP and TGF-β have been observed in various types
of human cancers. The objective of the current study was to evaluate the association of PTHrP and TGF-β level with
the clinicopathological features of the breast cancer patients.

Methods: Immunohistochemistry was used to examine PTHrP and TGF-β protein expression in 497 cases of early
breast cancer, and Kaplan-Meier method and COX’s Proportional Hazard Model were applied to the prognostic
value of PTHrP and TGF-β expression.

Results: Both over-expressed TGF-β and PTHrP were correlated with the tumor in larger size, higher proportion of
axillary lymph node metastasis and later clinical stage. Additionally, the tumors with a high TGF-β level developed
poor differentiation, and only TGF-β expression was associated with disease-free survival (DFS) of the breast cancer
patients. Followed up for a median of 48 months, it was found that only the patients with negative TGF-β
expression had longer DFS (P < 0.05, log-rank test). Nevertheless, those with higher PTHrP expression tended
to show a higher rate of bone metastasis (67.6 % vs. 45.8 %, P = 0.019). In ER negative subgroup, those who
developed PTHrP positive expression presented poor prognosis (P < 0.05, log-rank test). The patients with both
positive TGF-β and PTHrP expression were significantly associated with the high risk of metastases. As indicated by
Cox’s regression analysis, TGF-β expression and the high proportion of axillary lymph node metastasis served as
significant independent predictors for breast cancer recurrence.

Conclusions: TGF-β and PTHrP were confirmed to be involved in regulating the malignant progression in breast
cancer, and PTHrP expression, to be associated with bone metastasis as a potential prognostic marker in ER negative
breast cancer.

Keywords: Breast cancer, TGF-β, PTHrP, Prognosis, Survival analysis

Background
Breast cancer, remaining the most global common malig-
nant tumor in women, is yearly diagnosed in more than
one million cases [1]. Although the continuously improved
understanding of the tumor pathology and significant

advancements in diagnostic techniques have allowed more
cases to be detected at an earlier stage, the overall 5-year
survival rate remains low for breast cancer patients, primar-
ily because of the high rate of recurrence and metastasis
[2]. Tumor cells have been well recognized to show a
distinctive attribute for metastasis to specific organs; the
1889 Stephen Paget’s original “seed and soil” hypothesis
was reported that the organ-preference patterns of tumor
metastasis were the product of interactions between meta-
static tumor cells (the seed) and their organ microenviron-
ment (the soil) [3]. Breast cancer is known to have a strong
predilection for bone metastasis and only 20 % of the
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patients are still five-year alive after confirmation for the
serious complication of breast cancer [4, 5].
Parathyroid hormone-related protein (PTHrP), iso-

lated from the tumor tissues of Malignancy-associated
hypercalcemia (MAH) patients, was reported to be
credited for its ability to mimic parathyroid hormone
(PTH) [6, 7]. During embryonic period, PTHrP plays
an important role in normal mammary gland, tooth
and bone development and differentiation [8–11].
PTHrP was reported to be expressed in a wide variety
of fetal and adult tissues, as well as in many malignan-
cies [6, 12]. PTHrP expression was reported to be
present in many tumor types even in the absence of
hypercalcemia, and related with tumor progression
such as colon cancer, non-small cell lung cancer, mye-
loma and prostatic cancer [13–18]. In bone metastasis,
PTHrP plays a key role in the osteoclastic bone re-
sorption by stimulating receptor activator for nuclear
factor-κ B ligand (RANKL) expression [19, 20]. A re-
cent study in PyMT-MMTV breast cancer mouse
model reported that PTHrP expression level was cor-
related with breast cancer metastasis and tumor cell
survival [21].
TGF-β has been recognized to be a multi-functional

growth factor involved in regulation of such processes as
development, wound healing, fibrosis, carcinogenesis,
angiogenesis, and immunity [22–24], and also to play a crit-
ical and double role in the progression of cancer [25, 26].
In the development of breast cancer, tumor cells obtain
resistance to TGF-β-mediated growth arrest, it has been
reported that TGF-β pathway retains the ability to promote
the processes that support tumor progression such as
tumor cell epithelial-to-mesenchymal transition, invasion,
dissemination, and immune evasion [27–29]. Additionally,
bone metastasis lesions-derived TGF-β can serve a critical
mediator of breast carcinoma-mediated progression of
osteolytic bone lesions, and the effector of this response is
PTHrP. PTHrP and TGF-β can promote mutual expression
and form a vicious circle [4, 19]. However, the relative
quantitative expressions of TGF-β and PTHrP have not
been fully explored in primary tumor tissues.
In the current study, we aimed to assess whether PTHrP

and TGF-β can be dysregulated in the breast cancer
tissues by analyzing clinicopathologic features and their
potential value in the prognosis of breast cancer patients.
The results showed that expression level of PTHrP and
TGF-β in the tissues was associated with the clinicopatho-
logic features, which could serve as an independent prog-
nostic factor for the patients after surgery.

Methods
Specimen cohorts
From January 2006-December 2009, specimens were ob-
tained from the female patients with operable primary

breast cancer, who underwent treatment at the Depart-
ment of Breast Surgery of Zhongshan Hospital affiliated
to Fudan University and Yangpu Hospital affiliated to
Tongji University School of Medicine. From a total num-
ber of the consecutive patients, we randomly selected 497
paraffin blocks of tumor tissues of the invasive patients,
341 cases from Yangpu Hospital and 156 cases from
Zhongshan Hospital for the current study (random num-
bers table) after excluding those on neoadjuvant chemo-
therapy or those with positive margins on histopathology.
All the patients underwent breast cancer surgery and stan-
dardized adjuvant therapies. Meanwhile, 40 specimens of
benign breast tumor tissues were collected as controls.
The selected patients were classified into three groups
according to cTNM staging system of American Joint
Committee on Cancer (AJCC), 195, 210 and 92 on stage I,
II and III, respectively.
All the patients were followed up via interviews on the

phone and outpatient visits every month, which began
from the first postoperative day to December 2012, and
ended up with 389 patients with a median of 48 months
(range of 2 to 85 months), 108 patients lost during the
process. After surgery, 116 patients suffered from local
recurrence or distant metastasis. The local or regional
recurrence was confirmed by histology and the distant
metastasis was detected by biopsy or imaging tech-
niques. By the end of this period, 26 patients had died,
21 of breast cancer, and 273 patients had developed no
recurrence. The relapse-free interval (RFI) of the patients
was calculated. This study was approved by medical ethics
committee of Zhongshan Hospital affiliated to Fudan
University (No.2010-78) and Yangpu Hospital affiliated to
Tongji University (No.LL-2010-2-DOB-003) with the pa-
tient informed consents. Conforming to the principles
outlined in WMA Declaration of Helsinki-Ethical Princi-
ples for Medical Research Involving Human Subjects,
tissue samples were collected from Zhongshan Hospital
and Yangpu Hospital at surgery, immediately fixed in
formalin, and then dehydrated and embedded in paraffin.

Immunohistochemical staining
Tissue microarrays (TMAs) were constructed containing
the tumor tissues of 537 patients, 40 of whom showed
benign tissues. Two core biopsies with a diameter of
0.8 mm of each case were transferred from the donor
blocks to the predefined positions on the recipient paraffin
blocks. The consecutive sections measured 4 μm in thick-
ness were placed on the 3-aminopropyltriethoxysilane-
coated slides.
The primary antibodies for the immunohistochemical

analyses were as follows: PTHrP antibody monoclonal,
(diluted 1:2000, ABGENAT), TGF-β rabbit polyclonal anti-
body (diluted 1:5000, SANTA CRUZ). The analyses were
carried out using a two-step protocol: Upon microwave
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antigen retrieval, the tissues were incubated with primary
antibodies overnight at 4 °C, followed by a 30-min in-
cubation with HRP-conjugated goat anti-rabbit/mouse
IgG (horseradish peroxidase-conjugated anti mouse/
rabbit immunoglobin, EnVision Detection Kit A solu-
tion, Gene Tech, Hk) at room temperature, and then a
3-min incubation with diaminobenzidine, before coun-
terstained with hematoxylin and examined under
OLYMPUS BX51 microscope. Sections of human pla-
centa were stained as PTHrP and TGF-β positive con-
trol. The negative control slides without the primary
antibodies were included in all assays. All immuno-
stained slides were reviewed and judged as positive/nega-
tive staining by two histopathologists independently in a
blinded manner. In most cases, the results were identical
from two pathologists, and the discrepancies were re-
solved by re-examination and consensus.

Statistical analysis
The correlation of TGF-β or PTHrP expression evalu-
ated by IHC staining and the relevant clinicopathologic
features were analyzed using Pearson’s χ2 correlation
test. Disease-free survival (DFS) was defined as the
period from the operative date to the first recurrence
(local or distant) or death of breast cancer without a re-
corded relapse. Cumulative survival time of each group
was calculated by the Kaplan-Meier method and ana-
lyzed by the log-rank test. In the multivariate analysis, a
COX’s Proportional Hazard Model was employed to es-
timate whether a factor was a significant independent
prognostic factor of survival. All statistical tests were
two-sided, and P values less than 0.05 were considered
as statistically significant. The statistical analyses were
performed using SPSS 22.0 software (SPSS Inc.).

Results
Immunohistochemical tissue staining
An analysis was made of a tissue obtainment containing
497 breast cancer patients and 40 benign breast tumor
patients, all females, with the median age of 56.7 in the
former (ranging from 26 to 95), and with the median
age 43.2 in the latter (from 22 to 72). The staining of
TGF-β and PTHrP was mainly observed on the cyto-
plasm of cells in the breast tumor tissues (Fig. 1a, c),
and most of the stroma areas were negative staining.
Almost half of the breast tumors exhibited positive levels
of TGF-β and PTHrP expression, 55.1 % in 274 cases,
54.5 % in 271 cases, respectively. Both TGF-β and
PTHrP positive staining were rarely detected in the
benign breast tissues, 10 % in 4 cases and 17.5 % in 7
cases, respectively.

Correlation of TGF-β expression and clinicopathologic
features
All breast cancer cases were separated into two groups
as TGF-β positive and TGF-β negative based on the
TGF-β staining degree of the tumor sections. Compared
with those with TGF-β negative staining, the patients
with TGF-β positive had poor differentiation in histology
and larger tumor size, and most in the positive group
showed a higher proportion of axillary lymph node me-
tastasis and later clinical stages. In the two groups, how-
ever, no significant difference was observed on patients’
age, skin involvement, pathological type, and expression
of estrogen receptor and HER-2 (Table 1).

Correlation of PTHrP expression and clinicopathologic
features
The histopathological parameters were further compared
in both PTHrP positive and negative group. Analogously,

Fig. 1 Photographs of TGF-β and PTHrP expression in breast cancer tissues by immunohistochemical staining. a.b Representative images of
TGF-β positive (a) or TGF-β negative (b) cases with immunostaining (magnification × 200); c.d Representative images of PTHrP positive (c) or
PTHrP negative (d) cases with immunostaining (magnification × 200)
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the results showed that in the positive group, larger tumor
size, higher proportion of axillary lymph node metastasis
and later clinical stages were observed, and that the two
groups displayed no significant distinction in patients’ age,
skin involvement, degrees of pathological differentiation,
pathologic type of cancer, level of estrogen receptor (ER)
and HER-2 (Table 2).
The previously reported results suggested that the high

levels of TGF-β and PTHrP were significantly correlated
with the features of more advanced breast cancer such

as larger tumor size, higher proportion of axillary lymph
node metastasis and later clinical stages. In the current
study, however, such features showed little association
with these two oncoprotein levels. Remarkably, only
breast cancer patients with high level of TGF-β pre-
sented poor pathological differentiation.

TGF-β/PTHrP expression and survival
As indicated by the findings of the 389 follow-ups, the
recurrence rate was approximately 32.1 % and 27.1 % in
212 and 177 cases in PTHrP positive and negative
group, respectively. Those who displayed higher PTHrP
expressions tended to have a higher bone metastasis rate
(67.6 % vs. 45.8 %, P = 0.019) (Table 3), but the data of
Kaplan-Meier lifetime analysis showed no significant
difference of the cumulative DFS in the positive and
negative group, respectively (Fig. 2a).
To examine further the relationship between TGF-β

level and breast cancer patients’ survival, all cases were
divided into two groups based on TGF-β level; conse-
quently, there were 225 cases of TGF-β positive. As
shown by Fig. 3, when compared with high TGF-β con-
trols, the group without detectable TGF-β expression
was significantly associated with longer DFS among 164
patients (P < 0.05, log-rank test) (Fig. 2b).
When all cases were further divided into two subgroups

by the expression of estrogen receptor staining signal,
Kaplan-Meier lifetime analysis demonstrated that those
who expressed lower PTHrP in ER negative subgroup had
favorable prognosis (P < 0.05, log-rank test) (Fig. 3a). In
ER positive group, nevertheless, no statistically significant
differences were observed in the prognosis of those who
had positive or negative PTHrP expression (3b). Contrast-
ive analysis of the DFS in ER and PTHrP groups proved
that those with negative ER and positive PTHrP expres-
sion developed the worst prognosis.
As indicated by DFS curves constructed for the com-

parison of four different groups based on PTHrP and
TGF-β survival results, the prognosis of those with posi-
tive TGF-β and PTHrP expression was obviously worse
than that of those with negative TGF-β, independently
of PTHrP changes (Fig. 3c). These results clearly indicated
a statistically significant correlation between PTHrP/TGF-β
up-regulation and poorer survival outcome.
Based on the results from the multivariate COX’s Pro-

portional Hazard Model to evaluate the clinical values of
TGF-β/PTHrP in prognosis, it was found that the abnor-
mal expression of TGF-β was an independent prognostic
factor for DFS in breast cancer patients (HR = 0.469,
95.0 % CI 0.301 to 0.729; P < 0.05). The results also re-
vealed that proportion of axillary lymph node metasta-
sis and histologic grade were related to the prognosis
of breast cancer. More importantly, the high propor-
tion of axillary lymph node metastasis was the most

Table 1 Clinicopathologic features and TGF-β expression

TGF-β positive
No. (%)

TGF-β negative
No. (%)

χ2 P value

Age

≤55 156 (56.9 %) 111 (49.8 %) 2.534 0.111

>55 118 (43.1 %) 112 (50.2 %)

Tumor size

≤2 cm 137 (50.0 %) 141 (63.2 %) 8.729 0.003

>2 cm 137 (50.0 %) 82 (36.8 %)

Skin involvementa

No 229 (83.6 %) 190 (85.2 %) 0.245 0.620

Yes 45 (16.4 %) 33 (14.8 %)

LN metastasis

No 154 (57.5 %) 148 (67.9 %) 5.556 0.018

Yes 114 (42.5 %) 70 (32.1 %)

Unknown 6 5

Histologic grade

≤II 182 (67.7 %) 169 (78.2 %) 6.710 0.01

>II 87 (32.3 %) 47 (21.8 %)

Unknown 5 7

Clinical stage

I 91 (33.2 %) 104 (46.6 %) 9.329 0.009

II 128 (46.7 %) 82 (36.8 %)

III 55 (20.1 %) 37 (16.6 %)

ER

(−) 75 (28.7 %) 59 (27.6 %) 0.079 0.779

(+) 186 (71.3 %) 155 (72.4 %)

Unknown 13 9

HER-2

(−) 94 (38.7 %) 83 (41.7 %) 0.417 0.518

(+) 149 (61.3 %) 116 (58.3 %)

Unknown 31 24

Tumor type

IDCb 234 (85.4 %) 189 (84.8 %) 0.041 0.840

Non-IDCc 40 (14.6 %) 34 (15.2 %)
askin involvement: edema, redness, nodularity, or ulceration
bIDC, invasive ductal carcinoma
cNon-IDC: invasive lobular carcinoma, mucinous or colloid carcinoma, medullary
carcinoma, metaplastic carcinoma
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effective unfavorable prognostic factor in DFS (HR =
2.054, 95.0 % CI 1.398 to 3.019; P < 0.05). However,
the multivariate analysis indicated that PTHrP was not
an independent prognostic factor in breast cancer
(HR = 1.022, 95.0 % CI 0.684 to 1.527; P > 0.05)
(Table 4).

Discussion
Breast cancer originates in mammary epithelial cells,
with a clear tendency to lymph node and blood metasta-
sis; however, PTHrP is expressed in the normal epithelial
cells, but its expression rises in breast cancer, becoming
associated with multiple metastatic lesions. Recently,
Ghoussaini et al. combined several datasets, encompass-
ing 70,000 patients and 68,000 controls and identified
rs10771399, a 300 kb linkage disequilibrium block that
contains only one gene, PTHrP, one of the candidate
genes connecting with the mammary gland development
and breast cancer bone metastasis [30]. Li J et al. used
the MMTV-Cre transgene to target the PTHrP gene in
mammary epithelial cells in PyMT-MMTV GEM model,
finding out that it could prolong tumor latency, inhibit
tumor growth and repress metastases. Tumor growth
inhibition was reported to be correlated with reduced
proliferation and increased apoptosis [21]. But according
to the previously reported clinical researches, the rela-
tion between PTHrP and tumor progression remains
controversial. As reported by Linforth R, PTHrP was
expressed in 68 % of surgically excised early breast can-
cers, when compared with 100 % bone metastases; and
co-expression of both PTHrP and receptor predicted the
worst clinical outcome [31]. However, another investiga-
tion of 3 year-postoperative following-ups found no
difference in PTHrP expression of the primary tumor
amongst the metastasis-free group, distant-recurrence
group and other preoperative distant disease group [32].
The results reported by Surowiak showed that the pa-
tients with high expression of PTHrP manifested longer
survival than those with lower PTHrP expression [33].
Additionally, a retrospective clinical study of breast
tumors collected at surgery suggested better outcome

Table 2 Clinicopathologic features and PTHrP expression

PTHrP positive PTHrP negative χ2 P
valueNo. (%) No. (%)

Age

≤55 146 (53.9 %) 121 (53.5 %) 0.006 0.941

>55 125 (46.1 %) 105 (46.5 %)

Tumor size

≤2 cm 133 (49.1 %) 145 (64.2 %) 11.372 0.001

>2 cm 138 (50.9 %) 81 (35.8 %)

Skin involvementa

No 223 (82.3 %) 196 (86.7 %) 1.834 0.176

Yes 48 (17.7 %) 30 (13.3 %)

LN metastasis

No 154 (57.7 %) 148 (67.6 %) 5.014 0.025

Yes 113 (42.3 %) 71 (32.4 %)

Unknown 4 7

Histologic grade

≤II 187 (70.8 %) 165 (74.7 %) 0.885 0.347

>II 77 (29.2 %) 56 (25.3 %)

Unknown 7 5

Clinical stage

I 95 (35.1 %) 100 (44.2 %) 6.937 0.031

II 116 (42.8 %) 94 (41.6 %)

III 60 (22.1 %) 32 (14.2 %)

ER

(−) 78 (29.2 %) 56 (26.9 %) 0.303 0.582

(+) 189 (70.8 %) 152 (73.1 %)

Unknown 4 18

HER-2

(−) 98 (40.3 %) 79 (39.7 %) 0.018 0.893

(+) 145 (59.7 %) 120 (60.3 %)

Unknown 28 27

Tumor type

IDCb 231 (85.2 %) 192 (85.0 %) 0.008 0.929

Non-IDCc 40 (14.8 %) 34 (15.0 %)

TGF-β

(−) 116 (42.8 %) 107 (47.3 %) 1.027 0.311

(+) 155 (57.2 %) 119 (52.7 %)
askin involvement: edema, redness, nodularity, or ulceration
bIDC, invasive ductal carcinoma
cNon-IDC: invasive lobular carcinoma, mucinous or colloid carcinoma,
medullary carcinoma, metaplastic carcinoma

Table 3 Recurrence or metastasis in PTHrP positive/negative
expression in breast cancer patients

Site of
recurrence

PTHrP
positive

PTHrP
negative

Statistical
values

P
value

No. (%) No. (%)

local
recurrence

Chest wall or
regional LN

3 (4.4 %) 5
(10.4 %)

Fisher 0.272

metastasis bone 46
(67.6 %)

22
(45.8 %)

χ2 = 5.52 0.019

lung 12
(17.6 %)

13
(27.1 %)

liver 6
(8.82 %)

8
(16.7 %)

brain 1
(1.47 %)

0 (0.0 %)

No. of
recurrence

68
(32.1 %)

48
(27.1 %)

χ2 = 1.133 0.287

No. of no
recurrence

144
(67.9 %)

129
(72.9 %)
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and survival in the patients whose primary tumor
over-expressed PTHrP [34]. The current study was an
assessment of the inconsistent results derived from
the previously reported clinical researches.
The important role of TGF-β in breast cancer develop-

ment has been extensively investigated. Recent studies
have revealed that TGF-β activates its receptors through
ligand binding, thus resulting in a further activation of
Smad family proteins through phosphorylation, and that
nuclear-localizated Smad proteins regulates the tran-
scription of target genes [35]. TGF-β, a potent mediator
of growth inhibition, is capable of inducing apoptosis in
a variety of tumors at early stage. In the advanced tu-
mors, however, TGF-β activation seems to enhance
breast tumor growth and invasion. As a critical negative
regulator of the immune system, TGF-β inhibits T cells
and antigen present cell by preventing cell-mediated
tumor clearance in tumor progression [36, 37]. TGF-β
functions as a potent inducer of breast cancer angiogen-
esis by increasing the expression of vascular endothelial
growth factor (VEGF) expression [38, 39]. It has been
suggested that TGF-β can cause epithelial-mesenchymal
transition (EMT) via Smad pathway and its downstream
effect genes, and also up-regulate plasminogen activator,
MMP-2 and MMP-9, which degrade extracellular
matrix, allowing for subsequent migration of breast can-
cer cells [40–42]. As a possible trigger of breast cancer
metastasis, additionally, TGF-β which regulates PTHrP
is simultaneously stimulated by PTHrP in bone metasta-
sis [43, 44]. Therefore, the approach we developed in the

current study could be a co-detection of the progression
and prognosis based on these gene expressions in breast
cancer tissues.
In the current study, we further investigated the

correlation between PTHrP/TGF-β expression and clini-
copathologic features of breast cancer. We found that
positive expression of PTHrP/TGF-β was linked to lar-
ger tumor size, higher proportion of axillary lymph node
metastasis and later clinical stages. The cancer biological
functions of PTHrP were reported as followings: PTHrP
can promote primary tumor proliferation by activing
PI3K-Akt, AKR1C3 pathway and affect cell cycle pro-
gression by up-regulating Cyclin D2 and Cyclin A2 pro-
tein levels [17, 45–48]; PTHrP can play an autocrine
neoplastic role in evading apoptosis by decreasing the
levels of Beclin1 and LC3-II or controlling the Bcl-2 and
Caspase family [45, 49, 50]; PTHrP accelerates the adhe-
sion, invasion and metastasis of tumor cells to the bone
[51, 52]; and local increased PTHrP secreted by the
breast cancer metastatic sites stimulating osteoblasts to
express RANKL and inhibit osteoprotegerin (OPG) se-
cretion, PTHrP has been shown to play a key role in the
osteolytic resorption of bone metastasis by activating
osteoclast division and growth [53]. PTHrP expression
has been shown to be under the control of numerous
growth and angiogenic factors such as TGF-β, VEGF,
epidermal growth factor (EGF) and platelet-derived
growth factor (PDGF), and meanwhile it stimulates the
expression of these factors in various cell types and be-
haves as an angiogenic factor in endothelial cells [54].

Fig. 2 a. Kaplan–Meier analyses of the effect PTHrP expression on DFS (P = 0.307, log-rank test); b. Kaplan-Meier analyses of the effect TGF-β
expression on DFS (P = 0.001, log-rank test)
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Combined these protein functions with our research
data, we consider both TGF-β and PTHrP as oncogenes
in breast cancer.
It followed that either PTHrP-positive or TGF-β-

positive breast cancer patients indicated a high risk of
metastasis. Bone, followed by the lung and liver, is one
of the most preferential metastatic target sites for breast
cancer [2]. It has been well recognized that breast cancer
cells spread to distant target organs with their own in-
herent character. Our research suggested that the higher

PTHrP expression the patients tended to have, the
higher bone metastasis rate would be (67.6 % vs. 45.8 %,
P = 0.019). Furthermore, the results of the cross analysis
between different groups showed that the prognosis of
the patients with both positive TGF-β and PTHrP ex-
pression was apparently worse than all the others. Ac-
cording to the Stanley Paget “seed and soil” hypothesis,
tumor cells as “seed” invading bone provide additional
growth factors that activate the bone microenvironment
as “soil,” which in turn produces growth factors that feed

Fig. 3 a. Kaplan-Meier analyses of the effect PTHrP expression in ER negative subgroup on DFS (P=0.027, log-rank test) b. Kaplan-Meier analyses of the
effect PTHrP expression in ER positive subgroup on DFS (P= 0.521, log-rank test) c. Kaplan-Meier analyses of the effect PTHrP and TGF-β expression on DFS
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the tumor cells, creating a vicious cycle of destructive
mutual cooperation [55]. Combined with our current
results, the breast cancer cells which expressed both
TGF-β and PTHrP can be the competent seed that has
the capacity to metastasize to bone. As indicated by the
survival analysis, though no significant difference was
observed in the cumulative DFS of 212 cases with
PTHrP expression and 177 cases with PTHrP negative,
the findings were consistent with those previously re-
ported. In ER negative subgroup, however, those who
expressed positive PTHrP expression presented poor
prognosis, the findings consistent with the results found
in genetically engineered PyMT-MMTV GEM model
which is not representative of ER positive breast cancer
[56]. Usually, ER positive breast cancer accounts for 60
to 70 % of all breast cancers. In our study, we can find
out that the case number and overall DFS of ER positive
subgroup was superior to ER negative subgroup. We
suppose that this is the reason why there was no signifi-
cant difference of the cumulative DFS in the PTHrP
positive and negative group.
Metastasis and recurrence of breast cancer postopera-

tively is probably the major reason of treatment failure
or even death. Further studies on the prognostic factors
of recurrence and metastasis are essential to breast
cancer treatment. In the current study, Cox regression
analysis was applied to determining significant prognos-
tic factors, the results of which showed that TGF-β
expression, LN metastasis and histologic grade can be
the significant prognostic factors. The patients with LN
metastasis were found to be more likely to relapse, the
hazard ratio of DFS is 2.054 (P < 0.01), indicating that
such patients may have about 2 times more risk of

breast cancer relapse; and the hazard ratio of DFS for
TGF-β is 0.469 (P < 0.01), indicating that those with
negative TGF-β might reduce the relapse risk by about
53.1 %. However, PTHrP expression was neither a new
independent prognostic factor nor a single therapeutic
target in breast cancer (HR = 1.022; 95.0 % CI 0.684 to
1.527; P > 0.05). Although it was related to the cancer
development process, PTHrP expression was even of
some survival advantage in the subgroup of the pa-
tients with ER positive breast cancer. A recent experi-
ment suggested that curcuminoids inhibited TGF-β-
induced PTHrP by decreasing phospho-Smad2/3 and
Ets-1 protein levels, thus reducing osteolytic bone de-
struction [57]. In conclusion, TGF-β and PTHrP medi-
ated double-targeted therapy can be well considered
as a novel treatment in breast cancer.
Tumor occurrence and development can be consid-

ered as the accumulation of gene mutations and epigen-
etic modifications. The predominant consequence of this
accumulation is the activation of proto-oncogenes or si-
lencing of tumor-suppressor genes [58]. Consistent with
previous reports that PTHrP can promote the occur-
rence or development of malignant tumors through vari-
ous mechanisms, our results suggested the advanced
extent of breast cancer was correlated with TGF-β and
PTHrP co-expression. More importantly, the patients
with both positive TGF-β and PTHrP expression were
significantly associated with poorest DFS, and the pa-
tients with positive PTHrP expression had worse cumu-
lative survival in ER negative breast cancer. These
results together indicated that TGF-β and PTHrP co-
expression could act as proto-oncogenes in the develop-
ment of breast cancer and that double-targeted therapy
could be considered as a novel therapy for breast cancer.

Conclusions
As verified by the current study, co-expression of TGF-β
and PTHrP can be associated with breast cancer pro-
gression, recurrence and poor postoperative survival
outcomes. PTHrP expression in breast tumors is rele-
vant to bone metastasis. PTHrP expression can act as a
potential prognostic tool in ER negative breast cancer.

Abbreviations
AJCC: American Joint Committee on Cancer; DFS: disease-free survival;
EGF: epidermal growth factor; EMT: epithelial-mesenchymal transition;
ER: estrogen receptor; MAH: malignancy-associated hypercalcemia;
OPG: osteoprotegerin; PDGF: platelet-derived growth factor; PTH: parathyroid
hormone; PTHrP: parathyroid hormone related protein; RANKL: receptor
activator for nuclear factor-κ B ligand; RFI: relapse-free interval; TMAs: tissue
microarrays; VEGF: vascular endothelial growth factor.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CX, ZYW, YS, HWZ conceived and designed the study; CX, ZYW, HHY and
RRC performed the experiments; CX, ZYW and XYL collected the clinical data;

Table 4 Multivariate analyses of DFS (Backward Stepwise,
Likelihood Ratio)

Variable HR 95 % CI P value

Tumor size 0.954 0.636 to 1.432 0.821

(≤2 cm vs >2 cm)

Skin involvement

(No vs Yes) 1.211 0.752 to 1.950 0.431

LN metastasis 2.054 1.398 to 3.019 0.001

(No vs Yes)

Histologic grade 1.553 1.050 to 2.298 0.028

(≤II vs > II)

ER 0.747 0.496 to 1.125 0.163

(negative vs positive)

TGF-β

(positive vs negative) 0.469 0.301 to 0.729 0.001

PTHRP 1.022 0.684 to 1.527 0.916

(positive vs negative)

Xu et al. BMC Cancer  (2015) 15:925 Page 8 of 10



CX, ZYW and YS analyzed the data. CX, ZYW and HWZ wrote the paper; and
YS and HWZ supervised the study. All the authors read and approved the
final manuscript.

Acknowledgments
This work was supported by the National Natural Sciences Foundation of
China [81070104].

Author details
1Department of Breast Surgery, Yangpu Hospital, Tongji University School of
Medicine, Shanghai 200090, China. 2Department of Intensive Care Medicine,
Zhongshan Hospital, Fudan University, Shanghai 200032, China. 3Department
of Thyroid and Breast Surgery, Changhai Hospital, Shanghai 200433, China.
4Department of General Surgery, Zhongshan Hospital, Fudan University,
Shanghai 200032, China.

Received: 20 May 2015 Accepted: 30 October 2015

References
1. Benson JR, Jatoi I, Keisch M, Esteva FJ, Makris A, Jordan VC. Early breast

cancer. Lancet. 2009;373(9673):1463–79. doi:10.1016/S0140-6736(09)60316-0.
2. Weigelt B, Peterse JL, van ’t Veer LJ. Breast cancer metastasis: markers and

models. Nat Rev Cancer. 2005;5(8):591–602. doi:10.1038/nrc1670.
3. Ribelles N, Santonja A, Pajares B, Llacer C, Alba E. The seed and soil hypothesis

revisited: current state of knowledge of inherited genes on prognosis in breast
cancer. Cancer Treat Rev. 2014;40(2):293–9. doi:10.1016/j.ctrv.2013.09.010.

4. Kakonen SM, Mundy GR. Mechanisms of osteolytic bone metastases in
breast carcinoma. Cancer. 2003;97(3 Suppl):834–9. doi:10.1002/cncr.11132.

5. Coleman RE. Metastatic bone disease: clinical features, pathophysiology and
treatment strategies. Cancer Treat Rev. 2001;27(3):165–76. doi:10.1053/ctrv.
2000.0210.

6. Martin TJ, Suva LJ. Parathyroid hormone-related protein: a novel gene
product. Baillieres Clin Endocrinol Metab. 1988;2(4):1003–29.

7. Mangin M, Ikeda K, Dreyer BE, Broadus AE. Isolation and characterization of
the human parathyroid hormone-like peptide gene. Proc Natl Acad Sci U S
A. 1989;86(7):2408–12.

8. Miao D, He B, Karaplis AC, Goltzman D. Parathyroid hormone is essential for
normal fetal bone formation. J Clin Invest. 2002;109(9):1173–82. doi:10.1172/
JCI14817.

9. Wysolmerski JJ, Cormier S, Philbrick WM, Dann P, Zhang JP, Roume J, et al.
Absence of functional type 1 parathyroid hormone (PTH)/PTH-related protein
receptors in humans is associated with abnormal breast development and
tooth impaction. J Clin Endocrinol Metab. 2001;86(4):1788–94. doi:10.1210/
jcem.86.4.7404.

10. Philbrick WM. Parathyroid hormone-related protein is a developmental
regulatory molecule. Eur J Oral Sci. 1998;106 Suppl 1:32–7.

11. Amizuka N, Warshawsky H, Henderson JE, Goltzman D, Karaplis AC.
Parathyroid hormone-related peptide-depleted mice show abnormal
epiphyseal cartilage development and altered endochondral bone
formation. J Cell Biol. 1994;126(6):1611–23.

12. Kir S, White JP, Kleiner S, Kazak L, Cohen P, Baracos VE, et al. Tumour-
derived PTH-related protein triggers adipose tissue browning and cancer
cachexia. Nature. 2014;513(7516):100–4. doi:10.1038/nature13528.

13. Urosevic J, Garcia-Albeniz X, Planet E, Real S, Cespedes MV, Guiu M, et al.
Colon cancer cells colonize the lung from established liver metastases
through p38 MAPK signalling and PTHLH. Nat Cell Biol. 2014;16(7):685–94.
doi:10.1038/ncb2977.

14. Mula RV, Bhatia V, Falzon M. PTHrP promotes colon cancer cell migration and
invasion in an integrin alpha6beta4-dependent manner through activation of
Rac1. Cancer Lett. 2010;298(1):119–27. doi:10.1016/j.canlet.2010.06.009.

15. Montgrain PR, Deftos LJ, Arenberg D, Tipps A, Quintana R, Carskadon S, et
al. Prognostic implications of parathyroid hormone-related protein in males
and females with non–small-cell lung cancer. Clin Lung Cancer. 2011;12(3):
197–205. doi:10.1016/j.cllc.2011.03.018.

16. Liao J, Li X, Koh AJ, Berry JE, Thudi N, Rosol TJ, et al. Tumor expressed PTHrP
facilitates prostate cancer-induced osteoblastic lesions. Int J Cancer. 2008;
123(10):2267–78. doi:10.1002/ijc.23602.

17. Downs TM, Burton DW, Araiza FL, Hastings RH, Deftos LJ. PTHrP stimulates
prostate cancer cell growth and upregulates aldo-keto reductase 1C3.
Cancer Lett. 2011;306(1):52–9. doi:10.1016/j.canlet.2011.02.027.

18. Cafforio P, Savonarola A, Stucci S, De Matteo M, Tucci M, Brunetti AE, et al.
PTHrP produced by myeloma plasma cells regulates their survival and pro-
osteoclast activity for bone disease progression. J Bone Miner Res. 2014;
29(1):55–66. doi:10.1002/jbmr.2022.

19. Guise TA. Parathyroid hormone-related protein and bone metastases.
Cancer. 1997;80(8 Suppl):1572–80.

20. Akhtari M, Mansuri J, Newman KA, Guise TM, Seth P. Biology of breast
cancer bone metastasis. Cancer Biol Ther. 2008;7(1):3–9.

21. Li J, Karaplis AC, Huang DC, Siegel PM, Camirand A, Yang XF, et al. PTHrP
drives breast tumor initiation, progression, and metastasis in mice and is a
potential therapy target. J Clin Invest. 2011;121(12):4655–69. doi:10.1172/
JCI46134.

22. Assoian RK, Komoriya A, Meyers CA, Miller DM, Sporn MB. Transforming
growth factor-beta in human platelets. Identification of a major storage
site, purification, and characterization. J Biol Chem. 1983;258(11):7155–60.

23. Blobe GC, Schiemann WP, Lodish HF. Role of transforming growth factor
beta in human disease. N Engl J Med. 2000;342(18):1350–8. doi:10.1056/
NEJM200005043421807.

24. Kim IY, Kim MM, Kim SJ. Transforming growth factor-beta : biology and
clinical relevance. J Biochem Mol Biol. 2005;38(1):1–8.

25. Massague J. TGFbeta in Cancer. Cell. 2008;134(2):215–30. doi:10.1016/j.cell.
2008.07.001.

26. Padua D, Massague J. Roles of TGFbeta in metastasis. Cell Res. 2009;19(1):
89–102. doi:10.1038/cr.2008.316.

27. Donovan J, Slingerland J. Transforming growth factor-beta and breast cancer:
Cell cycle arrest by transforming growth factor-beta and its disruption in
cancer. Breast Cancer Res. 2000;2(2):116–24.

28. Dumont N, Arteaga CL. Transforming growth factor-beta and breast cancer:
Tumor promoting effects of transforming growth factor-beta. Breast Cancer
Res. 2000;2(2):125–32.

29. Kretzschmar M. Transforming growth factor-beta and breast cancer:
Transforming growth factor-beta/SMAD signaling defects and cancer.
Breast Cancer Res. 2000;2(2):107–15.

30. Ghoussaini M, Fletcher O, Michailidou K, Turnbull C, Schmidt MK, Dicks E,
et al. Genome-wide association analysis identifies three new breast cancer
susceptibility loci. Nat Genet. 2012;44(3):312–8. doi:10.1038/ng.1049.

31. Linforth R, Anderson N, Hoey R, Nolan T, Downey S, Brady G, et al.
Coexpression of parathyroid hormone related protein and its receptor in
early breast cancer predicts poor patient survival. Clin Cancer Res. 2002;
8(10):3172–7.

32. Kissin MW, Henderson MA, Danks JA, Hayman JA, Bennett RC, Martin TJ.
Parathyroid hormone related protein in breast cancers of widely varying
prognosis. Eur J Surg Oncol. 1993;19(2):134–42.

33. Surowiak P, Dziegiel P, Matkowski R, Sopel M, Wojnar A, Kornafel J, et al.
Prognostic value of immunocytochemical determination of parathyroid
hormone-related peptide expression in cells of mammary ductal carcinoma.
Analysis of 7 years of the disease course. Virchows Arch. 2003;442(3):245–51.
doi:10.1007/s00428-002-0743-5.

34. Henderson MA, Danks JA, Slavin JL, Byrnes GB, Choong PF, Spillane JB, et al.
Parathyroid hormone-related protein localization in breast cancers predict
improved prognosis. Cancer Res. 2006;66(4):2250–6. doi:10.1158/0008-5472.
CAN-05-2814.

35. Shi Y, Massague J. Mechanisms of TGF-beta signaling from cell membrane
to the nucleus. Cell. 2003;113(6):685–700.

36. Gorelik L, Flavell RA. Immune-mediated eradication of tumors through the
blockade of transforming growth factor-beta signaling in T cells. Nat Med.
2001;7(10):1118–22. doi:10.1038/nm1001-1118.

37. Thomas DA, Massague J. TGF-beta directly targets cytotoxic T cell functions
during tumor evasion of immune surveillance. Cancer Cell. 2005;8(5):369–80.
doi:10.1016/j.ccr.2005.10.012.

38. Petersen M, Pardali E, van der Horst G, Cheung H, van den Hoogen C, van
der Pluijm G, et al. Smad2 and Smad3 have opposing roles in breast cancer
bone metastasis by differentially affecting tumor angiogenesis. Oncogene.
2010;29(9):1351–61. doi:10.1038/onc.2009.426.

39. Wilson TJ, Nannuru KC, Futakuchi M, Singh RK. Cathepsin G-mediated
enhanced TGF-beta signaling promotes angiogenesis via upregulation of VEGF
and MCP-1. Cancer Lett. 2010;288(2):162–9. doi:10.1016/j.canlet.2009.06.035.

40. Papageorgis P, Lambert AW, Ozturk S, Gao F, Pan H, Manne U, et al.
Smad signaling is required to maintain epigenetic silencing during
breast cancer progression. Cancer Res. 2010;70(3):968–78. doi:10.1158/
0008-5472.CAN-09-1872.

Xu et al. BMC Cancer  (2015) 15:925 Page 9 of 10

http://dx.doi.org/10.1016/S0140-6736(09)60316-0
http://dx.doi.org/10.1038/nrc1670
http://dx.doi.org/10.1016/j.ctrv.2013.09.010
http://dx.doi.org/10.1002/cncr.11132
http://dx.doi.org/10.1053/ctrv.2000.0210
http://dx.doi.org/10.1053/ctrv.2000.0210
http://dx.doi.org/10.1172/JCI14817
http://dx.doi.org/10.1172/JCI14817
http://dx.doi.org/10.1210/jcem.86.4.7404
http://dx.doi.org/10.1210/jcem.86.4.7404
http://dx.doi.org/10.1038/nature13528
http://dx.doi.org/10.1038/ncb2977
http://dx.doi.org/10.1016/j.canlet.2010.06.009
http://dx.doi.org/10.1016/j.cllc.2011.03.018
http://dx.doi.org/10.1002/ijc.23602
http://dx.doi.org/10.1016/j.canlet.2011.02.027
http://dx.doi.org/10.1002/jbmr.2022
http://dx.doi.org/10.1172/JCI46134
http://dx.doi.org/10.1172/JCI46134
http://dx.doi.org/10.1056/NEJM200005043421807
http://dx.doi.org/10.1056/NEJM200005043421807
http://dx.doi.org/10.1016/j.cell.2008.07.001
http://dx.doi.org/10.1016/j.cell.2008.07.001
http://dx.doi.org/10.1038/cr.2008.316
http://dx.doi.org/10.1038/ng.1049
http://dx.doi.org/10.1007/s00428-002-0743-5
http://dx.doi.org/10.1158/0008-5472.CAN-05-2814
http://dx.doi.org/10.1158/0008-5472.CAN-05-2814
http://dx.doi.org/10.1038/nm1001-1118
http://dx.doi.org/10.1016/j.ccr.2005.10.012
http://dx.doi.org/10.1038/onc.2009.426
http://dx.doi.org/10.1016/j.canlet.2009.06.035
http://dx.doi.org/10.1158/0008-5472.CAN-09-1872
http://dx.doi.org/10.1158/0008-5472.CAN-09-1872


41. Vendrell JA, Thollet A, Nguyen NT, Ghayad SE, Vinot S, Bieche I, et al.
ZNF217 is a marker of poor prognosis in breast cancer that drives epithelial-
mesenchymal transition and invasion. Cancer Res. 2012;72(14):3593–606.
doi:10.1158/0008-5472.CAN-11-3095.

42. Xu J, Lamouille S, Derynck R. TGF-beta-induced epithelial to mesenchymal
transition. Cell Res. 2009;19(2):156–72. doi:10.1038/cr.2009.5.

43. Wang Y, Lei R, Zhuang X, Zhang N, Pan H, Li G, et al. DLC1-dependent
parathyroid hormone-like hormone inhibition suppresses breast cancer
bone metastasis. J Clin Invest. 2014;124(4):1646–59. doi:10.1172/JCI71812.

44. Zhang Y, Ma B, Fan Q. Mechanisms of breast cancer bone metastasis.
Cancer Lett. 2010;292(1):1–7. doi:10.1016/j.canlet.2009.11.003.

45. Zheng L, Zhu K, Jiao H, Zhao Z, Zhang L, Liu M, et al. PTHrP expression in
human MDA-MB-231 breast cancer cells is critical for tumor growth and
survival and osteoblast inhibition. Int J Biol Sci. 2013;9(8):830–41. doi:10.
7150/ijbs.7039.

46. Agouni A, Sourbier C, Danilin S, Rothhut S, Lindner V, Jacqmin D, et al.
Parathyroid hormone-related protein induces cell survival in human renal
cell carcinoma through the PI3K Akt pathway: evidence for a critical role for
integrin-linked kinase and nuclear factor kappa B. Carcinogenesis. 2007;
28(9):1893–901. doi:10.1093/carcin/bgm106.

47. Gessi M, Monego G, Calviello G, Lanza P, Giangaspero F, Silvestrini A, et al.
Human parathyroid hormone-related protein and human parathyroid
hormone receptor type 1 are expressed in human medulloblastomas and
regulate cell proliferation and apoptosis in medulloblastoma-derived cell
lines. Acta Neuropathol. 2007;114(2):135–45. doi:10.1007/s00401-007-0212-y.

48. Hastings RH, Montgrain PR, Quintana R, Rascon Y, Deftos LJ, Healy E. Cell
cycle actions of parathyroid hormone-related protein in non-small cell lung
carcinoma. Am J Physiol Lung Cell Mol Physiol. 2009;297(4):L578–85. doi:10.
1152/ajplung.90560.2008.

49. Gagiannis S, Muller M, Uhlemann S, Koch A, Melino G, Krammer PH, et al.
Parathyroid hormone-related protein confers chemoresistance by blocking
apoptosis signaling via death receptors and mitochondria. Int J Cancer.
2009;125(7):1551–7. doi:10.1002/ijc.24471.

50. Mak IW, Cowan RW, Turcotte RE, Singh G, Ghert M. PTHrP induces
autocrine/paracrine proliferation of bone tumor cells through inhibition of
apoptosis. PLoS One. 2011;6(5), e19975. doi:10.1371/journal.pone.0019975.

51. Mak IW, Turcotte RE, Ghert M. Parathyroid hormone-related protein (PTHrP)
modulates adhesion, migration and invasion in bone tumor cells. Bone.
2013;55(1):198–207. doi:10.1016/j.bone.2013.02.020.

52. Washam CL, Byrum SD, Leitzel K, Ali SM, Tackett AJ, Gaddy D, et al.
Identification of PTHrP(12–48) as a plasma biomarker associated with
breast cancer bone metastasis. Cancer Epidemiol Biomarkers Prev. 2013;
22(5):972–83. doi:10.1158/1055-9965.EPI-12-1318-T.

53. Roodman GD. Mechanisms of bone metastasis. N Engl J Med. 2004;350(16):
1655–64. doi:10.1056/NEJMra030831.

54. Kremer R, Karaplis AC, Henderson J, Gulliver W, Banville D, Hendy GN, et al.
Regulation of parathyroid hormone-like peptide in cultured normal
human keratinocytes. Effect of growth factors and 1,25 dihydroxyvitamin
D3 on gene expression and secretion. J Clin Invest. 1991;87(3):884–93.
doi:10.1172/JCI115094.

55. Mundy GR. Metastasis to bone: causes, consequences and therapeutic
opportunities. Nat Rev Cancer. 2002;2(8):584–93. doi:10.1038/nrc867.

56. Vargo-Gogola T, Rosen JM. Modelling breast cancer: one size does not fit all.
Nat Rev Cancer. 2007;7(9):659–72. doi:10.1038/nrc2193.

57. Wright LE, Frye JB, Lukefahr AL, Timmermann BN, Mohammad KS, Guise TA,
et al. Curcuminoids block TGF-beta signaling in human breast cancer cells
and limit osteolysis in a murine model of breast cancer bone metastasis.
J Nat Prod. 2013;76(3):316–21. doi:10.1021/np300663v.

58. Hahn WC, Weinberg RA. Rules for making human tumor cells. N Engl J Med.
2002;347(20):1593–603. doi:10.1056/NEJMra021902.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Xu et al. BMC Cancer  (2015) 15:925 Page 10 of 10

http://dx.doi.org/10.1158/0008-5472.CAN-11-3095
http://dx.doi.org/10.1038/cr.2009.5
http://dx.doi.org/10.1172/JCI71812
http://dx.doi.org/10.1016/j.canlet.2009.11.003
http://dx.doi.org/10.7150/ijbs.7039
http://dx.doi.org/10.7150/ijbs.7039
http://dx.doi.org/10.1093/carcin/bgm106
http://dx.doi.org/10.1007/s00401-007-0212-y
http://dx.doi.org/10.1152/ajplung.90560.2008
http://dx.doi.org/10.1152/ajplung.90560.2008
http://dx.doi.org/10.1002/ijc.24471
http://dx.doi.org/10.1371/journal.pone.0019975
http://dx.doi.org/10.1016/j.bone.2013.02.020
http://dx.doi.org/10.1158/1055-9965.EPI-12-1318-T
http://dx.doi.org/10.1056/NEJMra030831
http://dx.doi.org/10.1172/JCI115094
http://dx.doi.org/10.1038/nrc867
http://dx.doi.org/10.1038/nrc2193
http://dx.doi.org/10.1021/np300663v
http://dx.doi.org/10.1056/NEJMra021902

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Specimen cohorts
	Immunohistochemical staining
	Statistical analysis

	Results
	Immunohistochemical tissue staining
	Correlation of TGF-β expression and clinicopathologic features
	Correlation of PTHrP expression and clinicopathologic features
	TGF-β/PTHrP expression and survival

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References



