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Urotensin II is a vasoactive polypeptide. It is known that some vasoactive polypeptides are produced and secreted by tumor cells, and act as a paracrine growth stimulant. The aim of this study was to examine the relationship between urotensin II and its receptor’s messenger RNA expression in breast cancer.
Fifty-nine women with breast cancer were included in this study. The median age was 48 years. The relationships between urotensin II and urotensin II receptor mRNA expressions, which were derived from fresh breast
cancer tissues and adjacent normal breast tissues, and clinical and pathological parameters, were assessed.
We found expressions of urotensin II mRNA and its receptor in 55 of 59 breast cancer tissues and in 55 of 59
normal breast tissues. We found a positive significant correlation between urotensin II and its receptor (p=0.001,
r=0.632), and found a negative, but insignificant, correlation between urotensin II and age (p=0.038, r=–0.281).
Urotensin II levels were higher in the premenopausal group compared to the postmenopausal group (p<0.05).
The mean urotensin II receptor expression was higher in the premenopausal group (p<0.05) compared to the
postmenopausal group, and its expression was also higher in the group without extra-nodal invasion compared
to that of the group with extra-nodal invasion (p=0.001). Urotensin II levels were higher in the group without
lymphatic invasion compared to the group with lymphatic invasion (p=0.048).
This study is the first in the English medical literature to determine the urotensin II and its receptor mRNA expressions in breast cancer tissues. Consequently, urotensin II seems be associated with menopausal status,
and extra-nodal and lymphatic invasion.
Breast Neoplasms – genetics • Urotensins – genetics • Urotensins – physiology
http://www.medscimonit.com/abstract/index/idArt/890459
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Background

Material and Methods

It is known that some vasoactive polypeptides are produced
and secreted by tumor cells, and act as a paracrine growth
stimulant. For instance, somatostatin (SST) inhibits the secretion of growth factors and hormones, which stimulates
the tumor cell growth. It inhibits the DNA synthesis and angiogenesis formed by growth factors, and increases vasoconstriction and coordinates the functions of immune cells [1,2].
SST has been shown to be present in many tumors, including breast cancer [3].

This study was approved by the Ethics Committee of Gaziantep
University Faculty of Medicine, on June 30, 2011 (reference
number 133). Patients who were newly diagnosed breast cancer patients in the Gaziantep University, Faculty of Medicine,
Gaziantep Oncology Hospital, Department of Oncology were
included in the study. None of them had received anticancer
therapy before inclusion into the study. A signed informed
consent form was obtained from each patient. U-II and UTR
mRNA expression were examined in the samples of breast tumor tissue and healthy tissue from the patients. The samples
were taken by biopsy during surgery. The normal tissue was
the tissue surrounding the tumor.

Urotensin II (U-II), another vasoactive substance with a sequential structure similar to SST, is a peptide hormone with
a cyclic structure of 11 amino acids. U-II has been shown to
be the endogenous ligand of an orphan G-protein-coupled
receptor (GPR 14). Because of the high selectivity of GPR 14
for U-II, this receptor was later called the urotensin receptor
(UTR) [4]. U-II expresses its effect in various tissues by binding to UTR. U-II is encoded by the U-II gene, which is located in 1p36.23. Since it has been identified, the mRNA of this
molecule has been obtained from various tissues in the human body [5].
U-II is known to have many effects on angiogenesis [6] and
mitogenesis [7]. In-vivo and in-vitro, U-II has also been determined to have a powerful angiogenic effect, comparable with
that of the fibroblast growth factor (FGF)-2, which is a classical angiogenic cytokine [6]. This effect seems to be induced
through UTR. A UTR antagonist called polasuran (ACT058362)
has also been identified, which inhibits this process [8].
U-II has been shown to stimulate the proliferation of the human adrenocortical carcinoma (SW-13) and human renal cell
carcinoma (VMRC-RCW) cell lines [9]. However, the effects of
U-II and UTR have not been studied thoroughly in tumor cells.
U-II serves as a growth-stimulating factor in tumor cells. It also
has a mitogenic effect on various tumors, such as human adrenocortical carcinoma SW-13 [10], human renal cell carcinoma VMRC-RCW cell lines [9], and pheochromocytoma [11], and
significantly stimulates tumor proliferation. SW-13 cells have
been also demonstrated to secrete U-II [12].
Due to the above-mentioned effects, U-II may have a significant impact on the pathogenesis of breast cancer. An investigation of U-II can provide useful prognostic and predictive
information about patients with breast cancer. In our study,
we aimed to investigate the potential relationship of U-II and
UTR messenger RNA (mRNA) expression in breast cancer patients with clinical and pathological parameters. This is the
first study in the English literature to investigate the relationship between U-II and UTR and breast cancer.

This work is licensed under a Creative Commons
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Demographic characteristics of the patients such as age, sex,
menopausal status, family history, smoking history, comorbidities, and tumor characteristics such as tumor size, nodal involvement, and stage of disease, were recorded. The stage of
disease at diagnosis was determined by means of clinical examination, mammography, ultrasonography, computed tomography, and bone scintigraphy methods. Patients were divided
into groups according to the presence of menopause, smoking history, tumor histology, tumor grade, extra-nodal invasion,
nodal status, distant metastases, and the stage of the disease.
The amounts of U-II and UTR mRNA in cancer and normal tissues of the same patient were determined by real-Time PCR
method and the relative expression method was used to compare them statistically. The starting amounts of tumor and normal tissues were about 30 mg for RNA isolation procedure.
According to qRT-PCR results, the differences between Ct values of U-II and UTR genes and Ct values of the housekeeping
gene were used as normalized expression values in statistical
comparison of related gene expression between cancer and
normal tissues of the same patients in a method based on partial quantity. ACTB, considered as a reference gene, was the
housekeeping gene (expression levels were constant under
certain conditions), was at baseline level in all tissues or cells
and was expressed without any variation. These normalized
values gave information about the expression level of the related gene with respect to the reference gene. These differences were calculated for tumor tissue and normal tissue in the
same patient separately. These values were statistically compared – relative expression information was obtained from the
ratio of normalized expression values in cancer and normal tissues. For further comparisons, the patients were divided into
3 groups for both U-II and UTR cases as follows: patients having the rate under 0.9, patients having the rate 0.9–1.1, and
patients having the rate above 1.1.
Obtaining RNA from the Tissue: A QIAamp RNA Blood Mini
Kit (Qiagen, Cat. No. 52304) was used. Synthesis of cDNA was
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Table 1. The demographic, clinical, and pathologic features of patients.
Age (median)
Premenapausal/Postmenapausal
Sex: Woman

48 (24–78)
44 (24–53)/61 (43–78)

Grade 3

23 (39%)

Unknown

6 (10.2%)

59 (100%)

ER status: Positive/ Negative

36 (61%)/23 (39%)

Menapausal status:
Premenapausal/Postmenapausal

35 (59.3%)/24 (40.7%)

PR status: Positive/ Negative

32 (54.2%)/25 (42.4%)

Smoking: Yes/No

8 (13.6%)/33 (55.9%)

Unknown

Unknown
Her-2 status: Positive/ Negative

18 (% 30.5)

Cancer history in family: Yes/No
Unknown

7 (11.9%)/29 (49.2%)
23 (39%)

Invasive ductal carcinoma

47 (79.7%)

Invasive lobular carcinoma

4 (6.8%)

Mixt type

3 (5.1%)

Invasive papillary

1 (1.7%)

Medullary carcinoma
Others

17 (28.8%)/41 (69.5%)

Unknown

1 (1.7%)

Median tumor size (cm)

4 (2–10)

Distant metastasis: Yes/No

Histopathology

2 (3.4%)

4 (6.8%)/51 (86.4%)

Unknown

4 (6.8%)

Axillary metastatic lymph node status
N0=yok

18 (30.5%)

N1=1–3

18 (28.8%)

1 (1.7%)

N2=4–9

13 (22%)

3 (5.1%)

N3 >10

6 (10.2%)
5 (8.5%)

Extranodal invasion: Yes/No

12 (32.4%)/37 (67.6%)

Unknown

Lymphatic invasion: Yes/No

12 (20.3%)/47 (79.7%)

Stage

Vasculary invasion: Yes/No

13 (22%)/46 (78%)

1

4 (6.8%)

Perineural invasion: Yes/No

3 (5.1%)/56 (94.9%)

2

26 (44.1%)

3

20 (33.9%)

4

4 (6.8%)

Unknown

5 (8.5%)

Tumor grade
Grade 1

5 (8.5%)

Grade 2

25 (42.4%)

ER – estrogen receptor; PR – progesterone receptor.

Statistical analysis
done using the Reverse Transcription Quantitect Qiagen (cat
no. 205311) kit.
Real-time PCR: Human UTS2 Sabiosciences Qiagen (Cat. No.
PPH02516A-200) UTS2-sense, and UTS2-antisense primers
and SYBR Green PCR Master Mix were used. Human UTS2 R
region (Cat. No. PPH14061A-200) UTS2 R-sense and antisense
primers were tested. As a housekeeping gene, ACTB (Ref. Seq
Accession number: NM_001101.3) was used.
Each of the prepared mixes underwent PCR using the Qiagen
Rotor-Gene Q real-time device for each patient. The samples
were subjected to PCR conditions of 95°C for 10 min, 40 cycles of 95°C for 15 s, and 60°C for 60 s. Ct values were calculated for the same device.

This work is licensed under a Creative Commons
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For statistical analysis, SPSS for Windows version 11.5 package
program was used. The compliance of the numeric variables to
normal distribution was tested with the Kolmogorov-Smirnov
test. While analyzing the correlation between 2 variables,
Spearman’s correlation analysis was used if 1 of the variables
was ordinal (ordered categorical), both variables had no normal
distribution, the sample size was small, or there was no linear
relationship between x and y. In other cases, the Pearson correlation analysis was used. For the comparison of 2 independent groups, the Mann-Whitney U test was used and for the
comparison of more than 2 independent groups the KruskalWallis test was used. Frequency, percentage, and mean ± standard deviation are given as descriptive statistics. A p value
<0.05 was considered statistically significant.
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Table 2. Patient distribution for U2 and UTR.

2.00

n

%
1.50

<0.9

12

20.3

0.9–1.1

25

42.4

>1.1

16

27.1

6

10.2

Unknown

Urotensin 2 receptor

U2

1.00

0.50

0.00

UTR
<0.9

7

11.9

0.9–1.1

25

42.4

>1.1

23

39.0

4

6.7

Unknown

0.00

0.50

1.00
Urotensin 2

1.50

2.00

Figure 1. Positive correlation between U2 and UTR (showing the
gene expression ratios of tumor tissue to normal tissue
in the same patients).

Table 3. Relationship between UTR and patient age.
n

Median

Mean ±SD

Age

59

48

49.7797±12.57264

UTR

53

1.0650

1.1228±0.27928

n

Median

Mean ±SD

U2

53

1.0108

1.0235±0.28229

UTR

55

1.0650

1.1228±0.27928

r (Spearman’s)

p

–0.281

0.038

r

p

0.626

0.001

Table 4. Relationship between U2 and UTR.

Results

to the postmenopausal group. The difference was statistically significant (p=0.021).

A total of 59 female patients with a diagnosis of breast cancer,
who were admitted to Gaziantep University Sahinbey Research
and Training Hospital, were included in the study. The demographic, clinical, and pathologic features are given in detail in
Table 1. U-II and UTR expression was determined in the tumor and normal tissues of 55 (93.2%) for UTR and 53 (89.9%)
for U-II patients (Table 2).
There was no statistically significant correlation between patient age and U-II (p=0.71, r=–0250), but a statistically weak
negative correlation was found between patient age and UTR
(p=0.038, r=–0281) (Table 3). U-II and UTR showed a strong
positive correlation (p=0.001, r=0632) (Table 4, Figure 1).
The U-II levels were found to be higher in the premenopausal
group compared to the postmenopausal group. This difference
was statistically significant (p=0.04) (Table 5). The mean UTR
levels were also higher in the premenopausal group compared

This work is licensed under a Creative Commons
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In patients with positive axillary lymph node involvement,
there was no statistically significant difference between the
groups with and without extra-nodal involvement in terms of
U-II values (p=0174). In patients without extra-nodal invasion,
UTR values were significantly higher than the group with extra-nodal involvement (p=0.001) (Table 6).
In the group without lymphatic invasion, U-II levels were statistically significantly higher (p = 0.048), but this was a slight
difference. There was no statistically significant difference between the 2 groups in terms of UTR (p=0714) (Table 7).
There was no statistically significant difference between the
groups in terms of U-II and UTR, depending on the stage of the
tumor, tumor grade, nodal involvement, molecular classification
(luminal A, luminal B, or basal-like) ER, PR, c-erbB2 status, vascular
invasion, and the presence of invasive ductal carcinoma (p>0.05).
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Table 5. Relationship between the menapausal status and U2 and UTR.
n

Median

Mean ±SD

Postmenapausal

22

0.9899

0.9848±0.15488

Premenapausal

31

1.0734

1.0510±0.34634

Total

53

1.0108

1.0235±0.28279

Postmenapausal

22

0.9956

1.0174±0.17887

Premenapausal

31

1.0831

1.1932±0.31285

Total

53

1.0650

1.1228±0.27928

p (Mann-Whitney U)

U2
0.04

UTR
0.021

Table 6. Relationship between extranodal invasion and U2 and UTR.

U2

UTR

Extranodal invasion

n

Median

Mean±SD

No

26

1.0710

1.0126±0.35548

Yes

12

0.9537

1.0112±0.19800

No

26

1.1456

1.1817±0.24197

Yes

12

0.9680

0.9885±0.15426

p (Mann-Whitney U)
0.149

0.001

Table 7. Relationship between lymphatic invasion and U2 and UTR.

U2

UTR

Lymphatic invasion

n

Median

Mean ±SD

Yes

12

0.9122

0.8591±0.44934

No

41

1.0168

1.0716±0.19482

Yes

12

1.0545

1.1393±0.23542

No

43

1.0566

1.1182±0.29269

Discussion
Researcher interest in Urotensin II is growing. Since the discovery of this SST-like peptide 43 years ago, a great amount
of research has been conducted on its specific role in diseases and its mechanism of action. However, most studies examining UTR and U-II have focused on the cardiovascular system
[13]. In this study, we aimed to investigate the potential relationship of U-II and UTR with the clinical and pathological parameters in breast cancer.
Although Urotensin II is known to stimulate cell growth and
proliferation of the vascular smooth muscle cell [14,15], it
has not been sufficiently determined whether the same effects take place in tumor cells. In recent years, in some studies, U-II has been shown to play an important role in some
tumors. Takahashi et al. demonstrated that U-II and UTR are
expressed in glioblastoma cell line T98G, neuroblastoma cell
line IMR32, choriocarcinoma cell line BeWo, adrenocortical

This work is licensed under a Creative Commons
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p (Mann-Whitney U)
0.048

0.714

carcinoma cell line SW-13, colorectal carcinoma cell line DLD1, and cervical carcinoma cell line HeLa. In the NB69 neuroblastoma cells, an expression of UTR was observed, but no U-II
expression of could be determined [9]. U-II mRNA, U-II protein,
and UTR expressions were clearly shown in the human lung
adenocarcinoma A549 cells [16]. UTR and U-II have been immune-localized in adrenal tumors such as adrenal adenoma,
adrenocortical carcinoma, and pheochromocytoma, as well as
in non-neoplastic adrenal tissue [17]. In a study investigating
the localization of U-II in normal kidney cells and renal carcinoma cells, U-II has been shown to have a moderate expression in cancer cells and vascular structures [18].
In our study, we have determined U-II and UTR mRNA expression in tumor and normal breast tissues in 89.9% and 93.2%,
respectively, of patients with breast cancer. The 75% positivity of SSTR for breast tissue, which is another vasoactive polypeptide similar to U-II, has been previously shown in breast
cancer [1]. However, the presence of U-II and UTR has not
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been shown in breast cancer and breast tissue. This study is
the first to show U-II and UTR mRNA expression in the breast
tissue and breast cancer tissue.
The mechanism of action and functions of U-II in cancer tissues
are not thoroughly understood. The pathways of signal transduction that are formed following the activation of UTR by U-II
are very complicated. RhoA/ROCK, ERK [7], EGFR transactivation, PKC, c-src tyrosine kinase, and p38 MAPK pathway are involved in this communication [19]. U-II has been shown to synergistically stimulate VEGF secretion in adventitial fibroblasts
in angiogenesis, together with angiotensin II [20]. This constitutes one of the most important steps in tumor angiogenesis.
Urotensin II is also involved in tumor cells as a growth-stimulating factor, and it has been reported to have a strong mitogenic effect in a variety of cell phenotypes [10–12]. However,
U-II has been shown to protect heart muscle cells from doxorubicin-induced apoptosis by increasing their survival, partly
through Akt and ERK [21]. Such an anti-apoptotic effect may
also be present the cancer cells.
There are few studies indicating that the U-II plasma levels
do not differ between women and men [22,23]. However, a
study has shown it to be lower in women [24]. In our study,
since all of our patients were women, we were unable to determine a possible difference between the sexes. We did not
find a statistically significant relationship between patient age
and U-II (p=0.71, r=–0250). There was a statistically weak correlation between age and UTR (p=0.038, r=–0281), but we believe this correlation does not have clinical meaning. The age
and the sex of the patient may have an impact on the expression of U-II, but so far it has not been fully elucidated [25].
In our study, we found a strong positive correlation between
UTR and U-II (r=0.632, p=0.001). U-II in tissues increased with
increasing UTR.
In the premenopausal group, U-II and UTR levels were significantly higher compared to the postmenopausal group
(p=0.04 and p<0.05, respectively). These significant differences between the 2 groups were not associated with age. There
was no relationship between patient age and U-II (p=0.71, r=
–0250), but a weak correlation was found between age and
UTR (p=0.038, r=–0281). This finding was interpreted as a direct effect of menopause.
Axillary lymph node involvement is the most important prognostic factor in non-metastatic breast cancer [26]. There was
no statistically significant difference between the groups in
terms of U-II and UTR, depending on the nodal involvement
(p=0935, p=0.171, respectively). Extra-nodal invasion is a negative prognostic factor and is known to be a marker of tumor invasion [26]. Federico et al. reported that U-II [4–11] induced a 20–40% increase in cell growth, and the blockade of

This work is licensed under a Creative Commons
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the receptor with specific antagonists caused growth inhibition of 20–40% in colon adenocarcinoma. They determined
that UTR mRNA expression was increased by 3-fold in adenomatous polyps and 8-fold in colon cancer, compared with normal colon. They also reported that inhibition of UTR induced
an approximately 50% inhibition of both motility and invasion
[27]. In our study, there was no statistically significant difference between the groups in terms of U-II, depending on the
extra-nodal involvement (p=0.174). In the group with extranodal involvement, UTR levels were significantly lower compared to the patients without extra-nodal invasion (p<0.05).
Grieco et al. determined that decreased UTR was a negative
prognostic marker of poor survival in high-grade and mid-grade
patients with a Gleason score >7 [28]. The grade of the disease has a prognostic significance in invasive breast cancer.
Grade III tumors have been shown to have an increased recurrence risk [26]. In our study, when the patients were grouped
according to grade of the disease, there was no statistically
significant difference in terms of U-II and UTR (p=0.381 and
p=0550, respectively).
In breast cancer, both the hormone receptor and the HER-2
status have predictive and prognostic significance [26]. In our
study, there were no statistically significant differences between
ER-positive and ER-negative groups in terms of U-II and UTR
(p=0.820 and p=0795, respectively). There were also no statistically significant differences between PR-positive and PRnegative groups in terms of U-II and UTR (p=0.690 and p=0.528,
respectively). There were also no statistically significant differences between the HER-2-positive and HER-2-negative groups
in terms of U-II and UTR (p=0.664 and p=0.220, respectively).
Somatostatin, which has sequential similarities to U-II, has inhibitory effects on invasion and migration, which are 2 important steps in carcinogenesis that occur through the inhibition of
ERK 1/2 signals. Studies on this issue have generally indicated
that SSTR expression in breast cancer is independent of age,
menopausal status, and histological grade [3]. Retrospective
studies have shown that breast cancer patients with SSTR expression have longer recurrence-free survival [29]. In our study,
we determined the negative relationship between U-II, which
is an SST-like vasoactive peptide, and UTR, which is its receptor, with the negative prognostic markers, such as extra-nodal and lymphatic invasion.

Conclusions
U-II and UTR mRNA is expressed in the breast tissue and breast
cancer tissue. A highly significant positive correlation was
found between U-II and UTR. U-II and UTR were found to be
higher in premenopausal patients. UTR was lower in patients
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with extra-nodal invasion. U-II was significantly lower in patients with lymphatic invasion. These findings could be explained with good prognostic factors of U-II and its receptor
UTR in breast cancer tumorigenesis. Due to lack of sufficient
number of patients in each group according to the prognostic
and the predictive properties, it is likely that some relationships could not be demonstrated. For this reason, in order to

understand the relationship between breast cancer and U-II,
cell culture studies and clinical trials with larger groups of patients are needed.
Conflict of interest
No conflicts of interest.
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