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Serum leptin, prolactin and vascular endothelial growth factor (VEGF) levels
in patients with breast cancer
U. COSKUN1, N. GUÈNEL1, F. B. TORUNER2, B. SANCAK3, E. ONUK4, O. BAYRAM4, O. CENGIZ5, E. YILMAZ4, S. ELBEG3, S. OZKAN6
Departments of 1Medical Oncology, e-mail: ugurcos@hotmail.com, 2Endocrinology, 3Biochemistry, 4Surgery, 6Public Health, Gazi
University Medical School, Ankara, Turkey; 5Department of Surgery, Ankara Numune Hospital, Ankara, Turkey
Received July 22, 2002

Angiogenesis plays an important role in tumor growth and metastasis in solid tumors. VEGF is an important regulator of
tumor angiogenesis. Both leptin and prolactin have also been suggested to have roles in the regulation of angiogenic
process. In our study, we measured serum leptin, prolactin and VEGF levels in 30 metastatic, 55 non-metastatic breast
cancer patients and 25 control subjects. Serum leptin levels were found to be similar in non-metastatic (38.1+19.5 ng/ml),
metastatic patients (39.6+16.3 ng/ml) and control subjects (35.6+13.9 ng/ml) (p>0.05). There was no statistically significant difference between patients with visceral metastasis (44.0+16.8 ng/ml) and patients with bone metastasis (35.2+15.0
ng/ml) (p>0.05). Serum prolactin levels were found to be similar in non-metastatic (12.2+10.7 ng/ml), metastatic patients
(11.6+8.2 ng/ml) and control subjects (12.3+8.1 ng/ml), (p>0.05). Moreover, serum prolactin levels were not different in
patients with visceral (11.4+8.8 ng/ml) and bone metastasis (11.8+8.0 ng/ml), (p>0.05). Metastatic patients had higher
serum VEGF levels (249.8+154.9 pg/ml), when compared to the non-metastatic patients (138.7+59.3 pg/ml) and control
subjects (108.4+47.7 pg/ml), (p<0.05). There was no difference in serum VEGF levels in non-metastatic patients and
control subjects (p>0.05). Patients with visceral metastasis (337.0+168.0 pg/ml) had higher serum VEGF levels, when
compared to patients with bone metastasis (162.6+71.8 pg/ml), (p<0.05). Serum VEGF activity may be used to evaluate
angiogenic and metastatic activity in breast cancer patients. However, serum leptin and prolactin levels does not seem to be
related with angiogenic activity and metastasis in breast cancer patients.
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Angiogenesis, the development of new blood vessels,
plays an important role in tumor growth and metastasis
[22]. Many clinical studies have demonstrated that angiogenesis is a potent prognostic factor for breast cancer patients [32, 33]. Vascular endothelial growth factor (VEGF)
is an endothelial cell mitogen that is involved in the multiple
process of carcinogenesis [5, 12, 28]. VEGF has been reported to be the major angiogenic factor in breast cancer
and appears to play a key role in pathological angiogenesis
[15, 32]. Moreover, VEGF expression in tumor tissue has
been reported to be an independent prognostic factor for
breast cancer patients regardless of nodal status [10, 15, 24].
A number of positive and negative factors besides VEGF
may also be involved in the regulation of angiogenesis [14].
Leptin, the adipocyte derived hormone, is a 16 kDa pro-

tein that plays a key role in the control of satiety and energy
expenditure [9]. Recently, additional biological functions
such as antiapoptotic and angiogenic activity have also been
reported for leptin [3, 19, 30]. It has been reported that
leptin may promote the tumor growth by stimulating angiogenesis in prostate cancer [31]. It has been reported that
leptin synergistically stimulates angiogenesis with VEGF
[3] and that magnitude of stimulation of angiogenesis by
leptin is similar to that induced by VEGF [2, 30].
Prolactin is a major growth and differentiating hormone
in the human breast and may play a role in the pathogenesis
and progression of breast carcinoma [1, 18]. It has been
suggested that an increase in prolactin secretion may be
responsible for the elevation of leptin levels [26]. Prolactin
is involved in the control of angiogenesis through its cleaved
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fragments of 14 kDa and 16 kDa [8, 13]. It has been shown
that 16 kDa prolactin inhibits VEGF induced cell proliferation of capillary endothelial cells in humans [6]. Several
clinical studies have demonstrated an association between
high prolactin levels and poor prognosis in advanced breast
cancer patients [1, 18].
In the present study, we measured serum leptin, prolactin
and VEGF levels in metastatic and non-metastatic breast
cancer patients to determine their roles in the process of
angiogenesis in breast cancer.
Material and methods
Eighty-five breast cancer patients, of whom 55 in complete remission (group 1) and 30 with a metastatic disease
(group 2) and 25 healthy female controls (group 3) were
included in this study. Median follow-up time was 13.4
months for patients in complete remission (range: 7±100
months). Fifteen patients had bone (group 2b) and 15 patients had visceral (lung or liver) (group 2v) metastasis. Informed consent was obtained from all patients and control
subjects. None of the patients suffered from infectious, allergic, autoimmune or other systemic diseases such as diabetes mellitus, hypertension heart failure, nephropathy or
renal failure. Mean age was 51.2+11.1 years in group 1,
48.5+13.5 years in group 2, 46.6+11.6 years in group 2v,
50.4+15.3 in group 2b and 44.5+11.2 years in group 3. Body
mass index (BMI) was 25.3+2.8 kg/m2 in group 1, 26.5+3.1
kg/m2 in group 2, 25.7+4.5 kg/m2 in group 2v, 27.3+4.2 kg/
m2 in group 2b and 25.8+3.3 kg/m2 in group 3. Blood samples were collected between 9.00 and 11.00 a.m. to minimize
possible circadian variations after an overnight fasting.
Samples were stored at ±30 ÊC until analysis.
Leptin masurement. Serum leptin levels were measured
by a commercially available ELISA kit (The DSL-10-23100
Human Leptin Enzyme-Linked Immunosorbent Kit; Diagnostic Systems Laboratories, Webster, Texas). The principle of the test is an enzymatically amplified, two step,
sandwich-type immunoassay.
Prolactin measurement. Serum prolactin levels were de-

termined by DPC-Immulate 2000 machine with the chemiluminometric immunoassay method.
VEGF measurement. VEGF was measured in serum by
ELISA using commercial reagents [11]. The minimum detectable dose of VEGF is <5 pg/ml. Linear regression analysis of samples versus the expected concentration yielded
a correlation coefficient of 0.99 in both cases. The recovery
of hVEGF added to human serum averaged 95% (Biosource International 542 Flynn Road. Camarillo, CA
93012, USA).
CEA and CA 15-3 measurement. CEA and CA 15-3 were
determined by a commercial enzyme immunoassay adapted
to an ES-700 analyzer.
Statistical analysis. The results were presented as mean +
SD. Mann Whitney U test, Paired-t test and Pearson's correlation analysis were used in statistical analysis. A p value
less than 0.05 was considered to be significant.
Results
There was no difference among all breast cancer patient
groups and control subjects in terms of age and body mass
index (Tab. 1) (p>0.05). Serum leptin levels were found to
be similar in non-metastatic (group 1: 38.1+19.5 ng/ml),
metastatic patients (group 2: 39.6+16.3 ng/ml) and control
subjects (group 3: 35.6+13.9 ng/ml) (p>0.05). Serum leptin
levels were higher in patients with visceral metastasis
(group 2v: 44.0+16.8 ng/ml) than non metastatic patients,
patients with bone metastasis (group 2b: 35.2+15.0 ng/ml)
and control subjects, but these were not statistically significant (p>0.05) (Tab. 1, Fig. 1). There was a significant correlation with BMI and serum leptin levels in patients and
controls (p>0.05).
Serum prolactin levels were found to be similar in nonmetastatic (group 1: 12.2+10.7 ng/ml), metastatic patients
(group 2: 11.6+8.2 ng/ml) and control subjects (group 3:
12.3+8.1 ng/ml) (p>0.05). Moreover, serum prolactin levels
were not different in patients with visceral (group 2v:
11.4+8.8 ng/ml) and bone metastasis (group 2b: 11.8+8.0
ng/ml) (p>0.05) (Tab. 1, Fig. 2).

Table 1. Characteristics of patients and control subjects

Group 1
Group 2
Group 2v
Group 2b
Group 3

n

Age
(years)

BMI
(kg/m2)

Leptin
(ng/ml)

Prolactin
(ng/ml)

VEGF
(pg/ml)

CEA
(ng/ml)

CA 15-3
(U/ml)

55
30
15
15
25

51.2+11.1
48.5+13.5
46.6+11.6
50.4+15.3
44.5+11.2

25.3+2.8
26.5+3.1
25.7+4.5
27.3+4.2
25.8+3.3

38.1+19.5
39.6+16.3
44.0+16.8
35.2+15.0
35.6+13.9

12.2+10.7
11.6+8.2
11.4+8.8
11.8+8.0
12.3+8.1

138.7+59.3*
249.8+154.9
337.0+168.0
162.6+71.8
108.4+47.7**

2.4+1.4**
11.1+16.5
8.5+14.7
13.6+18.3
±

27.3+10.6**
135.8+161.9
159.3+204.9
112.2+105.3
±

BMI ± Body mass index, Group 1 ± non-metastatic patients, Group 2 ± metastatic patients, Group 2v ± patients with visceral metastasis, Group 2b ± patients with
bone metastasis, Group 3 ± control subjects. *p<0.05, **p¬0.001.
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Metastatic patients had higher serum
VEGF levels (group 2: 249.8+154.9 pg/
ml; p>0.05) when compared to the nonmetastatic patients (group 1: 138.7+59.3
pg/ml) and control subjects (group 3:
108.4+47.7 pg/ml). There was no difference in serum VEGF levels in non-metastatic patients and control subjects
(p>0.05). Patients with visceral metastasis (group 2v: 337.0+168.0 pg/ml) had
higher serum VEGF levels when compared to patients with bone metastasis*
(group 2b: 162.6+71.8 pg/ml), non-metastatic patients* and control subjects**
(*p>0.05, **p>0.001). Serum VEGF levels were not different in non-metastatic
patients (group 1) and patients with bone
metastasis (group 2b) (p>0.05). Serum
VEGF levels were higher in patients with
bone metastasis (group 2b) when compared to the control subjects (group 3)
(p>0.05) (Tab. 1, Fig. 3).
There was no significant correlation
among serum leptin, prolactin and
VEGF levels (p>0.05). Also, these serum
levels were not correlated with serum
CEA and CA 15-3 levels (p>0.05)
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controls

Figure 1. Mean serum leptin levels in patients and controls.

Discussion
Angiogenesis, the development of
new capillaries, is essential for tumor
growth and metastasis [22]. The importance of tumor angiogenesis as a prognostic factor has been reported in various
solid tumors including breast cancer [4,
32, 33]. VEGF, a potent multifunctional
cytokine, has been suggested as being the
major angiogenic factor in human tumors
[5, 12]. Patients with higher VEGF expression have been reported to have
shorter diesease free and overall survival
in breast cancer [10, 15, 24]. The expression of VEGF in tumor tissue has been
reported to be an independent prognostic indicator for breast cancer patients regardless of the nodal status [10, 15, 24].
controls
It has been reported that increase in
serum VEGF levels may be associated Figure 2. Mean serum prolactin levels in patients and controls.
with worsened prognosis in patients with
various types of cancer [29]. It has been
suggested that the extent of disease in breast cancer patients [29, 34]. Similar to these findings, serum VEGF levels were
may be accompanied by an elevation of serum VEGF levels found to be higher in metastatic patients when compared to
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Figure 3. Mean serum VEGF levels in patients and controls.

non-metastatic patients in the present study. However, serum VEGF levels were similar in patients with complete
remission and control subjects. Increased serum VEGF levels may reflect tumor growth and metastatic potential in
breast cancer patients.
It has been reported that patients with visceral metastasis
had higher VEGF expression when compared to patients
with bone metastasis [23]. However, in another study, no
correlation was found between the degree of angiogenesis
and first recurrence site of breast cancer patients [16]. In the
present study, serum VEGF levels were found to be higher
in patients with visceral metastasis than bone metastatic
patients. This can be explained by more aggressive metastatic potential of visceral metastasis than bone metastasis.
There is experimental evidence that, besides VEGF, other
cytokines and growth factors are also involved in the angiogenic process including leptin [4, 13, 30].
Leptin is a protein product of the ob gene that regulates
food intake as well as metabolic and endocrine functions [9].
It has been reported that leptin plays a promoting role in
angiogenesis and modulates angiogenic responses induced
by VEGF [3, 30]. The different responses of angiogenesis
induced by leptin and VEGF imply that different signaling
pathways in endothelial cells could be involved in the angiogenic responses stimulated by these factors [3]. Based on its
angiogenic potential, a possible association between leptin
and cancer has been investigated in several cancer types. It
has been reported that elevated serum levels of leptin are
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associated with later development of
prostate cancer and may promote the tumor growth by stimulating angiogenesis
[31]. However, both in vulvar [20] and
vaginal cancer [21], no correlation was
found between serum leptin levels and
clinicopathological parameters and
prognosis of patients. Only one study
[25] investigated the association between
breast cancer and serum leptin levels has
been found in the literature. The authors
suggested that leptin does not appear to
affect the risk of ductal carcinoma in situ.
In our study, we investigated the significance of serum leptin levels in breast cancer patients as a angiogenic marker and
also correlated these levels with a well
known angiogenic marker, VEGF. However, serum leptin levels were not different in patients and control subjects.
Moreover, no correlation was found between serum leptin and VEGF levels.
controls
Serum leptin level does not seem to reflect angiogenic activity in breast cancer
patients.
In this study, we also measured serum
prolactin levels in patients and control subjects. Prolactin,
an important hormonal and growth promoting factor, has
been suggested to play a role in the pathogenesis and progression of breast cancer [1, 18]. It has been reported that
prolactin fragments of 14kDa and 16 kDa bind to endothelial cell receptors and inhibit angiogenesis [8, 13]. It has been
reported that 16 kDa prolactin inhibits VEGF induced angiogenesis in humans [6]. In humans, higher prolactin levels
have been found in advanced breast cancer patients and
suggested to be inversely correlated with survival, estrogen
and progesteron receptor status [1, 18]. However, therapies
aimed to reduce serum prolactin levels have not found to be
successful in the treatment of breast cancer [17, 27]. So,
there is still contraversy in this issue. In our study, serum
prolactin levels were not found to be higher in metastatic
breast cancer patients. Also, serum prolactin levels were not
correlated with VEGF and leptin levels.
In conclusion, we found higher serum VEGF levels in
patients with metastatic breast cancer. These levels were
found to be higher in patients with visceral metastasis than
bone metastatic patients. It can be considered that higher
serum VEGF levels in visceral metastasis may be a reflection of higher angiogenic and metastatic activity of visceral
metastasis. Serum leptin and prolactin levels were not different in patients and control subjects. Serum levels of leptin
and prolactin does not seem to be related with angiogenic
activity and metastasis in breast cancer patients.
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