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Introduction

The term leptin derives from a Greek word meaning
thin. The leptin gene encodes a 16-kDa protein.1 Leptin
induces satiety and limits calorie intake. Its action is medi-
ated by leptin receptor OB-R. The long form of the recep-
tor, OB-Rb mediates most leptin functions. The short
form, OB-Ra is reported to facilitate transport of leptin via
brain blood barrier, but its exact role is still to be deter-
mined.2 Leptin controls metabolism of carbohydrates and
lipids,3 therefore, it counteracts manifestation of obesity.4

Moreover, leptin is a multifunctional factor in the devel-
opment of hematopoetic, reproductive and immunologic
functions.4,5 It derives from adipocytes that constitute a
large depository of highly caloric fatty acids. Power for
metabolic changes comes from decomposition of these
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Leptin restricts intake of calories as a satiety hor-
mone. It probably stimulates neoplastic prolifera-
tion in breast cancer, too. Growth of malignant cells
could be regulated by various leptin-induced second
messengers like STAT3 (signal transducers and acti-
vators of transcription 3), AP-1 (transcription activa-
tor protein 1), MAPK (mitogen-activated protein
kinase) and ERKs (extracellular signal-regulated
kinases). They seem to be involved in aromatase
expression, generation of estrogens and activation of
estrogen receptor α (ERα) in malignant breast
epithelium. Leptin may maintain resistance to antie-

strogen therapy. Namely, it increased activation of
estrogen receptors, therefore, it was suspected to
reduce or even overcome the inhibitory effect of
tamoxifen on breast cell proliferation. Although sev-
eral valuable reviews have been focused on the role
of leptin in breast cancer, the status of knowledge in
this field changes quickly and our insight should be
continuously revised. In this summary, we provide
refreshed interpretation of intensively reported sci-
entific queries of the topic. (Pathology Oncology
Research Vol 12, No 2, 69–72)
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lipids. Energy is abundantly released from chemical
bounds during cell divisions and differentiation. These
processes are the most intensified in organogenesis and
oncogenesis.3

Not only do caloric diet and obesity favor onset of car-
diovascular disorders,6 but they are responsible for higher
rate of breast cancer incidence as well.7 Androstenedione
undergoes aromatization to estrone in extragonadal tis-
sues. In addition, adipose tissue emerges as a major source
of estrogen in postmenopausal women.8 Estrogen receptor
α (ERα) regulates survival, migration, differentiation and
proliferation of breast cancer cells.9,10 Estrogen receptor
(ER) and progesterone receptor (PgR) are widely
expressed in female sex hormone-sensitive tissues, and
are responsible for viability of mammary glandular cells at
perimenopausal time. Levels of estradiol, progesterone
and leptin also increase in the blood of breast cancer
patients.4 Secretion of leptin seems to be more associated
with regulation of female sex hormone production than
with alterations of body weight.7,11

Besides adipose tissue, leptin is expressed in vitro in a
normal human breast epithelial cell line (MCF10A), breast



cancer cell lines (MCF-7, T47D, MDA-MB-231 and ZR75-
1), and in vivo in breast tumors, including ductal cancer and
atypical hyperplasia.5,12,13 Leptin supports cell proliferation
in breast, esophageal and prostate cancer, but counteracts
divisions of human Mia-PaCa and PANC-1 pancreatic can-
cer cells.10 Although several valuable reviews have been
focused on the role of leptin in breast cancer,3,14 the current
status of knowledge in this field changes quickly, and our
insight should be continuously revised.

Obesity and leptin in a perspective of neoplastic growth

Increased supply of lipids resulted in elevation of serum
leptin levels in the development of estrogen receptor-nega-
tive mammary tumors in MMTV-neu (strain 202) mice
(mice mouse mammary tumor virus). However, latency,
incidence and metastasis of mammary tumors were not
affected by different diet-dependent alterations in leptin
level.7 Moreover, Cleary et al. reported interesting findings
concerning the relationship of leptin and obesity in breast
cancer. Namely, oncogene-induced rodent mammary
tumors did not develop in genetically homozygous obese
female mice overexpressing human TGF-α (transforming
growth factor-α) but having the leptin gene knocked out. On
the other hand, the expected tumorigenesis occurred in lean
mice homozygous or heterozygous for the leptin gene.15

Several studies have attempted to determine the prog-
nostic significance of leptin and its receptor in breast can-
cer. Leptin receptor (OB-R) is expressed in tissues of
human invasive ductal carcinomas. Immunohistochemical
staining failed to reveal the presence of this receptor in
normal mammary epithelium. Both tumoral and normal
mammary glands were leptin-positive with remarkable
accumulation in cancer cells. Distant metastases appeared
in one third of cancers with strong immunoreactivity for
leptin and OB-R. When present in the tumors, leptin and
OB-R were ominous signs of poor prognosis. Patients
lived shorter in comparison with life spans that were
observed in cases of cancers without overexpression of
leptin and OB-R.16

In accordance with insulin regulation and body mass
index, circulating blood leptin correlated with overall sur-
vival of women with breast cancer.17 mRNA levels of lep-
tin and its receptors (OB-Ra, OB-Rb) were also studied in
invasive and noninvasive ductal and lobular breast cancer
tissues. In case of women with high serum leptin or high
intratumoral leptin mRNA levels, a poor prognosis was
predicted only by high intratumoral OB-Ra and OB-Rb

mRNA levels.18 As high serum levels of leptin are associ-
ated with obesity, these studies explain why obesity is a
factor related to poor prognosis in breast cancer. Indeed,
elevated serum levels of leptin coexisted with obesity,
which is a well-known risk factor of postmenopausal
breast cancer.11 However, it was reported that loss of body

mass could be accompanied with a decrease in serum lep-
tin level.7,11 There is an idea that regulatory properties of
leptin depend on its effect on the metabolism of lipids, and
as a satiety factor indirectly stimulates proliferation of
breast cancer cells. Nevertheless, quantitative changes in
serum leptin level did not predict the onset of breast
tumors in cases of women whose blood was examined for
the presence of leptin two years before incidence of mam-
mary cancer.11 Serum levels of leptin also did not differ
significantly between groups of premenopausal breast can-
cer patients and healthy women. This finding indicates that
leptin probably does not affect mammary tumorigenesis
before menopause.19

Nipple aspirate fluid (NAF) also contains leptin, whose
concentration increases with body mass index (BMI) only
in premenopausal evaluations. At BMI values of <25, there
was more leptin in postmenopausal samples of NAF than
in premenopausal ones, while such differences were not
revealed at higher BMI. On the other hand, serum pool of
leptin correlated with quantity of this hormone in pre-
menopausal but not in postmenopausal NAF. According to
this study, eventual presence of breast cancer does not
seem to influence the level of leptin in NAF, regardless of
menopause.20

Molecular background of leptin-associated proliferation

Mammary glandular epithelium interacts with interstitial
cells (cross-talk) during development of breast cancer. MCF-
7 breast cancer cells produce a high amount of IL-1α, which
activated the expression of leptin in stromal cells in a
paracrine manner. This satiety hormone induced transcrip-
tion of leptin-specific genomic sequences in estrogen-depen-
dent breast tumor in an MCF-7 xenograft model.21 Although
elevated serum levels of leptin probably contributed to
cachexia, which seemed to be independent of other cachex-
ia-cytokine stimulators such as IL-6, tumor necrosis factor-α
or interferon-γ, these mice were not anorexic.21

Leptin switched on transcription of aromatase, and acti-
vated this enzyme with engagement of AP-1 (transcription
activator protein 1) promoter, signal transducers and acti-
vators of transcription 3 (STAT3) and extracellular signal-
regulated kinase-2 (ERK2) in MCF-7 cell line, promoting
estradiol synthesis.22 Leptin also boosted stimulation of
ERα by another mechanism. It activated ERα via the
MAPK (mitogen activated protein kinase) pathway in
MCF-7 and HeLa cells, which could be reversed by intra-
cellular introduction of a dominant negative ERK2 or
exposition to MAPK inhibitor PD 98059.23 In CD2F1Cr
mice, serum levels of leptin were downregulated after
exogenous administration of t10,c12 isomer of antiangio-
genic, dietary conjugated linoleic acid (CLA). Simultane-
ously, VEGF level was severely decreased, and mammary
glands showed atrophy of adipocytes and the vasculature.
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It might be highly probable for CLA to modify breast
structure in a way that counteracts the onset of neoplastic
growth or the aggressive course of malignancy.24 Divisions
of MCF-7 cells were reduced by a specific inhibitor of
STAT3 tyrosine phosphorylation, while there was no sig-
nificant growth arrest due to inhibition of ERK1/2 by a
specific ERK1/2 kinase inhibitor, U0126. This finding
indicated a crucial and indispensable role of STAT3 in
mediation of leptin-stimulated proliferation.25 Through the
long form of its receptor, OB-Rb, leptin caused phospho-
rylation of STAT3, ERK1, and AP-1, mediating prolifera-
tion of normal (HBL100) and malignant (T47D) human
breast epithelial cells.26 It was confirmed by the [3H]-
thymidine incorporation method that leptin induced
MAPK-1/2-dependent proliferation of T47D cells.27 MCF-
7 cells grew under stimulation of leptin that activated
STAT3 along with p42/p44 MAP kinase. In the light of
these findings, leptin is suspected to be a growth factor,
which is associated with increased incidence of breast can-
cer and obesity.28

Leptin-induced resistance to antiestrogens

Leptin was hypothesized to increase aromatase activity
in vivo, which was shown in cell cultures to derive from
breast and abdominal adipose tissue of obese women.
Therefore, leptin was a potential stimulator of estrogen
synthesis that favored growth of breast glandular epitheli-
um.29 On the other hand, leptin abrogated anticancer func-
tion of the antiestrogen ICI 182,780 in vitro. This kind of
antiestrogen led to fast degradation of membrane ERα,
which reduced nuclear expression of the receptor and
ERα-dependent transcription. After exposure to leptin,
ERα-positive breast cancer cells underwent proliferation,
mediated by active STAT3 and ERK1/2. Thereby, it
seemed to be possible that elevated serum levels of leptin
maintain resistance to antiestrogens during hormonal ther-
apy of breast cancer.30 On the other hand, leptin and IGF-I
levels were not affected by antiestrogen treatment of
tumors deriving from aromatase gene-transfected (MCF-
7CA) cells growing in ovariectomized nude mice.31

Serum levels of leptin tend to increase with size of adi-
pose tissue. Obesity is often associated with the incidence
of breast cancer. Despite high levels of leptin, malfunction
of OB-Rb effectively protected against mammary tumor
incidence, and it caused a severe glandular underdevelop-
ment of mammary glands without duct formation and
branching in leptin receptor gene-knockout obese mice.
Therefore, overproduction of leptin could accelerate tumor
growth in the mammary gland.32 On the other hand, serum
levels of leptin failed to correlate with lymph node status,
so their monitoring role is questioned during progression
of the neoplastic disease in the course of breast cancer.33

Serum content of leptin was higher in breast cancer

patients who were administered antiestrogens, in compari-
son with a control group of healthy volunteers. Leptin was
not related to the stage of malignant mammary disease,
however, it increased in response to tamoxifen therapy.34,35

Moreover, serum levels of leptin rose significantly in
breast cancer patients who developed more advanced
hepatic steatosis as a possible side effect of the drug after
three months of treatment with tamoxifen.36 This might
suggest that leptin could be one of the factors that maintain
resistance to antiestrogens during hormonal treatment of
breast cancer (Figure 1).

Conclusions

To summarize, leptin appears to be a very important fac-
tor in hormonal regulation of breast cancer growth. It has
been suspected to affect certain intracellular second medi-
ators that were found to participate in cell proliferation and
survival. Antiestrogens seem to compete with leptin for
diverse modulation of ERα activity. Therefore, increased
serum levels of leptin may be responsible for overcoming
antiproliferative effects induced by antiestrogen therapy of
breast cancer.

71Leptin as an Obesity-associated Regulator of Breast Cancer Growth

Vol 12, No 2, 2006

P
LEPTIN

OB-R

STAT3 STAT3

AP-1

MAPK

ERK1/2 E2

ER-α

MAPK

ERK1/2

P

P

Biosynthesis
of AP-1

Biosynthesis
of aromatase

P P

NUCLEUS

STIMULATION
OF PROLIFERATION

Phosphorylation Activation

CYTOPLASM

androgens estrogens

Figure 1. Leptin binds to its receptor OB-R, which becomes
phosphorylated by MAPK or ERK. These intracellular kinases
probably activate STAT3 by phosphorylation of its tyrosine
residue. STAT3 is translocated to the nucleus, where it induces
transcription of AP-1 that induces transcription of aromatase.
Aromatase changes androgens into estrogens in adipose tissue.
Estradiol activates its membrane receptors (ERα) and con-
tributes to proliferation of breast epithelial cells. ERα is sensi-
tized for estrogen stimulation by MAPK and ERK, which can
transactivate this receptor independently of estrogens. Apart
from induction of aromatase, STAT3 may contribute to cell pro-
liferation by activation of other genes.

OB-R – leptin receptor, P – phosphate residue, AP-1 – tran-
scription activator protein 1, E2 – estradiol, ERα – estrogen
receptor α, ERK1/2 – extracellular signal-regulated kinase 1/2,
MAPK – mitogen-activated protein kinase
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