
RESEARCH

Insulin Prevents Leptin Inhibition of RM1 Prostate Cancer
Cell Growth

Andreia M. Ribeiro & Sofia Pereira & Sara Andrade &

Madalena Costa & Carlos Lopes & Artur P. Aguas &

Mariana P. Monteiro

Received: 5 July 2011 /Accepted: 3 November 2011 /Published online: 24 November 2011
# Arányi Lajos Foundation 2011

Abstract The association between obesity and cancer is
controversial: whereas several epidemiological, clinical and
research studies using cancer cell lines have supported
that high levels of insulin and leptin could favor prostate
cancer development and dissemination, other studies
have demonstrated opposite effects or even absence of
association. The main goal of this study was to evaluate
the in vitro proliferation of murine androgen insensitive
prostate carcinoma cells RM1 in the presence of leptin
and insulin. After assessing and confirming the presence of
leptin and insulin receptors in RM1 cells by immunocyto-
chemistry, cells were cultured in the presence of different
concentrations of leptin (0, 25, 50, 100 and 200 ng/mL),
insulin (0, 50, 100, 150 and 200 nM) or leptin plus insulin
( 25 ng/ml+50 nM; 50 ng/ml+100 nM; 100 ng/ml+150 nM;
200 ng/ml+200 nM; 25 ng/ml+150 nM; 100 ng/ml+50 nM
of leptin plus insulin, respectively). Cell proliferation was
evaluated by assessing the percentage of resazurin reduction,
a surrogate marker of cell metabolic rate. Leptin significantly

decreased the percentage of resazurin reduction in all studied
concentrations while there was only a slight or non significant
difference in RM1cell proliferation in the presence of insulin
or insulin combined with leptin when compared with control.
These results show that leptin decreases RM1 prostate cancer
cell proliferation at the studied concentrations, while insulin is
able to antagonize the leptin inhibition of RM1 prostate cancer
cell growth in vitro. The difference in cell growth that is
modulated by the various hormonal environments may
explain the heterogeneous behavior of prostate cancer in the
obese human population.
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Abbreviations
ICC Immunocytochemistry
TNF-α Tumor necrosis factor
IL-6 Interleucine-6
VEGF Endothelial vascular growing factor
ObR Leptin receptor
ObRa Leptin receptor short isoform
ObRb Leptin receptor long isoform
Ras/ERK1/2 Ras/extracellular signal – regulated

kinases 1/2
JAK2 /
STAT3

Janus kinase 2 / signal transducer and
activator of transcription 3

PI-3K / Akt /
GSK 3

Phosphoinositite 3 kinase / protein
kinase B / glycogen synthesis kinase 3

RAS/RAF/
MEK/ERK

Ras/Raf/ mitogen-activated
protein kinase/ extracellular-signal-
regulated kinase pathway

Akt/PI-3K Protein kinase B/Phosphatidylinositol
3-kinases

IGF-1 Insulin-like growth factor-1
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DIO Diet induced obesity mice
SEM Standard error of the mean

Introduction

Cancer is the second major cause of death worldwide, while
prostate cancer is the third most common cancer in men in
western countries [1].

The main risk factors that are associated with prostate
cancer are age [1], family history [2], high fat diet,
sedentary lifestyle and obesity [3]. Several studies
concerning the last three risk factors have raised
controversial results [4, 5].

Obesity is defined as an excessive accumulation of
fat on adipose tissue with hazardous health implications
[6] that results from genetic and environmental factors,
such as diet, lifestyle and lack of physical activity [6–8].
Obesity is taking pandemic proportions and is associated
with several co-morbidities, namely cardiovascular,
respiratory, digestive, osteoarticular, reproductive and
endocrine systems being the last two associated with
the development of some cancers as, for example,
prostate cancer [6, 9].

Adipose tissue is a complex energy reservoir which
functions are regulated by nerves, hormones, nutrients, as
well as by autocrine and paracrine mechanisms. The adipose
tissue is also considered an important endocrine organ, since
it produces hormones and has regulatory functions on
energy balance among other endocrine and metabolic
functions [10]. Adipose tissue is a dynamic organ involved
in a variety of metabolic and physiologic pathways that
secretes a high number of proteins named adipokines [11–
13]. Some examples of adipokines include the classic
cytokines related to immune system, such as, tumor necrosis
factor α (TNF-α) and interleucine-6 (IL-6) [11, 12, 14];
angiotensin responsible for blood pressure regulation; adi-
ponectin that is participates in glucose homeostasis; endo-
thelial vascular growing factor (VEGF) that promotes
angiogenesis [11–17]; and leptin which is a protein that is
mainly produced and secreted by adipose tissue [18].

Leptin is secreted to plasma in proportion to the quantity
of adipose tissue and the nutritional state of the individual.
In general, obese individuals have high plasma leptin levels
[15, 19, 20]. Leptin acts by binding to specific receptors
(ObR), which have high homology to cytokine class I
receptors family [21, 22]. There are six isoforms of ObR,
and each isoform is expressed in different tissues in a
specific way. ObRa is a short isoform that has a short
intracellular domain and is expressed at a variety of cells
including adipocytes and pancreatic β-cells, while ObRb is
the long isoform which has a long cytoplasmatic domain
which is considered the most important isoform and is

highly expressed at the hypothalamus and pancreas [23].
ObRb isoform is responsible for the activation of several
intracellular signalization pathways like Ras/ERK1/2
(Ras/extracellular signal-regulated kinases 1/2), JAK2/STAT3
(Janus Kinase 2/signal transducer and activator of transcrip-
tion 3), and the antiapoptotic pathway PI-3K/Akt/GSK3
(phosphoinositite 3 kinase/protein kinase B/ glycogen
synthesis kinase 3) [24].

Several authors defend that leptin may act as a promoter
and tumor growth factor for prostate cancer cells [9, 25].
Although, several epidemiologic and clinical studies have
tried to address the relationship between body adipose
tissue quantity and prostate cancer, results have been
controversial and largerly inconclusive [6]. This difficulty
could be explained by the fact that obesity is an
heterogeneous condition that is not only characterized by
an excess of adipose tissue but also by the associated
alterations of physiologic parameters such as insulin
resistance, adipokines and androgen levels which can
influence prostate cancer development [6].

Insulin is an hormone produced by pancreatic β-cells
[26] that is responsible for the entrance of circulating
glucose to the majority of cells in particular to the liver
and muscle where glucose is stored as glycogen [27].
Several factors including obesity, sedentary lifestyle and
genetic susceptibility are responsible for the development
of insulin resistance which is characterized by lower
glucose uptake by peripheral tissues which leads to an
excess of plasma glucose that stimulates the pancreas to
secrete more insulin in a way to compensate this excess
and therefore being responsible for the development of
hyperinsulinism [28]. Previous studies have demonstrated
the presence of insulin receptors at several types of
cancer cells such as prostate [29] and breast cancer
[30]. It has been hypothesized that insulin could be a
carcinogenic promoter by stimulating mytogenesis and
inhibiting apoptosis by activation of RAS/RAF/MEK/
ERK (Ras/Raf/ mitogen-activated protein kinase/
extracellular-signal-regulated kinase pathway) and Akt/PI-
3K (Protein kinase B/Phosphatidylinositol 3-kinases) phos-
phorilation pathways after binding to the insulin receptor [31].

Hyperinsulinism is also responsible for stimulating
IGF-1 (Insulin-like growth factor-1) secretion by the liver,
which in vivo may act as a growth factor of multiple malign
tumors, such as prostate carcinoma [31].

Increased levels of various adipokines, namely leptin,
VEGF, IL-6, and TNF-α and decreased levels of adiponectin,
have been associated with several different carcinogenic
mechanisms including cellular differentiation, apoptosis,
cellular proliferation, angiogenesis and alterations of sex
steroids levels. Numerous studies support that leptin
promotes prostate cancer development while adiponectin
could instead have a protective role [32]. High levels of
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inflammatory cytokines, such as Il-6 and TNF-α, were
also considered potential risk factors to the development
of prostate cancer. In another way, TNF-α induce IL-6 and
leptin release interfering also with insulin signaling
pathway by the activation of resistance to the effects of
this hormone [33].

In a previous in vivo study of ours [34], in which obese
mice, namely ob/ob mice, db/db mice and mice with diet
induced obesity (DIO), and normoponderal C57BL/6J mice
used as controls, were inoculated subcutaneously with RM1
androgen insensitive murine prostate cancer cells, we have
demonstrated that leptin deficient ob/ob and DIO mice
developed larger tumors, while hyperleptinemic and insulin
deficient db/db mice developed smaller tumors when
compared with controls. Additionally, there was a negative
correlation between leptin plasma levels and tumor size and
the cell proliferation indexes suggesting that leptin does not
act as tumor proliferative promoter but as an inhibitor of
RM1 cell proliferation [34]. Furthermore, we have demon-
strated that hyperinsulinemic and leptin deficient ob/ob
mice were the group that presented larger tumors when
compared with controls suggesting that insulin could have a
role in promoting RM1 cell proliferation or antagonized the
anti-proliferative effects of leptin [34].

In sequence of the aforementioned study, the main goal of
our current study was to assess the effects of leptin and insulin
on RM1 cell proliferation in vitro, without the presence of
other confounding circulating factors that are present in vivo.

Material and Methods

Cell Culture

Murine androgen insensitive RM1 prostate carcinoma cells
that were obtained from tumors induced in mice were
kindly offered by Prof T. Thompson from MD Anderson
Cancer Center, Houston, Texas, USA [35].

Cells were grown at 25 cm2 flasks containing Dulbecco’s
Modified Essential Medium (DMEM—Invitrogen, New
York, NY, USA) to which was added sodium bicarbonate
(Sigma, St Louis, MO, USA), Penicillin-Streptomycin
100 U/mL (Invitrogen, Auckland, N.Z.), Nystatine
100 U/mL (Sigma, Auckland, N.Z.) and 50 mM HEPES
buffer solution (Invitrogen, Auckland, N.Z.). The cells in
culture medium were placed in an incubator (Function
Line—Heraeus Instruments, Hanau, Germany) which
maintained a constant temperature 37°C and humid
atmosphere with 5% CO2. Every time cells became
confluent they were passaged using trypsin 0,25%
(Invitrogen, Auckland, N.Z.). Cellular viability was
evaluated using the trypan blue (Sigma, USA) test and
a viability superior to 90% was considered satisfactory.

RM1 Cell Characterization

Immunocytochemistry for Leptin Receptor

To verify the presence of leptin receptor (ObR) at RM1
cells membrane an immunocytochemical study was done. A
cytospin (Cytospin 3—Shandon, Cheshire, UK) of 100 μL
RM1 cells suspension at 12th passage was performed on
poly-L-lysine (Sigma) microscope slides and the cell
preparation was fixed with pure acetone. Prostate of
normal C57BL/6J mice was collected and processed for
routine histological analysis after being fixed in a
paraformaldehyde and picric acid 14% solution, to be
used as control. Antigen retrieval was performed using
microwaves with incubation of microscope slides at
citrate buffer solution 0,1 M at pH 6.

After washing the prostate and RM1 cells slides with
PBS, endogenous peroxidases were blocked by emerging
slides at hydrogen peroxide solution 0.3% for 10 min.
Unspecific bindings were blocked with PBS 1% BSA
solution during 30 min, then slides were incubated,
overnight, with the primary antibody anti-ObR (ObR H-
300: sc-8,325—Santa Cruz Biotechnology, CA, USA)
(1:100) at 4°C followed by the secondary antibody
(Polyclonal swine anti-rabbit, DaKoCytomation, Glostrup,
Denmark) (1:100) incubation for 30 min at room
temperature. After washing with PBS the slides were
incubated with ABC (DaKoCytomation) complex during
30 min, they were then washed again in PBS and were
revealed with DAB (DaKoCytomation). Internal nega-
tive control was obtained by omission of the primary
antibody.

Immunocytochemistry for Insulin Receptor

The presence of insulin receptor at RM1 cells was
evaluated by using Novolink Min Polymer Detection
System (Newcastle, UK) for immunocytochemistry.

Slides were prepared as described above for leptin
receptor immunocytochemistry until inhibition of endoge-
nous peroxidase. After washing slides with PBS unspecific
bindings were blocked with Protein Block (Novolink
Polymer Detection System, Newcastle, UK). The slides
were incubated with primary antibody (Insulin Receptor R
antibody [EP327Y] (ab40782—Abcam, Cambridge, UK)
overnight at 4°C. After washing with PBS, slides were
incubated during 30 min with Post Primary Block
(Novolink Polymer Detection System, Newcastle, UK)
followed by slides revelation with DAB (DaKoCytomation).

Internal negative control was obtained by omission of
the primary antibody, absence of staining in mice cerebrum
was used a negative control while prostate and kidney of
C57BL/6J mice were used as positive controls.
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In Vitro Evaluation of Cell Proliferation

In vitro cellular proliferation was evaluated by an indirect
method of cell growth, the resazurin reduction method that
detects the reduction of the intervenient molecules in the
electron transport chain (FMNH2, FADH2, NADH,
NADPH and cytochromes), since rezasurine has the highest
redox potential of all.

RM1 Cell Growth Dose–Response Curve

To evaluate the ideal cell concentration to be used in the
following studies a dose–response curve was performed.

Three different cell concentrations (2×104, 4×104 and 7×
104 cells/mL) were seeded at wells of a plaque (24 well cell
culture cluster—Costar, NY, USA) containing culture medium,
five duplicates ( 5 wells) for each concentration were used.
Negative control was done by preparing five wells without
cells, containing cell culture medium only. At each well (20 in
total) was added 200 μL of resazurin (AbD Serotec, Oxford,
UK). At each time point 200 μL of medium was collected
from each well and was transferred to an ELISA plaque,
absorbance was measured at 570 and 600 nm. The absorbance
was measured at time 0, 2, 4, 6, 12 and 22 h after.

The % of rezasurine reduction was calculated by using
the following equation:

%reduction ¼ Eox600nm x abs570nm � Eox570nm x abs600nm=Ered570nm x absbranco 600nm � Ered600nm x absbranco 570nmð Þ x 100; being Eox570nm
¼ 80; 573;Eox600nm ¼ 117; 216;Ered570nm ¼ 155; 667 and Ered600nm ¼ 14; 652

RM1 Cell Growth in Presence of Leptin, Insulin
or Both Leptin and Insulin

After choosing the ideal cell concentration (2×104 cells/mL)
new plaques were prepared as mentioned before. Cells were
cultured with five different leptin (Bachem, Germany)
concentrations that were added the culture medium (0, 25,
50, 100 and 200 ng/mL) together with 200 μL of resazurin
(AbD Serotec, Oxford, UK), or human insulin (Insuman
rapid—Sanofi Aventis) in five different concentrations
(0, 50, 100, 150 e 200 nM), or leptin plus insulin in
different concentrations, namely 25 ng/mL leptin plus
50 nM insulin, 50 ng/mL leptin plus 100 nM insulin,
100 ng/mL leptin plus 150 nM insulin, 200 ng/mL
Leptin plus 200 nM insulin, 25 ng/mL leptin plus
150 nM insulin and 100 ng/mL leptin plus 50 nM
insulin. Five duplicates were prepared for each concen-
tration and at each well was added 200 μL of resazurin
(AbD Serotec, Oxford, UK). At each time point, namely
time 0, 2, 4, 6, 12 and 22 h after, 200 μL of medium
was collected from each well and was transferred to an

ELISA plaque, the absorbance was measured at 570 and
600 nm and the % of resazurin reduction was calculated
by using the same equation as previously described.

Fig. 2 Dose response curve of cell proliferation evaluated by the
determination of the % resazurin reduction (change from baseline) at
different time points during 22 h of three different initial cell
concentrations (2000, 40 000 and 70 000 cells/mL)

Fig. 1 Immunocytochemistry
of RM1 cells for OBRb using
the specific antibody OBR
12-A, a and for insulin receptor
using anti-insulin receptor
antibody b depicts a brown
coloration of the RM1 cells on
the cell periphery which
supports the OBRb and insulin
receptor presence at this prostate
cancer cellular line (200×)
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Statistical Analysis

All statistically analyses were done using SPSS software
(version 17) for Windows. Means, standard error of the
mean (SEM), normality and homogeneity of variances were
calculated for each group. ANOVA test with post hoc
Bonferroni correction when appropriate was used to
compare the differences between means. P<0.05 was
considered statistical significant.

Results

RM1 Cell Characterization

Immunocytochemistry for Leptin and Insulin Receptor

The presence of leptin receptors was demonstrated by
immunocytochemistry using an antibody anti-ObRa and
ObRb. RM1 cells displayed a brown coloration at the
cells periphery, which corresponds to the leptin recep-

tors location (Fig. 1A). RM1 cells also presented a
positive stain after the insulin receptor immunocyto-
chemistry observed by the appearance of brown colora-
tion at cell membranes where insulin receptors are
located (Fig. 1B).

Cellular Proliferation

RM1 Cell Growth Dose–Response Curve

A dose–response study was performed to choose the ideal
cell concentration to study cell growth when cultured with
leptin or insulin, by assessing the % of resazurin reduction
as an indirect method to assess cell proliferation. From the
analysis of the dose–response curve (Fig. 2), the cell
concentration chosen was of 2×104 cells/mL since with
this cell concentration there was a linear increase in the %
of resazurin reduction that was not observed with the lower
cell concentration, while there was no significant increase
in the % of rezasurine reduction by increasing the cell
concentration.

Table 1 RM1 cell growth, in the presence of different leptin
concentrations (0,25,50, 100 and 200 ng/mL) added to the cell culture
medium, displayed significant decrease in the % of rezasurine

reduction from the first evaluation at 2h and onwards for all studied
leptin concentrations when compared with the control group

[leptin] (ng/mL) Time 0 Time 1 Time 2 Time 3 Time 4 Time 5
0 h 2 h 4 h 6 h 12 h 22 h

0 0 6.74±3.27 6.10±7.13 14.93±1.35 35.45±3.77 74.48±8.81

25 0 −9.33±3.54*** −4.60±1.23*** 7.99±3.20* 2.17±6.78*** 93.03±3.76**

50 0 −12.22±2.37*** −3.91±2.06** 8.70±1.92 * −1.16±2.70*** 53.20±6.41***

100 0 −12.41±0.47*** −4.70±0.57*** 11.23±1.38 −3.28±1.59*** 68.37±2.42

200 0 −13.09±0.80*** −4.27±0.74*** 12.40±2.14 −2.71±0.98*** 71.05±1.43

(*p<0.05; **p<0.01; ***p<0.001)

Fig. 3 Graphic representing
the change from baseline of the
% of resazurin reduction in the
culture medium of RM1 cells in
the presence of the different
leptin concentrations, with the
values of the mean±standard
error of the mean at the different
time points for the different
concentrations of leptin used
(25, 50, 100 and 200 ng/mL)
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RM1 Cell Growth in Presence of Leptin and Insulin

RM1 cell growth, in the presence of different leptin
concentrations (0, 25, 50, 100 and 200 ng/mL) added to
the cell culture medium, displayed significant decrease in
the % of rezasurine reduction from the first evaluation at
2 h and onwards for all studied leptin concentrations when
compared with the control group (p<0,001) (Fig. 3,
Table 1). RM1 cell culture in the presence of different
insulin concentrations (0, 50, 100, 150 and 200 nM) added
to the medium, has also yielded a significant decrease in the
% of resazurin reduction although smaller and only after
12 h of incubation (p<0.01), except for the lower insulin
concentration (50 nM) that decreased cell proliferation from
the first time point (2 h) onwards (p<0.05) (Fig. 4, Table 2).
RM1 cell growth in presence of leptin plus insulin in the
different studied concentrations (25 ng/mL leptin plus
50 nM insulin, 50 ng/mL leptin plus 100 nM insulin,
100 ng/mL leptin plus 150 nM insulin, 200 ng/mL leptin
plus 200 nM insulin, 25 ng/mL leptin plus 150 nM insulin,
100 ng/mL leptin plus 50 nM insulin) overall was not
significantly different from control (Fig. 5. Table 3).

Discussion

The association between obesity and prostate cancer is
considered controversial, since many studies that have tried
to correlate circulatory factors that are altered in obesity
with prostate cancer, have yielded contradictory results
[9, 36, 37]. The main goal of this study was to evaluate the
effect of leptin and insulin on androgen insensitive
prostate cancer RM1 cells growth in vitro.

The RM1 cells where characterized regarding to the
presence of leptin receptors by immunocitochemistry using
a specific primary antibody anti-ObR short and long
receptor isoforms, ObRa and ObRb respectively. After
the immunocitochemistry, RM1 cells displayed a brown
staining at the cell periphery corresponding to the
location of the leptin receptors at the cell membrane,
similar to what was observed in the prostate epithelial
glandular cells of C57Bl/6 mice known to express leptin
receptors as previously demonstrated by other authors
and used as a positive control [38]. In the present study,
in which the murine androgren insensitive prostate
carcinoma cells RM1 were cultivated in the presence of

Table 2 RM1 cell culture in the presence of different insulin
concentrations (0, 50, 100, 150 and 200 nM) added to the medium,
has yielded a significant decrease in the % of rezasurin reduction only

after 12h of incubation, except for the lower insulin concentration (50
nM) that decreased cell proliferation from the first time point (2h)
onwards

[insulin] (nM) Time 0 Time 1 Time 2 Time 3 Time 4 Time 5
0 h 2 h 4 h 6 h 12 h 22 h

0 0 6.74±3.27 6.10±7.13 14.93±1.35 35.45±3.77 74.48±8.81

50 0 8.81±0.41 −1.32±0.67* 22.84±0.39* 19.71±0.53*** 68.36±1.33

100 0 8.24±0.76 3.47±0.96 12.50±2.02 23.57±3.02** 80.62±8.22

150 0 9.63±0.74 5.05±0.61 13.85±1.00 25.29±1.42** 73.98±4.82

200 0 11.92±4.06 2.55±0.75 12.84±1.06 22.36±1.99*** 80.25±6.78

(*p<0.05; **p<0.01;
***p<0.001)

Fig. 4 Graphic representing
the change from baseline of the
% of resazurin reduction in the
culture medium of RM1 cells in
the presence of the different
insulin concentrations, with the
values of the mean±standard
error of the mean at the different
time points for the different
concentrations of insulin used
(50, 100, 150 and 200 nM)
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different leptin concentrations added to the cell culture
medium, we were able to demonstrate that leptin inhibits cell
proliferation, since % of rezasurine reduction was significant-
ly reduced in the presence of leptin when compared to control.
This observation contrasts with previous studies where leptin
has been shown to induce in vitro proliferation of androgen
independent human prostate carcinoma cell lines DU-145 and

PC-3 [39], whereas Deo et al., using different prostate cancer
cell lines cultivated in the presence of leptin, namely
androgen independent DU-145 and PC-3 cells, and androgen
dependent cell LNCaP, were able to demonstrate that leptin
increases cell proliferation and activates intracellular path-
ways signals only in the androgen dependent cell line
LNCaP [40].

Fig. 5 Graphic representing the change from baseline of the % of
resazurin reduction in the culture medium of RM1 cells in the
presence of the different concentrations of leptin plus insulin, with the
values of the mean±standard error of the mean at the different time
points for the different concentrations of leptin plus insulin used:

25 ng/ml leptin+50 nM insulin a, 25 ng/mL leptin+150 nM insulin b,
50 ng/mL leptin+100 nM insulin c, 100 ng/mL leptin+50 nM insulin
d, 100 ng/mL leptin+150 nM insulin e, 200 ng/mL leptin+200 nM
insulin f
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Epidemiological studies in which circulatory factors
known to be altered by the obese state were measured in
patients with prostate cancer and healthy individuals have
not found any significant association between the leptin
levels and the risk for the development of prostate cancer,
however a positive correlation was found between insulin
plasma levels and the risk for prostate cancer [41].

Therefore, in the present study, after demonstrating the
insulin receptor presence in RM1 cells by ICC using a
specific anti-insulin receptor primary antibody, we have
also evaluated the insulin effect on RM1 cell growth in
vitro. We have found that insulin, although in a less
pronounced way, is also able to decrease significantly RM1
cell proliferation, in contrast to the results obtained by
Hsing et al. that found that insulin but not leptin levels were
associated with prostate cancer risk in man [41].

Furthermore, in order to test whether there was any
synergism between leptin and insulin, RM1 cells were
cultured simultaneously in the presence of different
concentrations of leptin plus insulin, the percentage of
rezasurin reduction in the RM1 cell culture medium was no
different from control.

The results obtained in the herein study corroborate
the results obtained in our previous in vivo study [34]. In
that previous work, we have inoculated subcutaneously
with RM1 different obese mice models, namely ob/ob mice,
db/db mice and mice with diet induced obesity (DIO),
while normoponderal C57BL/6J mice were used as controls.
We demonstrated then that leptin deficient ob/ob and DIO
mice developed larger tumors while hyperleptinemic and
insulin deficient db/db mice developed smaller tumors
when compared with controls. Additionally, there was a
negative correlation between leptin plasma levels and
tumor size and the cell proliferation indexes evaluated
suggesting that leptin does not act as tumor proliferative
promoter but rather as an inhibitor of RM1 cell proliferation
[34]. Furthermore, we have shown that hyperinsulinemic and
leptin deficient ob/ob mice were the group that presented
larger tumors when compared with controls suggesting that

insulin could have a role in promoting RM1 cell proliferation
or prevented the anti-proliferative effects of leptin [34].

In our current study we were able to demonstrate that
leptin depict an anti-proliferative effect on RM1 cell
growth, as well as insulin, although in a less pronounced
way, and also that insulin hindered the anti-proliferative
effects of leptin in tumor cell growth, as it was suggested
by the in vivo study where ob/ob mice presenting high
levels of insulin and leptin deficiency presented signifi-
cantly larger tumors when compared with tumors of control
mice (C57BL/6J) [34].

Although obesity is a medical condition with rising
prevalence, it is far from representing a homogeneous
population characterized by an increased body mass index
[42]. With the rare exception of individuals with congenital
leptin deficiency, obesity is associated with increased levels
of leptin that are proportional to the fat mass, whilst insulin
levels may vary depending on the degree of insulin resistance
which may not be linearly related to the obese state [43]. Even
though most obese individuals have high levels of leptin and
insulin, depending on genetic factors, there are some lean
individuals with high insulin levels and obese individuals with
low insulin levels, which may act as a confounding factor in
human based epidemiologic studies [44]. Additionally, the
insulin resistant state over the years may be associated with
pancreatic β cell failure and insulin deficiency that usually
characterizes the development of diabetes mellitus [45].
Remarkably, diabetes mellitus has been associated with a
lower risk factor for prostate cancer [46, 47].

In conclusion, our in vitro study suggests that leptin
inhibits cell proliferation and insulin seams to antagonize
the anti-proliferative effects of leptin, which may explain
the heterogeneity of results arising from the human studies.
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Table 3 RM1 cell growth in presence of leptin plus insulin in the different studied concentrations was not significantly different from control

[Leptin] (ng/mL) [Insulin] Time 0 Time 1 Time 2 Time 3 Time 4 Time 5
(nM) 0 h 2 h 4 h 6 h 12 h 22 h

0 0 0 3.45±1.40 5.55±0.42 13.04±2.10 34.58±1.31 81.17±1.57

25 50 0 0.52±1.83 3.33±1.30 13.70±0.95 30.45±0.65 74.55±0.68

25 150 0 3.53±0.52 5.29±0.43 13.19±0,26 31.22±0.58 71.22±1.43

50 100 0 1.55±0.52 4.11±0.65 12.35±0.73** 32.63±0.97 79.27±0.83

100 50 0 −1.35±0.89 4.08±1.90 3.89±6.50 30.72±0.70 72.18±0.75

100 150 0 1.06±0.54 5.17±0.25 15.08±0.59 36.62±1.29 82.94±0.41

200 200 0 1.63±0.63 3.52±0.70 13.63±1.07 31.59±0.88 76.50±0.88

(**p<0.01)
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