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Abstract
Background/objectives Survivin is an oncogene associated with a decrease in apoptosis, an increase in tumor growth, and
poor clinical outcome of diverse malignancies. A correlation between obesity, cancer, and survivin is reported in the
literature. To date, the impact of weight loss on change in survivin levels is understudied. This study was aimed at: (1)
comparing survivin levels in adipose tissue (AT) from lean and obese animal models and evaluating changes after weight
loss induced by energy restriction and/or exercise; (2) comparing survivin levels in normal weighted and obese humans and
evaluating changes in survivin levels after weight loss induced by a very-low-calorie ketogenic diet (VLCKD) or bariatric
surgery in AT and/or blood leukocytes (PBL/PBMCs).
Subjects/methods Survivin expression was evaluated in subcutaneous (SAT) and visceral (VAT) AT derived from animal
models of monogenic (Zucker rats) and diet-induced obesity (Sprague Dawley rats and C57BL/6J mice) and after a 4-week
weight-loss protocol of energy restriction and/or exercise. Plasma was used to measure the inflammatory status. Survivin
expression was also evaluated in PBMCs from patients with obesity and compared with normal weight, in PBLs after
VLCKD, and in SAT and/or PBLs after bariatric surgery.
Results Survivin expression was specifically higher in VAT from obese that lean animals, without differences in SAT. It
decreased after weight loss induced by energy restriction and correlated with adiposity and inflammatory markers. In
humans, the correlation between being obese and higher levels of survivin was confirmed. In obese subjects, survivin levels
were reduced following weight loss after either VLCKD or bariatric surgery. Particularly, a decrease in PBMCs expression
(not in SAT one) was found after surgery.
Conclusions Weight loss is effective in decreasing survivin levels. Also, PBL/PBMC should be regarded as appropriate
mirror of survivin levels in VAT for the identification of an obesity-related protumoral microenvironment.

Introduction

Obesity, a disease with epidemic proportions [1–3], is
responsible for the development of numerous complications
such as type 2 diabetes [4, 5], cardiovascular diseases [6],
and several types of cancer [7]. This disease originates as a
result of a positive energy balance that triggers an abnormal
expansion and dysfunction of white adipose tissue [8, 9]
and secretion of several bioactive molecules such as adi-
pokines [10]. In addition, this excessive accumulation of
visceral and ectopic fat leads to chronic low-grade inflam-
mation [11], so recent research postulates the dysfunction of
visceral adipose tissue (VAT) characteristic of obesity as the
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mechanism responsible for the development of associated
complications, such as metabolic diseases or cancer
[12, 13]. In this line, previous works demonstrate that the
link between obesity and cancer may be associated with the
microenvironment generated by the effect of VAT dys-
function, which could promote the development of tumor
[14]. In fact, waist-related measures were predictors of
obesity-related cancer in a gender-dependent manner [15].
The cellular mechanisms underlying the association
between obesity and cancer are not yet fully known, so new
findings in this field will be very relevant in personalized
and precision medicine for the treatment of cancers asso-
ciated with obesity.

The oncogene survivin is a key member of the family of
apoptosis inhibitors and is involved in the promotion of cell
division. Survivin expression is increased in most tumors
[16–19] and it may affect the response of tumor cells to
anticancer agents and may be associated with alterations in
survival in carcinogenic processes [19–22]. Survivin also
acts on several types of non-tumor cells and tumor-free
tissues [23], such as the fraction of AT-derived stem cells of
obese subjects [24], and it has been identified as a key
regulator of lipid storage and adipocyte metabolism [25].
Altered expression of survivin in non-tumor breast tissue of
rats [26], in human cell line of non-tumor breast [26], and in
tumor-free liver in rats [27] was also found, all in associa-
tion with the effect of factors secreted by AT in obesity.
These effects were also reflected in the circulating leuko-
cytes of women with obesity with breast cancer and without
tumor [26].

This work was aimed to evaluate and compare the
expression of survivin in subcutaneous adipose tissue
(SAT) and VAT of animal models of tumor-free obesity and
determine the possible effect of weight-loss interventions.
In addition, we aim to validate these results in patients with

obesity and after therapies for weight loss (very-low-calorie
ketogenic diet (VLCKD) [28] and bariatric surgery).

Materials and methods

Animals

Monogenic obesity

The experimental studies (Table 1) were performed using 8-
week-old male obese Zucker rats (fa/fa, n= 40) and lean
Zucker rats (Fa/fa, n= 10) that were purchased from
Charles River Laboratories (Barcelona, Spain). They were
allowed to acclimatize for 1 week upon arrival and were
provided with free access to water and a standard laboratory
diet (SAFE—Panlab, Spain) that was comprised of 5.5%
lipid, 23% protein, and 70% carbohydrate content. Body
weight (BW) and food and water intake were measured
throughout the experimental period.

A group of obese rats (fa/fa, n= 30) was randomly
divided into three subgroups that included an energy
restriction group (Ob ER; n= 10), an exercise group (Ob
EX; n= 10), and an energy restriction plus exercise group
(Ob EREX; n= 10). These obese rats were individually
housed for 1 week, and their individual food intake was
weighed and recorded. Then, the rats in the Ob ER and the
Ob EREX groups were fed a diet that was 30% less in
quantity compared with that of their individual food intake
for 4 weeks (based on the weight of food), and the
remaining rats and the rats in the control group (Ob AL;
n= 10) were maintained on an ad libitum diet. Animals
from the Ob EX and the Ob EREX groups were placed on a
monitored rodent treadmill (Treadmill system 303401-R-
04/C, TSE-Systems, Inc, USA) for 10 min/day, and the

Table 1 Characteristics of animal experimental groups (Zucker rats, Sprague Dawley-DIO rats, and C57BL/6J-DIO mice).

Zucker rats DIO rats DIO mice

Lean Ob AL Ob ER Ob EX Ob EREX Lean DIO Lean DIO CR

n 10 10 10 10 10 12 14 4 8 8

Age (weeks) 20 20 20 20 20 16 16 38 38 38

Body weight (kg) 428.4 ± 20.2 617.7 ± 46.3a 462.2 ± 38.5b 606.3 ± 44.8a,c 455.3 ± 37.6b,d 228.5 ± 12.0 243.5 ± 21.5a 34.5 ± 2.7 53.0 ± 2.7a,c 42.5 ± 5.2a,b

Fat mass (g) 36.7 ± 7.4 252.2 ± 24.8a 184.5 ± 26.3a,b 245.3 ± 18.9a,c 173.6 ± 19.1a,b,d 15.6 ± 5.2 32.5 ± 5.7a – – –

Fat-free mass (g) 321.2 ± 13.6 296.5 ± 17.7 241.1 ± 12.0a,b 292.9 ± 21.6c 246.0 ± 18.5a,b,d 172.3 ± 7.8 170.0 ± 16.1 – – –

Ob AL obese ad libitum, Ob ER obese energy restriction, Ob EX obese exercise, Ob EREX obese energy restriction and exercise, DIO diet-induced
obesity, CR caloric restriction.
aStatistically significant differences compared with lean.
bStatistically significant differences compared with Ob AL or DIO.
cStatistically significant differences compared with Ob ER or CR.
dStatistically significant differences compared with Ob EX.
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intensity of the exercise was increased progressively from
10 m/min to 20 m/min for 1 week to allow for familiariza-
tion. The animals were then placed on the treadmill for
30 min/day at 20 m/min, and this was continued for 7 days
per week over a period of 4 weeks.

Diet-induced obesity (DIO)

Twenty-six male, 3-week old Sprague Dawley rats, and 20
male, 8-week old C57BL/6J mice [29], were obtained from
the central animal facilities of the Universidad de Santiago
de Compostela. After the acclimatization period (1 week),
rodents were randomized into weight-matched groups (two
groups and n= 12–14 animals/group in rats; three groups
and n= 4–8 animals/group in mice). One group was pro-
vided with ad libitum access to a standard diet (SAFE—
Panlab, Spain). The other groups were fed with a high-fat
diet (HFD) (Open Source Diets, Research Diets; Bro-
gaarden, Denmark, Reference D 12492) that consisted of
60% lipid, 20% protein, and 20% carbohydrate for
12 weeks in rats and 29 weeks in mice and, in addition, the
group caloric restriction (CR) of mice was fed a diet that
was 30% less in quantity compared with that of their indi-
vidual food intake for last 3 weeks (based on the weight of
food). BW, food, and water intake were measured
throughout the experimental period (Table 1).

All animal experiments and procedures used in this study
were approved by the Animal Care Committee of the
University of Santiago de Compostela in accordance with
our institutional guidelines and the European Union stan-
dards for the care and use of experimental animals.

Humans

Obese and normal-weight patients as a cross-sectional
cohort

A group of healthy humans exhibiting normal weight (n=
29; 35.8 ± 9.4 years, 22.1 ± 2.2 kg/m2) or obesity (n= 22;
40.1 ± 11.3 years; 39.1 ± 9.2 kg/m2) was recruited for our
study (Table 2). All participants were in apparent good
health according to their medical history, physical exam-
ination, and routine biochemical and hematologic labora-
tory test results. The participants reported no use of
supplemental vitamins, minerals, or regular prescription
medications during the previous 3 months. Blood samples
were obtained after overnight fasting, and the plasma was
separated by centrifugation at 1268 × g and 4 °C for 15 min;
then was frozen at −80 °C for subsequent analyses. The
PBMCs were isolated by differential centrifugation using
Polymorphprep (Axis Shield PoC AS, Norway). The cell
pellet was resuspended in Trizol reagent (Invitrogen,
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Carlsbad, USA) and immediately frozen at −80 °C until the
RNA was extracted.

Obese patients following a VLCKD to lose weight as a
longitudinal cohort

A group of obese patients undergoing treatment at the
Department of Endocrinology and Nutrition at the Uni-
versity Clinical Hospital of Valladolid was recruited to
undergo a nutritional intervention based on a VLCKD as a
treatment for weight loss (PronoKal® Method) [30, 31]. The
range of ages and body mass indexes (BMIs) of the obese
patients were 1–65 years and 30 to 35 kg/m2, respectively.
All participants (n= 25) were generally healthy individuals,
and they exhibited no serious medical conditions (Table 2).
The study consisted of a clinical trial that possessed an open
and controlled design and included an evaluation by a phy-
sician and expert dietitian, group meetings, and exercise
recommendations performed in a hospital setting at 0
(baseline), 30 (maximum ketosis), and 180 (endpoint) days
from the start of treatment (clinicaltrial.gov: NCT01865448).
Blood samples were obtained after overnight fasting, and the
plasma was separated by centrifugation at 1268 × g and 4 °C
for 15min. The plasma samples were then frozen at −80 °C
for subsequent analyses. PBL were stabilized in RNAlater
Solution (Invitrogen, Carlsbad, USA) and immediately fro-
zen at −80 °C until the RNA was extracted.

Obese patients following a bariatric surgery as additional
longitudinal cohorts

The cohorts 1 and 2 were constituted by samples of SAT
from morbidly obese women (BMI > 40 kg/m2, n= 16)
before and ~1 and ~2 years after surgery-induced weight
loss (Roux-en-Y gastric bypass (RYGB)). All these subjects
were recruited at the Endocrinology Service of the Hospital
of Girona “Dr Josep Trueta,” were of Caucasian origin, and
reported that their BW had been stable for at least 3 months
before the study. Patients had no systemic disease other than
type 2 diabetes and obesity and all were free of any infec-
tions in the previous month before the study. Samples and
data from patients were partially provided by the FAT-
BANK platform promoted by the CIBEROBN and coor-
dinated by the IDIBGI Biobank. The average BMI of
bariatric patients was reduced by more than 30% after
surgery (Table 2).

Wide gene expression (Affymetrix GeneChip® Human
Gene 2.0 ST Array) and miRNA (miRNA 3.0 Array) pro-
files were analyzed by Ortega et al. [32]. Global gene
expression using two different microarray platforms (AB
1700 and Illumina) was analyzed by Dankel et al. [33].

The cohort 3 was constituted by samples of PBMCs from
women with morbid obesity (BMI > 40 kg/m2, n= 13)

before and 6 months after RYGB. All subjects were
recruited at the Hospital das Clínicas of the Ribeirão Preto
Medical School from Brazil. Patients with thyroid disease,
cancer, and psychiatric disorders were excluded. After
surgery, the average BMI of the patients was reduced by
25% (Table 2). Whole gene expression profiles were
determined by microarray analysis (Illumina® BeadCheap
HumanHT-12_v4 Array) [34].

All participants of the studies provided written informed
consent validated and approved by the Ethics Committee of
the institution (CEIC Galicia No. 2009/076; C.I: 40/13,
PNK-DHA2013-01; CEIC Girona No. 223/2004; CAAE:
18973913.0.0000.5440).

Body composition and biochemical measurements

In the animal models, weekly body composition studies
were assessed using an Echo Magnetic Resonance Imaging
System (EchoMRI 700; Echo Medical System, USA).
Rodents were euthanized with CO2 and decapitated, and
organs and tissues were obtained, immediately frozen on
dry ice, and stored at −80 °C until analysis. Plasma levels
of pro-inflammatory cytokine monocyte chemoattractant
protein-1 (MCP-1) in Zucker rats were analyzed by ELISA
following the manufacturer’s protocol (Bio-Plex Pro™
Cytokine MCP-1, Bio-Rad Laboratories, USA).

Patients were weighed on a calibrated scale (Seca
200 scale, Medical Resources, EPI Inc OH, USA). BMI was
calculated as BW in kg divided by the square of the body
height in meters. Waist circumference was measured using a
standard flexible nonelastic metric tape over the midpoint
between the last rib and the iliac crest, while the patient was
standing and exhaling.

Gene expression assessment

RNA was isolated using Trizol (Invitrogen) from the VAT
and SAT samples of rats and from leukocytes derived from
patients according to the manufacturer’s recommendations.
The expression of survivin was assessed using TaqMan
real-time PCR as previously describe [14, 27]. For data
analysis, gene expression levels were normalized GAPDH
as internal control, and they were expressed as the average
value for the control group according to the 2−ΔΔCt method.
RT-qPCR experiments were performed in compliance with
the Minimum Information for Publication of Quantitative
Real-Time PCR Experiments guidelines (http:// www.rdml.
org/miqe).

Protein extraction and western blot analysis

All the steps for extraction and preparation protein samples
from tissue were carried out at 4 °C by following the
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protocol required as previously described [27]. The data are
expressed as percentages corrected for GAPDH (arbitrary
units).

Statistical analysis

The sample size of the current study was calculated to detect
differences in BW in both animal and human cohorts. It was
calculated to achieve a α= 0.05, and a power (1-β) of 80%.
Normal distributions were assessed using the
Kolmogorov–Smirnov test and the Shapiro–Wilk test. Dif-
ferences in BW and body composition, gene expression,
and MCP-1 levels between the groups comprising subjects
with normal weight and obesity were evaluated by Stu-
dent’s t test. In addition, differences between the weight-
loss treatment groups were evaluated by univariant
ANOVA for the animal model and by repeated-
measurements ANOVA for the longitudinal cohort of
patients; both analysis of variance followed by the Bon-
ferroni multiple comparison test. The association between
the expression of survivin and body composition and MCP-
1 levels was evaluated by the rho Spearman test. All data
are expressed as the mean ± standard deviation in the tables
and as the mean ± standard error of the mean (SEM) in the
figures. P values < 0.05 were considered statistically sig-
nificant, and a P value ≤ 0.1 was considered to be indicative
of a trend for significance. Statistical analysis was per-
formed using SPSS 21.0 software (SPSS Inc, USA) for
Windows XP (Microsoft, USA) and GraphPad Prism
6.01 software (GraphPad Software Inc, USA).

Results

Survivin gene expression in AT of rodents with
obesity comparing with lean and in response to
weight-loss intervention

In Zucker model, we fed rats a standard diet (ad libitum)
while monitoring their BW gain and body composition. At
the end of the experiment, the rats with obesity (fa/fa)
exhibited a higher BW and higher fat mass (FM) compared
with that of their lean littermates (Fa/fa) (Table 1), without
statistically significant differences in fat-free mass (FFM).
Regarding to the expression of survivin (Fig. 1), no statis-
tically significant differences were observed in SAT
between rats with obesity and lean. By contrast, higher
levels of both gene (Fig. 1a) and protein (Fig. 1b) expres-
sion were observed in VAT from rats with
obesity than lean. These differences were statistically
significant.

After 4 weeks of weight loss, Ob ER and Ob EREX
groups possessed a BW less than Ob AL group and were

similar to lean control (Table 1); however, no differences
were observed between the BW of the Ob EX and the Ob
AL groups. According to BW loss, the amount of FM was
also reduced by a similar amount in Ob ER and Ob EREX
groups, and there was a modest reduction in the amount of
FFM (Table 1).

In the context of weight loss, survivin gene expression
(Fig. 1c) and protein levels (Fig. 1d) in SAT were reduced
more significantly in Ob ER group, while Ob EX and Ob
EREX groups exhibited no statistically important changes.
In VAT, a relevant and statistically significant reduction
was observed in Ob ER and Ob EREX groups compared
with Ob AL group (Fig. 1e, f). Ob EX group exhibited an
expression similar to Ob AL group, where the survivin
expression levels were significantly higher than in Ob ER
and Ob EREX groups (Fig. 1e, f).

Moreover, correlation analysis revealed a positive asso-
ciation between the survivin expression levels in VAT and
FM (Fig. 1g) and the circulating levels of MCP-1 (Fig. 1h).
All the observed associations were statistically significant
except between survivin expression in VAT and FFM as
well as the expression in SAT and BW, FM, FFM, and
MCP-1 (Supplementary 1b–f).

In DIO models, we found similar data to those observed
in Zucker rats. Specifically, Sprague Dawley rats with
obesity exhibited a higher survivin gene expression in VAT
compared with lean rats (Supplementary 2a). Mice with
obesity also exhibited a higher survivin gene expression in
VAT, which was reduced to levels similar to lean group
after CR by weight loss (Supplementary 2b). Interestingly,
in this DIO model, survivin expression in SAT was also
increased in the group with obesity and reduced after CR
(Supplementary 2b).

Survivin gene expression in human with obesity
comparing with normal weight and in response to
weight-loss intervention

The analysis of the survivin gene expression in PBMCs of
individuals with obesity revealed higher levels compared
with those of normal-weight individuals, mirroring the
results observed in the VAT of the animal model (Fig. 2a).
Moreover, a positive correlation was observed between
survivin expression in PBMCs and the BMI (Fig. 2b). It is
also relevant that the analysis of the survivin gene expres-
sion in the PBLs of patients with obesity undergoing a
VLCKD revealed a decrease at the maximum ketosis point
(mean of 9 kg of BW loss) and endpoint phase (mean of
20 kg of BW loss) compared with baseline (Fig. 2c). These
results are in agreement with those obtained from our ani-
mal model after energy restriction-induced weight loss and
again a positive correlation was observed between survivin
expression in PBLs and the BMI (Fig. 2d). Evolution of
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BW, waist circumference, and BMI is represented in
Table 2.

To reinforce these findings, we analyzed previously
published data from studies of bariatric surgery-induced

weight loss at 2 years [32], at 1 year [33], and at 6 months
[34]. The expression of survivin in SAT did not change
after 2 or 1 years following bariatric surgery (Fig. 2e);
however, according to results of VLCKD observed, the
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expression of survivin in PBMCs was significantly
decreased after 6 months following bariatric surgery-
induced weight loss (Fig. 2e).

Discussion

Survivin is an oncogene that was characterized as one of the
most powerful inhibitors of apoptosis [35, 36]. In this study,
we demonstrated that survivin expression in obesity is
elevated in VAT compared with that in SAT by using
animal models of both genetic and DIO, such over-
expression is reversible under energy-restricting conditions.
These findings were also demonstrated in blood leukocytes
from patients with obesity compared with lean individuals
and after weight-loss interventions with a VLCKD or bar-
iatric surgery.

During this century, the close relationship between obesity
and cancer has become evident and represents one of the
greatest challenges among the pathologies associated with
obesity [37]. Despite this, the mechanisms responsible for this
association have not yet been characterized in detail. Previous
studies have revealed that leptin levels induce carcinogenesis
and this effect could be mediated in part by survivin
[24, 38, 39]. Leptin upregulates survivin expression in cardi-
omyocytes and breast cancer cells [40, 41]. Subjects with
obesity have high levels of circulating leptin unable to exert its
function, a state named leptin resistance [42, 43]. Relevantly,
the current study has been performed using Zucker rats, a
monogenic obesity model that presents a missense mutation in
the leptin receptor gene, which reduces its affinity for leptin and
its capacity for signal transduction [44]. Therefore, the obesity-
related expression of survivin observed in this study may be
independent of the action of leptin. The increased expression of
survivin in both genetic and DIO was specially detected in
VAT, while the transcript levels of survivin was similar in SAT
from animals with obesity than animals with normal weight.
Conversely, when the expression of survivin was evaluated in
animals that were fed a HFD during a long time (29 vs.
12 weeks), the obesity-related increase in the expression of

survivin was also observed in the SAT of these animals. These
results could suggest that survivin is regulated by factors
induced by a dysfunctional VAT, such as inflammation and
oxidative stress, which were proposed as major promoters of
obesity-related diseases, such as insulin resistance, cardiovas-
cular disease, and cancer [12, 13]. So, exposing an obesogenic
environment for a long time would also alter the functionality
of the SAT which could secrete the same inflammatory and
oxidative stress factors that regulate survivin expression in both
VAT and SAT of these animals.

Weight-loss treatments considerably reduce these
intrinsic pathological conditions within AT, and therefore,
they also decrease the health risks [45–47]. In this context,
our data clearly indicate that survivin levels in VAT and in
SAT are reduced by 50% after weight loss induced by
energy restriction treatment. It suggests that survivin
expression is associated with adiposity features. In fact,
positive correlations with BW and FM were observed in the
animal model of Zucker rats. Correlations were also
observed between survivin expression and plasma levels of
MCP-1, a relevant marker of obesity-related inflammation.

Even though physical exercise is able to induce a
reduction in several pathological conditions associated to
obesity, in the current study, physical exercise did not
influence the survivin expression. Further studies are need
to demonstrate if the expression of survivin is not modu-
lated by exercise or whether more time or intensity of
exercise is necessary to detect these effects.

In order to translate the preclinical results to a clinical
setting, in the current study, the survivin expression was
also evaluated in human PBMCs, as similar of that observed
in AT. Accordingly, the results observed in the animal
models were replicated in PBMCs from patients with obe-
sity compared with subjects who were normal weight.
Moreover, after weight loss induced by energy-restricted
diet or bariatric surgery [34] the survivin expression in
blood leukocytes was downregulated and correlated with
obesity features; similar to that observed in the preclinical
models. However, the expression of survivin did not change
in SAT from patients after bariatric surgery [32, 33]. It
could suggest that the expression of survivin in PBMCs
could be mirroring the expression of this gene in VAT. In
fact, both, a VLCKD [31] and bariatric surgery [48] are able
to induce a huge reduction in BW and FM, particularly
visceral FM. These finding further corroborates the use of
blood leukocytes as a noninvasive model for the molecular
monitoring of the state of AT in both physiological and
pathological states.

Therefore, our current study revealed an increase in the
antiapoptotic pathways in AT under conditions of obesity
and their correlation with the degree of systemic inflam-
mation in animal models, highlighting that survivin could
be related to the abnormal expansion of FM and the

Fig. 1 Survivin expression (gene and protein) in AT from obese
Zucker rats after weight-loss intervention. Survivin gene expression
(a) and protein levels (b) in SAT and VAT from lean and obese
animals. Effect of 4 weeks of weight-loss interventions on survivin
expression compared with that in the obese ad libitum group. Survivin
gene expression (c) and protein levels (d) in SAT. Survivin gene
expression (e) and protein levels (f) in VAT. Correlation between
survivin transcript levels in VAT and FM (g), and MCP-1 (h). Data are
represented as the mean ± SEM, n= 10 animals/group. aP < 0.05 vs.
Ob AL, bP < 0.05 vs. Ob ER, and cP < 0.05 Ob EX. Ob AL were
evaluated by univariant ANOVA and Bonferroni post hoc tests. Ob Al
obese ad libitum group, Ob ER obese energy restriction group, Ob EX
obese exercise group, Ob EREX obese energy restriction plus
exercise group.
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development of tumor processes. Notably, our findings also
indicate that these associations between survivin expression
and adiposity features are restored after weight loss.

The strength of this study is the use of different animal
models of obesity and the development of an energy
restriction treatment to lose weight in both genetic and DIO
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models. Other strength is the replication of the preclinical
results in a noninvasive sample from human cohorts of
obesity and after weight-loss therapies such as a VLCKD or
bariatric surgery. In fact, this study provides for the first
time, evidence revealing that survivin is mainly over-
expresses in obesity-related VAT and it can be evaluated in
blood leukocytes for monitoring the evolution of obesity
pathogenesis. A limitation of this study could be its
observational design and the lack of VAT in the long-
itudinal cohort of patients after energy restriction treatment
or bariatric surgery. This fact only allows proposing
hypothesis and mechanisms on the potential involvement of
VAT survivin expression in the association between obesity
and cancer, rather than demonstrating causality; but they
warrant the need for further studies to demonstrate the role
of survivin expression in the pathogenesis of obesity.

In conclusion, the oncogene survivin has emerged as an
important molecule in the biology of AT, as its expression
levels could be involved in the development and main-
tenance of obesity. This molecule may also provide a
potential link between obesity and cancer. Our results show
that its expression is increased in obesity, and it is parti-
cularly elevated in VAT, a type of fat responsible for the
secretion of cytokines and pro-inflammatory factors. Inter-
ventions for weight loss can reverse this effect, ultimately
decreasing the levels to values similar to those of the control
group. In the human cohorts evaluated, the same pattern of
expression was observed, where they increased in obesity
and decreased after weight-loss interventions. These data
suggest that survivin could be used as a possible biomarker
for the identification of a pro-tumorigenic microenviron-
ment that may result from obesity and prevented after a
therapy to lose weight. In addition, our findings also rein-
force the idea of using minimally invasive human samples
(blood/leukocytes) to monitor non-accessible tissues in the
management of obesity.
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