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Context: New types of dietary exposure biomarkers are needed to implement effective strategies
for obesity prevention in children. Of special interest are biomarkers of consumption of food rich
in simple sugars and fat, as their intake has been associated with obesity development. Peripheral
blood cells (PBCs) represent a new promising tool for identifying novel transcript-based
biomarkers.

Objective: To study potential associations between the transcripts of taste-receptor-type-1-mem-
ber-3 (TAS1R3) and urocortin II (UCN2) genes in PBCs and the frequency of sugary and fatty food
consumption in children.

Design, setting and participants: 463 children from the IDEFICS cohort selected to include similar
number of boys and girls, with normal-weight and overweight, belonging to eight European
countries.

Main outcome measures: Anthropometric parameters (measured at baseline and in a subset of 193
children after two years), food consumption frequency and transcript levels of TAS1R3 and UCN2
genes in PBCs.

Results: Children with low frequency consumption of sugary foods displayed higher TAS1R3 ex-
pression levels with respect to those with intermediate or high frequency. In turn, children with
high frequency consumption of fatty foods showed lower UCN2 expression levels with respect to
those with low or intermediate frequency. Moreover, transcripts of TAS1R3 were related with BMI
and fat-mass changes after a two-year follow-up period, with low expression levels of this gene
being related with increased fat accumulation overtime.

Conclusion: The transcripts of TAS1R3 and UCN2 in PBCs may be considered as potential biomarkers
of consumption of sugary and fatty food, respectively, to complement data of food-intake
questionnaires.
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Childhood is a critical life period for the establishment
of dietary habits, which may affect nutrition and

health status later in life (1). Individual preferences and
consumption of palatable high-energy foods, such as those
rich in fat or sugars, during early ages have been associated
to obesity and its related complications (2–6). In this re-
gard, different scientific advisory bodies gave specific ad-
vice for the consumption of fat and sugar (7–9). However,
to establish coherent, effective food-based strategies to
prevent obesity in children, more precise measures of ac-
tual intake of sugary and fatty foods are needed. In this
sense, identification of biomarkers related to food con-
sumption patterns may provide more objective measures
to complement data of food intake questionnaires.

Quantification of nutrition, meaning not only what is
ingested but also its biological effects, is hindered by the
lack of appropriate biomarkers. At present, there are few
biomarkers of food exposure, and the existing ones - with
the exception of some nutrients - are generally very im-
precise in measuring real intake (10). Nutrigenomic-based
technologies offer new tools to address this deficiency
(11). Concretely, the transcriptional profile of peripheral
blood cells (PBCs), using whole blood cells or the purified
fraction of peripheral mononuclear cells (PBMCs), has
been proposed as a useful instrument to assess the phys-
iological and nutritional effects of food (12, 13). Blood
cells offer the advantage, over other human tissues, of
being easily accessible from blood samples, while reflect-
ing the transcription profile occurring in other tissues (14,
15).Associationsbetween foodconsumptionand the tran-
scriptional profile of PBCs have been previously reported
in a microarray study, showing that gene expression pro-
files in PBMCs from healthy humans were different ac-
cording to dietary patterns (13). There are also several
studies showing changes in transcriptomic profile of PB-
MCs after consumption of diets rich in n3 PUFAS (16–18)
and other dietary modifications (reviewed in (19)). In chil-
dren, expression levels of specific genes in PBCs (using
whole blood cells) have been proposed as biomarkers of
the metabolic status, as they are indicative of the risk of the
insulin resistant or dyslipidaemic state associated with
obesity (20). Gene expression in PBCs of children has also
been shown to be related with the type of feeding during
lactation, and may be indicative of the protective effects of
breastfeeding against obesity and other metabolic altera-
tions (21).

Here we aimed to examine potential associations be-
tween transcript levels of candidate genes in PBCs and the
frequency of consumption of food rich in simple sugars
and fat to identify new biomarkers of exposure to these
types of food. Selected candidate genes were taste receptor
type 1 member 3 (TAS1R3), for sugary food, and urocor-

tin II (UCN2), for fatty food. The selection of genes was
based on existing literature suggesting their association
with sensitivity to and/or preference for sugar or fat (22,
23), and on our preliminary assays showing significant
expression of these genes in PBCs. TAS1R3 gene codifies
for a sweet taste receptor (TAS1R3), and single-nucleotide
polymorphisms in the human TAS1R3 gene have been
associated with differences in sucrose taste sensitivity (22).
In turn, UCN2 encodes for urocortin 2 (UCN2), which
belongs to a family of corticotrophin releasing factor pep-
tides with an important role in the control of food intake
(23). This peptide seems to be related to the preference for
high-fat food but with controversial results. Concretely, in
rats, expression levels of UCN2 in hypothalamus have
been correlated with the preference for high-fat diet (24),
but when centrally administered, it has been shown to
produce a significant decrease in the intake of high-fat diet
(25). Thus we studied potential associations between tran-
script levels of TAS1R3 and UCN2 in PBCs and the fre-
quency of consumption of sugary and fatty food, respec-
tively, in a sample of children from the IDEFICS cohort
(26). In addition, the predictive value of the expression of
these genes on the risk of body fat accumulation over time
was ascertained in a two-year follow-up of a subgroup of
the study population.

Subjects and Methods

Participants
Subjects involved in the study were a sample of 463 children

from the IDEFICS cohort and aged between 2 and 11 years. The
participants were selected to include a similar number of both
boys and girls, with normal weight and overweight, and belong-
ing to the eight European countries involved in the IDEFICS
project as survey centers (Germany, Hungary, Italy, Cyprus,
Spain, Estonia, Sweden and Belgium). A subset of children (193;
89 boys and 104 girls) was also examined after a follow-up pe-
riod of 2 years.

Approval by the appropriate ethics committees was obtained
by each of the eight participating centers carrying out the field-
work. Participants were not subjected to any study procedure
before both the children and their parents gave their oral (chil-
dren) and written (parents) informed consent for examinations,
collection of samples, subsequent analysis and storage of per-
sonal data and collected samples. Details concerning the biolog-
ical samples collected and processed for the IDEFICS survey have
been described elsewhere in detail (27).

Anthropometric measurements
Children in the IDEFICS surveys underwent a standardized

physical examination. Anthropometric data included body
weight and height, waist circumference and the measurement of
skinfold thickness. A detailed description of the anthropometric
measurements adopted in the IDEFICS study, including intra-
and interobserver reliability, has been published (28). The mea-
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surement of weight was carried out using an electronic scale
(Tanita BC 420 SMA, Tanita Europe GmbH, Sindelfingen, Ger-
many) to the nearest 0.1 kg with children wearing light clothes
and without shoes. Height was measured using a telescopic
height measuring instrument (Seca 225 stadiometer, Birming-
ham, UK) to the nearest 0.1 cm. BMI was calculated as weight (in
kg) divided by height squared (in m). Waist circumference was
measured using an inelastic tape (Seca 200, Birmingham, UK),
precision 0.1 cm, at the midpoint between the iliac crest and the
lower coastal border or 10th rib with the subject in a standing
position and recorded at the nearest 0.1 cm. Both triceps and
subscapular skinfold thickness ware measured by means of a
caliper (Holtain, Holtain Ltd,Pembrokeshire, UK, range 0640
mm). Measures were taken twice on the right hand side of the
body and the mean was calculated. For the definition of over-
weight/obesity, children were grouped into two categories using
the cut-points defined by Cole et al (29).

Dietary assessment
Food consumption frequency was estimated by the Children’

s Eating Habits Questionnaire (CEHQ -FFQ) (30), in which par-
ents or another proxy living with the child report the frequency
of their child’ s consumption of selected food items in a typical
week during the preceding 4 weeks, outside the school canteen or
childcare meal provision settings. CEHQ -FFQ asked for the
consumption frequency of 43 pan-European food items of 14
food groups. Response options were as follows: ‘Never/less than
once a week’, ‘1–3 times a week’, ‘4–6 times a week’, ‘1 time per
day’, ‘2 times per day’, ‘3 times per day’, ‘4 or more times per day’
and ‘I have no idea’. Frequency categories were converted into
times per week ranging from 0 to 30. The response “I have no
idea” was treated as missing. Children with more than 50%
missing food items were excluded of the calculation. Consump-
tion frequencies of simple sugar (or sugary) and fatty food were
considered in the analysis. The types of foods included in both
categories and the weekly frequency of consumption corre-
sponding to the 25th and 75th percentiles are indicated in Table
1.

For association studies, dietary assessment data of sugary and
fatty food frequencies were classified into three categories ac-
cording to percentiles: low consumption (below the 25th per-
centile), intermediate consumption (between 25–75th percen-
tiles) and high consumption (above the 75th percentile).

A separate 24-hour recall module was used to estimate energy
and macronutrient intake. This was performed using the com-
puter-assisted 24-hour dietary recalls (24-HDR), called SACINA
(‘Self Administered Children and Infant Nutrition Assessment’)
(31). Parents or other caregivers as proxy respondents for re-

calling children’s diet required information on amount (g) and
type of all foods and drinks that were consumed during the pre-
vious day, starting with the first intake after waking up in the
morning. Accurate estimation of portion size was assisted using
standardized photographs. School meals, drinks and snacks con-
sumed the day prior to the 24-HDR were assessed using a stan-
dardized observer sheet, completed by trained personnel.

Real-time quantitative RT-polymerase chain
reaction (PCR) (RT-qPCR) analysis in whole blood
cells

Reverse transcription quantitative PCR (RT-qPCR) was used
to measure mRNA expression levels as previously described (20).
In short, a total of 2.5 mL of peripheral blood was collected under
fasting conditions into PAXgene vacutainer tubes via antecubital
fossa venipuncture, following the manufacturer’s instructions
(Qiagen, Hilden, Germany). Total RNA was isolated using the
PAXgene blood RNA kit according to the manufacturer’s in-
structions (Qiagen). Primers were obtained from Sigma Genosys
(Sigma-Aldrich Quimica SA, Madrid, Spain). The threshold cy-
cle (Ct) was calculated by the instrument’s software (StepOne
Software v2.2.2) and the relative expression of each mRNA was
calculated using the 2-��Ct method. Trim27 was used as a house-
keeping gene for PCR normalization (32). The suitability of this
gene as a housekeeping was also confirmed.

Statistical analysis
Statistical analysis was performed using SPSS (version 20).

Data are presented as mean and the standard deviation. One-way
ANCOVA was used to assess differences between groups divided
according to the percentile of distribution, adjusted for age and
BMI. Bonferroni post hoc test was used when differences were
statistically significant. When indicated, ANCOVA analysis was
also adjusted for food consumption frequency variables. The
Chi-Square test was used to compare proportions for categorical
variables, and Student’s t test was used to compare two means of
continuous variables. Threshold of significance was defined at
P � .05.

Results

Characteristics of the population
463 children from the IDEFICS cohort were studied.

Characteristics of the study population are presented in
Table 2. The sample studied included boys and girls, with

Table 1. Frequencies of consumption of sugary and fatty food, expressed in times per week, corresponding to the
25th and 75th percentiles in the study population. The types of foods included in each category is indicated.

Food
category

Frequency consumption

Types of food25th 75th

Sugary food 15 33 Fruit juices, sweetened drinks, sugar added cereals, sweetened milk,
sweetened yoghurt, and four types of snacks, like chocolate bars,
candies, cakes, or ice cream

Fatty food 2 7 Fried potatoes, fried fish, fried meat,
fried or scrambled eggs
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lean/normal weight (NW) and overweight/obese (OW), in
similar proportions. The mean age of all participants was
7.5 years (range 2.3 to 11.6).

Mean BMI, percentage of body fat, waist circumference
and sum of subscapular and triceps skinfolds did not differ
between boys and girls participants. These variables were
greater in the OW children in comparison with the NW
ones (Table 2). The mean total energy intake (1577 kcal/d)
and the percent of energy from each macronutrient cate-
gory, as well as the mean frequency of sugary and fatty
food consumption did not differ between boys and girls or
between NW and OW children (Table 2).

Expression levels of TAS1R3 and UCN2 were not dif-
ferent between boys and girls. No significant differences in
transcript levels of these genes were found between NW
and OW children either (Table 2).

Association studies between gene expression in
PBCs and food consumption frequency

Figure 1 shows the expression levels of TAS1R3 and
UCN2 in PBCs in the study population classified accord-
ing to percentiles of consumption frequencies of sugary
and fatty food (low, intermediate and high, representing �
25th, 25–75th and � 75th percentiles, respectively). Ex-
pression levels of TAS1R3 were associated with the fre-
quency of consumption of food rich in simple sugars. As
shown in Figure 1A, children with low frequency con-
sumption of food rich in simple sugars showed higher ex-
pression levels of TAS1R3 with respect to those with in-
termediate or high frequency.

Expression levels of UCN2 were associated with the
frequency of consumption of fatty food (Figure 1B). Con-

cretely, children with high frequency consumption of fatty
food showed lower expression levels of UCN2 with re-
spect to those with low or intermediate frequency
consumption.

Thus, expression levels of TAS1R3 and UCN2 in PBCs
appear to be related to the frequency of consumption of
sugary and fatty food. To estimate their potential useful-
ness as biomarkers of consumption of these types of food,
the same population of children was divided into three
categories according to gene expression levels (low, inter-
mediate and high, representing � 25th, 25–75th and �

75th percentiles, respectively) and the frequency of con-
sumption of these specific types of foods (Table 3). Sig-
nificant associations were found between TAS1R3 expres-
sion levels and the frequency of consumption of sugary
food (P � .01, Chi-Squared test), and between UCN2
expression levels and frequency consumption of fatty food
(P � .01, Chi-Squared test). Concerning TAS1R3, most of
the children with low expression levels of this gene showed
intermediate or high frequency consumption of sugary;
only 16% of them showed low frequency consumption of
sugary food. Conversely, children with high expression
levels showed low or intermediate frequency consumption
of these types of food; only 20% of them showed high
frequency consumption of sugary food. Intermediate lev-
els of expression of TAS1R3 did not seem to allow a clear
discrimination of the frequency of consumption of this
type of food. A similar association to that of TAS1R3 with
sugary food was found between UCN2 expression levels
and fatty food.

Table 2. Characteristics of the study population. Data are presented as mean and standard deviation (in brackets).
AU, arbitrary units; BMI, body mass index; NW, lean/normal weight; OW, overweight/obese; TAS1R3, taste receptor
type 1 member 3; UCN2, urocortin II. Statistics: *, differences between NW and OW (P � 0.05 by Student’s t test).

All
participants Boys Girls NW OW

n � 463 n � 224 n � 239 n � 222 n � 241
Anthropometric parameters
BMI (kg m-2) 18.9 (4.2) 19.1 (4.4) 18.8 (4.0) 15.4 (1.5) 22.2 (3.1) *
Body fat (%) 34.3 (9.3) 31.9 (9.6) 36.5 (8.4) 26.8 (6.3) 41.3 (5.4) *
Waist circumference (cm) 62.3 (11.1) 62.9 (11.6) 61.8 (10.7) 53.5 (4.8) 70.4 (8.9) *
Sum of skinfolds (mm) 25.5 (12.9) 24.1 (12.9) 26.8 (12.7) 15.1 (3.9) 35.2 (10.5) *
Energy intake
kcal/day 1577 (562) 1629 (583) 1527 (538) 1602 (569) 1549 (555)
% of energy from carbohydrate 53.0 (11.5) 52.7 (11.7) 53.3 (11.3) 52.5 (11.1) 53.5 (12.0)
% of energy from fat 32.6 (9.0) 32.9 (9.1) 32.3 (8.9) 33.2 (9.3) 31.9 (8.7)
% of energy from protein 15.5 (4.5) 15.3 (4.0) 15.6 (4.9) 15.3 (4.3) 15.7 (4.7)
Food intake frequency (times per week)
Sugary food 25.4 (14.5) 26.3 (15.8) 24.5 (13.2) 26.1 (14.2) 24.7 (14.9)
Fatty food 5.2 (3.8) 5.1 (3.8) 5.3 (3.9) 5.4 (4.0) 5.0 (3.7)
mRNA levels (AU)
TAS1R3 81.8 (142) 84.2 (149) 81.1 (135) 80.3 (134) 84.7 (150)
UCN2 27.8 (45.1) 31.6 (44.5) 27.7 (45.6) 32.0 (46.8) 27.5 (43.4)
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Association studies between gene expression in
PBCs and anthropometric parameters

Considering the above-described association between
expression levels of TAS1R3 and UCN2 in PBCs and the
frequencies of consumption of sugary and fatty food, we
next explored the potential relationship between expres-
sion levels of both genes and adiposity-related parameters
in the basal study population. As shown in Table 4, no
significant differences were found concerning BMI, per-

centage of body fat, waist circumference or sum of triceps
and subscapular skinfolds between the three categories of
children classified according to percentiles of expression
of TAS1R3 and of UCN2. However, as expected, frequen-
cies of sugary food consumption were different between
groups classified according to TAS1R3 mRNA expres-
sion, and frequencies of fatty food consumption were dif-
ferent between groups classified according to UCN2
mRNA expression (Table 4).

Association studies between gene expression in
PBCs and anthropometric parameters in a two-
year follow-up

To explore the predictive value of the expression levels
of TAS1R3 and UCN2 in PBCs on the risk of obesity
development, the changes in anthropometric parameters
(BMI, percentage of body fat, waist circumference, and
sum of triceps and subscapular skinfolds) over the two-
year follow-up were used. These data were available for a
subgroup of the study population (193 children). The ex-
pression levels of TAS1R3 in PBCs of children (divided
into three categories according to percentiles) were signif-
icantly associated with the two-year variation of anthro-
pometric parameters (Figure 2). Children with low ex-
pression levels of TAS1R3 (�25th percentile) showed a
greater increase in BMI (Figure 2A), waist circumference
(Figure 2C) and sum of skinfolds (Figure 2D) compared to
children with expression levels above the 25th percentile.
These associations were lost when the analyses were per-
formed adjusting by food consumption variables. No sig-
nificant associations were found between the expression
levels of UCN2 in PBCs and the above mentioned param-
eters (data not shown).

Notably, no significant associations were found be-
tween the frequencies of consumption of sugary or fatty
food and the two-year variation in the anthropometric
parameters above mentioned (data not shown).

Discussion

The development of new dietary-related biomarkers is
crucial for nutrition research to enable a more accurate
and objective assessment of food intake and to establish
effective food-based strategies to prevent obesity. Analysis
of PBCs transcriptomic profile is emerging as a useful tool
for this purpose (13). Most of blood cells gene expression
studies have been performed in a specific subpopulation,
the peripheral blood mononuclear cells (PBMCs), which
include lymphocytes and monocytes and constitutes a re-
liable and homogeneous sample for transcriptome analy-
sis (13, 16, 19). However, the technical procedures for the

Figure 1. Expression levels of TAS1R3 (A) and UCN2 (B) in peripheral
blood cells in the study population spread according to consumption
frequencies (�25th, 25–75th and � 75th percentiles) of sugary food
(for TAS1R3, taste receptor type 1 member 3) and fatty food (for
UCN2, urocortin II). Results are mean � standard deviation expressed
in arbitrary units (AU). The number of children in each group is
indicated. Statistics: a�b by Bonferroni post hoc analysis; p-values of
one-way ANCOVA are indicated.
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isolation of PBMCs require several methodological steps
that must be strictly followed and performed immediately
after blood collection to avoid ex vivo changes in gene
expression profile. This may cause several logistic and
technical problems, particularly when involve multicenter
studies. Alternative technical procedures, such as the
PAXgene blood RNA system, used in this study, allow the
collection and stabilization of RNA from whole blood
cells immediately upon blood sampling without the need
of further manipulations (33). Thus, this procedure offers
a number of technical advantages, such as the easy way of
collection, storage and transport of samples, or the re-
duced time of sample manipulation, that make this pro-

cedure easily standardized and highly reproducible, and
hence represent an attractive approach for multicenter
studies (34). The limitation of procedures using whole
blood cells is that they do not permit the sorting of specific
cell populations since all types of blood cells are lysed in
the process. In addition, some studies have shown in-
creased noise and reduced responsiveness with whole
blood cells in comparison to PBMCs (35). Nevertheless a
significant overlap between whole blood (using PAXgene
tubes) and PBMC gene expression has been demonstrated
(36, 37), and hence it is expected that biomarkers identi-
fied using whole blood cells may be extended to PBMCs.

The results of the present study, using whole blood

Table 3. Percentage and number (in brackets) of children with low, intermediate and high (�25th, 25–75th and
�75th percentiles, respectively) expression levels of TAS1R3 (taste receptor type 1 member 3) and of UCN2
(urocortin II) in peripheral blood cells and spread according to frequencies of consumption of sugary and fatty food.
Statistics: p-values of �-squared test (�2) are indicated.

Sugary food frequency �2

low (<25th)
intermediate (25–

75th) high (>75th) p
Expression levels of TAS1R3

low (�25th) 16.3% (13) 43.8% (35) 40.0% (32)
intermediate (25–75th) 20.6% (32) 45.8% (71) 23.5% (52) 0.001
high (�75th) 40.2% (33) 40.2% (33) 19.5% (16)

Fatty food frequency �2

low (�25th) intermediate (25–75th) high (�75th) p
Expression levels of

UCN2
low (�25th) 18.3% (17) 39.8% (37) 41.9% (39)
intermediate (25–75th) 27.6% (54) 43.4% (85) 29.1% (57) 0.00 009
high (�75th) 44.2% (42) 44.1% (39) 14.7% (14)

Table 4. Anthropometric parameters and food intake frequencies of consumption of sugary and fatty food of the
study population spread according to expression levels (�25th, 25–75th and �75th percentiles) of TAS1R3 (taste
receptor type 1 member 3) and of UCN2 (urocortin II). Results are mean and standard deviation (in brackets).
Statistics: a�b by Bonferroni post-hoc analysis.

TAS1R3 mRNA levels UCN2 mRNA levels

low
(<25th)

intermediate
(25–75th)

high
(>75th)

low
(<25th)

intermediate
(25–75th)

high
(>75th)

Anthropometric parameters

BMI (kg m-2) 19.3 (4.2) 18.9 (4.2) 18.3 (4.3) 19.3 (4.2) 18.6 (4.2) 19.1 (4.2)

Body fat (%) 35.0 (8.8) 34.5 (9.5) 32.9 (9.2) 35.5 (9.8) 33.6 (9.2) 34.6 (8,.9)
Waist

circumference
(cm)

63.6 (11.1) 62.3 (11.1) 60.4 (11.2) 63.0 (11.3) 61.7 (11.2) 62.4 (10.8)

Sum of
skinfolds
(mm)

27.2 (13.3) 25.5 (13.1) 23.2 (11.6) 27.5 (13.1) 24.4 (12.6) 25.5 (12.9)

Food intake frequency (times per week)

Sugary food 28.6 (15.3) a 25.7 (12.7) a 19.7 (12.8) b 24.9 (12.8) 25.6 (15.1) 24.2 (14.8)
Fatty food 5.7 (3.9) 5.4 (3.9) 4.6 (3.6) 6.1 (3.8) a 5.3 (4.0) a 4.0 (3.2) b
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cells, show that the expression levels of TAS1R3 and
UCN2 in PBCs of children are associated with frequencies
of consumption of groups of foods potentially related to
obesity development. Concretely, expression levels of
TAS1R3 are associated with frequency of sugary food
consumption, while expression levels of UCN2 are asso-
ciated with frequencies of fatty food consumption.

TAS1R3 gene codifies for a sweet taste receptor
(TAS1R3, taste receptor type 1 member 3) that forms a
heterodimer with TAS1R2 to recognize sweet-tasting mol-
ecules (38). Low expression levels of TAS1R3 in taste bud
cells have been related to lower sensitivity to the sweet
flavor (39), but notably, knock-out mice for this receptor
have a high preference for sucrose (40, 41). Thus, it seems
that low sensitivity for sweet flavor may favor higher con-
sumption of sweet-tasting food. Our findings showing
that children with low frequency consumption of sugary
food display higher expression levels of TAS1R3 in PBCs
in comparison to children with intermediate or high fre-
quencies, suggest that expression levels of this gene in
PBCs may be indicative of the frequency of sugary food
consumption. From the present results it can be deduced
that it is unlikely that children with high expression levels
of this gene in PBCs (� 75th percentile) will show a fre-
quency of consumption of sugary food above the 75th
percentile (� 33 per week). Conversely, low expression
levels of TAS1R3 (�25th percentile) may be indicative of

intermediate or high frequency of
consumption of food rich in simple
sugars (� 15 times per week).

UCN2 is one of the most potent
agonists of corticotropin-releasing
factor (CRF) 2 receptor (CRF2) and
is implicated in food intake and anx-
iety-like behavior (23). It seems that
UCN2 is involved in the preference
for high-fat food; high expression
levels of UCN2 in the hypothalamus
have been found to be positively cor-
related with the preference for high-
fat food in rats (24). However, when
centrally administered, this protein
has been shown to decrease high-fat
diet intake, not only in lean, but also
in diet-induced obese rats (25), as
well as to reduce the overeating of
palatable cafeteria diet (42). Nota-
bly, our results show that children
with high frequency consumption of
fatty food (above the 75th percen-
tile) display low expression levels of
UCN2 with respect to those with low
or intermediate frequencies. There-

fore, analogously to the case of TAS1R3 with sugary food,
low expression levels of UCN2 may be indicative of a
frequency of fatty food consumption above the 25th per-
centile (in this case more than 2 times per week).

Thus, TAS1R3 and UCN2 expression levels in PBCs
are related with the frequency of consumption of sugary
and fatty food, respectively, and hence may be considered
as potential biomarkers of the consumption of these types
of food. In both cases, their usefulness to correctly classify
individuals according to the frequency of consumption of
sugary and fatty food, respectively, seems to be of partic-
ular value for low or high expression levels of this gene.

Biomarkers able to assess the excessive consumption of
sugar- and fat-rich food are of high value to implement
early strategies for obesity prevention, because it has been
described that overconsumption of both groups of foods
may contribute to the obesity epidemic (43, 44). This kind
of biomarkers, in combination with questionnaires, may
help to avoid confounding factors related to human sub-
jective nature and deserves special interest in the case of
children. Interestingly,we showhere that expression levels
of TAS1R3 in PBCs may predict changes in body compo-
sition in a two-year follow-up. This association was lost
when the analysis was adjusted by food-consumption-fre-
quency variables, indicating that this relationship is de-
pendent on the children’s food intake. In this sense, chil-

Figure 2. Changes (�) in anthropometric parameters (A: body mass index (BMI); B: percentage
of body fat; C: waist circumference; and D: sum of skinfolds) over 2 years in a subset of the study
population spread according to expression levels of taste receptor type 1 member 3 (TAS1R3)
(�25th, 25–75th and � 75th percentiles). Results are mean � standard deviation. The number
of children in each group is indicated. Statistics: a�b by Bonferroni post hoc analysis; p-values of
one-way ANCOVA are indicated.
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dren with low expression levels of TAS1R3 in PBCs
(below the 25th percentile) underwent the greatest in-
crease in BMI, waist circumference and skinfolds com-
pared to children with higher levels of expression. Unlike
TAS1R3, expression levels of UCN2 were not signifi-
cantly related to changes in the above-mentioned anthro-
pometric parameters. In the current study, it is worth not-
ing that no significant associations were found when data
from questionnaires on sugary or fat frequency were used
instead of data on gene expression in the follow-up study.
This suggests that the measurement of the expression lev-
els of TAS1R3 in PBCs might reflect more accurately the
frequencies of consumption of specific types of undesir-
able food than the questionnaires, particularly in terms of
adverse effects on body weight and fat accumulation. A
limitation of the study is the fact of having fewer children
in the follow-up study, as well as the lack of information
on potential changes in food intake habits during this pe-
riod. Further studies in other populations would be inter-
esting to confirm these associations.

In summary, the results of the present study show that
TAS1R3 and UCN2 expression levels in PBCs are related
to the frequency of consumption of sugary food (case of
TAS1R3) and of fatty food (case of UCN2) in children,
and hence may be considered as potential biomarkers, to
be combined with data from food questionnaires. More-
over, expression levels of TAS1R3 in PBCs may predict the
risk of accumulating excess fat over time, more accurately
than the measurement of sugary food consumption.

Acknowledgments

This work was done as part of the IDEFICS study (http://ww-
w.idefics.eu) and the I.Family Study (http://www.ifam-
ilystudy.eu/). We gratefully acknowledge the financial support of
the European Community within the Sixth RTD Framework
Programme Contract No. 016 181 (FOOD) for the IDEFICS
study and within the Seventh RTD Framework Programme Con-
tract No. 266 044 for the I.Family study. This work was also
supported by the Instituto de Salud Carlos III, Centro de Inves-
tigación Biomédica en Red Fisiopatología de la Obesidad y Nu-
trición, CIBERobn. LBNB is a member of the European Research
Network of Excellence NuGO (The European Nutrigenomics
Organization, EU Contract: n° FP6–506 360).

Address all correspondence and requests for reprints to: Pro-
fessor Catalina Picó., Laboratory of Molecular Biology, Nutri-
tion and Biotechnology (Nutrigenomics)., Universitat de les Illes
Balears., Edifici Mateu Orfila. Carretera de Valldemossa Km
7.5, 07 122-Palma de Mallorca, Spain., Telephone: �34
971 173 454; Fax: �34 971 173 426., E-mail: cati.pico@uib.es.

Disclosure Summary: The authors have nothing to disclose.
This work was supported by .

References

1. Mennella JA, Ventura AK. Early feeding: setting the stage for healthy
eating habits. Nestle Nutrition workshop series Paediatric pro-
gramme 2011;68:153–163; discussion 164–158.

2. Aller EE, Abete I, Astrup A, Martinez JA, van Baak MA. Starches,
sugars and obesity. Nutrients. 2011;3:341–369.

3. Weiss R, Bremer AA, Lustig RH. What is metabolic syndrome, and
why are children getting it? Ann N Y Acad Sci. 2013;1281:123–140.

4. Bel-Serrat S, Mouratidou T, Bornhorst C, Peplies J, De Henauw S,
Marild S, Molnar D, Siani A, Tornaritis M, Veidebaum T, Krogh V,
Moreno LA. Food consumption and cardiovascular risk factors in
European children: the IDEFICS study. Pediatr Obes. 2013;8:225–
236.

5. Fisher JO, Birch LL. Fat preferences and fat consumption of 3- to
5-year-old children are related to parental adiposity. J Am Diet As-
soc. 1995;95:759–764.

6. Collison KS, Zaidi MZ, Subhani SN, Al-Rubeaan K, Shoukri M,
Al-Mohanna FA. Sugar-sweetened carbonated beverage consump-
tion correlates with BMI, waist circumference, and poor dietary
choices in school children. BMC Public Health. 2010;10:234.

7. EFSA. Scientific Opinion on Dietary Reference Values for carbohy-
drates and dietary fibre. EFSA Journal. 2010;8:1462.

8. EFSA. Scientific Opinion on Dietary Reference Values for fats, in-
cluding saturated fatty acids, polyunsaturated fatty acids, monoun-
saturated fatty acids, trans fatty acids, and cholesterol. EFSA Jour-
nal. 2010;8:1461.

9. Gidding SS, Lichtenstein AH, Faith MS, Karpyn A, Mennella JA,
Popkin B, Rowe J, Van Horn L, Whitsel L. Implementing American
Heart Association pediatric and adult nutrition guidelines: a scien-
tific statement from the American Heart Association Nutrition
Committee of the Council on Nutrition, Physical Activity and Me-
tabolism, Council on Cardiovascular Disease in the Young, Council
on Arteriosclerosis, Thrombosis and Vascular Biology, Council on
Cardiovascular Nursing, Council on Epidemiology and Prevention,
and Council for High Blood Pressure Research. Circulation. 2009;
119:1161–1175.

10. Hedrick VE, Dietrich AM, Estabrooks PA, Savla J, Serrano E, Davy
BM. Dietary biomarkers: advances, limitations and future direc-
tions. Nutr J. 2012;11:109.

11. Rubio-Aliaga I, Kochhar S, Silva-Zolezzi I. Biomarkers of nutrient
bioactivity and efficacy: a route toward personalized nutrition.
J Clin Gastroenterol. 2012;46:545–554.

12. Schmidt S, Stahl F, Mutz KO, Scheper T, Hahn A, Schuchardt JP.
Transcriptome-based identification of antioxidative gene expres-
sion after fish oil supplementation in normo- and dyslipidemic men.
Nutrition, metabolism. 2012;9:45.

13. Bouchard-Mercier A, Paradis AM, Rudkowska I, Lemieux S, Cou-
ture P, Vohl MC. Associations between dietary patterns and gene
expression profiles of healthy men and women: a cross-sectional
study. Nutr J. 2013;12:24.

14. Mohr S, Liew CC. The peripheral-blood transcriptome: new insights
into disease and risk assessment. Trends Mol Med. 2007;13:422–
432.

15. Oliver P, Reynes B, Caimari A, Palou A. Peripheral blood mono-
nuclear cells: a potential source of homeostatic imbalance markers
associated with obesity development. Pflugers Arch. 2013;465:
459–468.

16. Bouwens M, van de Rest O, Dellschaft N, Bromhaar MG, de Groot
LC, Geleijnse JM, Muller M, Afman LA. Fish-oil supplementation
induces antiinflammatory gene expression profiles in human blood
mononuclear cells. Am J Clin Nutr. 2009;90:415–424.

17. Gahete MD, Luque RM, Yubero-Serrano EM, Cruz-Teno C,
Ibanez-Costa A, Delgado-Lista J, Gracia-Navarro F, Perez-Jimenez
F, Castano JP, Lopez-Miranda J. Dietary fat alters the expression of
cortistatin and ghrelin systems in the PBMCs of elderly subjects:
putative implications in the postprandial inflammatory response.
Molecular nutrition, food research. 2014;58:1897–1906.

8 TAS1R3 and UCN2 transcripts and food consumption J Clin Endocrinol Metab

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 02 August 2015. at 23:50 For personal use only. No other uses without permission. . All rights reserved.

http://www.idefics.eu
http://www.idefics.eu
http://www.ifamilystudy.eu/
http://www.ifamilystudy.eu/
mailto:cati.pico@uib.es


18. Radler U, Stangl H, Lechner S, Lienbacher G, Krepp R, Zeller E,
Brachinger M, Eller-Berndl D, Fischer A, Anzur C, Schoerg G,
Mascher D, Laschan C, Anderwald C, Lohninger A. A combination
of (omega-3) polyunsaturated fatty acids, polyphenols and L-car-
nitine reduces the plasma lipid levels and increases the expression of
genes involved in fatty acid oxidation in human peripheral blood
mononuclear cells and HepG2 cells. Ann Nutr Metab. 2011;58:
133–140.

19. de Mello VD, Kolehmanien M, Schwab U, Pulkkinen L, Uusitupa
M. Gene expression of peripheral blood mononuclear cells as a tool
in dietary intervention studies: What do we know so far? Mol Nutr
Food Res. 2012;56:1160–1172.

20. Sanchez J, Priego T, Pico C, Ahrens W, De Henauw S, Fraterman A,
Marild S, Molnar D, Moreno LA, Peplies J, Russo P, Siani A, Tor-
naritis M, Veidebaum T, Palou A. Blood cells as a source of tran-
scriptional biomarkers of childhood obesity and its related meta-
bolic alterations: results of the IDEFICS study. J Clin Endocrinol
Metab. 2012;97:E648–652.

21. Priego T, Sanchez J, Pico C, Ahrens W, Bammann K, De Henauw S,
Fraterman A, Iacoviello L, Lissner L, Molnar D, Moreno LA, Siani
A, Tornaritis M, Veidebaum T, Palou A. Influence of breastfeeding
on blood-cell transcript-based biomarkers of health in children. Pe-
diatric obesity. 2014;9:463–470.

22. Laffitte A, Neiers F, Briand L. Functional roles of the sweet taste
receptor in oral and extraoral tissues. Curr Opin Clin Nutr Metab
Care. 2014;17:379–385.

23. Ryabinin AE, Tsoory MM, Kozicz T, Thiele TE, Neufeld-Cohen A,
Chen A, Lowery-Gionta EG, Giardino WJ, Kaur S. Urocortins:
CRF’s siblings and their potential role in anxiety, depression and
alcohol drinking behavior. Alcohol. 2012;46:349–357.

24. Alsio J, Roman E, Olszewski PK, Jonsson P, Fredriksson R, Levine
AS, Meyerson BJ, Hulting AL, Lindblom J, Schioth HB. Inverse
association of high-fat diet preference and anxiety-like behavior: a
putative role for urocortin 2. Genes Brain Behav. 2009;8:193–202.

25. Cottone P, Sabino V, Nagy TR, Coscina DV, Levin BE, Zorrilla EP.
Centrally administered urocortin 2 decreases gorging on high-fat
diet in both diet-induced obesity-prone and -resistant rats. Int J Obes
(Lond). 2013;37:1515–1523.

26. Ahrens W, Bammann K, Siani A, Buchecker K, De Henauw S, Ia-
coviello L, Hebestreit A, Krogh V, Lissner L, Marild S, Molnar D,
Moreno LA, Pitsiladis YP, Reisch L, Tornaritis M, Veidebaum T,
Pigeot I. The IDEFICS cohort: design, characteristics and participa-
tion in the baseline survey. Int J Obes (Lond). 2011;35 Suppl 1:S3–
15.

27. Peplies J, Gunther K, Bammann K, Fraterman A, Russo P, Veide-
baum T, Tornaritis M, Vanaelst B, Marild S, Molnar D, Moreno
LA, Ahrens W. Influence of sample collection and preanalytical sam-
ple processing on the analyses of biological markers in the European
multicentre study IDEFICS. Int J Obes (Lond). 2011;35 Suppl
1:S104–112.

28. Stomfai S, Ahrens W, Bammann K, Kovacs E, Marild S, Michels N,
Moreno LA, Pohlabeln H, Siani A, Tornaritis M, Veidebaum T,
Molnar D. Intra- and inter-observer reliability in anthropometric
measurements in children. International Journal of Obesity.
2011;35 Suppl 1:S45–51.

29. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard

definition for child overweight and obesity worldwide: international
survey. Bmj. 2000;320:1240–1243.

30. Lanfer A, Hebestreit A, Ahrens W, Krogh V, Sieri S, Lissner L, Eiben
G, Siani A, Huybrechts I, Loit HM, Papoutsou S, Kovacs E, Pala V.
Reproducibility of food consumption frequencies derived from the
Children’s Eating Habits Questionnaire used in the IDEFICS study.
International Journal of Obesity. 2011;35 Suppl 1:S61–68.

31. Bammann K, Ahrens W, eds. Measurement Tools for a Health Sur-
vey on Nutrition, Physical Activity and Lifestyle in Children. The
European IDEFICS Study. New York: Springer; 2015. Springer Se-
ries on Epidemiology and Public Health, Vol. 5.

32. Kwon MJ, OH E, Lee S, Roh MR, Kim SE, Lee Y, Choi YL, In YH,
Park T, Koh SS, Shin YK. Identification of novel reference genes
using multiplatform expression data and their validation for quan-
titative gene expression analysis. PLoS One. 2009;4:e6162.

33. Rainen L, Oelmueller U, Jurgensen S, Wyrich R, Ballas C, Schram
J, Herdman C, Bankaitis-Davis D, Nicholls N, Trollinger D, Tryon
V. Stabilization of mRNA expression in whole blood samples. Clin
Chem. 2002;48:1883–1890.

34. Feezor RJ, Baker HV, Mindrinos M, Hayden D, Tannahill CL,
Brownstein BH, Fay A, MacMillan S, Laramie J, Xiao W, Moldawer
LL, Cobb JP, Laudanski K, Miller-Graziano CL, Maier RV, Schoe-
nfeld D, Davis RW, Tompkins RG. Whole blood and leukocyte
RNA isolation for gene expression analyses. Physiol Genomics.
2004;19:247–254.

35. Min JL, Barrett A, Watts T, Pettersson FH, Lockstone HE, Lindgren
CM, Taylor JM, Allen M, Zondervan KT, McCarthy MI. Variabil-
ity of gene expression profiles in human blood and lymphoblastoid
cell lines. BMC Genomics. 2010;11:96.

36. Ghosh S, Dent R, Harper ME, Gorman SA, Stuart JS, McPherson R.
Gene expression profiling in whole blood identifies distinct biolog-
ical pathways associated with obesity. BMC medical genomics.
2010;3:56.

37. Joehanes R, Johnson AD, Barb JJ, Raghavachari N, Liu P, Wood-
house KA, O’Donnell CJ, Munson PJ, Levy D. Gene expression
analysis of whole blood, peripheral blood mononuclear cells, and
lymphoblastoid cell lines from the Framingham Heart Study. Phys-
iological genomics. 2012;44:59–75.

38. Li X. T1R receptors mediate mammalian sweet and umami taste.
Am J Clin Nutr 2009;90:733S–737S

39. Chen K, Yan J, Suo Y, Li J, Wang Q, Lv B. Nutritional status alters
saccharin intake and sweet receptor mRNA expression in rat taste
buds. Brain Res. 2010;1325:53–62.

40. Glendinning JI, Gillman J, Zamer H, Margolskee RF, Sclafani A.
The role of T1r3 and Trpm5 in carbohydrate-induced obesity in
mice. Physiol Behav. 2012;107:50–58.

41. Zukerman S, Glendinning JI, Margolskee RF, Sclafani A. Impact of
T1r3 and Trpm5 on carbohydrate preference and acceptance in
C57BL/6 mice. Chem Senses. 2013;38:421–437.

42. Zorrilla EP, Reinhardt LE, Valdez GR, Inoue K, Rivier JE, Vale WW,
Koob GF. Human urocortin 2, a corticotropin-releasing factor
(CRF)2 agonist, and ovine CRF, a CRF1 agonist, differentially alter
feeding and motor activity. J Pharmacol Exp Ther. 2004;310:1027–
1034.

43. Hu FB, Malik VS. Sugar-sweetened beverages and risk of obesity
and type 2 diabetes: epidemiologic evidence. Physiol Behav. 2010;
100:47–54.

44. Drewnowski A. Obesity and the food environment: dietary energy
density and diet costs. Am J Prev Med. 2004;27:154–162.

doi: 10.1210/JC.2015-1976 press.endocrine.org/journal/jcem 9

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 02 August 2015. at 23:50 For personal use only. No other uses without permission. . All rights reserved.


