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Scope: Little information is available on differences, commonalities and especially interac-
tions in overall gene expression responses as a result of diet, differences in sex (male and
female) and effects induced by differences in metabolism. Moreover, it is unknown whether
such effects are tissue specific.

Methods and results: We investigated the gene expression effects induced by p-carotene (BC)
supplementation, knockout of fS-carotene 15,15 -monooxygenase 1 (Bcmol) and differences
between male and female mice in lung, liver and inguinal white adipose tissue (iWAT).
Unsupervised principal component analysis showed that lung gene expression was most
affected by knockout of Bemol. Liver was most affected by knockout of Bemol and differences
in sex. iWAT was most affected by differences in sex. Hardly any genes were commonly
influenced by BC among the three tissues. The effect of BC supplementation and knockout of
Bemo1 were relatively sex specific, especially in iWAT.

Conclusion: These data demonstrate that gene expression differences induced by BC are
limited to the tissue and sex that is analyzed, and that differences in metabolism induced by
for example single nucleotide polymorphisms, should be taken into account as much as
possible. Moreover, our results indicate that translation from one tissue to the other should be
done with caution for any nutritional intervention.
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tion is available on commonalities and differences in

To test specific hypotheses in nutritional research, mechan-
istic studies are often performed in rodents and nutritional
effects are usually assessed within one specified genetic
background, tissue and sex. For this reason, little informa-
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response to dietary interventions between different tissues,
genetic backgrounds and a difference in sex. This type of
information is necessary to interpret results and to general-
ize and extrapolate effects between tissues. This is for
example of importance for benefit-risk assessment, since

Abbreviations: BC, f-carotene; Bemo1, [-carotene15,15-
monooxygenasel; Bemo1/~, Bcmol knockout mouse;
Bemo1™*, wild-type (mice); iWAT, inguinal white adipose
tissue; Co, control; PBMC, peripheral blood mononuclear cell;
PCA, principal component analysis
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risks and benefits of a compound should be based on all
tissues. Moreover, surrogate tissues are increasingly used in
mechanistic studies in humans [1]. Surrogate tissues are
tissues, such as peripheral blood mononuclear cells
(PBMCs), that are relatively well accessible in humans and
are used to explore a research question and to extrapolate
those effects to other tissues. However, it is unknown
whether results obtained from surrogate tissues can indeed
be extrapolated with confidence to a target tissue. A
comparison between gene expression in different tissues will
give insight into the organ specificity of changes induced by
an intervention. We will address three important questions
in nutritional research in this paper; “how many genes are
changed by a change in nutritional intake compared to the
number of genes changed by a difference in metabolism or
sex and do they interact”, “do different tissues differ in
response to an nutritional intervention?” and finally “do
female and male mice respond similar to a dietary inter-
vention”? We used a previously performed study to analyze
these questions. In this study we investigated the effects of
B-carotene (BC) in male or female mice with a knockout or
not for f-carotene 15,15 -monooxygenase 1 (Bcmol), a key
enzyme in BC metabolism, on gene expression changes in
lung, liver and inguinal white adipose tissue (iWAT). An in-
depth analysis of the effect of BC in the lung of Bcmol
knockout mice (Bemo1™/~) was published previously [2-5].

BC is a dietary compound that is present in colored fruits
and dark green vegetables and is frequently used as a food-
coloring agent. After absorption and metabolism in the
intestine, remainder intact BC is transported to the liver
where BC is metabolized and, like in white adipose tissues,
stored [6, 7]. Increased BC intake has been associated with
many health-promoting activities, including antioxidant
properties to prevent radical-induced macromolecular
damage [8]. It is associated with a decreased risk for cardi-
ovascular diseases [9] and a decreased risk for several types
of cancer [10]. Finally, BC and its metabolites such as vita-
min A are functionally active in many different organs,
having a major role in, for example, organism development,
sperm production and vision [11-13]. However, besides
these important functional and health-promoting effects, a
high intake of BC has been associated with an increased
lung cancer risk in smokers and asbestos-exposed subjects
[2, 14]. Moreover, the increased lung cancer risk was higher
in females than in males and was more persistent in female
volunteers than in male volunteers after the intervention
[15].

An important drawback in BC research is the lack of an
appropriate animal model that resembles human BC
metabolism and at the same time allows the application of
state-of-the-art genetic and functional genomic knowledge
and tools, such as commercial whole genome microarrays.
Compared with humans, rodents differ in the activity of
Bcmol. Bemol symmetrically cleaves BC to produce two
retinal molecules [16, 17], which can be further metabolized
into several other downstream metabolites [18]. A Bcmol
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knockout mouse (Bemol™/™) model has become available.
BC supplementation to these mice results in a higher degree
of BC accumulation in several tissues [19]. Therefore, this
model makes it possible to study specifically the effects of
BC, and its dependency on the BC-metabolizing enzyme
Bcmol. As a result, this model can provide more insight
into BC biology.

In this manuscript, we aimed to provide insight into the
gene expression changes induced by BC supplementation,
knockout of Bemol ™/~ or sex in lung, liver and iWAT.
Therefore, we used whole genome microarray analyses to
assess the number of genes differentially expressed in lung,
liver and iWAT of male and female Bemol™/~ and wild-type
(Bemo1™/") mice given a diet with or without BC (150 mg/
kg diet) for 14wk to contribute to questions of general
importance to nutritional research as well as to BC research
specifically.

2 Materials and methods
2.1 Animals and treatment

Twelve female and 12 male B6129SF1 (Bemol™/") and 12
female and 12 male B6;129S-Bcmo1™" (Bcmo1~/~) mice
[19] were used for the experiment. The mouse experiment
was conducted in accordance with the German animal
protection laws by the guidelines of the local veterinary
authorities. During the breeding and weaning periods of the
mice, mothers were maintained on KLIBA 3430 chow
containing 14 000 IU vitamin A/kg diet (Provima Kliba AG,
Kaiseraugst, Switzerland). Five-wk-old female and male
Bemo1*/™ and Bemol™/~ mice were caged in groups
containing two to four siblings per group and were main-
tained under environmentally controlled conditions
(temperature 24°C, 12h/12h light/dark cycle). Mice had ad
libitum access to feed and water. Basic feed consisted of the
palletized diet D12450B (Research Diets, USA) with a fat
content of 10% and a defined fatty acid composition. The
diet was modified to contain 1500IU vitamin A/kg diet,
which is a vitamin A-sufficient diet, and the control diet
(control) was supplemented with water-soluble vehicle
beadlets (DSM Nutritional Products, Basel, Switzerland)
containing pr-o-tocopherol and ascorbyl palmitate as stabi-
lizers, as well as carriers such as gelatine, corn oil sucrose
and starch. The BC diet (BC) was supplemented with
identical water-soluble beadlets containing BC (DSM
Nutritional Products) to generate 150mg BC/kg diet.
Beadlets were added by the manufacturer before low
temperature pelletting. Feed pellets were color marked and
stored at 4°C in dark.

After 14 wk of dietary intervention, six female and six male
Bemo1*/" mice on the control diet (Bemol™/* Co), six female
and six male Bemo1*/* mice on the BC diet (Bemo1*/* BC),
three female and six male Bemol™/~ mice on the control diet
(Bemol™/~ Co) and three female and six male Bemol /™~
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mice on the BC diet (Bemol1™/~ BC) were randomly sacrificed
during three subsequent mornings. Blood was collected from
the vena cava after isoflurane and ketamin anethesia. Blood
was coagulated for at least 20min at room temperature,
cooled to 4°C and centrifuged. Lung, iWATSs and liver tissues
were removed, lung and liver tissue were rinsed in PBS and
all tissues were snap frozen in liquid nitrogen. The tissues
were stored at —80°C until use. Due to an insufficient
number of female Bcmol /™ mice in the original breeding
pool, female Bemol™/~ mice were used that were born 2wk
later from an identical experiment, treated identically with
three mice on the control diet and three mice on the BC diet
to generate n = 6 per group, and sacrificed 2 wk after the first
group of mice.

2.2 RNA isolation

Lung, iWAT and liver were homogenized in liquid nitrogen
using a cooled mortar and pestle. Total RNA was isolated
using TRIzol reagent (Invitrogen, Breda, The Netherlands)
followed by purification using RNeasy columns (Qiagen,
Venlo, The Netherlands) using the instructions of the manu-
facturer. RNA concentration and purity were measured using
the Nanodrop system (IsoGen Life Science, Maarsen, The
Netherlands). RNA degradation was checked on the Experion
(Bio-Rad, Veenendaal, The Netherlands) using Experion
StdSense chips (Bio-Rad). Three RNA samples did not meet
RNA quality (RNA from lung from one individual female
Bemol™/™ control diet mouse, RNA from lung from one
individual female Bemo1™/™ BC diet mouse and RNA from
iWAT from one individual male Bemol*/* BC diet mouse),
which were omitted from the experiment. Knockout of Bemol
was confirmed using quantitative RT-PCR analysis (unpub-
lished results) and for several genes expression was checked
using real-time quantitative Q-PCR and was found to be
identical to the microarray results [2-5].

2.3 Microarray hybridization procedure

The 4 x 44k Agilent whole mouse genome microarrays
(G4122F, Agilent Technologies, Santa Clara, CA, USA) were
used. Preparation of the sample and the microarray hybri-
dization were carried out according to the manufacturer’s
protocol with a few exceptions as described previously
[20, 21]. In brief, cDNA was synthesized from 1pg RNA
from individual samples using the Agilent Low RNA Input
Fluorescent Linear Amplification Kit for each animal with-
out addition of spikes. Thereafter, samples were split in two
equal amounts, to synthesize Cyanine 3-CTP (Cy3) and
Cyanine 5-CTP (Cy5) labeled cRNA using half the amounts
per dye as indicated by the manufacturer (Agilent Tech-
nologies). Labeled cRNA was purified using RNeasy
columns (Qiagen). Yield, Aje0/Azs0 ratio and Cy3 or Cy5
activity were examined for every sample using the nanodrop.
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All samples met the criteria of a cRNA yield higher than
825 ng and a specific activity of at least 8.0 pmol Cy3 or Cy5.
Aliquots of 1200 ng of every Cy3-labeled cRNA sample were
pooled and used as a common reference pool. Individual
825ng Cy5-labeled cRNA and 825ng pooled Cy3-labeled
cRNA were fragmented in 1x fragmentation and 1 x
blocking agent (Agilent Technologies) at 60°C for 30 min
and thereafter mixed with GEx Hybridization Buffer HI-
RPM (Agilent Technologies) and hybridized in a 1:1 ratio at
65°C for 17h in an Agilent Microarray Hybridization
Chamber rotating at 4 rpm. After hybridization, slides were
washed according to the wash protocol with stabilization
and drying solution (Agilent Technologies). Arrays were
scanned with an Agilent scanner with 10 and 100% laser
power intensities (Agilent Technologies).

2.4 Data analyses of microarray results

Signal intensities for each spot were quantified using
Feature Extraction 9.1 (Agilent Technologies). Median
density values and background values of each spot were
extracted for both the experimental samples (Cy5) and the
reference samples (Cy3). Quality control for every micro-
array was performed visually, by using quality control
graphs from Feature extraction and M-A plots and boxplots
that were made using limmaGUI in R (Bioconductor) [22].
Data were imported into GeneMaths XT 2.0 (Applied Maths,
Sint-Martens-Latem, Belgium). Spots with a Cy5 and Cy3
signal twice above background were selected and log trans-
formed. The Cy5 signal was normalized against the Cy3
intensity as described before [23]. Principal component
analysis [2] was performed using GeneMaths XT.

2.5 Statistical analysis

General effects of diet, sex and genotype on concentrations
of BC, retinol and retinyl esters in lung, liver and iWAT
were analyzed using 2 x 2 x 2 factorial univariate ANOVA
(SPSS version 15.0) and considered statistically significant
when p<0.05. Fold changes for microarray gene expression
were calculated using mean log signal intensities. p-Values
for differential expressions were calculated between two
groups using two-tailed Student’s t-test statistics on log
intensity values. Changes were considered statistically
significant at p<0.05.

3 Results

3.1 Responses of BC supplementation related to
Bcmo1 knockout and sex in lung, liver and iWAT

BC accumulation was highest after BC supplementation in
Bemo1™/~ mice and reached similar levels in iWAT and
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liver, while accumulation was lower in the lung. Depending
on the experimental group, retinol concentrations were
between five- and tenfold higher in the liver compared with
iWAT and lung tissue (Fig. 1).

Whole genome gene expression changes were analyzed
using microarray technology. Spots with a signal twice
above background were regarded as positive spots and
included in the analysis. This resulted in 31128, 24 746 and
25139 spots with a signal twice above background in lung,
liver and iWAT, respectively. Principal component analysis
(PCA) was used as an unsupervised tool to plot the indivi-
dual animals based on their overall gene expression profile.
In lung, the individual animals were most discriminated
based on the presence or absence of intact Bcmo1 (Fig. 2A).
In liver, the largest discriminating effect was observed for
sex, followed by a clear discrimination based on the
presence of an active Bcmol enzyme. This resulted in a PCA

1469

expression effects in iWAT were strongest differentiated
between male and female mice (Fig. 2C).

3.2 Number of genes regulated by BC, Bcmo1
genotype and sex in lung, liver and iWAT

As can be seen in Table 1, there were large differences in the
number of significantly regulated genes (p<0.05) due to BC
supplementation (BC diet versus control diet), knockout of
Bemol (Bemol™/~ versus Bemol'™/™) or difference in sex
(male versus female gene expression). These effects also
depended on the tissue.

BC supplementation resulted in the highest number of
significantly regulated genes in iWAT of female Bomol/*
mice. These 4970 significantly regulated genes were highly
dependent on sex and on the presence of Bcmol since

plot displaying four separated groups (Fig. 2B). Gene BC supplementation to female Bemol /™ mice or to male
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Figure 2. Unsupervised PCA of all individual animals based on
differences in gene expression in lung (A), liver (B) and iWAT (C).
The x-axis accounts for strongest variability in gene expression
and the y-axis accounts thereafter for the strongest variability in
gene expression of the data set. Individual animals are presen-
ted; Bcmo1~'~ control diet (white) and Bemo1~~ BC diet (light
grey), Bcmo1™* control diet (dark grey) and Bcmo1™* BC diet
(black) with females (squares) and males (circles).

Bemo1*/" mice resulted in only 1522 and 407 significantly
regulated genes, respectively. At the same stringency, BC
supplementation in female Bomol™* mice resulted in
less (roughly ~1000) significantly regulated genes in lung
and liver.
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The effect of knocking out Bcmol, which affects BC
metabolism, was most pronounced in iWAT of male mice,
resulting in 10017 and 9546 genes significantly (p<0.05)
differentially expressed in mice fed the control diet and mice
fed the BC supplemented diet, respectively. The knockout of
Bemol in iWAT of female mice resulted in 2487 and 4888
regulated genes in mice fed the control diet or mice supple-
mented with BC, respectively. The effect of knockout of Bemol
was therefore also dependent on sex. With 2487 significantly
regulated genes in iWAT of control diet fed female mice, this
group had the lowest response to the presence of Bemol.

Gene expression differences between male and female
were highest in iWAT tissue. There were 13927 genes
differentially expressed between male and female BC
supplemented Bcmol®/* mice. Interestingly, BC supple-
mentation had an effect on gene expression differences in
male compared to female Bemol™/* mice since there were
“only” 8403 genes significantly differentially expressed
genes between male and female Bemol*/™ mice receiving
the control diet.

3.3 Organ specificity of gene expression induced by
BC, knockout of Bcmo1 or differences in sex

We further focused on the organ specificity of significantly
regulated genes induced by BC supplementation, knockout of
Bemo1 or difference in sex. As can be seen in Table 2, gene
expression differences induced by BC had the highest organ
specificity, and resulted in the lowest number of common
significantly regulated genes in lung, liver and iWAT. There
was even not a single common gene significantly regulated
by BC in male Bemol™/~ mice in all these three tissues.
Effects induced by knockout of Bemol had the lowest organ
specificity, resulting in the regulation of at least 626 genes
(female BC supplemented mice) in all three tissues and
maximal 1261 commonly regulated genes (control diet-fed
male mice). The effect of difference in sex was more tissue
specific than effects induced by Bemol knockout.

4 Discussion

In this study, we investigated the effect of BC, knockout of
Becmol, a key enzyme in BC metabolism, and sex on global
gene expression changes in lung, liver and iWAT. We
observed that BC supplementation, relative to Bcmol
knockout and sex, resulted in the smallest number of
significantly regulated genes in any tissue and that the effect
of sex was high, especially in iWAT. Moreover, the effect of
BC supplementation on gene expression was highly organ
specific. Altogether, our data demonstrate that effects of
dietary intake should be interpreted in the context of genetic
background and sex. Although in theory this may be not a
surprise in vitamin A biology, the magnitude of the differ-
ences between organs and sex was unknown. In addition,
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this paper shows that effects should be interpreted in rela-
tion to the investigated tissue, and warns against the use of a
“surrogate tissue” for mechanistic research, when not
properly assessed and validated.

The first question that was addressed in this study was:
“how many genes are changed by a change in nutritional
intake compared to the number of genes changed by a
difference in metabolism or sex and do they interact”? The
number of genes changed by supplementation with the
nutritional compound BC was relatively low, lower than the
effects induced by knockout of Bemol and by difference in
sex, which implies the need of highly powered studies to
analyze effects induced by BC. The effects of BC were highly
dependent on sex and metabolic activity. This implies that
results should be interpreted in the context of these modi-
fiers, which should ideally be included in any study design,
especially in BC research. The lack of, for example, a
metabolizing enzyme in the tissue of interest does not
implicate that a change in the activity or amount of this
enzyme in the whole organism might have an important
effect on this specific organ. This is exemplified for the
results seen for the lung. PCA showed that the knockout of
Bcmol was the most discriminating factor in lung. However,
gene expression of Bemol was not detected at all in lung
tissue in a previous study [24] and was below the back-
ground value in our microarrays. This suggests that the lung
is affected indirectly, but importantly, by knockout of
Bemol. This also might have implications for BC research in
humans. Effects found that are induced by BC might be
highly dependent on human inter-individual differences in
BC conversion ability [25, 26], which are thought to occur
due to polymorphisms in Bemol [27, 28].

PCA of microarray results and the number of signifi-
cantly regulated genes revealed that the overall signature of
gene expression patterns in all three tissues was different
between genotypes. This variation might be caused either by
Bcmol deficiency but part of this variation might also be
caused by differences in the genetic background of mice. We
tried to reduce the latter effect by using mixed background
Bemo1*/* mice and Bemol™/~ mice, but effects due to
differences in genetic background cannot be excluded [29].
Moreover, it is generally known that retinoids influence
many aspects of embryonic and fetal development [30], and
a knockout of Bemol ™/~ during development might have
caused part of the variation in the adult differences between
both genotypes. To know whether this was the case, more
research is needed, but until then results concerning the
Bemo1™/™ have to be interpreted carefully.

The second question that was addressed in this study
was: “Do different tissues differ in response to a nutritional
intervention?” Effects induced by BC were highly organ
specific and therefore analysis should focus on the indivi-
dual target tissues. Nevertheless, surrogate tissues are
sometimes used in nutritional interventions. An example is
the use of PBMCs, which are readily accessible in humans.
The use of PBMCs has proven to be successful for the
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profiling of nutritional changes [31] and as a diagnostic
marker for certain diseases [32, 33]. Our study implies that
results obtained in surrogate tissue should be validated in
the target tissues before effects can be generalized and
extrapolated to other tissues. This is especially important for
functions that involve many different tissues, such as
metabolism. Our data also show that, when properly vali-
dated, there might be some genes present after a nutritional
intervention that are organ independently affected.

The last question that was addressed in this study was:
“Do female and male mice respond similarly to a dietary
intervention?” To our surprise, gene expression differences
between male and female mice contributed most to the
discrimination of individual animals in PCA in liver and
iWAT, and resulted in the highest number of significantly
regulated genes in iWAT. These differences have been
described to be caused by sex hormones [34]. Also, the liver
transcriptome was highly affected by sex. The liver contains
also estrogen and androgen receptors [35] and several
studies show that fluctuations in sex hormones result in
differences in drug metabolizing cytochrome P450s [36].
The lung seemed to be less responsive to these sex effects
compared to liver and iWAT but nevertheless, the sex effect
was higher in lung tissue than effects induced by BC
supplementation. A sex effect in lung is not illogical, since
lung tissue contains androgen and estrogen receptors
[37, 38] and several sex steroid-metabolizing enzymes [39].
Moreover, many sex differences have been reported for the
lung, such as differences in the development and suscept-
ibility to different diseases, such as asthma and lung cancer
[40]. Interestingly, BC had also a large effect on the sex-
dependent differences in iWAT of Bemol™/* mice and
therefore might actually influence sex-specific effects. These
results show that in BC research, but also in other molecular
nutritional research, the interaction of sex and nutrition
should not be neglected, especially in tissues such as iWAT
and liver. It is therefore advisable to perform nutritional
research, where differences are relatively small [41], in the
sex of interest. Because the number of significantly regu-
lated genes seems to depend on sex, these data also impli-
cate that effects in vivo in one sex should be found in the
other sex as well and that in vitro gene expression changes
induced by nutrition are possibly difficult to correlate to
effects in vivo.

Altogether, we aimed to answer three questions relevant
for nutritional research: “How many genes are changed by a
change in nutritional intake compared to the number of
genes changed by a difference in metabolism or sex and do
they interact?”, “Do different tissues respond differently and
how does this translate to the use of surrogate tissues for
mechanistic purposes?” and finally “Do female and male
mice respond similar to differences in diets?” We demon-
strate that the effect of BC was generally much smaller than
the effect of the knockout of Bcmol and differences in
sex, and that those effects were highly dependent on inter-
actions with a functional Bcmol enzyme and sex (Table 1).
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Table 2. Number of significantly regulated genes (p<0.05) induced by beta-carotene (BC) supplementation, by knockout of ff-carotene
15,15 -mono-oxygenase 1(Bcmo1) or by sex in lung, liver and inguinal white adipose tissue (i\WAT) and the organ specificity of

these genes

Genes regulated
in single tissue

Commonly regulated genes

Commonly regulated genes

in 2 tissues in 3 tissues

Lung Liver iWAT Lung and Lung and iWAT and Lung and liver and iWAT
liver iWAT liver
BC effect
Female Bcmo1™* 651 732 4970 10 106 203 4
Female Bcmo1~/~ 1522 871 1522 114 84 41 27
Male Bcmo 1™+ 326 323 407 3 4 7 0
Male Bcmo 1™/~ 1474 653 1202 54 86 48 17
Bcmo1 knockout effect
Female control diet 5585 5213 2487 1746 1212 974 710
Female BC diet 5238 3952 4888 1373 1293 1041 626
Male control diet 6341 6241 10017 2162 2803 2766 1261
Male BC diet 5640 5195 9546 1924 2307 2270 1033
Sex effect
Bcmo1'/* control diet 2251 6716 8403 576 679 2255 240
Bcmo1™* BC diet 2623 6698 13927 639 1085 3607 321
Bcmo 1™~ control diet 3330 8709 5802 1084 708 1844 312
Bcmo1~~ BC diet 2170 6160 6622 514 542 1527 178
Moreover, the effects were highly organ specific (Table 2) the analysis of accessible tissues and cells. Toxicol. Appl.
and females and males responded differently to the effects Pharmacol. 2004, 194, 189-199.
induced by BC. We therefore conclude that mechanistic [2] Albanes, D., Heinonen, O. P., Taylor, P. R., Virtamo, J. et al.,
effects of BC should be investigated in the tissue of interest Alpha-Tocopherol and beta-carotene supplements and lung
and that mechanistic effects in a specific sex cannot be cancer incidence in the alpha-tocopherol, beta-carotene cancer
extrapolated, without evidence, to the opposite sex. More- prevention study: effects of base-line characteristics and study
over, effort should be taken to make sure the “best possible” compliance. J. Natl. Cancer Inst. 1996, 88, 1560-1570.
genetic phenotype is used to answer nutritional research [3] van Helden, Y. G., Godschalk, R. W., Heil, S. G., Bunschoten,
questions. Of course, it remains to be seen to which extent A. et al., Downregulation of Fzd6 and Cthrc1 and upregu-
this conclusion can be translated to other dietary lation of oIfacthry receptors and [il;?toc'adherins.by dietar'y
compounds, but at least it poses a warning that these factors sgz?)—c;;o%nzz '?3';;‘95 of Bemo1™" mice. Carcinogenesis
should be carefully considered. ner B
[4] van Helden, Y. G., Godschalk, R. W., Swarts, H. J., Hollman,
The experiment described was pelformed in theﬁamework of P. C. et al., Beta-carotene affects gene expression in lungs of
the Carotenoid focus team of the European Nutrigenomics ?jlle,\;gld Z?fr:aslfi BZ%TT 6(;/4_8)9232 in opposite directions.
Consortium (NuGO; CT2004-505944m) and the VLAG/ ' o '
Nutrim project that supported Yvonne van Helden. CIBER de (5] vanIHeKIdenI; Y. G'f’ :e'lés' G‘i' van Scholote.n, F. ..J.,ﬂKramer, E.
Fisiopatologia de la Obesidad y Nutricion is an initiative of the etal, noc out ofthe cmo gene resu tsin an in .ammatory
ISCIII. The authors thank Suzanne Hessel, Jaume Amengual response in female lung, which is suppressed by dietary beta-
’ . . ) su o carotene. Cell Mol. Life Sci. 2010, 67, 2039-2056.
Erwan Gouranton, Joan Ribot, Evelien Kramer and Annelies (6] Kaplan. L. A.. Lau. J. M., Stein, E. A.. Carotenoid .
Bunschoten for their contribution to different aspects of the -apian, L. A, Lad, J. ., stem, £, A, Larotenoid compost-
I , tion, concentrations, and relationships in various human
overall project. organs. Clin. Physiol. Biochem. 1990, 8, 1-10.
The authors have declared no conflict of interest [7]1 Parker, R. S., Carotenoids in human blood and tissues.
’ J. Nutr. 1989, 119, 101-104.
[8] Machlin, L. J., Bendich, A., Free radical tissue damage:
5 References protective role of antioxidant nutrients. FASEB J. 1987, 1,
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[1] Rockett, J. C., Burczynski, M. E., Fornace, A. J., Herrmann, [9] van Poppel, G., Epidemiological evidence for beta-carotene

P. C. et al., Surrogate tissue analysis: monitoring toxicant
exposure and health status of inaccessible tissues through
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