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Abstract

Although most studies have focused on the cholesterol-lowering activity of phytosterols, other biological actions have been ascribed to these
plant sterol compounds, one of which 1s a potential immune modulatory effect. To gain insight into this 1ssue, we used a mouse model of acute,
aseptic inflammation induced by a single subcutaneous turpentine injection. Hypercholesterolemic apolipoprotein E-deficient (apoE ) mice,
fed with or without a 2% phytosterol supplement, were treated with turpentine or saline and euthanized 48 h later. No differences were observed
in spleen lymphocyte subsets between phytosterol- and control-fed apoE™~ mice. However, cultured spleen lymphocytes of apoE™~ mice fed
with phytosterols and treated with turpentine showed increased IL-2 and IFN-v secretion (T-helper typel, Thl lymphocyte cytokines) compared
with turpentine-treated, control-fed animals. In contrast, there was no change in Th2 cytokines [L-4 and IL-10. Phytosterols also inhibit
intestinal cholesterol absorption in wild-type C57BL/6J mice but, in this case, without decreasing plasma cholesterol. Spleen Iymphocytes of
turpentine-treated C57BL/6J mice fed with phytosterols also showed increased IL-2 production, but IFN-v, IL-4 and IL-10 production was
unchanged. The Th1/Th2 ratio was significantly increased both in phytosterol-fed apoE™ and C57BL/6J mice. We conclude that phytosterols
modulate the T-helper immune response in vivo, in part independently of their hypocholesterolemic effect in a setting of acute, aseptic
inflammation. Further study of phytosterol effects on immune-based diseases characterized by an exacerbated Th2 response 1s thus of interest.
© 2007 Elsevier Inc. All rights reserved.
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Introduction

Plant sterol/stanol (phytosterol/phytostanol) consumption 1s
a recommended dietary option to decrease LDL cholesterol
(NCEP, 2001) and can be acquired without medical prescription
in many countries. Therefore, full understanding of their effects
1s desirable. Although most studies have focused on the
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cholesterol-lowering activity of phytosterols, some evidence
proposes that these plant sterols may have additional biological
actions that include immunomodulatory properties. The use of
[sitosterol and [-sitosterol glucoside in healthy persons or in
patients with HIV infection, rheumatoid arthritis and allergic
conditions demonstrated enhanced T-cell proliferation and
natural killer cell activity with a shift towards a T-helper
(Thl) cytokine profile (Bouic, 2001; Bouwc et al.,, 1996;
Breytenbach et al., 2001). This is of special interest since
such an effect could increase resistance to bacterial and parasitic
infections and, therefore, be important in diseases where
priming of Thl helper cells 1s a targeted goal. However, the
dose and composition of the plant sterols used (Bouic, 2001 ;
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Bouic et al., 1996; Breytenbach et al., 2001) were not those
usually used in current food preparations containing plant
sterols to decrease plasma cholesterol. We found indirect
evidence of potential immunomodulatory activity in intestinal
gene expression of a more usual plant sterol mixtures (contain-
ing campesterol, stigmasterol and f-sitosterol) and dosis (in
mice, 2% of diet) in hypercholesterolemic apolipoprotein (apo)
E-deficient (E~7) mice and, partially, in normocholesterolemic
C57BL/6J mice (Calpe-Berdiel et al., 2005). Another study
found association between the antiatherogenic effects of dietary
phytosterols and reduction of proinflammatory cytokine
production in apoE~ mice (Nashed et al., 2005). Phytosterols
also decreased prostaglandin release by cultured macrophages
(Awad et al., 2004) and modulated leukocyte function in murine
models of inflammation (Navarro et al., 2001; Park et al., 2001).
Given the clinical potential of these phytosterol actions, the aim
of the present study was to assess the effects of dietary
phytosterols on immune function in an acute, aseptic, well-
controlled inflammation model. As phytosterols decrease
plasma cholesterol in hypercholesterolemic apoE ~~ mice, but
not in normocholesterolemic C57BL/6], and both hypercholes-
terolemia and apoE influence immune response, we analyzed
both apoE "~ and C57BL/6] mice (Ali et al., 2005; Calpe-
Berdiel et al., 2005; Mallat et al., 2003; Nashed et al., 2005;
Zhou et al., 1998).

Materials and methods
Animals and diets

All the procedures described were approved by the Ethics
Committee of the Agriculture, Livestock and Fishing Depart-
ment of the Generalitat of Catalonia. The use of apoE '~ mice
with a C57BL/6J background was described previously
(Escola-Gil et al., 2000). Mice were maintained in a
temperature-controlled (20 °C) room with a 12-h light/dark
cycle and food and water were provided ad [ibitum. Eight-
week-old female mice were randomized 1in two groups and fed
either a control Western-type diet (200 g/kg fat, 0.8 g/kg
cholesterol, 170 g/kg protein, 105 g/kg fiber; Mucedola srl,
Settimo Milanese, Italy) or a 2% (wt/wt) phytosterol-enriched
Western-type diet (wt/wt). The phytosterol product was
composed of 20% campesterol, 22% stigmasterol and 41% [5-
sitosterol (Lipofoods S.L., Gava, Barcelona, Spain) (Calpe-
Berdiel et al.,, 2005). C57BL/6J mice were obtained from
Jackson Laboratories (Bar Harbour, ME) and were fed either a
control Western-type diet or a 2% (wt/wt) phytosterol-enriched
Western-type diet.

Induction of turpentine-induced acute inflammation and
determination of an inflammatory marker

ApoE™" and C57BL/6] mice were given the control or the
phytosterol-supplemented Western-type diet for 4 weeks.
Animals were then injected with 100 pLl. of turpentine oil
(Fluka) or 100 pL of saline subcutaneously and euthanized 48 h
later by cervical dislocation under anesthesia (Boelen et al.,

1996; Kalra et al., 2004; Tous et al., 2005). Blood was then
obtained by cardiac puncture. Serum amyloid A (SAA)
concentration was measured with a commercially-available

enzyme-linked immunosorbent assay (ELISA) kit (BioSource,
Camarillo, USA).

Preparation of lymphocyte samples

Spleens were excised and lymphocyte suspension was
obtained by passage through stainless steel sieves in RPMI
1640 medium (Innogenetics, Gent, Belgium) supplemented
with 10% fetal bovine serum (FBS) (Innogenetics) (Perez-
Bosque et al., 2004). Lymphocyte suspension was then
centrifuged (355 g, 5 min) and the lymphocyte pellet was
resuspended in 6 mL RPMI-FBS. This lymphocyte suspension
was layered on a 3-mL Ficoll solution (Sigma) and centrifuged
at 607 g for 30 min. The lymphocyte band at the interface was
recovered and resuspended in 4 mL of phosphate-buflered
saline (PBS at pH 7.2) contamning 10% (v/v) FBS before
counting and wiability determination. Cell counting and
viability were measured by acridine orange and ethidium
bromide staining; cell viability was over 75% in all cases.

Immunofluorescence staining and lvmphocyte
subset characterization

Flow cytometry was used after double staining with a panel
of anti-mouse lymphocyte antibodies (Abs) to determine the
lymphocyte phenotype subset. The following monoclonal Abs
(mAbs) were applied in this study: fluorescein isothiocyanate
(FITC)-conjugated anti-mouse CD3 hamster mAb (145-2C11,
Becton Dickinson), (FITC)-conjugated anti-mouse CD4 rat
mAb (H129.19, Becton Dickinson), phycoerythrin (PE)-
conjugated anti-mouse CDS8 rat mAb (53—6.7, Becton Dick-
inson) and (PE)-conjugated anti-mouse NKRPI1 rat mAb
(PK136, Becton Dickinson). Lymphocytes suspended at
2.5%10° cells/100 puL of 10% FBS were labeled by incubating
with mAbs 20 min at 4 °C. Stained cells were rinsed twice with
PBS containing 10% FBS, centrifuged 5 min at 355 g, fixed
with 10 g/LL paratformaldehyde and counted by flow cytometry
(Epics Elite, Coulter). Before the experiments, appropriate
dilutions of Abs were established to use saturating concentra-
tions of immunoreagents. A negative confrol staining was
included in each analysis.

Measurement of cyiokines

[solated spleen lymphocytes (2 x 10° cells/mL) from apoE ™~
mice fed the control or the phytosterol-enriched diet for 4 weeks
and ap{}E_“"_ mice fed the same diets and treated with turpentine
were cultured in 10% FBS/RPMI 1640 medium for 48 h in the
absence or presence of 25 mg/L of the mitogen concanavalin A
(ConA). ConA-induced Thl (IL-2, IFN-v) and Th2 (and 1L-4
and IL-10) cytokine secretion was then measured by ELISA 1in
culture supernatants (eBioscience, San Diego, CA, USA). The

same procedure was followed with spleen lymphocytes from
C57BL/6J mice. The relative (percentage) Th1/Th2 cytokine
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Fig. 1. Mean plasma serum amyloid A (SAA) concentrations from C57BL/6J and
apoE " mice fed a control or a 2% phytosterol-enriched diet for 4 weeks after 48 h
of saline or turpentine treatment. Two independent expenments were performed
(3 control and 4 phytosterol-fed amimals in each expenment). Resulls were similar
in both experiments and were therefore pooled for analysis (n=6-8). Results are
expressed as mean values and SEM of individual animals. *P<0.05 effect of
turpentine-mediated inflammation by two-way ANOVA with Bonferroni post hoc
lesls.

ratio was calculated in both types of mice. Taking mto account
that every cytokine analyzed 1n the study had a different degree
ol expression, normalization was done to minimize this fact
when calculating the Th1/Th2 ratio. In each animal, each one of
the cytokines was normalized and given the same specific weight
calculating their expression in relation to a value of 100 arbitrary
units (the group mean of each cvytokine was set to a rate of 100).
The Th1/Th2 ratio was then calculated from these normalized
values as the ratio between 1L-2+1FN-vy and IL-4+1L-10 in each
animal group (6 to 8 values in each). Thus, values of phytosterol-
treated animals represent the amount relative to the amount of
control mice,

Statistical analysis

Results are expressed as mean values and SEM. Two-way
ANOVA with Bonferrom post hoc tests was performed using
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GraphPad Prism version 4.0 for Windows (GraphPad Software,
San Diego, CA, USA). Comparison of data for two groups was
performed by the U Mann—Whitney test. A value of P<0.05
was considered statistically significant.

Results

Food intake,
response

body weight and plasma SAA inflammatory

There was no difference between control and phytosterol-
treated animals in terms of mobility, behaviour, food intake and
welght throughout the study (data not shown). As previously
described (Calpe-Berdiel et al., 2005), phytosterols reduced
plasma cholesterol concentration in phytosterol-treated apoE '~
mice (11.5+0.04 mM versus 23.0+0.8 in mM control mice), but
not in C57BL/6 mice (2.840.2 mM wversus 3.24+0.3 mM n
control mice). Subcutaneous injection of turpentine-induced a
similar acute phase response, as measured by plasma SAA
concentrations, in both apoE * mice and C57BL/6J mice (Fig. 1).
No differences in SAA concentration were observed either
depending on the supplement of dietary phytosterol or mouse
type. SAA concentrations after turpentine injection were similar
to those found in models of turpentine-induced chronic
inflammation (Tous et al., 2005).

Effects of turpentine and diets on spleen [ymphocyte populations

We determined spleen lymphocyte populations in apoE
mice fed a control or a 2% phytosterol-enriched diet after 48 h
of an injection of saline and, also, in apoE * mice fed the same
diets after 48 h of a single injection of turpentine to induce
acute, aseptic inflammation (Table [). No differences were
found in the subsets evaluated with the exception of a
significant rise in NK cells caused by inflammation. The
proportion of CD4"/CD8" T-cells decreased in animals treated
with turpentine in comparison to healthy littermates, whereas
this ratio remained constant in the two diets (Table 1).

Cytokine secretion of spleen lvmphocytes in vitro

We did not detect the selected four cytokines in plasma and
their concentration was also below the detection limit when spleen

Table 1
Lymphocyte populations in spleen from apoE~~ mice fed a Western diet or a 2% phytosterol-enriched Western-type diet for 4 weeks and treated or not with turpentine
CD3" CDh4™ CDS" NK cells
Mean SEM Mean SEM Mean SEM Mean SEM
Healthy Control 34.4 4.6 25.6 2.8 7.9 1.8 1.2 0.04
2% phytosterols 31.4 1.6 23.3 2.0 7.9 1.5 1.6 0.1
Acute inflammation Control 384 11.7 23.5 5.4 14.0 4.4 5.1% 0.9
2% phytosterols 28.8 4.7 18.9 39 0.8 1.5 3.4* 0.4

CD3" (as T-lymphocytes), CD4" (as helper lymphocytes), CD8' (as suppressor/cytotoxic T-lymphocytes) and NK (as natural killer cells) as percentages with respect to
the total number of lvmphocytes. One experiment was performed in 6 control and 6 phytosterol-fed animals in each experimental situation. Results are expressed as
means+ SEM., *FP<0.05, effect of inflammation by two-way ANOVA. The CD4/CDE¥ T-cell proportion decreased due to inflammation with turpentine (3.7+0.6 and
3.1+0.4 in control and phytosterol-treated healthy animals vs 1.8£0.2 and 1.740.2 in control and phytosterol-treated inflamed-mice) by Two-way ANOVA,
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Fig. 2. Cytokine production by spleen lvmphocytes from control and turpentine-treated apoE ~ mice fed with or without phytosterols. Spleen lymphocytes isolated
from mice, fed with or without a 2% phytosterol-enriched diet (2 = 10° cells/mL), were cultured for 48 h in presence of 25 mg/L of ConA. IL-2, IFN-v, IL-4 and IL-10
concentrations were determined in the supernatants of the incubation media by ELISA. Values represent mean+ SEM, n=6—8 (same animals than Fig. 1). Statistical
differences were analyzed by two-way ANOVA with Bonferroni post hoc tests, *P<0.05, effect of phytosterol-treatment. **P<0.01, significant effect on IFN-y

secretion due to acute inflammation revealed by two-way ANOVA.

lymphocytes were not stimulated (data not shown). In contrast,
cultured isolated spleen lymphocytes activated with ConA for
48 h showed enhanced cytokine production. Turpentine-induced
inflammation was associated with a significant increase in [FN-v
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Fig. 3. Cytokine production by spleen lymphoceytes from C57BL/6J turpentine-
treated mice fed with or without a 2% phytosterol-enriched diet. 2 * 10° cells/mL
were cultured for 48 h in presence of 25 mg/L of ConA, and IL-2, IFN-+, IL-4
and TL-10 concentrations were determined in the supernatants by ELISA. Two
mdependent experiments were performed (3 control and 4 phytosterol-fed
animals in each experiment). Results were similar in both experiments and were
therefore pooled for analysis (n=6—8). Values represent the mean£SEM.
*P<0.05 compared to the animals fed the control diet by Mann—Whitney test.

levels (Fig. 2). Dietary phytosterols induced increased Thl
cytokine (IL-2 and IFN-vy) secretion by cultured spleen
lymphocytes of apoE "~ mice subjected to turpentine-induced
inflammation (1.9 and 3.3-fold, respectively). In contrast, the Th2
cytokines quantified (IL-4 and IL-10) did not significantly change
regardless of the presence or absence of inflammation and diet
(Fig. 2). To ascertam whether these findings m cytokine levels

Table 2

Effect of phytosterols on the Th1/Th2 shift of spleen lymphocytes in apoE
and C57BL/6] mice with turpentine-induced acute inflammation after 4 weeks
of treatment

Th1/Th2 ratio

Mean SEM
ApoE © mice Control 1.0 0.2
2% phytosterols 2.0% 0.9
C57BL/GT mice Control 1.0 0.3
2% phytosterols 2.1% 0.3

Results are expressed as mean values and SEM of individual animals (data
obtained from mice described in Figs. 1 and 2). The Th1/Th2 ratio was
calculated, after normalizing each cytokine concentration of control animals to a
value of 100 arbitrary units, as the quotient between [L-2+IFN-v and TL.-4 +TL-
[0 averaged for each animal (as descnbed in Materials and methods Section).
Values of test animals represent the amount relative to the amount of control
mice. *P<0.05 compared to the same amimals fed the control diet by the UV
Mann—Whitney test,
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were related to the hypocholesterolemic action of phytosterols or
absence of apoE, studies in control C57BL/6] mice were
performed. In this case, IL-2 secreted levels were nearly 2-fold
increased in ammals fed the phytosterol-enriched diet whereas
[FN-vy did not increase significantly (Fig. 3). The Th1/Th2 ratio
was increased by 2.9-fold in turpentine-treated apoE ' mice and
by 2.1-fold in turpentine-treated C57BL/6J mice fed with
phytosterols compared with those fed without phytosterol
supplementation and treated with turpentine (Table 2).

Discussion

In health, a delicate balance exists between Thl and Th2
helper cell activity, Th1 response, which is more related to innate
immunity, is associated with the clearance of host pathogens
using the intracellular milieu to survive. Th2 response is related
to B-lymphocyte activation and antibody production. Imbalance
of this regulation may favour chronic conditions such as
autoimmune disorders, allergies and atherosclerosis (Barnes,
2001; Keroetal., 2001; Romagnani, 1994). To ascertain whether
phytosterols influence immune regulation in a highly controlled
environment, we used a turpentine-induced sterile model of
acute inflammation. The main findings of this experimental
study support the concept that phytosterol intake modulates
immune equilibrium towards a Th1 response, a concept that was
proposed by earlier studies in different types of patients (Bouic,
2001; Bouic et al., 1996; Breytenbach et al., 2001).

However, mice presenting apoE deficiency and fed a
phytosterol-enriched diet showed a pronounced release of
IFN-v in response to turpentine compared with phytosterol-fed
turpentine-treated C57BL/6J mice (Figs. 2 and 3). ApoE absence
increases Thl response (Al et al., 2005), whereas lower plasma
cholesterol (as observed in apoE "~ mice fed with phytosterols)
reverses the Th2 bias induced by hypercholesterolemia (Zhou et
al., 1998). Therefore, a combination of the two characteristics —
apoE absence and decreased cholesterol mediated by phytoster-
ols — could have produced a stronger, more consistent Th1l shift
In apuE_';_ mice than in C57BL/6J mice that do have apoE and in
which plasma cholesterol does not change with phytosterols.

Another study found elevated production of anti-inflamma-
tory IL-10 cytokine along with reduced proinflammatory
cytokine production by LPS-treated spleen cells of phytoster-
ol-fed apoE ' mice immunized with ovoalbumin (Nashed
et al., 2005). From this study one cannot deduce the Th1/Th2
shift in immune response (Nashed et al., 2005) that we have
found, whereas the present study did not find evidence of
phytosterol-induced anti-inflammatory actions. It is, however,
noteworthy that the latter apoE™ mice were fed a different
mixture of phytosterols and were immunized with ovoalbumin
(Nashed et al., 2005) whereas ours were subjected to a single
turpentine injection. Further, a different inflammatory status
could also affect the immune modulatory effect of phytosterols.
For instance, we did not find Th1/Th2 changes in mesenteric
lymph node lymphocytes in apoE '~ mice fed with phytosterols
and treated with dextran sulphate sodium to induce colitis (data
not shown) or in apoE~~ mice fed with phytosterols but not
subjected to turpentine treatment (Fig. 2).

The substantial changes in T-cell cytokines found in our study
could be due to the alteration in spleen subset cell proportion.
Cytometric analyses of our study did not reveal differences in
spleen lymphocyte subset distribution due to the treatment.
However, since absolute cell numbers were not obtained in these
experiments, it cannot be ruled out that phytosterols influenced
cell number without affecting their relative number.

Phytosterols incorporate mto membranes influencing cellu-
lar membrane composition and fluidity (Awad et al., 2004) and
this may affect eicosanoid, leukotrienes and prostaglandin
biosynthesis which are key modulators of signalling pathways
involved mm immune response (Broughton and Wade, 2002;
Moussa et al., 2000; Plat and Mensink, 2005). Phytosterols or
their derivatives may also act as LXR ligands (Kaneko et al.,
2003; Yang et al., 2004). It is, thus, noteworthy that LXR-
dependent gene expression has been shown to play a role 1n the
innate immune response (Joseph et al., 2004) in which the Thl
response 158 involved. Clearly, the mechanism/s by which the
phytosterol intervention leads to altered cytokine production
requires more mvestigation. Also, 1t will be of special interest to
study the effect of dietary phytosterols in inflammatory diseases
characterized by a Th2-dominant response such as asthma.

In conclusion, the results of the present study reinforce the
evidence for a role of phytosterols in immune modulation. This
immunomodulatory action may depend on the existence and
type of mflammatory process and may be, in part, independent of
apoE and plasma cholesterol level.

Acknowledgements

The authors thank Christine O"Hara for editorial assistance.
This work was funded by grants from Instituto de Salud Carlos
III, FIS 05/1921, 05/2255 and RD06/0015/0021 and Institut
d’Estudis Catalans. J.C.E.-G. 1s a Ramon vy Cajal researcher,
funded by the Ministerio de Educacion y Ciencia.

References

Al K., Middleton, M., Pure, E., Rader, D.J., 2005. Apolipoprotein E suppresses the
type I inflammatory response in vivo. Circulation Research 97 (9), 922-927.

Awad, A.B., Toczek, I, Fink, C.5., 2004. Phytosterols decrease prostaglandin
release in cultured P38ED(1)/MAB macrophages. Prostaglandins, Leuko-
trienes and Essential Fatty Acids 70 (6), 511-520.

Barnes, P.J., 2001. Th2 cytokines and asthma: an introduction. Respiratory
Research 2 (2), 6465,

Boelen, A., Maas, M.A., Lowik, C.W,, Platvoet, M.C., Wiersinga, W.M., 1996,
Induced illness in interleukin-6 {IL-6) knock-out mice: a causal role of IL-6
in the development of the low 3,5,3"-triiodothyronine syndrome. Endocri-
nology 137 (12), 52505254,

Bouic, P.J., 2001. The role of phytosterols and phytosterolins in immune
modulation: a review of the past 10 years. Current Opinion in Clinical
Nutrition and Metabolic Care 4 (6), 471-475.

Bouic, P.J., Etsebeth, S., Liebenberg, R.W., Albrecht, C.F., Pegel, K., Van
Jaarsveld, P.P., 1996. beta-Sitosterol and beta-sitosterol glucoside stimulate
human peripheral blood lyvmphocyte proliferation: implications for their use
as an immunomodulatory vitamin combination. International Journal of
Immunopharmacology 18 (12), 693-700,

Breytenbach, U., Clark, A., Lamprecht, J., Bou, P., 2001. Flow cytometric
analysis of the Th1-Th2 balance in healthy individuals and patients infected
with the human immunodeficiency virus (HIV) receiving a plant sterol/
sterolin mixture. Cell Biology International 25 (1), 43—49,



1956 L. Calpe-Berdiel et al. / Life Sciences 80 (2007) 19511956

Broughton, K.8., Wade, J.W., 2002, Total fat and (n-3):(n-6) fat ratios influence
gicosanold production in mice. Journal of Nutrition 132 (1), 88-94.

Calpe-Berdiel, L., Escola-Gil, 1.C., Ribas, V., Navarro-Sastre, A., Garces-Garces,
J.. Blanco-Vaca, F., 2005, Changes in intestinal and liver global gene ex-
pression in response to a phytosterol-ennched diet. Atherosclerosis 181 (1),
7585,

Escola-Gil, J1.C.. Julve. 1., Marzal-Casacuberta, A., Ordonez-Llanos, I.,
Gonzalez-Sastre, F., Blanco-Vaca, F., 2000. Expression of human apolipo-
protein A-1I in apolipoprotein E-deficient mice induces features of familial
combined hyperlipidemia. Journal of Lipid Research 41 (8), 1328—1338,

Joseph, S.B., Bradley, M.N., Castrillo, A., Bruhn, K.W., Mak, PA., Pei, L.,
Hogenesch, J., O'Connell, R.M., Cheng, G., Saez, E., Miller, 1.F., Tontonoz,
P., 2004, LXR-dependent gene expression is important for macrophage
survival and the mnate immune response. Cell 119 (2), 299-309,

Kalra, R., Singh, S.P., Pena-Philippides, J.C., Langley, R.J., Razani-Boroujerdi,
S.. Sopori, M.L., 2004, Immunosuppressive and anti-inflammatory effects of
nicotine administered by patch in an animal model. Clinical and Diagnostic
Laboratory Immunology 11(3), 56, 3-568.

Kaneko, E., Matsuda, M., Yamada, Y., Tachibana, Y., Shimomura, I.,
Makishima, M., 2003. Induction of intestinal ATP-binding cassette
transporters by a phytosterol-derived liver X receptor agonist. Journal of
Biological Chemustry 278 (38), 36091-3609%,

Kero, J., Gissler, M., Hemminki, E., Isolaur, E., 2001. Could TH1 and TH2
diseases coexist? Evaluation of asthma incidence in children with coeliac
disease, type 1 diabetes, or rheumatoid arthritis: a register study. Journal of
Allergy and Clinical Immunology 108 (5), 781-783.

Mallat, Z., Gojova, A., Brun, V., Esposito, B., Fournier, N, Cottrez, F., Tedgui,
A., Groux, H., 2003, Induction of a regulatory T-cell type 1 response reduces
the development of atherosclerosis in apolipoprotein E-knock-out mice,
Circulation 108 (10), 1232-1237,

Moussa, M., Tkaczuk, I., Ragab, 1., Garcia, J., Abbal, M., Ohayon, E., Ghisolfi,
J.. Thouvenot, I.P., 2000. Relationship between the fatty acid composition of
rat lymphocytes and immune functions. British Journal of Nutrition 83 (3),
327-333.

Nashed, B., Yeganeh, B., HayGlass, K.T., Moghadasian, M.H., 2005,
Antiatherogenic effects of dietary plant sterols are associated with inhibition
of proinflammatory cytokine production in Apo E-KO mice. Journal of
Nutrition 135 (10), 24382444,

MNavarro, A., De las Heras, B., Villar, A., 2001. Anti-inflammatory and
immunomodulating properties of a sterol fraction from Sideritis foetens
Clem. Biological and Pharmaceutical Bulletin 24 (5), 470-473.

NCEP, 2001. Executive Summary of The Third Report of The National
Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol In Adults (Adult
Treatment Panel II1). JAMA 285 (19), 24862497,

Park, E.H., Kahng, J.H., Lee, S.H., Shin, K.H., 2001. An anti-inflammatory
principle from cactus. Fitoterapia 72 (3), 288-29(),

Perez-Bosque, A., Pelegn, C., Vicario, M., Castell, M., Russell, L., Campbell, J. M.,
Quigley 3rd, 1.D., Polo, I., Amat, C., Moreto, M., 2004, Dietary plasma protein
affects the immune response of weaned rats challenged with S aureus
Superantigen B. Journal of Nutrition 134 (10), 2667-2672.

Plat, I., Mensink, R.P., 2005. Food components and immune function. Current
Opinion in Lipidology 16 (1), 31-37.

Romagnani, S., 1994, Lymphokine production by human T-cells in disease
states. Annual Review of Immunology 12, 227-257,

Tous, M., Ribas, V., Ferre, N., Escola-Gil, J.C., Blanco-Vaca, F., Alonso-
Villaverde, C., Coll, B., Camps, 1., Joven, 1., 2005. Turpentine-induced
inflammation reduces the hepatic expression of the multiple drug resistance
gene, the plasma cholesterol concentration and the development of
atherosclerosis in apolipoprotein E-deficient mice. Biochimica et Biophy-
sica Acta 1733 (2-3), 192195,

Yang, C., Yu, L., Li, W., Xu, F., Cohen, J.C., Hobbhs, H.H., 2004, Disruption of
cholesterol homeostasis by plant sterols. Journal of Clinical Investigation
114 (6), 813-822,

Zhou, X., Paulsson, G., Stemme, 5., Hansson, G.K., 1998. Hypercholesterol-
emia is associated with a T-helper (Th) 1/Th2 switch of the autoimmune
response in atherosclerotic apo E-knock-out mice. Journal of Clinical
Investigation 101 (&), 17171725,



	1
	2
	3
	4
	5
	6

