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Introduction

Summary

Environmental factors such as diet are known to play important roles in
inflammatory bowel disease (IBD). Epidemiological studies have indicated
that a high-fat diet is a risk factor for IBD. In addition, the balance between
effector T cells (Tey) and regulatory T cells (Ty;) contributes to the patho-
genesis of mucosal inflammation. The aim of this study was to understand
the mechanisms by which a high-fat diet can regulate susceptibility to intes-
tinal inflammation. Wild-type C57BL/6 mice were fed either a commercial
high-fat diet or a normal diet, then exposed to dextran sulphate sodium
(DSS) to induce colonic inflammation. Intraepithelial lymphocytes (IEL)
were isolated from the colon, and their phenotype and cytokine profile were
analysed by flow cytometry. Mice receiving the high-fat diet were more sus-
ceptible to DSS-induced colitis. They had higher numbers of non-CD1d-
restricted natural killer (NK) T cells in the colonic IEL, when compared to
mice fed a normal diet. These cells expressed tumour necrosis factor
(TNF)-o and interferon (IFN)-y, which are up-regulated by high-fat diets.
Mice fed the high-fat diet also had decreased levels of colonic T. Depletion
of colonic NK T cells or adoptive transfer of T, reduced the DSS colitis in
these mice, and reduced the colonic expression of TNF-a and IFN-y. We
conclude that a high-fat diet can increase non-CD1d-restricted NK T cells
and decrease T, in the colonic IEL population. This altered colonic IEL
population leads to increased susceptibility to DSS-induced colitis. This
effect may help to explain how environmental factors can increase the sus-
ceptibility to IBD.
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IBD, however, the mechanisms involved are still poorly
understood.

Our current understanding of the pathogenesis of inflam-
matory bowel disease (IBD) suggests that nutrition and
dietary factors play a significant role in this condition [1-4].
There is strong epidemiological evidence linking dietary
factors to IBD: for example, the incidence of IBD is high in
populations that consume western-style diets, and the inci-
dence of IBD has risen sharply among those from developing
countries who have migrated to developed countries or who
have adopted industrialized urban lifestyles with concomi-
tant change in dietary habits (e.g. ingesting more fast food
with high fat content) [5]. High-fat diets are also associated
with an increased risk of developing ulcerative colitis (UC)
[2,6]. Despite strong evidence linking dietary factors to

It is well known that nutrition and dietary factors can
modulate immune function [7]. Dietary fatty acids such
as n-3 polyunsaturated fatty acids can exert an anti-
inflammatory effect that is related to their ability to reduce
proinflammatory cytokine production [8,9]. On the other
hand, high-fat diets can cause increased liver inflammation
that is associated with depletion of NK T cells from the
liver [10].

One theory regarding the pathogenesis of IBD suggests
that this condition represents an inappropriate and exagger-
ated mucosal immune response to normal intestinal flora
that can be attributed, at least in part, to an imbalance
between effector T cells (Ter) and regulatory T cells (T,)
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[11]. In this view, experimental inflammation occurs as a
result of either excessive T function [12] or deficient T
function [13-15]. However, little is known about whether
dietary factors can influence intestinal lymphocytes, particu-
larly Tegr and Ty,

In the present study, we have asked whether a high-fat diet
can increase the risk of intestinal inflammation in a mouse
model of colitis. Furthermore, we have examined whether
the effects of the high-fat diet are a result of altered Ty and
T, function in the colon. We discovered that mice fed a
high-fat diet exhibited more severe dextran sulphate sodium
(DSS)-induced colitis than did those fed a normal diet, and
this increased severity was associated with an alteration in
the intraepithelial lymphocyte population in the colon.
These findings may explain how high-fat (i.e. westernized)
diets can lead to an increased risk of IBD.

Materials and methods

Animal experiments

Adult (6-8-week-old) male wild-type C57BL/6 mice were
purchased from the Jackson Laboratory (Bar Harbor, ME,
USA). The mice were fed commercial diets containing either
a high amount of fat (50% of the total kcal, F3282, BioServ,
Inc., Frenchtown, NJ, USA) or normal amount of fat (11%
of the total kcal) for 4-6 weeks. CD1d-deficient mice on a
C57BL/6 background were kindly provided by Dr Albert
Bendelac [16]. Natural killer (NK) cell-deficient LY49a-
transgenic (NKD) mice on a C57BL/6 background were
kindly provided by Dr Wayne Yokoyama [17] and main-
tained in our laboratory. Both CD1d knock-out and NK
cell-deficient mice were crossed extensively into the C57BL/6
background (more than 10 generations). All mice were
maintained in a temperature- and light-controlled facility
and allowed to consume water and pellet chow ad libitum.
All animal experiments fulfilled National Institutes of Health
(NIH) and Johns Hopkins University (JHU) criteria for the
humane treatment of laboratory animals.

DSS-induced colitis

After receiving a high-fat or control diet for 4-6 weeks, mice
were exposed to 2:5-3% (w/v) DSS (MW 36-50 kDa; MP
Biomedicals, Solon, OH, USA) in their drinking water. At the
end of the treatment period the colonic histology was evalu-
ated in a blinded fashion by a gastrointestinal pathologist
(M. T.) for severity of inflammation according to the follow-
ing criteria: 0=no active inflammation, 1= cryptitis,
2 =crypt abscesses, 3 = erosions and or ulcers. The worst
degree of inflammation observed was recorded as the score.
Because C57BL/6 mice are sensitive to the effects of DSS
in inducing colonic inflammation, the concentrations of
DSS in the diet experiments were titrated. A subpathogenic
concentration (2:5% w/v) was used to achieve a little

High-fat diet and colonic inflammation

inflammation in the normal diet group and to help distin-
guish the degree of inflammation between the two groups.
The mice were allowed to consume the water with DSS ad
libitum. Daily water consumption was recorded.

NK and NK T cell depletion

Mice received a tail vein injection of anti-NK1-1 antibody
(50 pg/mouse; Pharmingen, San Diego, CA, USA) on the day
before (—1) and day +3 of DSS treatment.

Isolation of colonic lymphocytes and
cell-surface labelling

Colonic intraepithelial lymphocytes (IEL) were isolated as
described previously [18], with minor modification. The
colonic mucosa was dissociated in RPMI-1640 containing
10% heat-inactivated fetal calf serum (FCS), 1 mM dithio-
threitol (DTT) (Sigma-Aldrich, St Louis, MO, USA) and
1 mM ethylenediamine tetraacetic acid (EDTA) for 20 min
at room temperature. The cell preparation was passed
through a glass wool column to remove debris. The IEL
fraction was isolated from the interface between the 80% and
40% fractions of a Percoll gradient (Amersham Pharmacia
Biotech, Piscataway, NJ, USA) after centrifugation at 2000 g
for 30 min. A previous study showed a high purity of IEL
with little contamination of lamina propria cells using this
method [19].

After isolation, the IELs were labelled with various anti-
mouse antibodies against NK1-1, CD3, CD4, CD8, CD25
(Pharmingen) and CDI1 tetramer loaded with a ligand
(PBS-57, an analogue of o-GalCer; NIH tetramer facility).
The IELs were then evaluated by flow cytometry (Becton
Dickinson, Palo Alto, CA, USA). Data were analysed using
CellQuest software (Becton Dickinson).

Intracellular cytokines and forkhead box P3
(FoxP3) labelling

After isolation, the colonic IELs were incubated with lym-
phocyte activation cocktail, labelled with surface markers,
permeabilized and labelled for intracellular cytokines with
an intracellular staining kit (Pharmingen) according to the
manufacturer’s instructions. For intracellular FoxP3 stain-
ing, colonic IELs were permeabilized directly and stained
using a FoxP3 staining kit (eBioscience, San Diego, CA, USA)
according to the manufacturer’s instructions.

Adoptive transfer of T, cells

CD4* CD25" T, were isolated from naive C57BL/6 mouse
spleens using an MACS regulatory T cell isolation kit
(Milltenyi Biotec, Auburn, CA, USA). A purity greater than
95% for the T, separation was confirmed by CD4" CD25*
FoxP3* staining and flow cytometry. Before colitis induction,
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Fig. 1. A high-fat diet increases the
susceptibility of mice to dextran sulphate
sodium (DSS)-induced colitis. Wild-type
C57BL/6 mice were fed a normal diet (ND) or
high-fat diet (HF) for 4-6 weeks and then
exposed to subpathogenic DSS (2-5%, w/v) in
drinking water for 6 days. (a) Gross anatomy of
the mouse colon. Mice fed the high-fat diet
have significant colonic shortening with visible  (e)
colonic bleeding (black stool) in the lumen.
(b) Mean [=* standard deviation (s.d.)] change
in body weight during the DSS treatment;
*P<0-01 (n=10). (c, d) Haematoxylin and
eosin staining of colonic sections (xX64) from
mice fed a normal diet (c) or high-fat diet (d).
(e) Mean (= s.d.) colonic inflammation scores
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for mice fed a normal diet or high-fat diet
(n=8). ND

1-5 % 10° CD4* CD25" T, were injected into each recipient
mouse via the tail vein; the same amount of CD4* CD25™ T
cells was injected into each of the control mice.

Statistical analysis

All values are expressed as means = standard deviation
(s.d.). The group means were compared by Student’s t-test
using Microsoft Excel (Microsoft, Redmond, WA, USA).
P-values of < 0-05 were considered statistically significant.

Results

A high-fat diet increases the susceptibility of mice to
DSS-induced colitis

After 4-6 weeks, mice fed a high-fat diet gained more weight
and developed more hyperlipidaemia, hyperglycaemia and
insulin resistance than did the mice fed a normal diet, as
described previously [10,20,21]. We saw no gross or histo-
logical differences between the colons of the mice after

HF

4-6 weeks on the high-fat diet or normal diet (data not
shown). However, when these mice were subjected to a DSS
challenge, mice receiving the high-fat diet developed more
severe colitis, as reflected by a significant colonic shortening
(Fig. 1a), weight loss (Fig. 1b) and severe histological in-
flammation with crypt abscesses, mucosal erosions and/or
ulcers when compared to those receiving the normal diet
(Fig. 1c—e). The mice in both groups drank similar amounts
of water (data not shown); therefore, it is unlikely that the
increased inflammation in the mice receiving the high-fat
diet was related to increased DSS ingestion. When mice
on the high-fat diet were returned to a normal diet for
3—4 weeks, they lost the extra weight that they gained during
the high-fat diet feeding, and were no longer susceptible to
DSS (data not shown).

A high-fat diet increases the number of non-classical
NK T cells in the colon

We first evaluated the effect of a high-fat diet on colonic IEL
populations. Unlike small intestinal IEL that are mainly T
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cells, the colonic IEL have a significant number of non-T
cells, including NK cells (CD3™ NK1-1*) and NKT cells
(CD3* NKI1-1*) (Fig. 1). This may reflect a predominant
innate immunity in response to high bacterial content of the
colon. The high-fat diet increased the population of CD3*
NK1-1* (NKT) cells significantly in the colonic IEL
(Fig. 2a-b). The high-fat diet also increased the population
of CD3” NK1-1* (NK) cells in the colonic IEL (Fig. 2a-b).
However, it was unlikely that colonic NK cells contributed to
the increased susceptibility of high-fat fed mice to DSS-
induced colitis, as depletion of NK cells in transgenic mice
does not alter the susceptibility of these mice to DSS-
induced colitis (see our data below). Unlike the classical
CD1d-restricted NK T cells in the liver, the majority of the

NK T cells up-regulated by the high-fat diet in the colon
were not CD1d-restricted (Fig. 2¢), based upon their inabil-
ity to bind with the CD1 tetramer. In addition, the colonic
NK T cells express both T cell receptor (TCR)o/f and
TCRy/$ (Fig. 2d) instead of invariant Va14Joul8, as in clas-
sical CDI1d-restricted NK T cells [22]. Classical CD1d-
restricted NK T cells are either CD4" or CD4~ CD8" (Fig. 2e).
The majority of colonic NK T cells were CD4", but signifi-
cant numbers of CD8" cells were also present (Fig. 2f).
Therefore, these cells represent a heterogeneous cell popula-
tion that is distinguishable from the classical CDI1d-
restricted NK T cells, despite their expression of both the
NKI1-1 and TCR markers. A detailed description of different
phenotypes of these cells is listed in Table 1.
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Table 1. Phenotypes of the isolated cells.

Name CD1d tetramer NK 11 CD3 CD4 CD8 TCRoP TCRYd CD25 FoxP3
Colonic non-classical NK T cells - + + - * * * n.a. n.a.
Hepatic classical NK T cells + + + + + n.a. n.a.
Tregs n.a. n.a. —+ + n.a. n.a. n.a. + —+
Tets n.a. n.a. + + n.a. n.a. n.a. - -

+: Positive; —: negative; =, partially positive; n.a.: not tested; NK: natural killer; TCR: T cell receptor; FoxP3: forkhead box P3.

Colonic non-classical NK T cells contribute to
increased DSS-induced colitis

In order to confirm that these non-classical NK T cells in
colonic IEL actually contribute to the increased DSS-
induced colitis in mice receiving the high-fat diet, we per-
formed cell-depletion experiments. Because there is no
reagent that targets specifically non-classical NK T cells, we
accomplished the depletion by injecting the mice with anti-
NK1-1 antibody. After depletion with anti-NK1-1 antibody,
mice receiving the high-fat diet became more resistant to
DSS-induced colitis. They had less weight loss and a mark-
edly lower degree of inflammation in the colon (Fig. 3a,b).
However, systematic administration of NK1-1 antibody also
depletes NK cells and classical CD1d-restricted NK T cells.
Therefore, in order to demonstrate that the protective effect
of the NK1-1 antibody was not due to depletion of NK cells
and/or classical NK T cells, we utilized transgenic mice that
had been depleted selectively of either NK cells (NKD mice)
[17] or classical NK T cells (CD1d knock-out mice). NKD
and NKDXCD1dko mice had a similar degree of weight loss
and colonic inflammation to the wild-type mice after they

were fed with a high-fat diet and challenged with DSS.
However, when NKDXCD1dko mice were given anti-NK1-1
antibody to eliminate the only non-classical NK T cells
remaining in these mice, they had significantly less weight
loss and colonic inflammation (Fig. 3a,b). Thus, the protec-
tive effect of the anti-NK1-1 antibody that we observed is
probably the result of depletion of non-classical NK T cells
rather than NK cells or classical NK T cells. Similar experi-
ments were repeated in mice fed a normal diet to avoid any
additional effect of the high-fat diet on non-classical NK T
cells. These normal diet-fed mice were also exposed to a
standard pathogenic concentration (3%) of DSS for a
longer exposure time (9 days) to induce adequate colonic
inflammation. The NKD mice, CD1dko and NKDXCD1dko
mice all demonstrated a susceptibility to DSS-induced colitis
that was similar to that of wild-type mice (Fig. 3¢,d). When
NKDXCD1dko mice were treated with anti-NK1-1 antibody,
they showed significant improvement in weight loss and
colonic inflammation (Fig. 3c,d). These results indicated
that it was non-classical NK T cells, but not NK cells or
classical CD1d-restricted NK T cells, that contributed to
high-fat diet-induced increased susceptibility of colitis.

i . (a) (b)
Fig. 3. Colonic non-classical NK T cells 110~ P <0-05
contribute to increased dextran sulphate ° w3l P <0-05
sodium (DSS)-induced colitis. Wild-type mice, = 100- o
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. k=) ——wt+isotype =

(NKD), or NK cells and classical NK T cells g - NKD g
(NKDXCD1dko) were fed either a high-fat diet 5 70 _ NKDXCD1dko % 1+
(a, b) or normal diet (¢, d). These mice were X 60 ——wt+anti-NK1-1 _ =
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or a low concentration of DSS (a, b) in 6 1 2 3 4 5 6 ~wt+ wt+ NKD NKDX NKDX
drinking water. Some of the mice were also Days isotype anti- CD1dko CD1ko
received anti-NKI1-1 antibody or isotype Ig NK1-1 &iqtli
control injections before they were exposed to
DSS. (a) Mean [+ standard deviation (s.d.)] (c) (d)
change in weight during the low concentration o 110 ®
of DSS treatment after being fed a high-fat diet g 100 g
(n=18). (b) Mean (= s.d.) colonic § 920 t 3
1nﬂ.ammatlor¥ scores for mice injected with 5 80 : CD1dko é
anti-NK1 or isotype Ig control (n=18). (c) g 70L —+-NKD g
Mean (= s.d.) change in weight of mice treated 5 60 —-—NKDXCD1dko . g
with a standard concentration of DSS and * T._'TIKE?XC|D1(?kOTam|I-N}|(1 1| . E
Tlormal (.ﬁe.t (n= 17)..(d) Mean (tA s.d.) change 50 0123456 7 8 9 - wt CD1dko NKD NKDX NKDX
in colonic inflammation score during the Days CD1dkoCD1ko
standard concentration of DSS treatment with +anti-
normal diet (n=17). *P < 0-05 versus wt. NK1-1
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Fig. 4. A high-fat diet (HF) reduces the number of colonic regulatory T cells. Wild-type C57BL/6 mice were fed a normal diet or high-fat diet, and
colonic intraepithelial lymphocytes (IEL) were isolated and analysed by flow cytometry. The total numbers of colonic IEL were similar in both
groups; therefore, the percentage of T regulatory cells (Ty,) reflects the number of T in the colon. (a, b) Representative flow cytometry data are
shown; the experiments were repeated five times (n = 10). (c) Intracellular forkhead box P3 (FoxP3) staining of CD4" CD25" cells from normal
diet-fed mouse colonic IEL. Intracellular FoxP3 staining of CD4" CD25" cells from high-fat diet-fed mice became technically infeasible due to the
rarity of colonic CD4* CD25" cells. (d) Mean [ standard deviation (s.d.)]% of colonic Ty, (CD4" CD25* FoxP3") cells from three experiments are
graphed (n = 10). In separate experiments (e, f), either CD4" CD25" cell (HF + T,,) or CD4* CD25~ cells (HF + Tefrector) Were transferred adoptively
into mice that had received a high-fat diet and were then exposed to 2:5% dextran sulphate sodium (DSS) (w/v) in drinking water. (e) Mean

(= s.d.) change in weight during the DSS treatment; *P < 0-01 (n=7). (f) Mean (= s.d.) colonic inflammation scores from the same mice (n=7).

A high-fat diet also reduces the number of colonic T,

Because intestinal inflammation can result not only from
excessive Ty function [12] but also from deficient T, func-
tion [13-15], we evaluated the T, population in the colonic
IEL of mice receiving the high-fat diet. Compared to those
on the normal diet, the mice receiving the high-fat diet had
a significantly reduced number of CD4* CD25* T cells in the
colonic IEL (Fig. 4a,b,d). The majority of these cells were
also positive for intracellular FoxP3 (Fig. 4c), indicating that
they were Ty

To confirm further the effect of reducing colonic regula-
tory T cells on increased susceptibility to colitis, we per-
formed adoptive transfer experiments. CD4* CD25" T\, were
isolated from the spleens of mice fed the normal diet and
transferred adoptively to the mice fed the high-fat diet before
the recipient mice were subjected to DSS challenge. Control
mice received CD4" CD25 cells. As expected, adoptive

transfer of T, reduced significantly the degree of weight loss
associated with the colitis (Fig. 4e). It also lessened the
degree of histological inflammation, although the difference
between the control and experimental groups was not statis-
tically significant (Fig. 4f). Adoptive transfer of regulatory T
cells did not reduce the number of non-classical NK T cells
in the colon of the mice fed high-fat diets (data not shown).
However, it did reduce the production of inflammatory
cytokines by non-classical NK T cells (see below).

A high-fat diet increases the colonic expression of
inflammatory cytokines

To characterize further the mechanisms governing the
increased susceptibility to colitis in mice fed a high-fat diet,
we analysed the intracellular cytokine production by colonic
IEL. Mice fed a high-fat diet displayed a significantly higher
expression of inflammatory cytokine-producing cells, i.e.
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Fig. 5. A high-fat diet (HF) increases the colonic expression of inflammatory cytokines. Wild-type C57BL/6 mice were fed either a normal diet
(ND) or high-fat diet. Some of the mice fed the high-fat diet also received either CD4* CD25" cells [HF + T regulatory (T..5] or CD4* CD25" cells
(HF + Tefrector) by adoptive transfer. The mice were then exposed to dextran sulphate sodium (DSS), and the intracellular cytokines tumour necrosis
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(¢, e, gated as CD3* NK1-17) cells were measured by flow cytometry. (a) Representative flow cytometry data for intracellular IFN-y staining of cells

from mice fed a normal diet or high-fat diet, with or without adoptive transfer. (b—e) Mean (= standard deviation) levels of intracellular TNF-at or

IFN-y in the four groups of mice (n =12). P-values are ND or HF + T, versus HE.

interferon (IFN)-y and tumour necrosis factor (TNF)-o,
within their total colonic IEL (Fig. 5b,d) and colonic non-
classical NKT cells (Fig. 5c,e). Adoptive transfer of T
reduced significantly the expression of these inflammatory
cytokines (Fig. 5a—e).

Discussion

The pathogenesis of IBD is believed to involve a deregulation
of intestinal immune responses that may be genetic and/or
environmental in nature. High-fat diets are an important

136

environmental risk factor that contribute to the high inci-
dence of IBD in western, industrialized countries [2,23].
Despite the strong epidemiological evidence linking dietary
factors to IBD, little is known about the mechanisms under-
lying this relationship. Although there is no perfect animal
model to mimic the condition of human IBD, the mouse
model of DSS-induced colitis has been used widely to study
intestinal inflammation. In order to analyse the effects of a
high-fat diet on susceptibility to DSS-induced colitis, we
used a mouse model with many characteristics of the human
metabolic syndromes induced by high-fat diets. In the
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present study, we have shown that a high-fat diet can alter the
nature of the lymphocyte population in the colon, increasing
the number of non-classical NK T cells and decreasing the
number of T, in the colonic IEL. This alteration in colonic
IEL leads in turn to greater production of inflammatory
cytokines. It is known that the balance between Ty and T
plays a significant role in regulating mucosal inflammation
and that experimental inflammation occurs as a result of
either excessive effector T cell function [12] or deficient
regulatory T cell function [13-15]. The percentage of CD4*
cells in the colonic IEL is higher than those in the small
intestinal IEL, which is consistent with previous findings
[24]. However, most previous studies have described that
CD4* CD25" FoxP3" cells are located in the lamina propria
[25]. To our knowledge, this is the first report to identify the
colonic intraepithelial regulatory T cells that may contribute
to the pathogenesis of colitis. It also provides a potential
novel mechanism by which high-fat diets can increase the
risk of intestinal inflammation. This is also the first time that
non-classical NK T cells have been shown to play the role as
Ter in the intestinal mucosa of a murine model of experi-
ment colitis. A previous study has shown that non-classical
NK T cells contribute the pathogenesis of UC in humans.
Human colonic non-classical NK T cells have atypical T
helper 2 (Th2) response and cytotoxic potential [26]. In
addition, dietary factors are known to increase the risk of UC
in humans [6]. Therefore, it is possible that, in humans,
dietary factors also alter colonic non-classical NK T cells that
contribute to the pathogenesis of UC. However, definitive
study in humans is still lacking. Our murine model may
provide a useful animal model to study these mechanisms.
NK T cells express both T cell surface markers (e.g. CD3)
and NK cell-surface markers (i.e. NK1-1). They are a hetero-
geneous population that can be divided into classical (CD1-
dependent) and non-classical (CD1-independent) subsets
[27,28]. In mice, classical NK T cells express predominantly
a conserved oy TCR with invariant Va14Jo18 and are
referred to as Vo14iNK T, or iNK T cells. They represent
30-40% of liver o T cells and are present in lower numbers
in other lymphoid organs [27,29]. INKT cells recognize
glycolipid antigens bound to the major histocompatibility
complex (MHC) class I-like molecule CD1d, which is
expressed with B2 microglobulin on various antigen-
presenting cells [22]. Upon activation, these iNK T cells
produce both Th2 cytokines (e.g. IL-4) and Th1 cytokines
(e.g. IFN-y) [30]. In contrast to these cells, relatively little
is known about the non-classical T cells, which also express
NK markers but are not CD1d-restricted. These cells are
abundant in the colon, as shown in the current study and
demonstrated previously by other investigators [31]. Unlike
classical NK T cells, these cells produce a large amount of
IFN-ybut little IL-4 [31]. Earlier studies also have shown that
CD8" T cells can be induced to express the NK1-1 marker
[32-34]. It is possible that some of these cells are active CD8*
T cells with NK1-1 expression. However, a large number of
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these cells are both CD4~ CD8". We believe that the non-
classical NK T cells in the colon represent a unique group of
T.x that regulate intestinal inflammation, and further studies
are needed to characterize these cells.

T cells, including NK T cells, play an important role in the
pathogenesis of intestinal inflammation [12,35-38]. Previ-
ous studies have generally indicated that NK T cells play a
protective role in regulating intestinal inflammation. Activa-
tion of NK T cells has been shown to protect mice from
DSS-induced colitis [36], adoptive transfer of NK T cells is
able to alleviate the symptoms of colitis [37,39] and caloric
restriction ameliorates experimental colitis by increasing the
number of hepatic NK T cells [38]. However, all these studies
have focused on CD1-dependent, classical NK T cells. In the
current study, we have demonstrated that the levels of CD1-
independent, non-classical NK T cells are modulated by
dietary fat and that an increase in the number of these
cells is associated directly with intestinal inflammation. At
present, the relationship between the classical and non-
classical NK T cells is largely unknown, and whether the
classical NK T cells regulate the non-classical NK T cells, or
vice versa, is still under investigation.

In summary, we have shown that a high-fat diet can alter
the balance of Ter and T, in the colon by increasing the
number of non-classical NKT cells and decreasing the
number of Ty, in the colonic IEL. These changes lead to
increased levels of inflammatory cytokines and an increased
susceptibility to DSS-induced colitis. The detailed mecha-
nisms responsible for the dietary regulation of the colonic
non-classical NK T cells are still under investigation.
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