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ABSTRACT

It is well documented that dietary restriction can prevent many different diseases and extend the life spans of different
rodent species. In the previous study, we reported that intermittent fasting (IF) as well as moderate dietary restriction
ameliorated the allergic dermatitis in ICR mice. In the present study, we demonstrated the ameliorative effects of IF on
allergic dermatitis in NC/Nga mice, a strain known as a model for atopic dermatitis. Interestingly, the total number of
CD4"CD8" double positive thymocyte in mice after IF significantly decreased in comparison to that in mice fed ad libi-
tum. Although it was reported that an immunosuppressive compound inhibited the contact allergic response by inducing
the CD4"CD25" regulatory T-cells, IF did not affect regulatory T cells in the present study. These results suggested that

CD4"CD8" double positive thymocytes play an important role in the regulation of allergy by IF in NC/Nga mice.
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1. Introduction

Dietary restriction (DR) extends maximum and average
lifespans in experimental animals [1,2]. Experimental
studies have shown that such restriction can prevent or
alleviate severity of spontaneously occurred-, chemically
induced-, and radiation induced-neoplasia [3-5] and autoi-
mmune diseases [6]. Two different DR protocols have
proven effective in increasing life span and disease resis-
tance in rats and mice. In one protocol animals are pro-
vided a daily food allotment that is typically 30% - 40%
less than the ad libitum (AL) consumption of a control
population; this limited daily feeding protocol involves a
controlled caloric restriction and a corresponding reduc-
tion in body weight. Intermittent fasting (IF), an another
regimen of DR, alternates fasting (1 - 4 days) and refeed-
ing repeatedly. It also has been reported to prolong the
lifespan of rodents [7-10]. Recent study has suggested
that IF can enhance health and cellular resistance to dis-
ease [7].

DR has been reported to exhibit preventive effects on
allergic inflammation. Nohr et al. [11] reported the sup-
pressive effect of short-term fasting on delayed-type hy-
persensitivity (DTH). It was reported that fasting during
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the sensitization phase suppressed DTH [12]. In addition,
DR has also been reported to alleviate chemically indu-
ced ulcerative dermatitis [13]. Previously, we have re-
ported that a moderate DR delayed onset and progression
of spontaneous dermatitis in 14 week old NC/Nga mice
through inhibiting infiltration of inflammatory cells and
cytokines secretion [14]. Furthermore, we have demon-
strated that short-term fasting in the challenge phase al-
leviated an allergic contact dermatitis caused by DTH in
ICR mice [15]. It has been suggested that hypercorti-
cism induced by nutritional stress is one of the major
factors in the ameliorative effect of fasting on allergic
dermatitis [16]. However, the details of immunological
mechanisms involved in the alleviation of allergic der-
matitis by fasting have not been elucidated. Therefore, in
this study, we assessed the effect of IF on DTH induced
by 2, 4- dinitrofulorobenzene (DNFB) in NC/Nga mice.
It has been reported that acute starvation results in the
decline of T-cell cellularity in lymphoid tissues, espe-
cially thymus [17]. The greatest loss in thymocyte num-
ber with acute starvation was in the double-positive
(CD4"CD8") thymocyte subpopulation [18]. However,
the effect of IF on the T-cell cellularity is unclear, we
analyzed thymocytes and splenocytes of AL and IF mice
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by flow cytometry (FCM) on the basis of CD4 and CD8
expression.

Recent findings indicated that regulatory T (Treg) cells
appears to be involved in regulating allergies [19]. Treg
cells have been shown to inhibit the inappropriate im-
mune responses involved in allergic diseases. Impaired
expansion of Treg cells is hypothesized to lead to the
development of allergy, and treatment to induce Treg
cells could provide curative therapies for allergy. In fact,
Weigmann et al. [20] have shown that the immunosup-
pressive compound leflunomide inhibited the contact
allergic response induced by epicutaneous application of
DNFB by inducing Treg cells. Thus, we investigated
whether IF induce Treg cells in our study.

2. Methods
2.1. Animal and Diet

All experiments were approved by the Animal Experi-
ment Committee of Kansai Medical University. Specific
pathogen-free male NC/Nga mice obtained from Japan
SLC (Hamamatsu, Japan) were used for the experiment.
The mice were individually maintained in plastic cages
in an environmentally controlled room with a 12 h light-
dark cycle. Diet used in the experiments was a standard
chow (MF; Oriental Yeast, Tokyo; Japan), containing
236 g protein, 53 g fat, 29 g fiber, and 61 g ash per kg of
diet. The total digestible energy was 15.07 MJ per kg of
diet. The mice had free access to water throughout the
study period. Body weights were recorded on day 0, 1, 3,
4,6and 7.

2.2. Induction of Dermatitis in the Mouse Ear

Six weeks old mice (weight 21 - 26 g) were randomly
divided into four groups; AL DNFB (+), IF DNFB (+),
AL DNFB (-) and IF DNFB (-). AL groups were al-
lowed continuous access to laboratory diet. IF groups
were fasted for 24 h intermittently with 48 h intervals.
DNFB (+) groups were sensitized by a painting of 100 ul
of 0.5% DNFB (Wako, Osaka, Japan) in acetone/olive oil
(4:1) to the right ear. On Day 3 and Day 6, they were
challenged by a painting of 20 pl of 0.25% DNFB in
acetone/olive oil (4:1) to the left ear. DNFB (=) groups
were sensitized and challenged with acetone/olive oil
(4:2).

Twenty four hours after the last challenge, the thick-
ness of left ear was measured with a thickness gauge
(Tecklock Corporation, Okaya, Japan) at a point 5.0 mm
from the ear edge. Ears were taken from mice sacrificed
by cervical dislocation at 24 h after the last challenge.
Ears were fixed in 10% formalin, and embedded in par-
affin. All ears were cut into 3 pm-thick sections at a
point 5.0 mm from the ear edge. Sections were stained

Copyright © 2011 SciRes.

with hematoxylin and eosin, and observed microscopi-
cally.

2.3. Analysis of Thymocyte and Splenocyte
Cellularities

Thymocytes and splenocytes in mice from AL DNFB (+)
and IF DNFB (+) groups were analyzed by flow cytome-
try. The cells were stained with phycoerythrin (PE) con-
jugated anti-CD4 antibodies (clone GK1.5, BD Biosci-
ences, San Jose, CA) and fluorescein (FITC) conjugated
anti-CD8 antibodies (clone 53-6.7, BD Biosciences).
Cells (2 x 10°% were incubated on ice with previously
determined optimal concentrations of FITC or PE labeled
antibodies for 30 min. After staining, the cells were
washed with PBS. Flow cytometric analyses were per-
formed using a FACScan flow cytometer (BD Biosci-
ences). Data were analyzed with CELLQUEST software
(BD Biosciences).

2.4. Analysis of Regulatory T Cell Population

Intracellular staining for Foxp3 protein was carried out
by using fixation and permeabilization buffers provided
by the Mouse Regulatory T Cell Staining Kit (clone FIK-
16s, eBiosicence, San Diego, CA) according to the ma-
nufacturer’s instructions. Population of Treg cell in sple-
nocytes was quantified. CD4 and CD25 markers have
been accepted as the Treg cell phenotypes. The spleno-
cytes were adjusted to 1 x 107 cells/mL in flow staining
buffer and stained with FITC-conjugated anti-CD4 mo-
noclonal antibody (mAb) (clone RM4-5, eBiosicence)
and APC-conjugated anti-CD25 mAb (clone PC61.5,
eBiosicence). CD4'CD25" T cells were determined by
FACScan.

2.5. Statistical Analysis

Unpaired t-test was used to determine significant differ-
ences of 2 groups. Two-way ANOVA was also used to
determine significant differences among 4 groups. Val-
ues of p < 0.05 were considered significant. All statistical
analysis was performed using SPSS Base 11.5J for Win-
dows (SPSS Inc., Chicago, IL).

3. Results

3.1. Effect of IF on Body Weight and Ear
Swelling

In IF mice, the body weight fell acutely during the fast-
ing periods, but rose again once feeding resumed to the
same level of AL mice (Figure 1). These variations of
body weight in IF mice were consistent with those in our
previous study [16].

Ear swelling was observed in mice challenged with
DNFB, while mice treated with vehicle exhibited no ear
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swelling at day 7 (Figure 2). The ear thickness in IF
group was significantly smaller than that in AL group
(533 £54.7 um [IF] vs. 725 + 103 pum, [AL]).

In AL DNFB (+) group, severe lymphocyte infiltration
was not observed in dermis and severe edema was ob-
served in subcutaneous tissue (Figures 3(a), (b)). On the
other hand, there was no significant change in epidermis.
Consequently, ear was thick. In IF DNFB (+) group,
these findings were moderate (Figures 3(c), (d)). In AL
DNFB (-) and IF DNFB (-) groups, ear swelling was not
observed (Figures 3(e), (f)).
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Figure 1. The effect of IF on body weight of NC/Nga mice.
Body weight of AL DNFB(+) group (o), IF DNFB(+) group
(o), AL DNFB(-) group (o), and IF DNFB(-) group (m) mice
were measured. All data are presented as the mean £+ S.D (n
=6).
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Figure 2. The effect of IF on DNFB-induced ear swelling in
NC/Nga mice. Ear thickness was measured on day 0 (open
column) and day 7 (shaded column). All data are presented
as the mean £+ S.D (n =6). * P <0.01.
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Figure 3. Effects of IF on histological features of the ear in
NC/Nga mice on day 7. Hematoxylin and eosin sections are
from the AL DNFB(+) group (a, b), IF DNFB(+) group (c,
d), AL DNFB(-) group (e), and IF DNFB(-) group (f) mice.
Sections are shown at x40 magnification (a, c, e, f) or x100
magification (b, d).

3.2. Effect of IF on Cellularities of Thymocytes
and Splenocytes

Thymocytes and splenocytes from AL DNFB(+) and IF
DNFB (+) mice were analyzed by FCM on the basis of
CD4 and CD8 expression, and then total counts of thy-
mocytes and splenocytes in each subset were calculated.
(Figure 4). IF caused a dramatic fall in the mean total
thymocyte count to 8.71% of that observed in AL mice
(Figure 5(a)). This reduction in total thymic cellularity
was mirrored by a reduction in the absolute numbers of
CD4'CD8" and CD4'CD8” thymocyte subsets (Figure
5(a)).

The greatest effect of fasting was seen in the double-
positive CD4"CD8" thymocyte subpopulation. IF caused
a reduction in both the absolute cell number (Figure 5(a))
and the overall relative proportion of CD4"CD8" thymo-
cytes (56.5 £ 19.8%) compared with that observed in AL
mice (80.3 + 1.14%). Although IF caused a relative in-
crease in the overall percentage of single-positive CD4"
CD8™ thymocytes (25.3 + 10.1% [IF] vs. 14.1 + 0.59%
[AL]), there was still a significant reduction in absolute
numbers of this thymocyte subpopulation in the IF
DNFB (+) mice compared with the AL DNFB (+) mice
(Figure 5(a)).

IF resulted in a 44% reduction in the total number of
splenocytes (Figure 5(b)). The absolute number of sple-
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Figure 4. Representative flow-cytometric analysis of thy-
mocytes and splenocytes stained for CD4 and CDS8. Thy-
mocytes and splenocytes from AL DNFB(+) and IF DNFB
(+) mice were analyzed by FCM on the basis of CD4 and
CD8 expression. The number in each section represents the
proportion of each subfraction and was presented as the
mean = S.D (n = 6).

nocytes negative for both CD4 and CD8 (non-T cells)
was particularly reduced by IF (39.1 = 15.6 million [IF]
vs. 80.8 + 16.4 million [AL]), while those of CD4" CD8~
or CD4°CD8" splenocytes were not significantly affected
by IF.

3.3. Effect of IF on Regulatory T Cell Population
Units

We attempted to elucidate whether IF induces the CD4"
CD25" Treg cells in NC/Nga mice. As shown in Figure
6, no significant difference in Treg cells proportion be-
tween AL DNFB(+) group (1.32 + 0.12%) and the IF
DNFB (+) group (1.39 + 0.24%) was observed.

Therefore, it was concluded that amelioration of DTH
by IF was not due to the induction of CD4"CD25" Treg
cells in NC/Nga mice.

4. Discussion

Present study clearly demonstrated that IF exhibited the
ameliorative effects on DTH induced by DNFB in NC/
Nga mice, a strain known as a model for human atopic
dermatitis. The suppressive effect of fasting on DTH was
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Figure 5. Effects of IF on thymocyte and splenocyte sub-
populations in NC/Nga mice. Cell numbers of thymocytes (a)
and splenocytes (b) in each subfractions were calculated
based on FACS analysis data shown in Figure 4. Open
column represent AL DNFB(+) mice and shaded column
represent IF DNFB(+) mice. All data are presented as the
mean = S.D (n = 6). *p <0.05 vs. AL mice.
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first reported by Lord et al. [12]. They showed that 48 h
starvation during sensitization phase suppressed DTH
induced by DNFB in C57BL/6J mice. Previously, we
have reported that 24 h fasting after the challenge, as
well as moderate 40% DR, could also ameliorate DTH
induced by DNFB in ICR mice [15,16]. In the present
study, using the same protocols for fasting and induction
of DTH as in our previous study, we confirmed the ame-
liorative effect of IF on DTH in NC/Nga mice. Although
the extent of ear swelling at 24 h after the last challenge
was similar with ICR mice [15], the ameliorative effect
of IF was more prominent in NC/Nga mice than in ICR
mice.
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Figure 6. Representative flow-cytometric analysis of regu-
latory T cells. Splenocytes from AL DNFB(+) and IF DNFB
(+) mice were stained for CD4 and CD25, followed by anti-
Foxp3 intracellular staining and analysis by flow cytometry.
These results are representative of three different experi-
ments. The number in each section represents the propor-
tion of regulatory T cells in total thymocytes and was pre-
sented as the mean = S.D (n = 6).

In mice starved for 48 h, 30% reduction in body
weight was observed [12]. In mice fed with 40% re-
stricted diet for 7 days, body weight fell by 13% [16]. In
contrast, both ICR [16] and NC/Nga (Figure 1) mice
sustained the same body weight as that of AL mice after
IF, since mice compensated for the loss in body weight
during fasting periods by increasing their food intake and
gaining weight during refeeding periods. In addition, any
indication of malnutrition was not detected after IF [16].
Therefore, suppression of DTH could be achieved by DR
protocol without malnutrition, such as IF. These results
indicated that DR has ameliorative effect on DTH irre-
spective of DR protocol and mouse strains used.

Several mechanisms could contribute to the alleviation
of allergic inflammation in dietary restricted mice. It has
been well documented that acute starvation had a striking
lympholytic effect in mice. Starvation results in the de-
cline of T-cell cellularity in lymphoid tissues, especially
thymus. In mice starved for 72 h the number of thymo-
cytes fell by 95% [17]. Howard et al. [18] reported that
acute starvation for 48 h caused a dramatic fall in the
mean total thymocyte count to 13% of that observed in
control mice. They also demonstrated that the greatest
loss in thymocyte number with acute starvation was in
the double-positive (CD4°CD8") thymocyte subpopula-
tion. In the present study, cellularity of thymocytes in
NC/Nga mice after IF decreased to 8.71% of that in AL
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mice and the greatest loss in thymocyte number was in
the double-positive (CD4"CD8") thymocyte subpopula-
tion (Figure 5).

According to the study by Wing et al. [17], the cellu-
larity of thymocytes continued to fall during the first 2
days of refeeding and then began to return towards nor-
mal. Therefore, it takes longer time to recover than fast-
ing period once the lymphoid atrophy in thymus occur.
In our IF protocol, next fasting period starts before mice
recover from the lymphoid atrophy in thymus during
refeeding period, which would cause accumulative ef-
fects on the cellularity of thymus. Thus, IF resulted in the
reduction of thymocyte cellularity (Figure 5), which is
comparable with that of starvation for 48 to 72 h.

Two factors have been regarded as probable cause of
starvation-induced lymphoid atrophy. First, it is well
known that corticosterone induces lymphoid atrophy and
malnutrition is associated with increased secretion of
corticosterone [21,22]. In addition, Klebanov et al. [23]
reported that hyperadrenocorticism attenuated inflamma-
tion during food restriction in mice. Studies by Wing et
al. [17] on the mechanism of lympholysis suggest that
the adrenal glands help to regulate lymphocyte cellularity
since the lympholytic effect of starvation was mostly
eliminated in adrenalectomized mice. From these find-
ings, it could be concluded that increased corticosteroid
secretion during the stress of starvation resulted in
marked lympholysis. With regard to the effect of corti-
costeroid, we have previously shown that administration
of glucocorticoid receptor antagonist, RU486, reversed
the suppressive effect of IF on DTH [16]. Therefore, in
NC/Nga mice, it seems likely that corticosteroid secre-
tion was induced by IF, which may cause lymphoid at-
rophy in thymus and amelioration of DTH.

Another factor which controls starvation-induced lym-
phoid atrophy is leptin. Previously, Lord et al. [12]
demonstrated that administration of leptin, which is ac-
knowledged to decrease by fasting or DR [12,24-26], to
fasted mice reversed the immunosuppressive effects of
fasting on DTH. Furthermore, Howard et al. [18] have
shown that exogenous leptin, administered only during
the period of fasting, was able to protect completely
against the thymic atrophy induced by acute starvation.
Since it has been shown that the plasma leptin level of
male C57BL/6J mice that had fasted for 24 h was re-
duced to 14.2% of the control [27], it seems likely that
decreased level of leptin caused by IF is one of possible
mechanisms involved in the amelioration of DNFB-in-
duced DTH in NC/Nga mice.

It has been accepted that Treg cells are involved in re-
gulating allergies [19]. Treg cells have been shown to
inhibit the inappropriate immune responses involved in
allergic diseases and induction of Treg cells could pro-
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vide curative therapies for allergy [20]. Although we
investigated whether IF induce Treg cells in our study, IF
could not induce Treg cells in NC/Nga mice (Figure 6).
Recently, it has been demonstrated that leptin acts as a
negative signal for the proliferation of Treg cells [28].
Since serum leptin levels decline in fasted mice [27], it is
suggested that IF protocol in our study could not cause a
decrease in serum leptin to a level which is low enough
to induce the proliferation of Treg cells.

In summary, we herein demonstrated that 1) IF ame-
liorated DNFB-induced DTH in NC/Nga mice and 2) a
marked decrease in cellularity of thymocytes, mainly in
the double-positive (CD4"CD8") subpopulation was ob-
served in IF mice. These results provide a new evidence
that IF exhibits an ameliorative effect on allergic derma-
titis through the reduction in thymocyte cellularity.
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