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Abstract

Allergic asthma is a complex immunologically mediated disease associated with increased oxidative stress and altered
antioxidant defenses. It was hypothesized that a-tocopherol («-T) decreases oxidative stress and therefore its absence may
influence allergic inflammatory process, a pathobiology known to be accompanied by oxidative stress. Therefore, selected
parameters of allergic asthma sensitization and inflammation were evaluated following ovalbumin sensitization and re-
challenge of o-T transfer protein (TTP) knock-out mice (TTP /™) that have greatly reduced lung o-T levels (e.g. < 5%)
compared to their litter mate controls (TTP*'"). Results showed that severe a-T deficiency result in a blunted lung
expression of IL-5 mRNA and IL-5 protein and plasma IgE levels compared with TTP*'* mice following immune
sensitization and rechallenge, although lung lavage eosinophil levels were comparable in both genomic strains. It is
concluded that the initial stimulation of immune responses by the TTP '~ mice were generally blunted compared to the
TTP*'" mice, thus diminishing some aspects of subsequent allergic inflammatory processes.
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Introduction

Allergic sensitization in the respiratory tract and its
accompanying inflammatory-immune mediated re-
sponses represent the proximate cause of the airflow
limitation characterizing allergic asthma. The opera-
tive immunological pathways involve a complex
interaction of mediators, signalling pathways and
cellular responses including the proliferation and
activation of sub-type Th2 CD4 ™" lymphocytes, IgE

production and eosinophilic airway infiltration [1].
Most airway diseases, including asthma, are related to
inflammatory processes and these processes have
been shown to be accompanied by oxidative stress
[2]. These evidences have thus given rise to proposals
that antioxidants may represent a logical therapeutic
approach [3-5].

Evidence of oxidative stress [3-9] and the reduc-
tion of protective nutritional [10,11] and some
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[12-14], but not all [15], enzymatic antioxidant
defenses in asthmatics is particularly intriguing.
There has been considerable interest in the possible
modulation of asthma by antioxidants [3,8,16].
These and other observational studies suggesting
possible associations between asthma incidence and
severity and dietary intake of antioxidant micronu-
trients have given rise to clinical trials utilizing
supplemental administration of the major hydrophilic
and lipophilic antioxidants, vitamins C and E,
respectively. However, these oral supplement trials
have thus far failed to demonstrate overall convincing
beneficial effects in asthma [8,17,18].

The experimental rodent model of allergic asthma,
utilizing the surrogate allergen, ovalbumin (OVA), has
been extensively studied [19,20]. Although several
investigators have used this model to evaluate the
effects of nutritional antioxidants to modulate the
ensuing allergen-mediated airway immunological re-
sponses, the results have been variable [21-23]. A
recent well conducted study utilizing the rodent
animal model showed that vitamin E administration
could ameliorate both the oxidative stress and im-
munophysiologic array of allergic respiratory tract
responses, including most notably antigen-induced
early IL-5 increases and airway hyper-reactivity [24].
In elderly human populations administrations of
vitamin E have been reported to increase immune
responses [25,26]. In another large random human
study (n=2633) dietary levels of vitamin E were
inversely associated with serum IgE concentrations
and the frequency of allergen sensitization [27].

In order to further test the hypothesis that allergic
inflammatory processes can be modulated by vitamin
E, we designed a study of select parameters of allergic
sensitization and inflammation utilizing the standard
OVA sensitized allergic mouse model in a strain with a
genetic absence of the a-tocopherol (a-T) transfer
protein (T'TP /7). These mice are unable to incor-
porate absorbed «-T into liver secreted VLDL [28]
and exhibit less than 5% of plasma and lung tissue o-T
levels compared to their wild-type littermate controls
(TTP*'*) [29]. The results of this study have been
partly presented in the form of an abstract [30].

Material and methods
Animals and diet

C57BL/6 male mice with a deletion of the TTP gene
(TTP /") and their TTP /" littermates were gen-
erated from our own colony. Originally, the deletion
of the TTP gene was performed in 129 Sv/Jae
background mice [31]. One hundred and twenty-
nine Sv/Jae mice with deletion of T TP were bred with
C57BL/6 mice over 10 generations. Animals were
randomly screened for the absence of viral and
respiratory pathogens and housed in polycarbonate
shoebox type cages with wire tops in a room main-

tained at 20°C and 60-70% humidity on a 12 h light/
dark schedule and with ad libitum access to water and
standard rodent chow diet (PicoLab® Mouse Diet
20, 5058, containing 66 IU dl a-tocopheryl acetate
per kg diet, roughly equivalent to 30 mg 2R-u-
tocopherol). TTP ™/~ mice were bred by mating
male and female heterozygous TTP*'~ mice for
the gene deletion because «-T deficiency causes foetal
resorption in female TTP '~ mice. The offspring
were genotyped using a specific primer for TTP and
the genotype of each animal was confirmed by liver
TTP protein expression by Western Blot analysis
using a specific antibody against the TTP protein
[29]. Protocols for the care and use of animals were
approved by the UC Davis Animal Use and Care
Committee.

Ovalbumin exposure

Procedures for sensitization and exposure of mice to
OVA aerosol have been described in detail elsewhere
[20,32]. Briefly, mice, 68 weeks old were systemi-
cally sensitized to OVA (10 pg/0.1 ml chicken egg
albumin, ovalbumin, grade V, 98% pure, Sigma, St.
Louis, MO) by intraperitoneal (i.p.) injection on days
0 and 14. Exposures to aerosolized OVA (10 ml of
10 mg OVA/ml 1% PBS solution) were commenced
on day 28 after the first i.p. OVA injection for 30 min
per day for 3 consecutive days; 1% PBS solution was
used for the control group. Nebulization was per-
formed in a plastic chamber connected to a side-
steam nebulizer (Invacare Corporation, Elyria, OH),
ProNeb compressor nebulizer (Pari, Richmond) and
passport Compressor (Invacare, Sanford, FL)
[20,32].

Plasma, broncho-alveolar lavage (BAL) and tissue
harvest

Immediately following the third exposure mice were
euthanized with pentobarbital (i.p.) and blood was
collected by cardiac puncture in heparinized tubes.
Plasma was obtained by centrifugation and stored at
—80°C. After blood collection, lungs were lavaged
twice with 1 ml of PBS (pH 7.4) as previously
described [29]. Collected BAL fluid was immediately
placed on ice and centrifuged at 500 x g. For
differential cell analysis, an aliquot (10 ul) of BAL
cell suspension was cyto-centrifuged and stained with
Wright-Giemsa stain (Diff-Quik, Baxter Scientific
Products, McGrow Park, IL). The BAL supernatants
were used for the measurement of cytokines.

Plasma and tissue levels of o-T and y-tocopherol (y-T)

Plasma, liver and lung «-T and y-T concentrations
were determined using high pressure liquid chroma-
tography (HPLC) with electrochemical detection as
previously described [33].
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Plasma IgE levels

Mouse plasma IgE was measured using a standard
sandwich ELISA kit purchased from BD Pharmingen
(San Diego, CA). Briefly, 100 pl of purified anti-
mouse IgE, diluted to 2 pg/ml in PBS, was used to
coat a 96-well ELISA plate. Plates were coated
overnight at 4°C and then washed three times with
PBS/Tween (0.05%); 200 pl of 10% foetal calf serum
(FCS)/PBS was added to each well for 1 h at room
temperature. After three washes with PBS/Tween,
100 pl of sample or purified mouse IgE standard
diluted in 10% FCS were added to each well and
incubated for 1 h. After washing, biotinylated anti-
mouse IgE (2 pg/ml) was added for 1 h; 100 pl of
diluted strepavidin-horseradish peroxidase (1:1000 in
10% FCS) was then added for 30 min. After a final
three washes, 100 pl of an equal mixture of 30%
H,0, and tetramethylbenzidine (TMB, BD Phar-
mingen) was added for 10-20 min. The reaction was
stopped with 50 pl of 1 m H3PO, and the plate was
read immediately with a microplate reader at 450 nm.

Cytokine concentrations

Plasma and BAL concentrations of cytokines (IL-4,
IL-5, TNF-«, IFN-y and sICAM) were measured
using commercially available ELISA assays, (Quanti-
kine R&D system, MN).

Lung gene expression of inflammatory markers

These methods have been described in detail [29].
Briefly, RNA from lung was isolated by extraction
into Trizol following the manufacturer’s instructions
and cDNA was synthesized from 5 pg total RNA as in
reverse transcript PCR. Gene-specific primers were
designed with use of Primer Express 1.0 software
(Applied Biosystems) and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) mRNA levels which
were used to normalize the gene expression level.
Real-time PCR was carried out with SYBR Green I
Master Mix (Applied Biosystems) reagent. Real time
PCR values were determined by reference to a
standard curve that was generated by real time PCR
amplification of serially diluted cDNAs for each
genes. A duplicate reaction was carried out for each
sample. Quantitative PCR assay was performed with
gene-specific double-labelled fluorescent probes and
sets of specific primers in an ABI PRISM 7700
Sequence detection system (PE Applied Biosystems).
Reverse transcriptase reactions were incubated at
50°C for 30 min and after inactivation of reverse
transcriptase at 95°C for 12 min, 40 cycles of
amplification were carried out with denaturation at
95°C for 15 s each and both annealing and extension
at 60°C for 1 min each. The sequences of primer
pairs used in the experiments were as follows: TNF-a:
(forward) GAAAAGCA AGCAGCCAACCA, (re-

verse) GGGCCAGTGAGTGAAAGGG, IFN-y:
(forward) AGC TCA TCC GAG TGG TCC AC,
(reverse) GCT TCC TGA GGC TGG ATT CC,
ICAM-1: (forward) TGC GTT TTG GAG CTA
GCG GAC CA, (reverse) CGA GGA CCA TAC
AGC ACG TGC AG, IL-4: (forward) CACG-
GATGCGACAAAAATCA, (reverse) CTCGTTCA
AAATGCC GATGA, IL-5: (forward) ACGCAG-
GAGGAT CACATACC, (reverse) GGCTCTCATT-
CACACTGCAA.

Statistical analysis

Prior to making comparisons, we used the Shapiro-
Wilk test for normalizing the responsible variables of
interest and the results indicated that a number of
responsible variables were departed from normality.
Hence, we used non-parametric analyses. For each of
the response variables including o-T and y-T levels in
plasma, liver and lung, we tested for a significant
difference between PBS exposed TTP*'* (PBS/
TTP*'*) mice and that of OVA exposed TTP*/+
(OVA/TTP*'*) mice and between PBS exposed
TTP /'~ (PBS/TTP’~) mice and that of OVA
exposed TTP '~ (OVA/TTP~'~) mice by using
the two-sided exact Wilcoxon-Mann-Whitney (W-
M-W) test; the one-sided exact W-M-W test was used
to determine whether the median of the response
variable was higher in the PBS/TTP"’* and OVA/
TTP"'" groups compared with the PBS/TTP '~
and OVA/TTP ~/~ groups, respectively. For the other
response variables, the two-sided exact W-M-W test
was used to assess whether there was a significant
difference between the PBS/TTP*’* and PBS/
TTP '~ groups and between the OVA/TTP*/*
and OVA/TTP "/~ groups; we used the one-sided
exact W-M-W test to evaluate whether the median of
the response variable in the OVA/TTP*/* and OVA/
TTP '~ groups exceeded that in the PBS/TTP '+
and PBS/TTP ~/~ groups, respectively. A p-value <
0.05 was considered statistically significant. Sum-
mary statistics were expressed as mean + standard
deviation (SD) and median (minimum, maximum).

Results
Plasma and tissue o-T and y-T concentrations

Plasma and tissue o-T and y-T concentrations in
TTP ™' and TTP '~ mice exposed to aerosolized
PBS or to OVA are shown in Figures 1(A-F),
respectively. As expected, vitamin E concentrations
were significantly lower in TTP ~'~ mice compared
with TTP " mice. Baseline plasma, lung and liver
ro-T levels in TTP ~/~ mice were 0.8%, 2% and 19%
of those of TTP*/* mice, respectively, while y-T
levels were 0.7%, 16% and 34% of those of TTP '+
mice (Figure 1A-F) as a result of TTP gene deletion.
Regardless of genotype, after OVA exposure, plasma
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Figure 1. o-Tand y-T levels in plasma (A, B), liver (C, D) and lung (E, F) of TTP*'* and TTP ~/~ mice after PBS or OVA exposure. Values
are mean +SD and median (minimum, maximum), # =6-5 per group. TTP ~'~ mice have low Vitamin E tissue levels due to TTP gene
deletion as compared to TTP ™' mice (f p <0.001). Liver o-T levels were significantly decreased in OVA exposed TTP ™" mice as compared
to respective PBS treated controls (** p <0.01). On the contrary, lung «-T levels were significantly increased (p <0.01) after OVA exposure in
both the genotypes as compared to PBS treated controls. Plasma, liver and lung y-T levels remained unchanged after OVA exposure.

o-T and y-T concentrations were not significantly
different (Figure 1A and B). Liver o-T concentrations
significantly decreased (p<0.01) in TTP™'* mice
after OVA exposure as compared to respective PBS
exposed TTP /™ controls (Figure 1C), while lung o-
T concentrations increased in both TTP ™" and
TTP /'~ mice (p<0.01) (Figure 1E) after OVA
exposure as compared to its respective PBS treated
controls. Both liver and lung y-T concentrations in
TTP*'* and TTP '~ mice were unchanged after
OVA challenge (Figure 1D and F).

BAL cells

BAL cells were counted and differential cell analysis
was performed. Total cell numbers were significantly
increased after OVA exposure in both groups of
TTP*'* and TTP ™'~ mice (p<0.01) (Figure 2A).
Eosinophil counts were significantly increased after
OVA exposure in TTP*'™ mice (p<0.01) and
TTP~'~ mice (p<0.05) as compared to respective
PBS treated controls (Figure 2B). Eosinophil per-
centages of the BAL cells in the OVA exposed
TTP*'* and TTP '~ mice were significantly higher
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Figure 2. Total number of cells (A), number of eosinophils (B) and% of eosinophils (C) in BAL fluid of TTP*'* and TTP ~/~ mice after
PBS or OVA exposure. Values are mean +SD and median (minimum, maximum), n =6-5 per group. As a result of OVA exposure, total
BAL cells were significantly increased (** p <0.01) in both the genotypes as compared to respective PBS controls. Eosinophil cells in BAL
fluid also showed a significant increase in OVA exposed TTP+'* (** p<0.01) and TTP /'~ (* P <0.05) mice as compared to PBS treated
TTP*'* and TTP '~ controls. Similar trend was also seen in eosinophil percentage in BAL cells after OVA exposure (** p <0.01), but no
significant differences were seen in both the genotypes in any of the parameters.

(p <0.01), representing 50% and 41%, respectively,
as compared to PBS treated mice (Figure 2C). For
the three response variables, there were no significant
differences between the two genotypes. The normal
lung lavage from a healthy mouse contains more that
90% alveolar macrophages [34] and our observations
in the air-exposed groups were consistent with this
finding. The increase in inflammatory cells seen in
the BAL from the OVA-exposed groups is predomi-
nantly accounted for by the increase in lung lavage
eosinophils.

Plasma IgE levels

Plasma IgE levels were significantly increased after
OVA exposure in TTP™'* mice (p<0.05) but
unchanged in TTP '~ mice (Figure 3). There were
no significant differences in plasma IgE level between
the two genotypes.

Inflammatory mediators

Chemokine, cytokine and adhesion molecules play
important roles in the trafficking of activated immune
cells into the airway during inflammatory responses
and to a degree these processes are reflected in the
levels of these species in both plasma and BAL fluids.
Plasma IL-5 levels were not significantly increased in

OVA exposed mice regardless of genotype (Figure
4A). IL-5, a cytokine related to eosinophil recruit-
ment into airways, in BAL was significantly increased
in OVA exposed TTP "'+ mice (p <0.05) but not in
TTP '~ mice as compared to respective PBS treated
controls (Figure 4B). IL-5 mRNA levels in lung

homogenates of OVA exposed TTP"'* mice were
*
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Figure 3. Plasma IgE levels in TTP*'* and TTP '~ mice after
PBS or OVA exposure. Values are mean+SD and median (mini-
mum, maximum), 7 =6-5 per group. A significant increase in
plasma IgE levels in TTP*'* mice (* p <0.05) was observed after
OVA exposure as compared to PBS treated TTP*'* controls.
There was no significant difference in OVA exposed TTP ~/~ mice
or between the two genotypes.
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Figure 4. IL-5 protein levels in plasma (A) and BALF (B) and mRNA expression levels in lung tissues (C) of TTP*'* and TTP '~ mice
after PBS or OVA exposure. Values are mean +SD and median (minimum, maximum), n =6-5 per group. Plasma IL-5 protein levels were
not significantly different irrespective of genotypes. BAL IL-5 protein levels and lung IL-5 mRNA expression were significantly increased
(* p <0.05) in OVA exposed TTP '+ mice as compared to PBS treated TTP */* controls but no change were observed in TTP ~'~ mice.

significantly increased (p<0.05); however, lung
homogenate IL.-5 mRNA levels were relatively un-
changed in TTP /'~ mice (Figure 4C). Plasma IL-4,
IFN-y and TNF- o concentrations were not different
between PBS and OVA exposed mice regardless of
genotype (data not shown).

TNF-0 mRNA levels were also significantly in-
creased in lung homogenates of OVA exposed
TTP*'* mice (p<0.01) (Figure 5), but BAL fluid
was limited so it was not possible to determine BAL
TNF-o0 protein levels (thus it is unknown if
BAL TNF-« protein was also increased). Remarkably,
lung TNF-o« mRNA was essentially unchanged in
TTP~'~ mice, again demonstrating that the vitamin
E deficient mice were relatively less responsive.

Plasma and BAL sICAM concentrations signifi-
cantly increased after OVA exposure in TTP /"
mice (p<0.05, p<0.01, respectively); however, no
significant changes were seen in lung ICAM mRNA
expression (Figure 6A—C). There was no significant
change in plasma and BAL sICAM levels or lung
ICAM mRNA expression in OVA exposed TTP /.
There was no significant difference between the two
genotypes for any of the three response variables
(Figure 6A-C).
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Figure 5. TNF-¢ mRNA expression levels in lung tissues of
TTP*'* and TTP~/~ mice after PBS or OVA exposure. Values
are mean+SD and median (minimum, maximum), #n =6-5 per
group. Lung tissues of TTP*'* mice exposed to OVA showed a
significantly increased expression of TNF-2 mRNA (** p <0.05) as
compared to PBS treated TTP*’* controls. There was no
significant difference in OVA exposed TTP ™'~ mice or between
the two genotypes.
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Figure 6. sICAM protein levels in plasma (A) and BAL fluid (B) and ICAM-1 mRNA levels (C) in lung tissues of TTP*'" and
TTP '~ mice after PBS or OVA exposure. Values are mean +SD and median (minimum, maximum), » =6-5 per group. Plasma and BAL
SICAM levels were significantly increased (* p <0.05, ** p <0.01, respectively) in TTP*'* mice after OVA exposure as compared to
PBS treated TTP*'* controls. There was no significant difference in OVA exposed TTP '~ mice or between the two genotypes.
The changes in lung mRNA ICAM expression was not statistically different in OVA treated TTP*'" or TTP ~/~ mice or between the two

genotypes.

Discussion

The present studies have demonstrated that TTP~/~
mice with greatly reduced lung o-T levels exhibit a
very significant modulation of allergic airway inflam-
mation, as scored by both IL-5 and IgE responses. It
is likely that the initial stimulation to generate allergic
responses in the TTP~/~ mice were somewhat
blunted compared to the TTP ™' mice.

Allergic inflammation and vitamin E

It is generally accepted that Th2 CD4* cells and
their cytokine profiles, IgE and eosinophils play
important roles in the pathogenesis of allergic in-
flammatory processes including allergic airway in-
flammation [1] and to a large extent these findings
are well demonstrated in the OVA sensitization
mouse model [19,20,24,32] including those of the
present report. o-T has been reported to influence a
large and diverse number of pathways that could
contribute to immunologically activated inflamma-
tory processes. These include NF-xB [35,36] and
cytokine [24,29,37] pathways, phospholipase and

arachidonic pathways [38,39], mast cell activation
[40,41] and, importantly, in the context of the
present studies, cell-mediated immunity [26,42,43]
and antibody production [44] including that of IgE
[22]. Central to the pathogenesis of allergic inflam-
mation are antigen-specific, memory T-cell responses
and antigen-specific IgE responses [1]. The present
findings of «-T related modulations of these pathways
are thus compatible with numerous studies showing
that «-T plays a demonstrable role in modulating
immune functions.

IgE hyperproduction to antigen sensitization has
long been recognized to play a key role in the
immunopathology of allergic airway inflammation
[1,22,45]. Although the precise mechanisms of action
are incompletely characterized, IgE has a wide
spectrum of abilities to induce the production and
secretion of inflammatory cytokines such as TNF-«
and IL-6 [46]. Moreover, plasma IgE levels have been
associated in some studies with the severity of allergic
airway inflammation [47].

Our findings of low IgE concentrations in TTP~/~
mice compared to TTP " mice are at variance with

RIGHTS

1r



Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/03/11
For personal use only

394 Y. Lim et al.

reports of an inverse relationship between o-T levels
and IgE production in allergic patients including
asthmatics [11,47] and in an allergic asthma rodent
model with a much lower range of vitamin E levels
(e.g. ~4:1 vs the current study of 100:1) [24], but
are in concordance with reports of «-T induced
enhanced responses to immunologic stimuli in aged
human populations [26,48]. Given the complexities
of antigen-induced immune responses and the varia-
bility of experimental methodologies concerning
dose-time relationships and endpoint scoring meth-
odologies, it can be concluded that although evidence
points to a role of «-T in regulating IgE concentra-
tions, the mechanisms remain obscure. Finally, the
current study is compatible with those of Bando et al.
[22] who have demonstrated a biphasic effect of o-T
in an allergic OVA sensitization model of systemic
allergy.

Accumulation of eosinophils in the airways is
multifunctional, involving eosinopoiesis, migration
and diapedesis and facilitation by numerous cyto-
kines including IL-5, chemotactic factors, adhesion
molecules and proteolytic enzymes [1,49,50]. IL-5
has been implicated in the development of allergic
inflammation and reportedly is important in mobiliz-
ing eosinophils from the bone marrow, whereas
chemokines such as eotaxin-1 may be largely respon-
sible for the recruitment of eosinophils into respira-
tory tract tissues [51]. In the current study, at the
time interval studied, the important Th 2 cytokine,
IL-5 was significantly lower in TTP '~ mice than in
TTP"'" mice, but the reductions of airway lumen
eosinophil recruitment did not reach statistical sig-
nificance. Although the present studies showed
greatly diminished augmentations of IL-5 in the
BAL of TTP '~ mice compared to TTP ™' mice,
the results suggest that ILL-5 is not the only mechan-
ism for attracting eosinophils into airway lumens,
perhaps in keeping with the limited effectiveness of
anti-IL-5 therapeutic strategies in human allergy
[52]. In addition, TNF-o and ICAM levels were
significantly decreased in TTP ~/~ mice as compared
with TTP ™" mice, thus showing some consistency
with the IL-5 and IgE determinations in that these
pathways are also activated in allergic inflammatory
responses [1,49].

Pathobiological significance

Although still incompletely understood, the mechan-
isms underlying the development of allergic airways
inflammation, a Kkey clinical feature of allergic
asthma, have been associated with augmented Th2
CD4 ™" cytokine production and IgE elevations and
have involved both sensitization and subsequent
rechallenge inflammatory-immune responses. The
same therapeutic intervention would thus not neces-
sarily be expected to both of these complex processes

in the same manner. For example, markedly differ-
ently effects of iNOS inhibitors have been demon-
strated on allergic airway inflammation in an similar
experimental murine asthma model (e.g. iINOS
inhibitors showed opposite effects depending on their
schedule of administration in the overall sensitiza-
tion-re-challenge process) [53].

Allergic airway inflammation is a complex process
involving interactions among airway epithelium, in-
flammatory cells including T-cells, macrophages,
mast cells and eosinophils and their mediators.
Vitamin E potentially influences many constituents
of these complex integrated pathways of allergen
sensitization and subsequent inflammatory-immune
processes. In various studies vitamin E has been
touted to have immunostimulatory properties [48],
anti-inflammatory [54,55] and/or both properties
[29]. In clinical studies, o-T appeared to both
decrease IgE levels and clinical manifestations of
atopy in patients with allergic dermatitis [56] and
appeared to have had a small clinical benefit in
allergic rhinitis [57]. Of some relevance to the current
study is a recent report of dramatic inhibition of
murine allergic sensitization responses by the admin-
istration of pharmacological doses of y-T [58,59].

The following limitations of the present study
should be mentioned. These include the limited
range of sensitizing and challenging antigenic doses
and o-T levels utilized, the limited post-challenge
period examined, the limited range of mediators
scored for endpoint analysis and the lack of patho-
physiological correlations. A temporal analysis of
sensitization effectiveness and post-challenge spec-
trum of chemokine and cytokine profiles, including
such counter-regulatory mediators as INF-y and IL-
10, would have more completely characterized o-T
effect on allergen-induced airway inflammatory-im-
mune processes in this model [24,60], but was
beyond the scope of the present project designed to
show allergic inflammatory responses to be modu-
lated in the TTP /=~ mouse compared to their
TTP ™" littermates. Finally, it is likely that the
administration schedules of «-T, like another pleur-
opotential biological metabolic modular, nitric oxide
[53,61], effect overall allergic reactions differently at
various stages of the sensitization-rechallenge cycle.
The finding that y-T administration appear to dra-
matically ameliorate allergic inflammation when gi-
ven after antigen stimulation is relevant in this regard
[58,59], possibly via mechanisms interacting with
prostaglandin metabolic pathways [62—64]. Although
it has been shown that vitamin E administration can
modulate biomarkers of oxidative stress in this model
[24], it is possible that non-antioxidant vitamin E
functions [65] contribute to the vitamins’ modulation
of allergic responses.

In summary, results from this animal study demon-
strate that o-T has complex interactions with allergic
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inflammatory processes. In at least the current model,

TTP /'~

mice with severe «-T deficiency appear to

dampen selected parameters of the early sensitization
phase as compared to their TTP™'* littermates,
supporting the concept that inadequate vitamin E
levels leads to reduced immune responses.
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