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Vitamin E supplementation increases T helper 1 cytokine production in old mice
infected with influenza virus
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SUMMARY

Compared with young mice, old mice infected with influenza virus have significantly higher
pulmonary viral titres, although these can be reduced significantly with dietary vitamin E
supplementation. T helper 1 (Th1) cytokines, especially interferon-y (IFN-v), play an important role
in defending against influenza infection. However, there is an age-associated loss of Thl cytokine
production. Prostaglandin E, (PGE,) production, which increases with age, can modulate the T
helper cell function by suppressing Thl cytokine production. To investigate the mechanism of
vitamin E supplementation on reduction of influenza severity in old mice, we studied the cytokine
production by splenocytes, and PGE,; production by macrophages (M¢), in young and old C57BL
mice fed semipurified diets containing 30 (control) or 500 parts per million (ppm) (supplemented)
vitamin E for 8 weeks, and then infected with influenza A/PC/1/73 (H3N2). Old mice fed the control
diet had significantly higher viral titres than young mice; old mice fed the vitamin E-supplemented
diet had significantly lower pulmonary viral titres than those fed the control diet (P =0-02 and 0-001
for overall age and diet effect, respectively). Following influenza infection, interleukin (IL)-2 and
IFN-y production was significantly lower in old mice than in young mice. Vitamin E
supplementation increased production of IL-2 and IFN-y in old mice; higher IFN-y production
was associated with lower pulmonary viral titre. Old mice fed the control diet showed significantly
higher lipopolysaccharide (LPS)-stimulated M¢ PGE, production than old mice fed the vitamin E
diet or young mice fed either diet. There was no significant age difference in IL-6, IL-1f, or tumour
necrosis factor-o (TNF-a) production by splenocytes. Young mice fed the vitamin E-supplemented
diet had significantly lower IL-1p (day 7) and TNF-a production (day 5) compared with those fed
the control diet. Old mice fed the vitamin E-supplemented diet had significantly lower TNF-o
production (day 2) than those fed the control diet. Our results indicate that the vitamin E-induced
decrease in influenza viral titre is mediated through enhancement of Thl cytokines, which may be
the result of reduced PGE, production caused by vitamin E.

INTRODUCTION

Ageing is associated with decreased immune function, which
contributes to increased susceptibility to some infections in the
elderly. Respiratory infections are particularly common in
older persons, and influenza and pneumonia are major causes
of morbidity and mortality.'-?

Immunological factors involved in the control of influenza
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virus include cytotoxic T lymphocytes (CTL), CD4* T cells,
natural killer (NK) cells, production of interferon (IFN)-a, -f,
or -y, and antibody (Ab) production by B cells. Most of these
factors have been shown to be affected by ageing. CD8* CTL
have been shown to be important for virus clearance in mice
infected with influenza virus. In aged mice, delayed and/or
decreased splenic and pulmonary CTL activity occurs follow-
ing influenza infection, which correlates with their prolonged
pulmonary viral shedding.?

CD4™" T cells can mediate virus clearance by promoting an
influenza-specific B-cell response or by secreting cytokines.
Taylor et al* reported age-related loss of CD4" T-cell
functions in influenza-infected mice, including decreased anti-
influenza class Il-restricted CTL activity, pulmonary IFN-y
production and serum-neutralizing Ab levels. Among the
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CD4™" T-lymphocyte population, dysregulation of T helper 1
(Th1) and T helper 2 (Th2) functions occur and this contributes
to the immunological changes observed with ageing. Produc-
tion of the Thl cytokines, interleukin (IL)-2 and IFN-y,
decreases with ageing while production of IL-4 (a Th2
cytokine) is similar or increases.>® Aged mice produce less
IL-2 following influenza infection than do young animals.” In
humans, T cells from older donors produce significantly less
IFN-y than those from young donors following in vitro
stimulation with influenza virus.® These changes in the Thl/
Th2 balance can contribute to the delayed clearance and
recovery from influenza infection. Thl clones are cytolytic
in vitro against influenza-infected target cells, and adoptive
transfer of a Thl clone protects against lethal challenge with
influenza virus in vivo.>'® However, Th2 clones did not show
cytolytic activity and failed to promote recovery from lethal
infection after adoptive transfer.'® Furthermore, in vivo
treatment with IL-4 suppressed the CTL response and IFN-y
production, and delayed viral clearance.'!

IL-1B, IL-6 and tumour necrosis factor-a (TNF-a) levels
increase in the early stages of influenza infection and are
involved in the initiation of the immune response as well as in
the inflammatory response. IL-6 is involved in T-cell activation
and represents an essential competence factor that synergizes
with IL-1 to control the initial steps of T-cell activation,
including induction of TL-2 and enhancement of responsiveness
to IL-2."> TNF-a was reported to have an antiviral effect
against influenza virus'* and to regulate the synthesis of IL-6
and IL-1.#

Vitamin E supplementation enhances immune functions of
mice and humans. Immunostimulatory effects of vitamin E
include increased an antibody titre to hepatitis B and tetanus
vaccine, a delayed-type hypersensitivity (DTH) skin response,
production of IL-2 and a mitogenic response to concanavalin A
(Con A).'>!® The immunostimulatory effects of vitamin E are
mediated, in part, by reduced prostaglandin E, (PGE,)
synthesis.'> PGE, was shown to have a direct inhibitory effect
on an early stage of T-cell activation, resulting in decreased IL-
2 production, decreased IL-2 receptor expression, decreased
responsiveness to exogenous IL-2 and decreased prolifera-
tion.!” In addition, PGE, suppresses IL-12 production by
monocytes and reduces IL-12 receptor expression in peripheral
blood mononuclear cells (PBMC) and purified T cells, resulting
in inhibition of Thl cell differentiation and reduced production
of Thl cytokines.'®!?

Previously, we showed that influenza-infected old mice fed
a diet high in vitamin E (500 parts per million [ppm]) had a
significantly lower lung viral titre than those fed a diet
containing an adequate level of vitamin E (30 ppm).?° The
effect of vitamin E is not mediated through enhancing CTL
activity, as evidenced by the lack of effect of vitamin E
supplementation on primary pulmonary CTL activity.?> NK
activity was significantly higher in old mice fed a vitamin E-
supplemented diet than old mice fed a diet containing an
adequate level of vitamin E. However, the magnitude of
decrease in viral titre (25-fold) could not be solely explained by
the increased NK activity (threefold). In this study we
investigated the effect of vitamin E on Thl and Th2 cytokine
production by splenocytes following influenza infection in
order to delineate further the mechanism of how vitamin E
lowers the influenza viral titre in aged mice.

MATERIALS AND METHODS

Animals and infection

Seventy specific pathogen-free young (4 months old) male and
70 specific pathogen-free aged (22 months old) male C57BL/
6NNCrIBR mice bred in our colony were individually housed in
filtered cages in an environmentally controlled atmosphere
(temperature 23°; 45% relative humidity) with a 12-hr light
12-hr dark cycle. All conditions and handling of the animals
were approved by the Animal Care and Use Committee at the
Jean Mayer USDA Human Nutrition Research Center on
Aging at Tufts University and conducted according to the
National Institutes if Health (NIH) Guidelines for the Care and
Use of Laboratory Animals.

Mice were fed semipurified diets containing either 30 ppm.
(control diet) or 500 ppm (supplemented diet) of dl-a-
tocopherol acetate (vitamin E) for 8 weeks. The composition
of the diet was the same as that previously described.?! After
the 8-week dietary period, mice were anaesthetized with an
intraperitoneal (i.p.) injection of a combination of ketamine
and acepromazine (0-5 mg ketamine and 0-02 mg aceproma-
zine for young mice and 0-75 mg ketamine and 0-03 mg
acepromazine for old mice) and infected intranasally with 40 ul
of influenza A/Port Chalmers/1/73 (H3N2; 50% tissue culture
infective dose [TCIDso] 10%7°/10 ul).?> Mice (six to nine mice/
group) were then killed via CO, asphyxiation on days 0, 2, 5, or
7 after infection. Lungs and spleens were harvested on days 0,
2, 5 and 7 and peritoneal macrophages (M¢) were collected on
day 0.

Tissue preparation

Lungs were aseptically removed and processed as previously
described.?* Lungs were cut into small pieces and incubated at
37° for 1 hr in 6 ml of Iscove’s medium (Gibco, Grand Island,
NY) with 10% heat-inactivated fetal bovine serum (FBS;
Gibco) and 40 U/ml of collagenase (Sigma, St. Louis, MO).
Lung pieces were ground and washed through a 60-mesh
stainless steel screen. After centrifugation at 400 g for 5 min,
supernatant was removed and frozen for virus quantification.

Spleens were aseptically removed and placed in sterile
endotoxin-free RPMI-1640 (BioWhittaker, Walkerville, MD)
media supplemented with 25 mm HEPES (Gibco), 2 mm
glutamine (Gibco), 100 U/ml of penicillin and 100 pg/ml of
streptomycin (Gibco) (complete ETRPMI). Single-cell suspen-
sions were prepared by gently disrupting spleens between two
sterile frosted glass slides. Splenocytes were isolated by
centrifugation at 400 g and red blood cells were lysed using
Gey’s reagent. Splenocytes were washed twice with complete
ETRPMI and viability was determined by Trypan Blue
exclusion. Splenocytes were suspended in complete ETRPMI
(containing 10% heat-inactivated FBS) at appropriate concen-
trations for different cultures.

Peritoneal exudate cells (PEC) were obtained by peritoneal
lavage with cold Ca’>"- and Mg?*-free Hanks’ balanced salt
solution (Gibco). PEC were enriched for M¢ using the method
of Kumagai er al.** Cells were plated at 5x 10° cells/well on
24-well plates in complete ETRPMI medium with 5% FBS. The
cells were allowed to adhere for 2 hr at 37° in 5% CO,, at which
time non-adherent cells were removed by washing. Peritoneal
M¢ prepared in this manner were at least 90% M¢, as assessed
by Mac-1 and F4/80 cell-surface antibodies. The percentage of
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M¢ that adhered to the plates did not differ among the
different age and diet groups (data not shown).

Determination of lung virus titre

Lung virus titre was measured as previously described.?? Lung
supernatant was added to round-bottom 96-well plates, in
triplicate, in serial 10-fold dilutions prepared in Dulbecco’s
modified Eagle’s minimal essential medium (DMEM) contain-
ing 2-5 pg/ml of amphotericin B (AmpB, Sigma), 5 ul/ml of
gentamicin solution (Sigma) and 10% FBS, and then Madin
Darby canine kidney (MDCK) cells (3 x 10* cells/well) were
added. The plates were incubated at 35° for 24 hr and the
media was replaced with DMEM (Sigma) containing AmpB,
gentamicin and 0-0002% trypsin (Worthington, Freehol, NIJ).
After 3 days of incubation, 50 pl of 0-5% fresh chicken red
blood cell suspension was added and tested for haemagglutina-
tion. The TCIDs, was calculated using the method of Reed &
Muench.?’

Cytokine production and measurement

For IL-2, IFN-y and IL-4 production, splenocytes were
cultured at 5x 10° cells/well in the presence of Con A (5 ug/
ml; Sigma), in 24-well culture plates (Becton Dickinson) for
24 hr. For IL-1B, IL-6 and TNF-a production, splenocytes
were cultured at 5 x 10° cells/well in the presence of lipopoly-
saccharide (LPS) (10 pug/ml; Sigma), in 24-well culture plates
for 24 hr. Cell-free supernatants were collected and stored at
—70° for later analysis. The concentrations of IL-2, IFN-y, IL-
4, IL-6, TNF-o and IL-1p were measured using enzyme-linked
immunosorbent assay (ELISA), according to the manufac-
turer’s instructions, with rat anti-mouse 1L-2, IFN-vy, IL-4, IL-
6 or TNF-a monoclonal antibodies (mAbs) (PharMingen, San
Diego, CA) or rat anti-mouse IL-1B polyclonal antibody
(Endogen, Cambridge, MA) and biotinylated rat anti-mouse
IL-2, IFN-y, IL-4, IL-6, TNF-o or IL-1p.

PGE; production and measurement

Peritoneal M¢ were isolated and plated (5 x 10° cells/well) as
described previously.?! One millilitre of ETRPMI containing
5% FBS, with either 0 or 5 ug/ml of LPS, was added to each
well. Plates were incubated at 37° in 5% CO, for 48 hr, after
which the supernatant was collected and stored at —70° for
analysis. PGE, production was measured by radioimmunoas-
say, as previously described.?®

Statistical analysis

Data were analysed using analysis of variance (aNova) for
overall effect of age, infection and diet, and then by Fisher’s
least significant difference post hoc test for individual
comparisons, using the systaT (1992) statistical package
(SYSTAT, Evanston, IL). Pearson correlation was used to
determine association between lung viral titres and levels of
IFN-y production by splenocytes. Data are reported as mean
+ SEM. Significance was set at P <0-05.

RESULTS

Effects of age and vitamin E supplementation on pulmonary
influenza viral titre

There were significant effects of age (P<0-05) and diet
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(P<0-001) on pulmonary influenza viral titre. On days 5 and
7 after infection, old mice fed the control diet had significantly
higher viral titres than young mice fed the control diet
(P <0-05). Old mice fed the vitamin E diet had a significantly
lower viral titre on day 5 (P <0-05) and tended to have a lower
viral titre on days 2 and 7 (P <0-1) compared with those fed the
control diet (Fig. 1). Young mice fed the vitamin E diet had a
lower viral titre than young mice fed the control diet on day 2
only (P <0-05).

Effects of age and vitamin E supplementation on IL-2, IFN-y
and IL-4 production by splenocytes following influenza
infection

There were significant effects of age (P <0-001) and infection
(P <0-001) on IL-2 production by splenocytes. There was also a
significant age and infection interaction (P <0-001). Old mice
produced a significantly lower amount of IL-2 than young mice
on days 0, 5 and 7 (P<0-05). The level of IL-2 production by
old mice on day 0 was =~ 30% of that of the young mice. In old
mice, there was a significant effect of infection (P <0-05) and
diet (P <0-05) on IL-2 production (Fig. 2); in old mice fed the
control diet, IL-2 production did not increase with progression
of infection, whereas old mice fed the vitamin E diet had a
higher IL-2 production on day 5 (530+ 100 pg/ml, P <0-1) and
day 7 (599 +110 pg/ml, P<0-05) than on day 0 (290+ 57 pg/
ml). Old mice fed the vitamin E diet had a significantly higher
IL-2 production on day 5 (P<0-05) than old mice fed the
control diet. In young mice, there was a significant effect of
infection (P<0-001), but not of diet, on IL-2 production.
There were significant effects of infection (P<0-001) and
diet (P=0-06), but not age, on IFN-y production by
splenocytes. There was also a significant age and infection
interaction (P <0-001). In young mice, there was a significant
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Figure 1. Pulmonary viral titres following infection with H3N2
influenza virus in young (6 months) and old (24 months) C57BL/
6NCrIBR mice fed diets containing 30 parts per million (ppm) (control)
or 500 ppm (supplemented) of dl-a-tocopheryl acetate (vitamin E) for
8 weeks. Values are expressed as mean+SEM, n=6-9. {Significantly
higher than young mice fed the control diet, at P <0-05. *Significantly
different from mice of the same age fed the control diet, as determined
by Fisher’s least significant test at P<0-05. YC, young mice fed the
control diet; YE, young mice fed the vitamin E-supplemented diet; OC,
old mice fed the control diet; OE, old mice fed the vitamin E-
supplemented diet.
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overall effect of infection (P<0-001), but not diet, on IFN-y
production. Following infection with influenza, IFN-y produc-
tion increased in young mice, with higher levels observed on
day 7 (P<0-001) than on day 0. Overall, there was a significant
effect of vitamin E supplementation (P <0-05) and infection
(P<0-001) on IFN-y production in old mice. In old mice fed
the control diet, there was no significant increase of IFN-y
production following infection. However, old mice fed the
vitamin E diet had a significantly higher IFN-y production on
day 7 than on day 0 (197+67 U/ml on day 7 versus 78 +38 U/
ml on day 0, P <0-05). The level of IFN-y produced on day 7 by
splenocytes from old mice fed the vitamin E diet was
significantly higher (P <0-05) than that from old mice fed the
control diet (Fig. 3). On days 5 and 7, a significant, inverse
correlation was observed between IFN-y levels and viral titres
(r=—0721, P<0:001, n=49) (Fig. 4) indicating that higher
IFN-y production is associated with lower pulmonary viral
titre. There was also a weaker (r=0-39), but significant
(P<0-05), correlation between IL-2 levels and viral titres.
There was a positive correlation between IL-2 and IFN-y levels
(r=0-558, P<0-05).

There was no significant overall effect of age, diet, or
infection on IL-4 production by splenocytes (data not shown).

Effects of age and vitamin E supplementation on IL-6, IL-1p
and TNF-a production by splenocytes following influenza
infection

Overall, there was no significant effect of age, infection or diet
on IL-6 production by splenocytes (data not shown).

There were significant effects of infection (P <0-001) and a
significant age and infection interaction (P<0-05) in IL-1f
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Figure 2. Interleukin (IL)-2 production (following infection with
influenza) by splenocytes from young and old mice fed diets containing
30 parts per million (ppm) (control) or 500 ppm (supplemented)
vitamin E for 8 weeks. Splenocytes (5 x 10° cells/well) were stimulated
with concanavalin A (Con A) (5 pg/ml) for 24 hr. Values are expressed
as mean+SEM, n=4-9. *Significantly different from mice fed the
control diet, as determined by Fisher’s least significant test at
P <0-05. fSignificantly different from day 0 of the same age and diet
group, as determined by Fisher’s least significant test at P<0-05.
1Significantly lower than young mice of the same diet and postday at
P <0-05. YC, young mice fed the control diet; YE, young mice fed the
vitamin E-supplemented diet; OC, old mice fed the control diet; OE, old
mice fed the vitamin E-supplemented diet.
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Figure 3. Interferon-y (IFN-y) production (following infection with
influenza) by splenocytes from young and old mice fed diets containing
30 parts per million (ppm) (control) or 500 ppm (supplemented)
vitamin E for 8 weeks. Splenocytes (5 x 10° cells/well) were stimulated
with concanavalin A (Con A) (5 ug/ml) for 24 hr. Values are expressed
as mean + SEM, n=4-9. *Significantly different from mice of the same
age fed the control diet, as determined by Fisher’s least significant test
at P<0-05. fSignificantly different from day 0 of the same age and diet
group, as determined by Fisher’s least significant test at P<0-05. YC,
young mice fed the control diet; YE, young mice fed the vitamin E-
supplemented diet; OC, old mice fed the control diet; OE, old mice fed
the vitamin E-supplemented diet.

production by splenocytes. There was no significant age
difference in IL-1B production by splenocytes. In young mice,
there was a significant effect of infection (P <0-001), but not of
diet. IL-1p production increased significantly on days 5 and 7
(P <0-05) after infection in young mice fed the control diet but
not in those fed the vitamin E diet. On day 7, young mice fed
the vitamin E diet had a significantly lower production of IL-18
than those fed the control diet (P=0-009). IL-1p production
had increased significantly by day 7 following infection in old
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Figure 4. Correlation between interferon-y (IFN-y) levels and pul-
monary viral titres on days 5 and 7. A significant, inverse correlation
was observed between IFN-y levels and viral titres (r=—0-721,
P<0-001, n=49), as determined by Pearson correlation.
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mice fed either diet. There was no effect of vitamin E
supplementation on IL-1B production in old mice (Fig. 5).
There was no age difference in TNF-o production by
splenocytes. However, there were significant effects of infection
(P<0:001) and diet (P<0-05) on the production of TNF-a
levels. In young mice fed the control diet, TNF-o production
was significantly higher on day 2 (P<0-05) than on day 0.
However, in young mice fed the vitamin E diet, production of
TNF-a (on any day following infection) was not significantly
higher than on day 0. Young mice fed the vitamin E diet had a
significantly lower production of TNF-o on day 5 than those
fed the control diet (P <0-05). In old mice fed the control diet,
levels of TNF-a production on day 2 were significantly higher
than on day 0 (P<0-01). However, in old mice fed the vitamin
E diet, the level of TNF-a production following influenza
infection was not significantly higher than on day 0. On day 2,
old mice fed the vitamin E diet had significantly lower TNF-a
production than those fed the control diet (P <0-01) (Fig. 6).

Effects of age and vitamin E supplementation on PGE,
production by Md¢

As shown in Table 1, there were significant overall effects of
age and diet (P<0-005), as well as a significant age and diet
interaction (P <0-001), on LPS-stimulated M¢ PGE, produc-
tion. Old mice fed the control diet had significantly higher
levels of PGE, production than young mice fed the control or
vitamin E diet and old mice fed the vitamin E diet (P <0-001).
There was a significant effect of vitamin E supplementation on
PGE, production in old mice but not in young mice. M¢ from
old mice fed the vitamin E diet produced significantly less
PGE, than those from old mice fed the control diet (P <0-001).
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Figure 5. Interleukin-1f (IL-1B) production (following infection with
influenza) by splenocytes from young and old mice fed diets containing
30 parts per million (ppm) (control) or 500 ppm (supplemented)
vitamin E for 8 weeks. Splenocytes (5 x 10° cells/well) were stimulated
with lipopolysaccharide (LPS) (10 ug/ml) for 24 hr. Values are
expressed as mean+SEM, n=4-9. *Significantly different from mice
fed the control diet, as determined by Fisher’s least significant test at
P <0-05. fSignificantly different from day 0 of the same age and diet
group, as determined by Fisher’s least significant test at P <0-05. YC,
young mice fed the control diet; YE, young mice fed the vitamin
E-supplemented diet; OC, old mice fed the control diet; OE, old mice
fed the vitamin E-supplemented diet.
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Table 1. Effect of vitamin E supplementation on prostaglandin E,
(PGE,) production (ng/ml) by macrophages (M¢) from uninfected (day
0) young and old C57BL/6NCrIBR mice

Young Old
Control  Vitamin E Control Vitamin E
Medium 2:09+048 1-80+0-21 2614008 2-00+0-09

LPS stimulated 12-55+1-08 14-9441-16 21-91+1-43 12:69+0-52*

Values are expressed as mean +SEM, n=3§.

*Significantly different from old mice fed the control diet, as determined
by Fisher’s least significant test (P <0-05).

tSignificantly different from young mice, as determined by Fisher’s least
significant test (P <0-001).

LPS, lipopolysaccharide.

DISCUSSION

To determine the mechanism of vitamin E-induced reduction in
influenza viral titre of old mice, we investigated the effect of
vitamin E supplementation on splenocyte Thl and Th2
cytokine production following influenza infection. Our results
confirm that there is a loss of Thl function with ageing. Most
importantly, vitamin E supplementation can increase the
production of Thl cytokines following influenza infection;
the increase in IFN-y is also associated with lower pulmonary
viral titres.

Although CD8* CTL activity is important for the
clearance of influenza virus, it is not the sole mechanism
responsible for the control of influenza infection. Recently,
CD4% T cells, especially Thl cells, were shown to play an
important role in the protection against and recovery from
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Figure 6. Tumour necrosis factor-o. (TNF-a) production (following
infection with influenza) by splenocytes from young and old mice fed
diets containing 30 parts per million (ppm) (control) or 500 ppm
(supplemented) vitamin E for 8 weeks. Splenocytes (5 x 10¢ cells/well)
were stimulated with lipopolysaccharide (LPS) (10 ug/ml) for 24 hr.
Values are expressed as mean+SEM, n=4-9. *Significantly different
from mice fed the control diet, as determined by Fisher’s least
significant test at P<0-05. fSignificantly different from day 0 of the
same age and diet group, as determined by Fisher’s least significant test
at P<0-05. YC, young mice fed the control diet; YE, young mice fed
the vitamin E-supplemented diet; OC, old mice fed the control diet; OE,
old mice fed the vitamin E-supplemented diet.
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influenza infection. For example, Scherle e al.*’ showed that
adoptive transfer of virus-specific major histocompatibility
complex (MHC) class II-restricted Th cell clones can reduce the
mortality and lung viral titres in nude mice infected with
influenza virus. Tamura et al.?® showed that nasal Thl cells,
capable of producing IFN-y and mediating DTH, are involved
in the type-specific acceleration of recovery from influenza after
challenge in mice immunized intranasally with adjuvant-
combined recombinant nucleoprotein (NP). In addition,
injection of DNA encoding influenza virus NP induced
lymphoproliferation of CD4" T cells and Thl cytokine
secretion in mice. Transfer of CD4* T cells from NP DNA-
vaccinated mice resulted in complete protection from death.?
While induction of a Th1 cytokine profile is thought to mediate
protective function against influenza infection, the Th2 subset
of CD4™" T cells may not play a primary role in virus clearance
and recovery.10 Rather, treatment of mice with 1L-4, a Th2
cytokine, resulted in a significant delay in influenza virus
clearance."!

Dysregulation of CD4* T-cell function is observed with
ageing. While decreased production of and response to 1L-2
seems to be a common phenomenon in ageing,> IFN-y
production in the aged was reported to be lower,*® show no
difference,®' or be higher® than in the young. However, aged
mice have a decreased ability to produce IFN-y following
infection with Legionella pneumophila®® or influenza,*>?
whereas IL-4 production seems to be the same or higher>® in
aged mice than in young mice.

In this study, we observed production of significantly lower
IL-2 levels (30% of the young) and similar levels of IFN-y or
IL-4 in uninfected aged mice compared with young mice.
Production of lower levels of IL-2 and IFN-y on day 2 in both
young and old mice suggests a reduced ability to defend against
viral infection. Lower lymphocyte proliferation on day 2 (S. N.
Han et al., unpublished) also suggests an immunosuppressive
effect of viral infection. There was a clear age-related difference
in IL-2 and IFN-y production following influenza infection,
with significantly lower levels in aged compared with young
mice. While IL-2 and IFN-y production in young mice had
increased significantly by days 5 and 7, old mice fed the control
diet failed to produce significantly higher levels of these
cytokines. Overall, our results indicate that old mice fed the
control diet were unable to induce an efficient Thl response
following influenza infection. With vitamin E supplementation,
IL-2 and IFN-y production increased significantly following
influenza infection in old mice.

Although significantly affected by vitamin E, IL-2 produc-
tion in old mice fed the vitamin E diet was still significantly
lower than that of young mice. In contrast, there was no
significant difference in the level of IFN-y produced by old
mice fed the vitamin E diet and that of young mice (= 100%
higher than that of old mice fed the control diet). In addition,
there was a significant inverse correlation between viral titre
and IFN-y production. IFN-y plays an important role in
regulating influenza infection via direct antiviral activities,
activation of alveolar M¢ and NK cells, up-regulation of MHC
expression and control of antibody class switching.** Thus, the
vitamin E-induced increase in IFN-y may play an important
role in its beneficial effect on reducing viral titre in old mice.

Previously, we showed that vitamin E supplementation can
inhibit cyclooxygenase activity and decrease PGE, production

in old mice.?"*> Consistently, in the current study, peritoneal
M¢ isolated from uninfected old mice fed the vitamin E diet
produced a significantly lower level of PGE, than those isolated
from uninfected old mice fed the control diet. PGE, has a key
role in down-regulating the Thl response®® and PGE,
production has been shown to be increased with ageing.’’
Our data therefore suggest that the increased Thl response
observed in this study with vitamin E supplementation may be
caused by a decreased production of PGE,.

Vitamin E supplementation had some effect on production
of IL-1B and TNF-a by splenocytes in both young and old
mice. Young mice fed the vitamin E diet had a significantly
lower IL-1B production on day 7 and significantly lower
TNF-a production on day 5 than did young mice fed the
control diet. Old mice fed the vitamin E diet had a significantly
lower TNF-a production on day 2 compared with old mice fed
the control diet. TNF-o production reached its maximum level
on day 2 while the highest IL-1p production was observed on
day 7. Increased production of these cytokines reflects the
inflammatory response to the virus but their effect on influenza
virus replication is not clear. It seems that neither IL-1f3 nor
TNF-a plays an important role in the lowered viral titre
observed with vitamin E supplementation because their
production decreased with vitamin E supplementation.

This study demonstrates that old mice are unable to
produce a strong Thl response upon challenge with influenza
virus. Vitamin E supplementation enhances the Thl response
in old mice which, at least in part, explains its beneficial effect
in reducing viral titres of old mice infected with influenza virus.
This effect of vitamin E is probably mediated through a
reduction in PGE,; production.
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