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Abstract
Ataxia with vitamin E deficiency is caused by mutations in α-tocopherol transfer protein (α-TTP)
gene and it can be experimentally generated in mice by α-TTP gene inactivation (α-TTP-KO). This
study compared α-tocopherol (α-T) concentrations of five brain regions and of four peripheral organs
from 5 months old, male and female, wild-type (WT) and α-TTP-KO mice. All brain regions of
female WT mice contained significantly higher α-T than those from WT males. α-T concentration
in the cerebellum was significantly lower than that in other brain regions of WT mice. These sex and
regional differences in brain α-T concentrations do not appear to be determined by α-TTP expression
which was undetectable in all brain regions. All the brain regions of α-TTP-KO mice were severely
depleted in α-T. The concentration of another endogenous antioxidant, total glutathione, was
unaffected by gender but was decreased slightly but significantly in most brain regions of α-TTP-
KO mice. The results show that both gender and the hepatic α-TTP, but not brain α-TTP gene
expression are important in determining α-T concentrations within the brain. Interestingly, functional
abnormality (ataxia) develops only very late in α-TTP-KO mice in spite of the severe α-tocopherol
deficiency in brain starting at an early age.
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1. Introduction
Vitamin E family contains eight lipophilic, naturally occurring compounds that include four
tocopherols and four tocotrienols designated as alpha-, beta-, gamma-, and delta-. Vitamin E
is essential for a healthy central nervous system (Muller et al., 1983; Nelson, 1980).
Histological studies implicated a role for dietary α-T in maintaining CNS structure in rats
(Carpenter, 1965). Investigations of chronic vitamin E deficiency produced by feeding rats α-
T deficient diets suggested that the CNS was more severely affected than the peripheral nervous
system (Towfighi, 1981). Experimental data showing a need for α-T for CNS myelination
emerged from studies in rats fed diets that varied in α-T concentrations (Dinesen and Clausen,
1976). Comparative morphometric analysis of cerebellar synapses of young and old rats
indicated a role for α-T in preserving synaptic morphology (Bertoni-Freddari et al., 1995;
Bertoni-Freddari et al., 1984). These early studies in rodents show that dietary vitamin E is
essential for maintaining the integrity of cellular structures in the CNS.

α-T is also required for the health of human CNS. This is vividly demonstrated in Ataxia with
Vitamin E Deficiency (AVED) patients who present with neurological symptoms of varying
severity (Cavalier et al., 1998; Gotoda et al., 1995; Schuelke et al., 1999; Tamaru et al.,
1997). Neurological deficits similar to those of the AVED subjects are also observed in
transgenic mice with a deletion of the α-TTP gene (Yokota et al., 2001; Yokota et al., 1987).
Furthermore, cerebral cortex of α-TTP-knockout (α-TTP-KO) mice has been reported to
display attenuated electrophysiological activity compared to the activity displayed by WT
mice. Genome-wide mRNA expression analysis of the cerebral cortex from young,
asymptomatic α-TTP-KO mice suggest a role for α-T in myelination and synaptic functions in
the CNS (Gohil et al., 2004; Gohil et al., 2003). Similar observations were reported in rats fed
α-T deficient diets (Hyland et al., 2006). The data from these gene profiling studies appear to
provide a molecular basis for the histological and morphometric observations documented in
earlier investigations. The studies in young α-TTP-KO mice indicate that the loss of molecular
markers of neuronal function precedes the decline in neurological phenotype, suggesting the
possibility of an important role for brain α-T during early development and in the prevention
of age-related decline in neurological functions. In view of these and numerous other
observations there has been a lot of interest in the use of vitamin E in human disorders. In
clinical practice many attempts have been made to use vitamin E as a therapeutic agent in
disorders of the nervous system (Nelson, 1980; Vatassery et al., 1999).

Electro-retinographic measurements have shown attenuated activities in α-TTP-KO mice
compared with WT mice indicating retinal degeneration which was accelerated by feeding α-
T deficient diet to α-TTP-KO mice (Tanito et al., 2007). Since some AVED patients develop
retinal degeneration (Mariotti et al., 2004; Yokota et al., 1996) the α-TTP-KO mice may be
relevant to exploring the potential of dietary α-T in the prevention of age-related retinal
degeneration. α-T deficiency caused by the deletion of α-TTP gene also accelerated Alzheimer
Disease phenotype in transgenic mice that overexpress human APP695 with a double mutation
(Nishida et al., 2006). Collectively, these studies suggest that α-TTP-KO mice offer an in
vivo model for identifying molecular and cellular mechanisms relevant to human CNS
pathological changes that occur with aging and that may be ameliorated by dietary antioxidants
like α-T. The model may also have utility in testing neuroprotective effects of other members
of vitamin E family such as tocotrienols (Sen et al., 2007)

An understanding of the role of α-TTP in brain would be aided by relating α-T levels in the
α-TTP-KO mice with biochemical parameters. Yokota et.al (Yokota et al., 2001) have shown
that α-T is very low in two brain regions and that the levels reached quantifiable levels only
after feeding a diet high in vitamin E. To characterize the role of α-TTP gene in the retention,
distribution and biological actions of α-T in the CNS, we have determined α-T, cholesterol,
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total glutathione and the expression of α-TTP gene from several brain regions. We have also
examined whether gender influences brain concentrations of the three compounds.

2. Results
Whole body weights of female mice were significantly (p< 0.0001) lower (by ~28%) than those
of the male mice. However, absence of α-TTP gene did not affect whole body weights.

Concentrations of α-T in WT male and female brains
In order to examine the effects of α-TTP gene deficiency, sex and dietary α-T on the α-T
concentrations of various brain regions we determined α-T in brain stem, cerebral cortex,
cerebellum, hippocampus and mid-brain. Figure 1 shows that the α-T concentrations of all five
brain regions from female mice were significantly (p<0.005) higher (by ~40%) than those of
the male mice. Furthermore, α-T concentrations of cerebellum were significantly (p<0.001)
lower (by ~30%) than those of the other brain regions.

Cholesterol is a membrane lipid that has several physico-chemical and biological
characteristics similar to α-T. Therefore, we determined cholesterol in the different brain
regions and the results are given in Figure 2. In contrast to α-T, cholesterol content did not
change with gender.

Expression of α-TTP protein and mRNA in tissue homogenates
Data in Figure 1 showed that cerebellum contained significantly (p<0.001) lower (~30%) α-T
concentrations than that in hippocampus and three other brain regions in both, male and female
mice. α-TTP protein is implicated in the retention of α-T in liver (Meier et al., 2003;Traber
and Arai, 1999) and prostate cancer cells (Ni et al., 2007). We, therefore, determined the
expression of α-TTP mRNA and protein in cerebellum, cerebral cortex and liver. Figure 3
shows that α-TTP protein expression was below the limit of detection in cerebral cortex and
cerebellum of WT mice whereas it was abundantly expressed in livers from WT mice. As
expected, α-TTP expression was below detection limits in both brain and liver from the α-TTP-
KO mice. Similarly, α-TTP mRNA expression, determined by qRT-PCR was undetectable in
the two brain regions (Figure 4), supporting the immunoblot data (Figure 3). Collectively these
data suggest that α-TTP mRNA and its encoded protein are expressed at very low
concentrations in the brain and do not appear to determine the region specific differences in
α-T concentrations.

Scavenger-receptor B1 (SR-B1) expression in cerebral cortex and cerebellum
SR-B1 regulates tissue α-T concentrations (Mardones et al., 2002). The expression of SR-B1
was assayed by immunoblot analysis (Figure 5). The data show abundant expression of the
~82kDa receptor in livers and adrenal glands but very low expression in cerebral cortex,
cerebellum and medulla. A ~57kDa product is also seen in livers and adrenal glands and is
likely to be unglycosylated SR-B1 as suggested by the antiserum manufacturer (AbCam Data
sheets, Cambridge, MA, USA).

α-T concentrations in all five brain regions of α-TTP-KO mice are very low and are much lower
than the concentrations achieved by dietary vitamin E deficiency

Data in Figure 6 show α-T concentrations in the five brain regions from 5 month-sold male
mice. α-T concentrations in all the five brain regions were highly significantly (p< 0.00001)
lower in the α-TTP-KO mice than those in the respective regions of their WT-littermates. α-T
concentrations in the brains of the α-TTP-KO mice were somewhat close to the limit of
quantitation of the assay. However, it was measurable. It is important to note that this severe
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depletion of brain α-T concentrations occurred in spite of the presence of sufficient α-T (35
IU/Kg diet) in the diet of the α-TTP-KO mice. Notably, such low α-T concentrations could not
be achieved in the brains of age and sex matched WT mice by feeding the mice a semi-synthetic
diet made from vitamin E stripped oil with no added α-T. The five brain regions of female mice
showed a very similar pattern of α-T concentrations to that of male mice (data not shown). We
have also determined cholesterol concentrations in the brains of these mice and the data are
given in Figure 7. These data show that the absence of α-TTP gene did not alter cholesterol
concentrations in the five brain regions.

Decreases in tissue α-T concentrations in α-TTP-KO mice in peripheral tissues vary with the
anatomic site

Figure 8 shows α-T concentrations in liver, heart, testes and ovaries from 5 months-old WT
and α-TTP-KO mice. The tissues from female mice have significantly (p < 0.03–0.001) higher
α-T than those from the male mice. Furthermore, the absence of α-TTP gene significantly (p
< 0.0001) decreased the α-T concentrations of all the tissues. But the magnitude of the decrease
(~90%) was greater in heart, testes and ovaries compared to that (~50%) in the liver suggesting
that different regulatory mechanisms may determine α-T concentrations in liver.

Severe α-T deficiency in the CNS has small but significant effect on total glutathione
It has been suggested that vitamin E has strong biological interactions with other endogenous
antioxidants such as vitamin C and GSH. Therefore, we determined total glutathione (tGSH),
a water-soluble endogenous antioxidant, in tissues of five months-old wild type and α-TTP-
KO animals. Figure 9 shows tGSH concentrations in tissues of female mice. Within the five
distinct anatomical regions of the brain, cortex contained the highest concentrations of tGSH
and brainstem the lowest concentrations. In contrast to α-T which showed significantly higher
concentrations in female tissues compared to males (Figure 1), tGSH concentrations were not
different among males and females (data not shown). The absence of α-TTP gene and the
resulting α-T deficiency resulted in significantly (P < 0.034–0.001) lower (7%–18%) tGSH in
most but not all the tissues from both male and female mice (Figure 9).

3. DISCUSSION
Occurrence of severe α-T deficiency in all brain regions of α-TTP-KO mice in spite of feeding
α-T sufficient diet

In this study we provide comprehensive profiles of α-T concentrations in five distinct brain
regions of five months-old male and female mice that are deficient in the α-TTP gene and,
compare them with the wild-type “littermates”. Data (Figure 6) show that the brains of α-TTP-
KO mice are severely deficient in α-T in spite of feeding a basal, rodent chow containing
sufficient concentrations of α-T (35 IU/Kg diet). It should also be stressed that the
concentrations of brain α-T in these mice are significantly (p<0.001) lower than those fed α-
T deficient diets (Figure 6). Thus, the α-TTP-KO mice offer an advantage over diet-induced
α-T deficiency because: a), extremely low concentrations of α-T in the CNS can be obtained,
possibly from birth and b), they overcome the frequent criticism about vitamin E deficient diets
that such diets contain undesirable oxidation products of dietary lipids generated ex-vivo and
that these oxidation products may contribute significantly to oxidative stress in vivo.

Previous studies have shown that cerebellum and cortex from α-TTP-KO mice have very low
or undetectable concentrations of α-T (Gohil et al., 2004; Gohil et al., 2003; Leonard et al.,
2002; Yokota et al., 2001). Unlike previous studies we have determined α-T in several brain
regions. The current study further shows that all CNS regions (cortex, hippocampus, midbrain,
cerebellum and brainstem) examined, from both female and male mice, are severely depleted
(>95% of normal) in α-T. Furthermore, in contrast to the previous study which used 15 months-
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old mice (Leonard et al., 2002) this study used younger (5 months old) mice and showed α-T
deficiency that is very severe starting at a much younger age (5 months old). Another important
observation made here is that in spite of the extremely low α-T in the CNS, the young mice do
not display ataxia which appears only after 9 months of age (Gohil et al., 2004; Yokota et al.,
2001). Thus the development of clinical ataxia in the α-TTP-KO animals has a long latency,
possibly due to the presence of unknown mechanisms that sustain normal cerebellar functions
in young α-TTP-KO mice whose brains are almost devoid of α-T.

Liver is spared from severe α-T deficiency in α-TTP-KO mice
Livers of α-TTP-KO mice underwent less severe depletion of α-T than other extra-hepatic
tissues which showed large (>80%) and highly significant (p<0.0001) α-T deficiency (Fig. 8).
Since chylomicron remnants are the primary source of α-T for liver (Bjorneboe et al.,
1986;Kaempf-Rotzoll et al., 2003;Traber et al., 1988) and hepatic α-T is less severely depleted
than that of the other tissues, it is inferred that α-TTP deficiency has a modest effect on the
uptake of α-T from chylomicron remnants.

Tissue α-T concentrations are not directly correlated with α-TTP expression
In agreement with our previous studies using male mice (Vatassery et al., 1984a; Vatassery et
al., 1984b; Vatassery et al., 1984c) the current experiments demonstrated that cerebellum from
both female and male mice contained significantly (p<0.001) lower (~30%) α-T than cortex
and other brain regions (Fig.1). If α-TTP is essential for the retention of α-T (Meier et al.,
2003; Spector and Johanson, 2007) then we would predict higher expression of α-TTP in the
cortex compared to that in the cerebellum. Experimental data do not support this prediction.
A previous study (Hosomi et al., 1998) indicated higher expression of α-TTP mRNA in the
cerebellum compared to that in the cortex suggesting an inverse relationship between α-TTP
mRNA expression and α-T concentrations. We also note that Yokota et al., 2001 detected very
low levels of α-TTP in brain regions compared to that in liver (Yokota et al., 2001); however
α-T concentration in the two organs are very similar, further suggesting a lack of causal
relationship between α-TTP expression and whole tissue α-T concentrations. It is also
noteworthy that α-TTP was not detected in WT-heart (Yokota et al., 2001) but α-T
concentrations in WT-hearts hearts are similar to those of WT-livers (Fig. 8) which has
abundant expression of α-TTP. Data from liver and lungs (Gohil et al., 2007) of WT mice also
suggest a lack of correlation between α-TTP mRNA expression and tissue α-T concentrations.
α-TTP was undetectable by immunoblot analysis of whole homogenates from either the
cerebellum or the cortex from either wild type or TTP-KO mice (Fig 3).

Our assays cannot exclude the possibility that in many tissues, including the CNS, the
expression of α-TTP is specifically localized to a few cells within the tissue. Previous studies
have reported such discrete cellular localization of α-TTP. For example, the occurrence of α-
TTP has been reported in rat cerebellar Bergman glia (Hosomi et al., 1998) and in Purkinje
cells of AVED patients, in selected cells of patients with oxidative stress related to
neurodegeneration (Copp et al., 1999) and in trophoblast, fetal capillaries, endothelium and
amnion epithelium of human term placenta (Muller-Schmehl et al., 2004). However, the
presence of a few α-TTP expressing cells in a tissue may not account for bulk α-T determined
in whole tissue homogenates.

Proteins other than α-TTP that may modify tissue α-T concentrations
A number of genes other than that encoding α-TTP are implicated in the uptake, retention and
secretion of α-T (Kaempf-Rotzoll et al., 2003; Mardones and Rigotti, 2004; Schneider,
2005). These include genes encoding scavenger receptor B-1 (SR-B1) (Goti et al., 2001;
Mardones et al., 2002; Reboul et al., 2006), phosphilipid transfer protein (Desrumaux et al.,
1999; Desrumaux et al., 2005; Huuskonen et al., 2001; Jiang et al., 2002), apolipoprotein E
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(Reich et al., 2001; Vatassery et al., 2006) lipoprotein lipase (Goti et al., 2002) and tocopherol
binding proteins (Kempna et al., 2003; Stocker and Azzi, 2000). In this study we assayed the
expression of SR-B1 and found it to undetectable in the three brain regions of WT mice (Fig.
5). SR-B1 was highly expressed in adrenal glands and liver (Fig. 5). Low expression of SR-
B1 in brain compared to that in liver and adrenal glands has been previously documented
(Srivastava, 2003). These data suggest that SR-B1 may not play an important role in the uptake
of α-T in brain.

Effect of gender on α-tocopherol concentrations in the brain—Our data (Figure 1)
show that α-T concentrations in different brain regions in females are higher than those in the
corresponding areas of the male brains. This difference was not altered by α-TTP deficiency
and thus seems to be a more fundamental phenomenon. Literature contains reports of similar
differences in α-T contents of tissues from males and females. It has been shown that α-T
content of some tissues in female rats is higher than that of males (Chen et al., 1992). Others
have confirmed this finding (Lopez-Torres et al., 1998) . Feingold et al.(Feingold et al.,
1993) have reported that ovariectomy of rats resulted in decreased concentrations of α-T in
both adrenals and liver and that this effect can be prevented by administration of estradiol at
the time of surgery. These reports and our data indicate a fundamental difference in the handling
of α-T by male and female brains. Additional investigations are needed to understand the
significance and mechanism of this phenomenon.

Conclusions
Transgenic mice lacking the α-TTP gene offer an experimental model of α-T deficient AVED
patients as well as for the production of severe α-T deficiency in brain that is unattainable by
dietary manipulation. Our study shows that the differences in tissue α-T concentrations cannot
be accounted for by the extent of expression of α-TTP gene whose expression levels are high
in the liver and below the limits of detection in all the brain regions and in some other tissues
examined. The present data also show a significant effect of sex on the concentrations of α-T
in all brain regions and gonads of WT mice. The absence of α-TTP gene dramatically decreases
the levels of α-T in all regions of the brain and this effect is much more severe than that observed
in brains of mice fed vitamin E-deficient diets. It is particularly noteworthy that development
of ataxia in the α-TTP-KO mice takes place only when the animals are more than 9 months of
age in spite of the fact that the depletion of α-T occurs much earlier (probably at birth).

4. Experimental Procedure
Chemicals

The chemicals used were of reagent grade purity from standard sources. Solvents for
chromatography were HPLC grade from Fisher Scientific, Itasca, ILL, U.S.A. Standard d-α-
T was purchased from Kodak Laboratory Chemicals, Rochester, NY, USA. Absolute ethanol
was obtained from Aaper Alcohol and Chemical Company, Shelbyville, Kentucky, USA and
was redistilled prior to use. Most of the reagent grade chemicals were from Sigma Chemicals,
St. Louis, MO, USA.

Diets—were purchased from Purina Test Diets, Richmond, PA, USA. The composition of
diets (AIN-93G) used in these experiments followed the recommendation for rodent diets by
the American Institute of Nutrition (Reeves et al., 1993). The basal α-T deficient diet (−E) was
obtained by substituting the source of fats in AIN-93G diet with vitamin E-stripped corn oil
and removing α-T from the vitamin mix. The diet containing 35 IU of α-T/Kg diet (E) was
produced by the addition of the appropriate amounts of dl-α-tocopheryl acetate to the α-T
deficient diet. The mice were allowed to feed on the pelleted diets ad libitum.
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Mice—were bred on C57BL6 genetic background and obtained from the in-house colony at
UC Davis. All the experiments with mice were approved by UC Davis Animal Use Committee.
Heterozygous α-TTP female pairs were housed with a heterozygous male. The pregnant mice
were separated from the males and were allowed to give birth. The mice were allowed to feed
on the basal, 35 IU α-T/Kg diet. The pups were weaned for one-month and genotyped using
DNA extracted from tail-clippings (<1 cm). The α-TTP-KO mice were then selected for further
experiments. One month old wild-type C57Bl6 mice that were used in studies of dietary α-T
deficiency were obtained from Jackson Laboratory (Bar Harbor, Maine, USA) and were
allowed to consume vitamin E deficient diet for 4 months.

Genotyping of mice
DNA was extracted from clipped tails with Qiagen DNA extraction kit as described by the
manufacturer. Aliquots of extracted DNA were subjected to PCR protocol as previously
described (Terasawa et al., 2000) .

Tissue dissection, storage and processing
After weaning, the mice were fed basal or α-T deficient diets for 4 months and then euthanized
with an overdose of pentobarbital (>100 mg/kg body wt). Tissues were rapidly dissected and
frozen on dry-ice followed by storage at −70°C until further analysis.

Biochemical assays
Determination of α-T and cholesterol—The tissues (brain stem, cerebral cortex,
hippocampus, cerebellum, midbrain, hearts, livers, ovaries, and testes) were weighed and
homogenized in 0.32 M sucrose, 10 mM HEPES, 1 mM EDTA at pH 7.4 and stored at −70C.

The α-T and cholesterol assays were done within two to four months. Details of the method
have been reported (Vatassery et al., 1997; Vatassery et al., 1993). Briefly, 2ml of ethanol
containing 0.025% (w/v) butylated hydroxytoluene (BHT) and 0.1 ml of 30% (w/v) ascorbic
acid were pipetted into tubes containing tissue homogenates. The mixture was saponified at
60°C after the addition of 1 ml 10% (w/v) KOH. Sample tubes were cooled and 2 ml of water
was added followed by 2 ml of hexane containing 0.025%(w/v) BHT. The tocopherols and
cholesterol were extracted into the hexane phase by vortexing the samples. Part of the hexane
extract was evaporated down and the residue was redissolved in mobile phase and analyzed
by liquid chromatography for tocopherol using the following conditions: column = ultrasphere
ODS, 5 microns, 4.6 × 150 mm from Beckman Instruments; mobile phase = 5.5% water in
methanol with final 7.5 mM NaH2PO4; flow rate = 2.5 ml/min. α-T was detected
electrochemically utilizing Coulochem 5100; the detecting electrodes consisted of the 5011
analytical cell (detector 1 at −0.25 V and detector 2 at +0.55V) and 5021 conditioning cell set
at −0.75 V.

One portion of the hexane extract was used for cholesterol determination by a gas
chromatographic method reported earlier (Vatassery et al., 1997) . After evaporation of the
solvent, trimethylsilyl ether derivatives of cholesterol were prepared using bis(trimethyl silyl)
trifluoroacetamide and analyzed by a Hewlett Packard (Avondale, PA) model 5880 gas
chromatograph equipped with a flame ionization detector and a capillary column (DB1 column,
30 meters × 0.324 mm, film thickness 0.25 µm; temperature programming conditions: oven
temperature initial 50°C, initial time 3 min, program rate 30°C per min, final value 290°C,
second program rate 1°C per min, final temperature 300°C and keep at 300°C for 5 min). Under
these conditions the retention times of the internal standard cholestane and cholesterol were
14.82 and 17.26 minutes, respectively.
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Determination of total glutathione—The method of Ubbink et.al. (Ubbink et al., 1991)
as modified by Castagna et.al (Castagna et al., 1995) was used. Briefly, the brain homogenate
was incubated on ice with tri-n-butyl phosphine to reduce GSSG and the solution was then
mixed with 5.5% trichloroacetic acid containing 0.55 mM EDTA. Total GSH in the acid extract
was derivatized with 7-fluor-2.1.3-benzoxazole-4-sulfonamide (SBDF) and analyzed by
reverse phase HPLC with fluorescent detection.

Protein concentrations—were determined by the Lowry technique as modified by arkwell
et al (Markwell et al., 1978).

Immunoblot analysis for α-TTP and scavenger receptor B1 expression in tissue omogenates
All materials were from Santa Cruz Biotechnology Inc. (CA) and their catalog numbers are
given in parenthesis. The procedures were as described in Western Blotting Protocol, Santa
Cruz Biotechnology, Inc.. Briefly, ~ 50 mg frozen tissue was homogenized in ice-cold 200–
500 µL of lysis buffer (sc-24948) containing complete protease inhibitor cocktail (sc-29130)
with freshly added phenylmethylsulfonyl fluoride (sc-3597). The homogenates were
centrifuged and protein determined in the supernatants. Aliquots containing 40 µg protein were
mixed with an equal aliquot of sample buffer (sc-24945), boiled for 3 mins and 10–20 µl were
loaded per lane in 4–20% pre-cast Tris-glycine gels (Invitrogen, Carlsbad, CA).
Electrophoretically resolved proteins were transferred to polyvinylidene fluoride membranes,
blocked with Blotto A (sc-2323) and incubated with anti-α-TTP rabbit antiserum, (1/5000
dilution in Blotto A) overnight at 4°C. The α-TTP-antiserum was a generous gift from Professor
Maret Traber, Oregon State University, OR. Scavenger receptor B1 (SR-B1) antibody was a
rabbit antiserum and used at 1/500 dilution as suggested by manufacturer (AbCam, Cambridge,
MA). α-TTP- antiserum or SR-B1 antibody bound proteins were visualized with goat-anti-
rabbit horseradish peroxidase conjugated antiserum (1/5000 dilution, room tempt, 1 hr) and
Chemiluminescence Luminol Reagent (sc-2048).

Quantitative RT-PCR (qRT-PCR) of α-TTP mRNA expression in tissues
Total RNA was extracted from tissues of female mice as previously described (Gohil et al.,
2003). Approximately ~50mg of tissue from each female mouse was homogenized in 1 ml of
Trizol Reagent (Invitrogen, Carlsbad, CA) and a pellet of total RNA was obtained using the
procedures described by the manufacturer. The total RNA pellet from each tissue was dissolved
in RNAase-DNAase free water to obtain a concentration of 2.5 µg of RNA/µl of solution.

An aliquot equivalent to 5 µg of total RNA extracted from each brain region was reverse-
transcribed to obtain cDNA in a final volume of 20 µL solution consisting of buffer, oligo-dT
primer, DTT, dNTPs and Superscript-II reverse transcriptase (Invitrogen, Carlsbad, CA). Real-
time polymerase chain reaction (RT-PCR) method with SYBR as fluorescent reporter was used
to quantify the expression of α-TTP mRNA. The primer sequences were: Glyceraldehyde-3-
phosphate dehydrogenase GCAACAGGGTGGTGGACCT (forward),
GGATAGGGCCTCTCTTGCTCA (reverse); α-TTP:
TCTACAGAGAACACTAATGAGCAATGTG(forward),
TGGTGAAGCCATGTGGAAAGT (reverse).

The reaction was carried out in 96 well optical plates containing 6.25 ng cDNA in each well.
The applied RNA quantity was normalized by amplifying cDNA samples simultaneously with
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) specific primers. The transcript
concentrations were measured by real-time RT-PCR using the ABI PRISM 7700 Sequence
detection system (PE Applied Biosystems, Foster City, CA). The PCR amplification
parameters were: initial denaturation step at 95°C for 10 min followed by 40 cycles, each at
95°C for 15 s (melting) and 60°C for 1 min (annealing and extension). The 2−ΔΔCT method
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(Livak and Schmittgen, 2001) was used to calculate relative changes in gene expression
determined from real-time quantitative PCR experiments (Applied Biosystems User Bulletin
No.2 (P/N4303859). The threshold cycle, Ct, which correlates inversely with the target mRNA
concentrations, was measured as the cycle number at which the SYBR Green emission
increases above a preset threshold concentration. The specific mRNA transcripts were
expressed as fold difference in the expression of the specific mRNAs in RNA samples from
the brain regions of the α-TTP-KO mice compared to those from the brain regions of WT mice.

Statistical data
for α-T and cholesterol and total GSH concentrations and, for changes in gene expression (fold-
change) obtained by qRT-PCR were analyzed by GraphPad PRISM (version 4.0; GraphPad
Software, San Diego, CA). The data are reported as means ± SEMs. An unpaired Student’s t
test was used for comparisons between the experimental mouse groups. All data were
considered statistically significant when P values were ≤0.05.
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Figure 1. α-T concentrations in five brain regions of 5 months-old WT male and female brains
All brain regions from female mice (n = 5) contained significantly higher concentrations of
α-T than that from the brains of male mice (n = 3). α-T concentration of the cerebellum was
lower than that of the other brain regions. COR = cortex, CER = cerebellum, HIP =
hippocampus, BS = brainstem, MB = midbrain.
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Figure 2. Cholesterol concentrations in male and female brain regions
Cholesterol concentrations in five brain regions of 5 months-old WT male and female brains.
Data show no significant effect of sex on the cholesterol concentrations in the five brain regions.
COR = cortex, CER = cerebellum, HIP = hippocampus, BS = brainstem, MB = midbrain. The
data show mean ± SEM, n = 3 for male mice and n = 5 for female mice.
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Figure 3. α-TTP expression by immunoblot analysis
Immunoblot analysis of α-TTP expression in cerebellum, cortex and, liver homogenates from
WT (n = 2, lanes 1 and 2) and α-TTP-KO (n = 2, lanes 3 and 4) mice. Forty µg of protein from
each tissue homogenate were resolved by PAGE and electro transferred to membranes as
described in the Methods. The immunoblots were probed with rabbit anti-α-TTP antiserum (a
generous gift from Professor Maret G. Traber, Linus Pauling Institute, Oregon State University,
Corvallis, OR, USA). A ~32kDa protein was detected in livers from WT mice. The protein
was absent in livers from α-TTP-KO mice. The ~32 kDa anti-α-TTP antiserum reactive protein
was not detectable in cortex or in the cerebellum of either the WT or the α-TTP-KO mice.
MW= Molecular weight standards.
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Figure 4. α-TTP mRNA expression by qRT-PCR analysis
The expression of α-TTP mRNA in cerebellum and cortex is undetectable by qRT-PCR assay.
The data were normalized for the expression of GAPDH mRNA in the same samples. α-TTP
mRNA is abundantly expressed in livers from wild type (WT) mice and its expression is near
the limit of detection in the livers from α-TTP-KO mice. Its expression was not detectable
(ND) in either the cerebellum or the cortex from the same mice. Data are mean ± SEM, n=5.
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Figure 5. Scavenger receptor B1 expression is undetectable in brain regions
The data show abundant expression of the receptor (~82 kDa) in liver and adrenal glands but
undetectable expression in the three brain regions. A ~57kDa immunoreactive protein was also
detected in livers and adrenal gland, and it probably is an unglycosylated SRB1. Aliquots of
homogenates from WT liver (lane 1, 60 µg protein), α-TTP-KO liver (lane 2, 60 µg protein),
WT adrenal glands (lane 3, 60 µg and lane 4, 20 µg), WT cerebellum, WT medulla and WT
cortex (lanes 5, 6 and 7, respectively, 60 µg protein each,) were processed for immunoblot
detection of SR-B1 expression. The blots were over-exposed to enable visualization of the
immunoreactive protein in the brain regions.
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Figure 6. Brain regions of male a-TTP-KO mice are severely α-T depleted IN AT
α-T concentrations in the five regions of brains from five months-old male mice. The data show
that α-T concentrations in all brain regions were significantly (p< 0.00001) lower than those
in the brains of either the WT mice fed the same α-T diet (35 IU/kg diet) or in the brains of
WT mice fed the α-T deficient diet. The data show mean ± SEM, n = 3. COR = cortex, CER
= cerebellum, HIP = hippocampus, BS = brainstem, MB = midbrain.
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Figure 7. Cholesterol concentrations are unaffected by the absence of α-TTP
Cholesterol concentrations in the five distinct anatomical regions of the female and male brains
were unaffected by the absence of α-TTP gene. COR = cortex, CER = cerebellum, HIP =
hippocampus, BS = brainstem, MB = midbrain. The data show mean ± SEM, n = 3 for male
mice and n = 5 for female mice.
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Figure 8. Differential effects of α-TTP gene deletion on non-CNS tissues
α-T concentrations in peripheral tissues of male and female mice of WT and α-TTP-KO mice.
α-T concentrations in livers (LIV) and hearts (HRT) from WT female mice were significantly
( * , p<0.001) higher (43%) than those in the male mice. α-T in ovaries (OVA) was significantly
higher than that in testes (TST). Absence of the α-TTP gene resulted in a significant (†, p<
0.0001) and a large (~90%) decrease in the α-T concentrations of heart, testes and ovaries. In
contrast, the decrease in liver α-T of α-TTP-KO mice was smaller (~50%) than that of the other
tissues. The data are mean ± SEM (n = 5–7)
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Figure 9. Glutathione concentrations in tissues of WT and α-TTP-KO mice
Absence of α-TTP gene results in small but statistically significant decrease in total GSH of
selected brain regions and in liver of female mice. The data are mean ± SEM, N = 3–5. Total
GSH was significantly (p< 0.001–0.034) lower (~7–18%) in cerebellum (CER), hippocampus
(HIP), brainstem (BS), midbrain (MB) and liver (LIV) from α-TTP-KO mice compared to that
in the tissues from the WT mice. There was no significant difference (NS) between the WT
and α-TTP-KO mice for the total GSH in cortex (COR), heart (HRT), ovaries (OVA).
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