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Owvsrexpression of trunsforming growth facter f1 (TGFSI) and increased transeription of pro-collagen type I, are known (o represent major cvents

implicated in the develepnient of liver fibresis under either experimental of clinical conditions. Here we report that long-term dictary vitamin E

supplementation in animals undergoing an experimental model of liver fibrosis (induced by chronic treatment of rats with cacbon tetrachloside)

results in 4 net inhibition of both heputic TGFA] and @2 (1) protollugen mRNA levels, Moreover, af siriking interest is the observation that vitamin

E supplementalion per so downemodulates busal levels of TGFA1 mRNA in the liver of untreated animals, suggesting thai a dietary regimen rich
in vitamin E may potentially intecfere with bath the initistion snd progression of the fibrosclerotic processes.

Liver fibrosis; TGFAY: a2 (1) Procallagen; Vitamin E

1. INTRODUCTION

Transforming growth facter-81 (TGFB1), a plei-
otropic peptide involved in the regulation of cell metab-
olism and growth, ulso plays a key role in tissue remod-
elling following necrosis and inflammation mainly
through the synthesis of extraceliular matrix compo-
nents [1-10Q]. During the fibrotic response its overex-
pression in the liver is associated with increased tran-
scription of procollagen type [ [11-16), The paraliel rise
of these factors is now generally accepted as a relevant
feature of the development of liver flbrosis [11-16) and
finds its explunation in the cxistence of TGFg1-acti-
vated elements in the type I collagen gene [17,18). Ne-
crosis, inflammation and fibrosis are readily reproduci-
ble eventsin the rat during chrenic intoxication with the
prooxidant hepatotoxin carben tetrachloride (CCl,)
and such a model is extensively used for experimental
purposes {8,12,14].

We have previously shown that dietary vitarin E
supplementation, by increasing the liver content ol tuz
vitamin, can afford protection against liver fibrosis in-
duced in the rat by chronic treatment with CCi, {19].
This protective effect of vitamin E is most likely related
to the antioxidant effect of the vitamin well chavacter-
ized in the acute model of CCl, intoxication [20-24]. In
order 1o investigate the effect of vitamin E membrane
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enrichment on liver expression of TGFA1, the mRNA
levels of the cytokine as well as of a2 (I) procollagen
were determined during CCly-induced liver fibrosis in
animals fed either on a standard or on a vitamin E
supplemented diet.

2. MATERIALS AND METHODS

Vitamin £ {@-tocspacol), guanidinium thioeyanate, formamide,
formuldehyde an.t salern sparm DNA were purchased from Sigina
Chemital company. Ethidium bromide and agarose gel for electrapho-
resis were from Bio-Rad (Richmond, California, USA). Yeast RNA
was from Beehringer (Mannheim, Germany) whersas sodium dedscy!
sulphate (SDS). carbon tetrachloride and all the other reagents were
from Merck (Durmstadt, Germany), Auloradiographis film was pre-
vided by Kodak Lid., England, Mulliprime DINA labelling system kit
was provided by Amersham (Milano, Lialy).

Young male Wistar rats (Nossan, Correzana, Italy), weighing 40-
50 g at the beginning of the experiment, were used, The rats were
divided initially into 1we experimental groups: the first group was fed
throughout the experiment with 2 siandard pelletted diet {diet no. 48,
F. lli Piccioni, Brescia, ltaly) containing 30 my of vitemin E (as a-
tocopheryl-acetate) per kg of dist (hercafler referred to as conirol
diet); the second group was fed on the same diet supplemented in
vitamin E up to 250 mg per kg of disl. After three weeks of fuading
the animels of theas {wo groups (130-149 g b.wt, at this stage) difTered
anly in their hepatie vilamin E content that was three times higher in
the ruts fed on the supplemented diet (90 % 15 vs. 32 £ 9 nmol’g liver
[19]). At this paint half of the animals of each group were submilied
1o o cirrhosis induction protocol for 5 weeks as described by Ehrin-
preis et al. (animals igjected intrapsritoneally three times a week cither
with 0.15 mi of CCl,, diluted in mineral ail, or with the vehicle alone)
[25). The rats were then sacrificed under disthyl ether anaesthesia 24
h after the last ireaiment and liver samples were immedialtely frozen
in liquid nitrogen and stored at ~80°C.,

RNA extraction and Morthern blot analysis were performed as
follaws, Frozen livers were homogenized in 4 glass«teflon homogenizar
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und tatsl RNA was soluted using o acid guunidinium thiocynnute/
phenokchlaroform echnique. RNA soncentration wis determined by
meusuring the absorbunce ol the RNA xolution ut 260 nm. Tolul RNA
wats subjected ta elestrophoresis on o formakichyde-contuining 1 .5%
agarose gol und transterred 10 4 nylon membrane. Membiunes were
prehybridized for 16-18 h ug 42*°C ina solution contiining 30% (orma-
mide (wiv), 3x S5C salution pH 7.0 (20x SSC steck solution contuing
NaCl t7.53% wiv, und sodium citrute 8.92%, wiv), 0.1% SDS (whv),
5x Denhardt's, 100 ug/mi sulmon sperm DNA, 500 pg/mi yeust RNA.
Flybridization with #P-labelled full-length TGFS) and a2 (1) procols
lagen cDNA probes [26.27] wis carricd out in 30% farmamide (viv),
Sx SSC, 0.1% SDS {wivk | » Deuhardt's ut 42°C avernight. Alter
hybridization membranes were wushed with 2 x S8, 0.5% SDS (wiv)
far 20 min at room tempersture nnd with 0.1 x $SC, 0. 1% SDS (wiv)
for 20 min at §2°C. Membrines were exposed to aworudiographic
film at —80%C with intemsifying sereens. The a-uctin RNA levels
were not taken as o eeference since they proved to be strongly is-
<reased by the treatment with the hepitotoxin [28). Autaradiograms
were quantilied by densitometricanl scunning using a kiser den<itometer
(LD 2022 uliroscan) and ol values were normalised against the
relutive ethidium bromide stained total RNA,

Western blot analysis wus perlormed emplaying a rubbit palyclonal
antibody that wus Kindly pravided by Dr. Denais Wang (Dept. Bhys-
iology und Pharmacology, Univenity of Queenslund, Queensiand,
Austritlin), This untibody, eross-reacting with rat, was raised sgoinst
4 pepiide corresponding o curboxyterminal 10 amine ucids of human
TGFRL, 150 pg of proteing of the crude tissue extract abrained by an
acidiesethiunol procedure aceording to Assolan et al. [29], were sube
jected to a 15% polyacrylamide SDS gel clectrophoresis unider redues
ing conditions [30] and transferred 1o polyvinylidene difluoride misro-
porus pembranes using & Dio-Rad Trans-Blot Semi Dry Cell [31]
Lxecss binding espucity of membrunes was blocked by avernight incu-
bation ut 4°C with 5% bovine serum albumin in TBS {10 mM Tris-HCI
pH 7.4, 150 mM NuCl). The blols were then incubated successively
with pulyelonal antibody diluted 1:200 for 2 § at room wemperature,
with hictinvlaled antienbbit {gG diluted 1:3000 for | b und, finably,
wilh streptavidin-biolinyluted hurserudish peraxiduse complex (Duko
spit. Milana, 1sly), Between incubutions the membrines were wished
extensively with TBS contuining @.1% Tween 20, Immunoreiciive
bands were then visuslized by reuction with 3 3%dinminobenxidine.
The molecular weight matker proteins were Joculized by brief stuining
of blois with 0.1% Amido bluck in 25% isopropanal containing 10%
ilcetic ucid.

3. RESULTS AND DISCUSSION

The protective effect exerted by vitamin E supple-
mentation against CCl-induced liver necrosis is a well
established event [20-24]. Recently we found that the
same pracedure afforded also protection against fibro-
sis induced in the male Wistar rat after five weeks of
cheonic CCl, i.p. dosing [19]. This observation was
strongly suggestive of a modulating effect of the natural
antioxidant in the expression of fibrogenic cytokines.

Ax thowe in Fla, 1, while the steady-state level of
TG: 3 waRNA remained low in control 1at liver after
five weeks of intoxication with CCl, there was a four
times increase in the hepatic amount of TGFB1 mRNA.
The stimulated expression of the cytokine was paral.
leled in the CCl,-treated animals by high levels of &2 (1)
procollagen mRMA {Fig. 2) that is almost undetectable
in narmal liver {12]. As already mentioned in the intro-
duction, the concomitant rise of these two factors repre-
sents a relevant event in the development of liver fibro.
sis {11-16]. Densitometric scanning of Northern blots
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Fig. 1. Northern blot analysis of TGFZI expression in fibrotic liver.
{A) Levals of TGFB1 mRNA (bottom panel}in the liver of control ruts
Hunes wb) und of muts treated respectively with CCl, (c.d) nud with
CCl, undd vitumin B (e.4). The ethidium bromide-stuined gel is shown
in the lop pancl, (B) Quantitation of TGEFF mRNA fevels it the liver
of contral rats (C) and of rats treated respectively with CC1, (CCL)
and with CCl, and viturnin E (CCly + Vit E), Results are expressed ns
pereent of the control und tre medns * 5.0, of four sepurile experis
ments,

from four separate experiments shawed more than 50%
decrease in TGFAl mRNA steady-state content in the
liver of rats receiving a dietury supplementation of a-
tocopherol during chronic intoxication with the haloal-
kune (Fig. 1}. Together with the reduced expression of
the cytokine, in the liver of CClj treated but a-tocophe-
rol supplemented animals the mRNA for el (I) procol-
lagen wus significuntly lowered (upproz. 75% as o the
CCl-treated group taken as 100%, Fig. 2;.

The described antioxidant treatment has been dem-
anstruted to efficiently counteract the toxic effect of
carbon tetrachiloride by inhibiting the stimulated oxida-
tive breukdown of membrane polyunsaturated fatty
acids [20-24]. Thus, our data suggest a role for oxidative
imechanisms in the stimulation of TGFEl and a2 (I)
procollagen gene expression. Consistent with this inter-
pretation is the stimulation of collugen gene transcrip-
tion induged in cultured human foetal fibroblasts by
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Fig. 2. Northern blot analysis of a2 (I} procollugen expression in
fibrotie liver. (A) Lavels of 22 ([} procollugen (botiom punel) in the
liver of nuts treuted respectively with CCl, (lanes 4.b) and with CCl,
anst vitumin E {ed). The ciidium bromide stained gel is shown i the
tap panel. (B) Quantitution of @ {13 procollugen mRINA levels in the
Siver al rals treated respectively with CCl, (CClL), and with CCl, und
vilumin E (CCl, + Vit E). Results ure expressed us percent af the CCI,
group and ure means £ S.D. of four sepurate experiments.

ascorbate dependent lipid peroxidation [32] and its inhi-
bition by @-tocopherol and other antioxidants dircctly
added to the ¢ell incubation medium [33).

On the other hund, one can argue that the lowering
effect of a-tacopherol on the TGFE1 mMRNA levels and
consequently on @2 (1) procollagen transcripts is merely
a consequence of the prevention of CCl,-induced necro-
sis exerted by the vitamin, Even if the latter possibility
cannot be excluded, the hereafter reported data on the
down modulation of basul TGFG] mRNA levels by
dietary a-tocopherol definitely support a direct action
of vitamin E on TGFB] expression. Fig. 3 shows the
Morthern blot analysis of TGFBI mRNA extracted
from the liver of supplemented ruts compared to that
from animals fed the control diet. The resulis concern-
ing TGFf1 mRNA levels under different experimental
conditions (see Figs. 1 and 3) are supported by Western
blot analysis (Figs. 4 und 5). As shown in Fig. 4, using
purified human TGF@B1 as a stundard (Genzyme Corp.,

Fig. 3. Worthern blot analysis of TGFS! exprestion in normal tiver.

{A) Levels of TGFS1 mRNA {bottom pinel}in theliver of cantrol rats

(lunnes a.b) and of rls reated with vitamin E (e.d). The sihidium

bramnide-siaines! gel is shown in the top panel. (B) Quuuiiiation of

TGEB! mRNA lavels in theliver of contrel rats (C) and of ruts treated

with vitumtin E{Vit E). Results ure expressed as percent ol the control
and dre means £ 5.0, of six scpurate experiments,

Cambridge. MA, USA), under reducing conditions, the
polyclonal antibody employed allowed the detection, as
the major form. of a polypeptide of 14.45 kDa which
carresponds to mature monomeric TGFG1. The evalua-
tion of immunablots of this immunoreactive 14.45 kDa
peptide in the crude acid liver extracts from different
experimentil groups suggests a pattern of changes in
agreement with TGFS1 mRNA medifications (Fig. 5).

The high liver concenfrations of a-locopheral
reached by dictary supplementation appear to down-
modulate the gene expression of u cytokine most likely
playing a key role in liver fibrogenesis {11-16]. Even il
its chain-breaking antioxidant activity seems likely to be
involved. the exact molecular mechanisms by which vi-
tamin E exerts the effects here described are yet to be
clarified.

The present research will be extended by assessing the
effect of a-tocopherc! on the gene expression of other
fibrogenic cytokines and later on, varjous human dis-
euses characterized by fibrotic processes will be consid-
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Fig. 4. Western blot detection of purified TGFS1 compared with
molecular weight standards.
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F:g 5. Western blot analysis of 1Grgl, undsr reducing conditions,
in the crude acid eatracts of tiver sumples from differznt sapsrimental
groups. Levels of immunoreactive TGF#I peptide (14.4 kDa) in the
liver of contral rats {lanes 1 und 2), rats treated with vilamin E (lanes
3 und 4). rats ireated chronically with eithier CCl, alone (lunes S and
6) or with CCl, plus vitamin E {lanes 7 and &),

ered. In fact, the most important suggestion which can
“be drawn from the reported data is the possibility to
control by dietary vitamin E certain pathways responsi-
ble for the initiation and worsening of fibrosis occurring
not only in the liver but alss in the lung, kidney and
arterial walls,
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