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Chapter 1

Tocotrienol attenuatestriglyceride accumulation in HepG2

cellsand F344 rats



Introduction and objective

In 1922, tocopherol was discovered in greerylgafjetables as a micronutrient

essential for reproduction [1]. More than 40 ydatsr, tocotrienol was isolated from

latex [2]. Structurally, these vitamin E differlgrn their side chainsHig. 1). Toc

has saturated phytyl side chain, while T3 contamsaturated isoprenoid tail. To date,

eight substances have been found in nature asiwitam-, -, y-, ands-Toc anda-, j3-,

v-, andd-T3.  Vitamin E is synthesized in plastids of pirand Toc is widely present

in a variety of foods such as vegetable oils artd.nuBut, T3-containing foods are

limited. Rice bran, palm oil, and annatto seedrimfein T3 [3].

Toc and T3 are classified based on their gditamin E activity) to prevent the

resorption of rat fetuses.a-Toc displays the highest efficacy among the eigflaimin

E, whereas-T3 has about one third of the activitywfToc. Regardless, all forms of

vitamin E are able to induce antioxidative effeantsl to act as protective agents against

lipid peroxidation in biological membranes. In ssmodel membrane studies, T3 has

been reported to be a more potent antioxidantToarj4]. Moreover, T3 has recently

gained increasing interest due to its several hgattmoting properties that differ

somewhat from those of Toc. For example, T3 pteteeuronal cells against



oxidative damage [5], and suppresses patholognabgenesis [6,7] and cancer [8].

These unique effects of T3 could be partly expldibg its abilities to induce cell cycle

arrest [9], to activate p53 and caspase [10,1duppress adhesion molecules [12], to

inhibit nuclear factokeB [13], and to down-regulate c-Myc and telomerds§.|

Besides the above activities [5-14], T3 hae gsned much attention for its

lipid-lowering properties, especially reductionabiolesterol (Cho). The Cho-lowering

effects have been observed in cell culture [15-4imnal [18-21], and human studies

[22], and the mechanism may involve a repressidmephtic

3-hydroxy-3-methylglutaryl-coenzyme A reductase (BMLOAR) through a

post-transcriptional process [15,16]. Howeveshibuld be noted that several research

groups failed to observe significant changes inrse€ho profiles after

supplementation of T3 to hypercholesterolemic pasi¢23-25] and hyperlipidemic

patients with carotid atherosclerosis [26]. Therefthe effect of T3 on Cho is still

controversial and needs further studies.

On the other hand, although little attentios haen paid to whether T3 affects

other lipids except for Cho, some earlier studi@gehsuggested a usefulness of T3 in

improving triglyceride (TG) profiles. For instancE3 supplementation has been

reported to decrease serum TG levels in healthyany®i7] and hypercholesterolemic



patients [28]. In support of these results, Zaideal. [29] recently reported an ability

of T3 to reduce TG biosynthesis in human hepatoslia (HepG2). Therefore, these

studies [27-29] raise a novel possibility that retthn of TG may be a primary role for

the lipid-lowering properties of T3. However, basa there are few literatures that

have evaluated the impact of T3 on TG at gene ssje levels, further biological

studies are needed to elucidate the mechanism{sYBalecreases TG.

In this study, we aimed to investigate hpW3 (most abundant isomer of rice bran

T3, RBT3) suppresses TG levels by affecting TGteelgene expressions in normal

and fat (oleic acid) loaded HepG2. In high fat el rats, the TG-lowering properties

of RBT3 was further evaluated, and compared with-©@kvering activity. We

confirmed that T3 attenuates TG accumulations buleging fatty acid synthase

(FASN), carnitine palmitoyltransferase 1 (CPT1A)daytochrome P450 3A4
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Fig. 1 Chemical structures of T3 and Toc.
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Chapter 1: In vitro andin vivo attenuation of triglyceride accumulation by tociol

Part 1. Attenuation of triglyceride accumulation by tt@enol in HepG2 and F344
rats

1. Materialsand Methods

1.1 Reagents and Cells

a-T3 andy-T3 were purchased from Chromadex (Santa Ana, C3AJ a-Toc

was obtained from Sigma (St. Louis, MO, USA) andMiSeagent from Dojindo

Laboratories (Kumamoto, Japan). All other reageme of analytical grade. RBT3

was kindly provided by Sanwa Yushi Co. Ltd. (Tendamagata, Japan). RBT3 was

composed of 82.3% T3 (31.48T3, 50.5%y-T3, and 0.4%-T3) and 6.0% Toc (1.9%

a-Toc, 2.1%y-Toc, and 2.09%-Toc) (w/w). Vitamin E-stripped corn oil was

purchased from Acros Organics (Fairlawn, NJ, USA).

HepG2 were obtained from the RIKEN cell banguluba, Japan). The cells

were cultured in RPMI-1640 medium (containing O/Blg-glutamine and 2.0 g/L

sodium bicarbonate, Sigma) supplemented with 1a&b ®vine serum (FBS; Biowest,

Paris, France), 100 kU/L penicillin, and streptomyd00 mg/L) (Gibco BRL



Rockville, MD, USA) at 37 °C in 5% CfZ95% air atmosphere in a humidified

incubator.

1.2 Preparation of Experimental Medium for Cell Culture Study

v-T3 was dissolved in ethanol at a concentratiob0gfM. The stock solution
was diluted with either 1% bovine serum albumin ABSigma)/RPMI-1640 (control
test medium) or 1% BSA/RPMI-1640 containing 1 mMiolacid as fat-loaded medium
[30] to achieve the desired final concentration-a13 (0-50uM). The final
concentration of ethanol in the experimental medwas less than 0.1% (v/v), which
did not affect cell viability. Medium with ethanalone was similarly prepared and

used as control medium.

1.3 Cell Viahility Assay

For cell viability assays, HepG2 (1 x°L@ere pre-incubated with 10%

FBS/RPMI-1640 in 96 well culture plates. Twentysfdnours later, the cells were

washed with PBS and medium was replaced with tperaxental medium. As for



the control condition, HepG2 were incubated inglkperimental medium without oleic
acid together with 0-5(0M y-T3. In fat-loaded condition, HepG2 were cultuvath
experimental medium containing 1 mM oleic acidfeddoaded medium) ang T3.
After incubation for 24 h, the number of viablelselas determined using WST-1
reagent according to the manufacturer’s instrustionin brief, WST-1 reagent (1)
was added to the medium, and incubated at 37 °G fior Absorbance (450/655 nm)
of the medium was measured with a microplate re@dedel 550, Bio-Rad
Laboratories, Inc., Hercules, CA, USA). WST-1 igtmazolium salt that is converted
into the soluble formazan salt by succinate-tetrazoreductase of the respiratory

chain of active mitochondria of viable cells [31].

1.4 TG Analysis

Cellular TG concentrations were evaluated ugioigh method [32]. Briefly,
HepG2 (1 x 18) were pre-incubated with 10% FBS/RPMI-1640 in ax@5 cell culture
plate for 24 h, and were cultured under control fatdoaded conditions as described
above. After 24 h incubation, cells were washetth WBS and scrapped using rubber

policeman, transferred into eppendorf tube (1.5 ard were centrifuged for 1,0§€or



3 minutes. Cell pellets were transferred to msm@shing tube with the addition of
500uL PBS buffer for homogenization. After homogeniaat contents of the cellular
protein were determined using Bradford protein ya$B&-Rad Laboratories) [33].
Cellular TG was extracted using Folch method ansl maasured using commercial TG

kit (Wako, Osaka, Japan).

1.5 Isolation of Total RNA and Analysis of mMRNA Expression

After 24 h treatment of HepG2 (1 x°L@ith the experimental medium, cells were
lysed, scrapped with rubber police man, and traredfe@nto a micro smashing tube.
Total RNA was isolated with an RNeasy Plus Mini(K)iagen, Valencia, CA, USA) for
real-time quantitative reverse transcription-PCR-FCR). cDNA was synthesized
using a Ready-To-Go T-Primed First-Strand kit (Géalthcare, Piscataway, NJ, USA),
and PCR amplification was performed with a CFX9@&IReéme PCR Detection System
(Bio-Rad Laboratories, New South Wales, Australisihg SYBR Premix Ex Taq
(Takara Bio Inc., Shiga, Japan) and gene-spedaificgrs forFASN, CPT1A, CYP3A4,
andg-actin.  PCR conditions were 95 °C for 60 s, 95 °C far;, &nd 65 °C for 30 s for

40 cycles.



1.6 Western Blotting Analysis

After HepG2 (1 x 19 both in control and fat-loaded conditions werevipated
with test medium for 24 h, proteins were separaie8DS-PAGE (4-20% e-PAGEL;
Atto, Tokyo, Japan). The protein bands were tenstl to polyvinylidene fluoride
membranes (Invitrogen, Carlsbad, CA, USA). Aftiercking for 1 h, membranes
were incubated with primary antibodies for FASN,TGR, CYP3A4, and3-actin (Cell
Signaling Technology, Beverly, MA, USA), followed borseradish
peroxidase-conjugated secondary antibody (Cell&igg Technology). ECL Plus
(GE healthcare) was used for detection. Bandssities were measured using Image

Lab software version 3.0 (BioRad, Hercules, CA, JSA

1.7 Animal Experiment

Male F344 rats (6 weeks of age) were obtainea ICLEA (Tokyo, Japan), and
housed in cages kept at 23 °C with a 12 h lighkdscle. The rats were acclimated
with MF rodent chow (5% of calories from fat; OriahYeast, Tokyo, Japan) and water

for 1 week. After acclimatization, rats receiagtllibitum either MF or high fat diet
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(35% of calories from fat (powdered beef tallow ¥59® g and high oleic acid

safflower oil 20%/100 g), High Fat Diet HFD32, CLEA The high fat treated rats

were fed with 5 mg of RBT3 (1.57 mgT3, 2.52 mgy-T3, 0.02 mgp-T3, 0.10 mg

a-Toc, 0.11 mg-Toc, and 0.10 mg-Toc), 10 mg of RBT3 (3.14 mg T3, 5.04 mg

v-T3, 0.04 mgp-T3, 0.19 mgr-Toc, 0.21 mg-Toc, and 0.20 mg-Toc), or 10 mg

a-Toc once a day for 3 weeks by oral gavage usifiqu2Qvitamin E-stripped corn oill

as a vehicle. Positive (high fat diet treated) aegative (MF rodent chow treated)

control rats received only the vehicle (vitamint&pped corn oil). During the feeding

period, weight of rats and food intake were recdrdeAt the end of the 3 week period,

the rats were fasted for 12 h, weighed, and bl@oadpes were collected by decapitation.

Blood was treated with EDTA, and plasma was isdlde centrifugation at 1,0@Cor

15 min at 4 °C. Liver, heart, lung, spleen, kidreyd adipose tissues were removed

and weighed. These protocols were reviewed b timamittee on the Ethics of

Animal Experiments and carried out in accordandé tie Animal Experiment

Guidelines of Tohoku University.
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1.8 Hepatic and Plasma Parameters

Livers were homogenized in aqueous solutiortastoimmg 1 mM EDTA and 0.09%

NaCl. The liver homogenates were then subjectdigitbextraction by Folch method

[32]. Total lipid extracts were subjected to T@&at Cho (T-Cho), and phospholipid

(PL) analyses using commercial kits (Wako).

For plasma samples, TG, T-Cho, and PL were uneds$y Mitsubishi Chemical

Medicine Corporation (Tokyo, Japan).

1.9 Plasma and Liver Phospholipid Hydroperoxides

To examine oxidative stress, phospholipid hgdroxides (PLOOH) in total lipid

extracts from plasma and liver were measured by@iRIth chemiluminescence (CL)

detection [34, 35]. PLOOH is a collective term fdrospholipid hydroperoxides such as

phosphatidylcholine hydroperoxide (PCOOH) and phasigdylethanolamine

hydroperoxide (PEOOH). The column was a FinepakN#2-5 (4.6 x 250 mm;

Japan Spectroscopic Co., Tokyo, Japan), the eluagn®-propanol-methanol-water

(135:45:20, viviv), and the flow rate was 1 mL/mirRost-column CL detection was

12



carried out using a CLD-100 detector (Tohoku Etat Industries Co., Sendai, Japan).
A mixture of luminol and cytochrome ¢ in 50 mM bta&uffer (pH 10.0) was used as a
hydroperoxide-specific post-column CL reagent. il@@ation was carried out using

standard PLOOH.

1.10 Satistical Analysis

The data were expressed as the mean = stade@ation (SD). One-Way

ANOVA was performed, followed by the Bonferroni/Dutest for multiple

comparisons. Differences were considered sigmifiesP < 0.05.

1.11 Results and discussion

1.11.1 Effect of y-T3 on HepG2 Proliferation

In order to investigate whether T3 affects Tdaaentrations, increasing amount of

v-T3 was treated to HepG2 for 24 h in both contsohell as fat-loaded conditions.

Before investigating the effect on TG, cytotoxit¢haty of y-T3 was first evaluated.

13



As for the control condition, HepG2 proliferatiormsvsomewhat increased oy 3
treatment (1-uM), while 10-15uM y-T3 did not affect on the proliferatiofi@Q. 2A).

As some papers have already reported [36], higbee (over 1uM) of y-T3 showed
cytotoxic effect (data not shown). Similar effetty-T3 was observed under
fat-loaded condition, although the condition showeadore increased proliferation than
control condition Fig. 2A). Because 1-1pM y-T3 showed no cytotoxicity except for
15uM y-T3 in fat-loaded condition showing little decreadgroliferation, we utilized

thesey-T3 concentrations in the next experiments for eathg their effects on TG.
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Fig. 2 Effect of increasing concentrationsyel 3 on cell proliferation (A) and TG
accumulation (B) of HepG2 in normal and fat ovedied conditions. Experimental
procedures are shown in Materials and Methods. a B expressed as mean + SD (n
= 6 for cell proliferation and n = 3 for TG accuratibn). Means without a common

letter differ,P < 0.05.
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1.11.2 TG Accumulation is Attenuated with y-T3 by Affecting Fatty Acid Synthase and

S-Oxidation Genes and Proteins Expressions in HepG2

TG accumulation in HepG2 was evaluated by Folethod. For control

condition, 1-5uM y-T3 showed a little effect on TG concentratioRy( 2B), probably

due to somewhat increase of the proliferation. , Butas found that 10-1pM y-T3

revealed a marked decrease of TG concentrationr faFtoaded condition, 1-10M

v-T3 treated cells showed an increase in TG conagoiis, whereas a significant

decrease of TG was observed aubdh The reason why 1-10M y-T3

supplementation increases TG concentration maybentreased cell proliferation.

These data clearly suggested the TG-lowering effe€8, and we therefore

investigated the effect @fT3 on TG-synthesis related gene (FASN) Arakidation

genes (CPT1A and CYP3A4). Significant down-regalabf FASN as well as

up-regulation of CPT1A and CYP3A4 genes were oleskbyy-T3 treatment (over

about 1QuM) in both control and fat-loaded conditioridd. 3). Similarly,y-T3

attenuated the expression of FASN protein andeaséme time induced the expression

of CPT1A and CYP3A4 protein&ig. 4). Therefore, a possible mechanism of the

TG-lowering effect ofy-T3 is mediated by down-regulation of FASN and aguiation

16



of CPT1A and CYP3A4 genes.
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1.11.3 Dietary T3 Reduces TG and PLOOH accumulationsin Liver and Plasma of

Rats

To verify the TG-lowering effect of T3 in viva,rat study was conducted. Rats
received either control MF or high fat diet withwithout RBT3 for 3 weeks. High
fat diet caused significant increase of the wedajhtts, and the weight tended to
decreaseR = 0.34) in 10 mg RBT3 grou@éble2). RBT3 supplementation did not
affect the weight of organs, but adipose tissugse@ally epididymal and mesenteric
fats, showed reduction of the weight in 10 mg REjf@up [Table1). No differences
were observed for food intake (data not shown).r li¥er parameters, high fat diet
caused significant accumulation of TG and tendaddace PL P = 0.11) accumulation,
and also showed a significant accumulation of PLO@*idative stress markerfig.

5). It was found that these accumulations, esggci& and PLOOH, were
significantly attenuated by 10 mg RBT3 supplememgedip Fig. 5). Similar results
were observed for plasmgi. 6). In contrast, no significant differences were
observed for liver and plasma T-Cho. kefoc supplemented group, no differences
were found for lipids and PLOOH parameters in liaed plasma. These results

indicated that the main lipid lowering effects odtdry T3 might be mediated by the

20



reduction of TG, thereby possibly attenuating tieifiduced PLOOH accumulation

[37]
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Tablel. Body and tissue weights of rats (g).

Body weight  Liver Heart Lung Spleen Kidney Perinephiid Mesenteric fat Epididymal fat
ControlMF  192+93 * 6.54:0.62 0.7G£0.07. 0.83:0.08 0420.03 1.26:0.100 2.5@:0.65 2.24-0.49  2.81-0.82
High fatdiet 213+10.8 6.46=0.60" 0.710.04, 108014 o.4&to.o§l 1.34:0.08, 4.93:0.95 3.72:043  4.46:0.92)
5mg RBT3 219+9.7 ';b 6.78:0.71% 0.71:0.05, 1.18£0.22 0.56£0.03 1.39:0.09, 4.98:03L 3.79£0.27, 4.73:0.68
10mg RBT3 206+15.3, 6.19-0.54, 0.67-0.05, 0.880.19, 0.46£0.02 1.3G:0.11, 3.73£0.65 292030  3.930.60,
10mga-Toc 202+11.8 6.350.51 0.66:0.06 1.08-0.16 0.47:0.04 1.310.07 3.76:0.59 3.76:0.81  3.99:0.61
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Fig. 5 Effect of RBT3 supplementation on liver lipids (T®3,, and T-Cho) and
oxidative parameter (PLOOH) of rats receiving cohF or high fat diet for 3 weeks.
Experimental procedures are shown in MaterialsNMathods. Because
phosphatidylcholine hydroperoxide (PCOOH) and phasigylethanolamin
hydroperoxide (PEOOH) are major forms of PLOOHiwer [32, 33], PLOOH is
calculated as sum of PCOOH and PEOOH. Data anessgd as mean = SD (n = 7).

Means without a common letter diffé< 0.05.
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1.11.4 Discussion

TG accumulation has been linked to cascaderdifit afflictions such as coronary

artery diseases. In addition, the involvementaodative stress (i.e., PCOOH

formation) probably due to high TG concentratiowivo has been reported [37]. On

the other hand, a novel possibility pertaininghe attenuating effect of T3 on TG

accumulation has been published in some (but nayjreudies [27-29]. Since the

specific target of T3 in the lipogenic pathwaytil sague, further biological studies are

needed to elucidate the mechanism(s) on how TZdses TG. In the present study,

we confirmed TG-lowering effect of T3 in both vivo andin vitro studies, and the

effect of T3could be partly explained by its ability to dowrgutate hepatic fatty acid

synthase gene and up-regulptexidation genes. These results support a hypsthes

that reduction of TG may be the primary benefitsgaliby dietary T3 [29].

In this study, similar to previous papers [36fher dosage ofT3 (over 15uM)

caused cytotoxicity to HepG2 possibly due to apsigtmduction Fig. 2A). However,

low dosage of-T3 (1-5uM) somewhat increased HepG2 proliferatiéingf 2A). The

reasons of the induced cellular proliferation sg@lnain unknown, but such increased

proliferation was found when cells were incubateth wertain antioxidants such as
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catechin [38]. Consequently, because 1tWby-T3 showed no obvious cytotoxicity,

we utilized thesg-T3 concentrations in the next experiments for @atahg their effects

on TG.

For TG concentration, addition of oleic acidasinducer showed around 1.5 fold

increase of TG in HepG2 as compared to control timmd(Fig. 2B). Such increase

was markedly attenuated by bl y-T3. Similar effect was observed to its control

condition counterpart. To date, to the best oflowowledge, there has been one report

focusing on the effect of T3 on TG in cell cultwtedy. Zaiden et al. [29] reported

that treatment of-T3 andd-T3 (each 2QM) reduces TG synthesis and VLDL

secretion in HepG2, however this study did not meathe actual TG content of the

cells. The present study provides quantitativer@salts in the cells after

administration ofy-T3, and significant attenuation of TG was obseraelksser

concentrations of-T3 (15uM).

In the present study, we provided new infororategarding the possible

mechanism of action afT3 for its TG lowering property by down regulatiohFASN

and up regulation of CPT1A and CYP3A4 in both mR&WA protein levelsHigs. 3

and 4). Way et al. [39] showed that down regulatiorAGSN, key enzymes for

lipogenesis by Puerh tea supplementation can atteripid accumulation such as TG
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in HepG2 cells. On the other hafidpxidation genes such as CPT1A and CYP3A4

have different interplaying roles in lipid metalsohi. For instance, CPT1A,

rate-limiting enzyme for fatty acid oxidation irl afsues was up-regulated in HepG2

upon consumption of polyunsaturated fatty acid$ygdenol and L-carnitine which led

to reduced plasma lipid concentrations in humadysfd0]. Moreover, CYP3A4, one

of the most important enzymes involved in the metialn of xenobiotics in the body,

has been reported to participate in lipid metaboly regulation of

25-hydroxycholesterol in mouse liver cells derivedl line [41]. In support to these

reports [39-41], administration @fT3 in HepG2 significantly down regulated FASN

and up-regulated CPT1A and CYP3A4 genes therebyuting TG accumulations

(Figs. 2B and 3). In addition, similar effects were observedha protein expression

of these genes-{g. 4).

In support to cell culture study, 10 mg RBT8tdiignificantly attenuated the

accumulation of TG in both liver and plasma of (&igs. 5and 6). T3 has been

reported to have a potent antioxidative effect [4High fat diet has been reported to

increase oxidative stress and resulted in increpasma and liver PLOOH [37]. It

is therefore conceivable that T3 can markedly rechigh fat diet-induced PLOOH

accumulation in vivoKigs. 5and 6). In contrast, dietary RBT3 failed to affect T«Ch
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concentrationsHigs. 5and 6). Concerning the reported Cho lowering effect 8f

Querishi et al. [42] actually demonstrated thatdfiect of T3 was attenuated hyToc.

Therefore, the unchanged Cho levels may be dugetpresence af-Toc in the RBT3

(around 0.6 mg for 10 mg RBT3) used in this stud@n the other hand;-Toc did not

show any attenuation of T&i@s. 5and 6). In support to this peculiarity, a study

published by Punithavathi et al. [43] showed ne&fbfa-Toc supplementation alone

on TG in an isoproterenol-induced myocardial infedcWistar rats. Moreover, our

study [43] reported that-Toc attenuated the cytotoxic effectde3 in human

colorectal adenocarcinoma cells. Present studyimplcate that among all vitamin

E family isomers, a more detailed research betwleemteractions of these isomers is

of great interest. In addition, since the amount-®3 present in RBT3 is

considerably highy-T3 was then subjected to proliferation and TG gs$a remove

the doubt that this T3 isomer might contributedhie TG attenuating effect of T3-T3).

It was found out thai-T3 did not show any cytotoxicity nor attenuated TG

accumulations in HepG 2 cellSypplementary figure 1). Interestingly,

supplementation of RBT3 (10 mg/day) as welkaBc showed significant reduction of

the weight of both perinephric and epididymal faitsats Table 1), and therefore we

now investigating the possible mechanism behirglititeresting attenuating effect of
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a-Toc on adipose tissue deposition.

The lipid biosynthesis has a broad array @rplying genes in its pathway
thereby a thorough testing of any possible geratsrégulates lipid synthesis and
nailing down these genes would provide a more aatecknowledge about the right
target for the discovery of lipid-related diseasexlicine. The TG attenuating effect
of T3 in bothin vivo andin vitro in this study provides a novel data about the n&v T

lowering function of T3.
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Chapter 1: In vitro andin vivo attenuation of triglyceride accumulation by tociol

Part 2. y-Tocotrienol Attenuates Triglyceride through Effect Lipogenic Gene

Expressions in Mouse Hepatocellular Carcinoma Hépal

1.2. Materials and methods

1.2.1 Cdll culture

Hepa 1-6 cells were obtained from the RIKEN beahk (Tsukuba, Japan). The

cells were cultured in DMEM medium (containing @/8 L-glutamine and 2.0 g/L

sodium bicarbonate (St. Louis, MO, USA) supplementeéh 10% fetal bovine serum

(FBS; Biowest), 100 kU/L penicillin, and 100 mgAreptomycin (Gibco) at 37 °C in

5% CQ/95% air atmosphere in a humidified incubator.

1.2.2 Preparation of experimental medium

v-T3 was purchased from Chromadex (Santa Ana, CA)U&hd dissolved in

ethanol at a concentration of BM. The stock solution was diluted with10%

FBS/DMEM medium to achieve the desired final coriion ofy-T3 (0-50uM).
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The final concentration of ethanol in the experitaémedium was less than 0.1% (v/v),
which did not affect cell viability. Medium withtleanol alone was similarly prepared

and used as control medium.

1.2.3 Céll viability assay

For cell viability assay, Hepa 1-6cells (1 ¥)IWere pre-incubated with 10%
FBS/DMEM in 96 well culture plates. Twenty-fourdrs later, the cells were washed
with PBS and medium was replaced with the expertedenedium supplemented with
or withouty-T3. After incubation for 24 h, the number of vialdells was determined
using WST-1 reagent (Dojindo Laboratories) accagdoithe manufacturer’s
instructions. In brief, WST-1 reagent (t0) was added to the medium, and incubated
at 37 °C for 3 h. Absorbance (450/655 nm) of tleglimm was measured with a
microplate reader (Model 550, Bio-Rad Laboratories,). WST-1 is a tetrazolium
salt that is converted into the soluble formazdnlsasuccinate-tetrazoliumreductase of

the respiratory chain of active mitochondria ofokeacells.
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1.24 Lipid analysis

Cellular lipid and protein concentrations wereasured as follows: Hepa 1-6 (1 x
10°) were incubated with experimental medium in a 386 cell culture plate. After24
h incubation, cells were washed with PBS, scrapys@ag rubber policeman, transferred
onto eppendorf tube, and centrifuged for 1,§30r 3 min. Cell pellets were transferred
to micro smashing tube with the addition of BDPBS. After homogenization, contents
of the cellular protein were determined using Boadfprotein assay (Bio-Rad
Laboratories). Cellular TG and Cho were extractedgiFolch method [32] and were

measured using commercial kit (Wako).

1.2.5 mRNA analysis

For real-time quantitative reverse transcripiRCR (RT-PCR) analysis, after 24 h
treatment of Hepa 1-6 (1 x J0with the experimental medium, cells were lysed,
scrapped with rubber police man, and homogenizeth RNA was isolated from cell
homogenate with an RNeasy Plus Mini kit (QiageDIN& was synthesized using a

Ready-To-Go T-Primed First-Strand kit (GE Healtlegaand PCR amplification was
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performed with a CFX96 Real-Time PCR Detection 8ys{Bio-Rad Laboratories)
using SYBR Premix Ex Taq (Takara Bio Inc., Shiggyah) and gene-specific primers
for fatty acid synthasd~@ésn), sterol regulatory element-binding transcriptfagtor
1(Srebfl), stearoyl CoA desaturase3cql), carnitinepalmitoyltransferase 18ft1a)
andp-actin. PCR conditions were 95 °C for 60 s, 956€5 s, and 65 °C for 30 s for

40 cycles.

1.2.6 Satistical analysis

The data were expressed as the mean = stadeaation (SD). One-Way

ANOVA was performed, followed by the Bonferroni/Dutest for multiple

comparisons. Differences were considered sigmifiesP < 0.05.
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1.2.7 Results and discussion

1.2.7.1 Effect of y-T3 on Hepa 1-6 cells Proliferation

Hepa 1-6 cells are adherent and epithelias gglbwing as monolayer. This

mouse hepatoma cell line was derived from the BV@#dkor that arose in a C57L

mouse. The cells secrete several liver-specibdpcts (e.g. albumin,

alphal-antitrypsin, alpha-fetoprotein, and amylaseyl are used by researchers as a

good model of lipid metabolism related experimgady.

We first evaluated the cytotoxicity pfT3 to Hepa 1-6 by using WST-1 reagent.

Hepa 1-6 showed a somewhat increase in cell pratiten byy-T3 treatment (1-15M)

(Fig. 7). The reasons of the induced cellular prolifenastill remain unknown, but

such increased proliferation was found when celisavincubated with certain

antioxidants such as catechin [38].Higher dosg B8 (30-50uM) caused cytotoxic

effect possibly due to apoptosis induction, as spapers have already reported

[36].Since 1-15uM y-T3 showed no cytotoxicity, experiments for TG &b levels

were conducted utilizing these concentrations (14¥5y-T3).
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Fig. 7 Effect of increasing concentrationsyef 3 on cell proliferation. Cell proliferation

data are expressed as mean = SD (n =6). Meahewia common letter diffeB<

0.05.
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1.2.7.2 Effect of T3 on TG and Cho accumulations on Hepa 1-6 cells

Cellular TG and Cho were extracted by Folclcpdure [32], and measured by

enzymatic methods. 148M y-T3 showed no significant differences for TG

concentrations; however, it was found that 1QN5/-T3 revealed a significant

decrease in TG level&ig. 8A). The results were in concordance with our previou

findings of the TG-lowering effect of T3 in HepGe&lls [45].As for the Cho, no

significant differences were observed among allcthrecentrations of-T3 (Figs. 8B).

As mentioned in the introductory paragraphs, cumreports have elucidated the

inhibitory effect of T3 on lipid accumulation witommon emphasis to Cho [17].

However, it should be noted that some reports sboweattenuation of Cho by T3

[25].Thus, the present findings imply the possibithat the lipid-lowering effect of T3

might be primary mediated by the reduction of Teathan Cho. The possibility

requires further investigation, since TG and Cleare of the two most abundant lipids

in the biological system and attenuation of theselipid classes would be a great

target for clinical application.

36



0041 A TG 0.03 1 B Cho
a a a
2 o e 2
< 0.03 a a a c
2 a ab 2 002
—_ T —_
= 0.02 - 2
£ b £
5 S 0.01 A
€ 0.01 1 £
0 0
0 1 25 5 10 15 0 1 25 5 10 15
y-T3 (M) ¥-T3 (M)
2007 C Fasn 200
—_ 150 § 150 A
S =
< _Ia_ a a 3
8 100 a ab % 100+
5 8
2 b
50' 50_
0 0
0 1 25 5 10 15 0 1 25 5 10 15
y-T3 (M) y-T3 M)
150 7 E Sebfl 2001 F Scdl
a a 150
— a —
S 100 - T T a S a a a ab
+— — a
g ab g 1001 = A
5 b5
£ 507 S
50 -
0 0
0 1 25 5 10 15 0 1 25 5 10 15
y-T3 (M) y-T3 M)

Fig. 8 Effect of increasing concentrationsyeT 3 on lipids levels and mRNA
expressions. A.TG. B.Cho. Easngene. DCptlagene. ESebflgene. F
Scdl gene.  Data are expressed as mean + SD (n = 3gandwithout a common

letter differ,P< 0.05.
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1.2.7.3 Effect of T3 on Hepa 1-6 cells lipogenic genes

To evaluate the mechanisms underlying the TW&tong effect ofy-T3, we next

investigated mMRNA expression levels of known lipugeandp-oxidation genes namely

Fasn, Sebfl, Scdl, andCptla. Like our previous study using HepG2 cells [45],

significant down regulation dfasn and up regulation dfptla genes were observed in

10-15uM vy-T3-treated Hepa 1-6-(gs. 8 C-D). In addition, we found down

regulation ofSrebflandScdl (Figs. 8 E-F), which are some of the key genes for lipid

metabolism. Interestingl§fcdl, a gene that catalyzes a rate-limiting step in the

synthesis of unsaturated fatty acids, was firsgsated in our present study to be down

regulated by-T3. Therefore, the regulation of these lipogergoas Fasn, Srebfl,

Scdl,Cptla) might be the possible mechanisms of the TG-lawggeffect ofy-T3in

Hepa 1-6 cells.

38



1.2.7.4 Discussion

In this study, among T3 isomers, effecydf3on TG levels and lipogenic gene

expressions in Hepal-6 was evaluated. This is Iseddue isomer is suggested to be

potent in the regulation of lipid metabolism [28hother reason is that the isomer is

abundant in natural sources such as rice bran [Sgw, we are comparing the effect of

T3 isomers using several cells (e.g., Hepal-6, Rep@d 3T3-L1 cells), and initially

found thaty-T3 andd-T3 showed potent effects on TG levels. Thesedtesull be

presented in the near future as a different study.

In conclusiony-T3 showed attenuation of TG through effectF@sn, Srebfl, Scdl,

andCptla genes expression in Hepa 1-6. The result expaoaiegrevious finding of

lipids-lowering effect of T3, especially TG. Thpitl biosynthesis has a multiple

interplaying genes that work together to mainthmlipid homeostasis in the biological

system and aberration of its cellular environmeotid cause dramatic change of the

expression of these genes which will led to liggtated afflictions. Therefore,

understanding the complexity of lipid biosynthestigene expression level is of vital

importance for the development of natural produetlitine (e.g., T3) against lipid

related diseases. Consequently, further studi¢gipiag to the lipid-lowering effect
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and mechanism of T3 is recommended to provide amptences for a realistic

prospect of its use as a human therapy.
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CHAPTER 2

M odulation of tocotrienol to crucial lipid metabolism-related

genesin 3T3-L1 differentiated preadipocytes
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Introduction and objective

According to the world health organization (WH@)change in lifestyle and habits

which contributes to a change in dietary pattengehincreased in the generation of

lifestyle related diseases especially those cldggted to heart, liver, obesity and other

metabolic-related afflictions. Moreover, obesityparticular has become more prevalent

in a certain social strata [46]. Though severaragghes have been done regarding the

amelioration of obesity, most of these undertakiaggely unsuccessful. Several

experimental trials concerning molecular regulabbsome known lipid species such

as triglyceride (TG) and cholesterol (Cho) via bgtally active molecules are in route

to reduce abnormal lipid accumulations.

The fat homeostasis is characterized betweeyfdhesis and fat breakdown in the

biological system. Metabolic-related diseases siscbbesity happen when the balance

between energy intakes exceeds energy expendidyd8]. Glucose generated from

carbohydrates stimulates lipogenesis by makingsiilzstrate for lipogenic process

which is glycolytically converted to acetyl-CoA. iSlconversion then provides an

ample substrate (acetyl-CoA) to be carboxylateddmstyl-CoA carboxylase (ACC) to

malonyl-CoA of which it is elongated by fatty aggnthase (FAS) to create fatty acids
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of dependent types. Regulation of this complexrpiéss would consequently affect fat

storage potential.

Since the discovery of adipose tissue as onleeosites that could synthesize fatty

acids [49], this led to the initial conclusion thilis tissue is the major site for

lipogenesis. Therefore, understanding the cellmechanisms involved in the

aberration of the homeostatic status of fat stoeagkusage in the adipose tissue could

entail an array of new insights regarding the pgmitsi of future pharmacological target

for the treatment of obesity and other metaboliatesl diseases.

Recently, a handful of studies have been regadacerning the novel utilization of

functional food components and nutrients as possitiiibitory agent against

endogenous lipid accumulation generated by abelipadtmetabolic process. For

instance, catechin has been reported to inhibgtcagte differentiation via down

regulation of peroxisome proliferator-activatedagtor (PPAR)y and

CCAAT/enhancer binding protein (C/EBR)n 3T3-L1 cells [50].Furthermore,

administration of carotenoids and retinoids hasibeéed to have anti-adiposity

through nuclear receptors regulation [51].

T3 has recently gained increasing interest duts tseveral health-promoting

properties that differ somewhat from those of Fear example, T3 protects neuronal
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cells against oxidative damage, and have anti-gegiesis, anti-tumor, and

lipid-lowering activity [22, 5, 6, 7, 8, and 45]oMever, it should be noted that only few

paper have been published focusing on the biolbgftect of T3 on lipogenesis in the

adipose tissue. T3 is reported to suppress adipacstilin-induced differentiation and

Akt phosphorylation in 3T3-L1 preadipocytes [52]wias also cited that T3 isomer

may improve obesity-related functional abnormaditie adipocytes by attenuating

nuclear factor (NF)B activation and the expression of inflammatorypalines

[53].Though these data emphasized the potency afsTéhti-adipogenic and

anti-inflammatory agents in adipocyte cells, iaiso worth to note that the lipid

metabolic pathway is very complex as such reguiadialy of those genes (N€B and

inflammatory adipokines) would not confirm the atial usage of T3 as future

anti-metabolic disease medicine. Because of theisgaf data concerning the impact

of T3 as potential lipid metabolism regulator inpage tissues, further biological

studies are needed to elucidate the mechanismiéea how T3 affects the

interaction of crucial genes in the lipid metabwlipathway in adipocyte cells. In this

study, investigations concerning the modulatiom®bn lipid metabolism via multiple

metabolic genes regulation in 3T3-L1 differentiapedadipocytes were clearly

elucidated trough cellular, RT-PCR and westerntioigtanalyses respectively.
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Chapter 2: Modulation of tocotrienol to crucial lipid metalmh-related genes in
3T3-L1 differentiated cell lines.

2. Materialsand methods

2.1. Reagents and cells

T3 isomers and-Toc were kindly provided by Eisai Food & ChemiCa., Ltd
(Tokyo, Japan) and were dissolved in ethanol angentration of 50 mM as stock
solution. 3T3-L1 preadipocytes were obtained fromRIKEN cell bank (Tsukuba,
Japan).The cells were cultured in DMEM medium (hagicose; Sigma, St. Louis, MO)
containing 0.3 g/L L-glutamine and 2.0 g/L sodiuioaobonate supplemented with 10%
fetal bovine serum (FBS; Biowest), 100 kU/L petiigjland 100 mg/L streptomycin
(Gibco BRL) at 37 °C in 5% C&B5% air atmosphere in a humidified incubator. All

reagents used in this study were of analyticalgrad
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2.2. Preparation of experimental medium for cell culture study

T3 isomers and-Toc stock solutions were diluted with10% FBS/DMEMgh
glucose) medium to achieve the desired final comagan (0-50uM). The final
concentration of ethanol in the experimental medwas less than 0.1% (v/v), which
did not affect cell viability. Medium with ethanalone was similarly prepared and used

as control medium.

2.3. Cell viability assay

For cell viability assays, 3T3-L1preadipocytes<(1(") were pre-incubated with
10% FBS/DMEM (high glucose) in 96 well culture @at 24 h later, the cells were
washed with phosphate buffered saline (PBS) andumedas replaced with the
experimental medium. After incubation for 24 h, thenber of viable cells was
determined using WST-1 reagent according to theufaaturer’s instructions (Dojindo
Laboratories).In brief, WST-1 reagent (10) was added to the medium, and incubated
at 37 °C for 3 h. Absorbance (450/655 nm) of thelioma was measured with a

microplate reader (Model 550, Bio-Rad Laboratories)
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2.4. Adipocyte differentiation

3T3-L1 preadipocytes (2 x Y0wvere seeded in a 35 mm cell culture plates
supplemented with 10%FBS/DMEM (high glucose), amalibated for 3 d.
Differentiation was then initiated by 10%FBS/DMENth glucose) containing 0.25
uM dexamethasone, 0.5 mM 3-isobuthyl-1-methylxargland 1Qug/mL insulin in the
presence or absence of T3 isomers@&iidc. The cells were then further incubated for
6-8 din 10%FBS/DMEM (high glucose) containing ottyug/mL insulin at 2 d

interval from the start of the differentiation.

2.5. TG analysis

Cellular TG concentrations were evaluated usioigh method [32]. Briefly,
3T3-L1 (2x 10) preadipocytes were washed with PBS and scrapgiad twbber
policeman, transferred into eppendorf tube (1.5 anid were centrifuged for 10@Cor
3 min. Cell pellets were transferred to micro snvaghube with the addition of 5Q0L

PBS buffer for homogenization. After homogenizatioontents of the cellular protein
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were determined using Bradford protein assay [38]lular TG was measured using

commercial TG kit (Wako).

2.6. Oil red O staining

Differentiated 3T3-L1 preadipocytes were waswéti PBS and were fixed using

4% formalin for 60 min. After fixation, the cellsane washed with distilled water,

stained with filtered oil red O working solutiondawashed further with distilled water.

Visualization of the stained lipids was performethg photomicrograph system.

2.7. Isolation of total RNA and analysis of mRNA expression

Total cellular RNA was isolated with an RNeasyWini kit (Qiagen) for real-time

quantitative reverse transcription-PCR (RT-PCR)NéOwas synthesized using a

Ready-To-Go T-Primed First-Strand kit (GE Healtlegaand PCR amplification was

performed with a CFX96 Real-Time PCR Detection &ys{Bio-Rad Laboratories)

using SYBR Premix Ex Taq (Takara Bio Inc.) and gspecific primers foFAS,

carnitine palmitoyltransferasedPT1), stearoyl-CoA desaturaseSOD-1),acetyl-CoA
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carboxylase 1ACC1), sterol regulatory element-binding protein $BEBP

1c¢),adiponectin receptor ADIPOR2), uncoupling protein 2{CP2),

3-hydroxy-3-methyl-glutaryl-CoA reductasd1G-CoA-R), low-density lipoprotein

receptor (DLR),PPAR-y, and beta actirnffactin). PCR conditions were 95 °C for 60 s,

95 °C for 5 s, and 65 °C for 30 s for 40 cycles.

2.8. Western blotting analysis

Differentiated 3T3-L1 preadipocytes proteins @vextracted and separated by

SDS-PAGE (4-20% e-PAGEL; Atto). The protein bandsewvransferred to

polyvinylidene fluoride membranes (Invitrogen).Aftdocking for 1 h, membranes

were incubated with primary antibodies for FAS,CP$CD-1, ACC1, SREBP 1c,

UCP2, LDLR, PPARYy, andp-actin (Cell Signaling Technology, followed by

horseradish peroxidase-conjugated secondary antilaell Signaling

Technology).ECL Plus (GE healthcare) was used éteation. Bands intensities were

measured using Image Lab software version 3.0 f&id-Laboratories).
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2.9 Satistical analysis

The data were expressed as the mean * standaatidie (SD). One-Way ANOVA

was performed, followed by the Bonferroni/Dunn testmultiple comparisons.

Differences were considered significanPat 0.05.
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2.10 Results and discussion

2.10.1 Treatment of T3, especially 6 and y isomers, inhibits TG and lipid droplets

accumulations in differentiated 3T3-L1 preadipocytes

First of all, sample treated 3T3-L1 preadiposytere subjected to WST-1 assay.

Results showed that most of the T3 isomers exhilwygotoxic effect to 3T3-L1

preadipocytes at higher doses (20480 except that ofi-T3 which only showed

significant cytotoxicity at 5@M (Fig. 9). Howevera-Toc did not show any cytotoxic

effect to 3T3-L1 preadipocytes. As to the reasoly wdToc did not show any cytotoxic

effect to the cells is still unknown. But such nfaatation has been observed in

different cell lines such as human hepatocellutaciooma (HepG2) [45]Since most of

the T3 isomers showed less cytotoxic effect atld5 this concentration was used in the

succeeding experiments.

Next, 3T3-L1 differentiated preadipocytes weeated with T3 or Toc for 8 d, and

cellular TG was extracted. TG levels were measustalg TG measuring Kit (Wako),

and expressed as mg/mg protein. T3 showed abrogaitidG in differentiated

preadipocytes at dose dependent marfrigr 10). T3 isomersd-, y-, andp-T3)
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attenuated TG levels at 25-pM concentrations, but-T3 showed attenuation only

at50uM. Structurally,a-T3has 5- and 7-methyl groups attached to its chrormg, so

it is possible thadi-T3 could hardly pass through cell membranes. Tdue p

incorporation ofx-T3 into 3T3-L1 differentiated preadipocytes maylexn its lower

inhibitory effect on cellular TG levels. To datew data have shown the ability of some

T3 isomers such as anda-T3 in the reduction of cellular TG in adipocytdl dees

[52], but however it is also important to note thaoc failed to show significant TG

attenuationig. 10). Our findings provided a new information regardihg effect of

T3 (all isomers) as well as Toc on the TG level8T3-L1 differentiated preadipocytes.
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Fig. 10 Effect of increasing concentrations of T3mefoc (0-5QM) on TG levels of
differentiated 3T3-L1 preadipocytes at 8 d aftdfedentiation. Experimental
procedures are shown in Materials and methods. &ataxpressed as mean = SD (n =

3). Means without a common letter difféx: 0.05.
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In order to confirm whether T3 or Toc affecte tipid droplets accumulation in
3T3-L1 differentiated preadipocytes, oil red O sitag technique was performed.
Cellular lipid droplets aggregations were signifittg observed from 6 to 8 d after
differentiation Fig. 11). Differentiated preadipocytes treated with T3wsbad
significant reduction of lipid droplets with higheffect exhibited by-, y-, andp-T3
isomers respectively. ThoughT3 also showed a less reduction of lipid dropliss,
effect was comparable with other T3 isomers. MoegavToc did not showed any
observable reduction of lipid droplets in the diffetiated preadipocytes. In its simplest
form, lipid droplets controls the storage and hyghis of neutral lipids including TG or
Cho esters and its regulation is of vital importancthe development of lipid-related
diseases [54]. Therefore, T3, but not Toc, mayatiee TG accumulation by reducing

lipid droplets in the differentiated preadipocytes.
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Fig. 11 Oil red O stained lipid droplets of differentiat8@3-L1 preadipocytes treated
with T3 ora-Toc (25uM) from O, 6, and 8 d after differentiation. Schlr= 30um.

Experimental procedures are shown in Materialsraathods.
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2.10.2. Regulation of T3 to crucial lipid metabolism-related genes and proteinsin

3T3-L1 differentiated preadipocytes

Effects of T3 or Toc on mMRNA expression levdlsame known crucial lipogenic

genes were investigated. Differentiated 3T3-L1 gigacytes treated with or without

T3 or Toc at 8 d after differentiation were haregeisand subjected to mRNA extraction.

Selected genes mRNA expressions were evaluated B3HPCR. Expression of crucial

lipid metabolism-related genes suchFAS, SCD-1, ACC1, SREBP 1c, LDLR, and

PPAR-y were significantly down regulated By andy-T3 (Fig. 12). On the other hand,

B-T3 showed down regulation &°D-1, ACC1 andLDLR genes respectively. There

were no significant attenuation observedder3 anda-Toc. In contrast, only- and

v-T3 significantly up-regulate@PT1, ADIPOR2 andUCP2 genes expressionBi().12).

FAS andSREBPs are both noted to be the culprit of lipid synthesisl regulation of

these genes are known to induce dramatic reduatibfag accumulations [55, 56].

Moreover, reports showed tH8ED-1 inhibition results in the buildup of acyl-CoAs

which in turn cause a feedback suppression to AR cascading reaction then

diminishes the inhibition of CPT shuttle and wilbav fat transportation to the

mitochondria for breakdown vigoxidation [57, 58]. In this study, interestingene
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that codes for Cho synthesidNIG-CoA-R) was not regulated by all experimental
groups. This observation was in coherence withpoevious animal and cell culture
studies [45]. We therefore then hypothesize thatdéported lipid lowering effect of T3
might be mediated by its regulation to other crulgped metabolism-related genes
rather tharHMG-CoA-R gene. The present study caters an immense paysibdt T3

can regulate a wide array of essential genes regefss lipid metabolism.
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Fig. 12 Effect of T3 ora-Toc (25uM) on mRNA expression dfAS, CPT1, SCD-1,
ACC1, SREBP 1c, ADIPOR2, UCP2, HMG-CoA-R, LDLR, andPPAR-y genes in
differentiated 3T3-L1 preadipocytes at 8 d aftéfedentiation. Data are expressed as

mean + SD (n = 3). Means without a common lettéediP< 0.05.
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Finally, we extracted the proteins from differated 3T3-L1 preadipocytes

incubated with T3 and Toc for 8 d, and analyzedafméeins using customary western

blotting procedure. Protein blots revealed thandy-T3 markedly repressed FAS,

SCD-1, ACC1, SREBP 1c, LDLR, and PPARotein expression$(g. 13). Up

regulation of CPT1 and UCP2 proteins were also mveseing- andy-T3 treated

3T3-L1 differentiated preadipocytes. Howe\eil 3 did not showed remarkable

regulation to all selected proteins though it daged significant mRNA regulation to

CD-1, ACC1, andLDLR geneskig. 12). This might employ that the effect T3 to

these genes is confined only at mRNA level. Thisepbation may relate to the

processes between transcription and translatianaegn. The correlation between

transcription and translation level can vary somes as there are many steps and

factors involved in the two processes. An mRNA rhaye a low expression profile, but

may be stable and efficiently translated. In thespnt study, botk-T3 anda-Toc did

not show any significant regulation to all the pios(Fig. 13). This is the first data

reported concerning the wide regulation of T3 tecal lipid metabolism-related

protein expressions in differentiated preadipocyié&® modulation of T3 to these

crucial lipid metabolism-related proteins accerdgahe possible reason as to the

reported lipid-lowering effect of T3 [29, 45].
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Furthermore, the underlying mechanism on how TR€eisllys andy isomers)

significantly regulated both mRNA and protein exgsiens of crucial lipid

metabolism-related genes can somehow be explaméd mdividual isomer molecular

structure differences. This assumption has bearmtly in experimental development

in our laboratory. Generally, adhering to thesaiahle findings, regulation of T3 on

both mRNA and protein expressions of lipid metatolrelated-genes would create a

possible down and upstream modulation of intergagienes necessary for lipid

metabolism which eventually could lead to the aaration of lipid metabolism-related

diseases. A thorough study on how these regulaedsgby T3 affects the other

interplaying genes necessary for the total cellptacess of lipid metabolism are of

great importance to provide a probable lipid meliaboregulation genetic profile of

T3.
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2.10.3 Discussion

The present study elucidated information asi¢oetffect of T3 on lipid

metabolism-related genes and proteins in diffeagedi 3T3-L1 preadipocytes. Among

all the T3 isomers)-, y- andp-T3 showed a marked significance in attenuatintyzel

TG levels in differentiated 3T3-L1 preadipocytesrbgdulating the gene and protein

expressions concerning lipid metaboli$fl3 on the other hand showed only

significant modulation to selected lipid metabolisgtated genes mRNA expression, but

failed to show modulation in its protein expressiohhis peculiarity is hypothesized

thatp-T3 effect on these genes was confined only at miRNA!. In the current

experimental condition, gene concerning Cho symhedG-CoA-R) was not

regulated by T3 or Toc. Bothit T3 anda-Toc did not demonstrate any significant

regulation to TG level, mRNA and protein expressiohlipid metabolism-related

genes. Up to present, there were only very few dgtarting the potency of T3 to

regulate lipid metabolism related genes in 3T3-tdadipocytes[52, 53] as such the

present study provided a new set of evidences coimcgethe possibility of T3 as an

anti-metabolic disorder candidate.
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CHAPTER 3.

y and & Tocotrienol suppresses hepatocellular liver carcinoma
cell line proliferation via proto-oncogene Ras- associated

upstream signaling regulation
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Introduction and objective

T3 has recently gained increasing interest duedtdoseveral health-promoting

properties that differ somewhat from those of ToReports stated that T3 protects

suppresses pathological angiogenesis, and cancdé].[These unique effects of T3

could be partly explained by its abilities to inducell cycle arrest [9], to activate p53

and caspase [10,11]. Most of these mechanisms warsiderably associated to the

regulation ofRas-Raf-MEK-ERK oncogenic pathway.

Within the context of these effects regarding naeism of T3 against cancer, it

should be noted that there were a handful of in&tiom regarding the effect of T3 in

the upstream signaling of this oncogenic pathwaycesthe immense effect of T3 on

Ras-Raf-MEK-ERK oncogenic pathway has been the crucial reguldaxtor for this

oncogenic pathway cascades, it is worth speculd@btiagthese manifestations might be

first at hand being ubiquitously regulated by ipstnieam associated signaling process.

In this study, we investigated whether T3 suppresteman hepatocellular carcinoma

cell line proliferation via regulation oRas-associated upstream signaling gene and

protein expressions. These data will be of vitapamance in the elucidation of the

regulatory potential of T3 oRas-Raf-MEK-ERK oncogenic pathway which may in turn

gives tangible information as to the applicatiod 8ffor clinical benefits.
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Chapter 3: yand & Tocotrienol suppresses hepatocellular liver cammia cell line

proliferation via proto-oncogeriRas- associated upstream signaling regulation

3. Materialsand methods

3.1 Reagentsand cells

y andd T3 isomers were kindly provided by Eisai Food &e@tical Co., Ltd and
were dissolved in ethanol at a concentration offB® as stock solution. HepG2 cells
were obtained from the RIKEN cell bank (Tsukubaaig. The cells were cultured in
RPMI/1640 medium (containing 0.3 g/L L-glutamineda?2.0 g/L sodium bicarbonate
(St. Louis, MO, USA) supplemented with 10% fetaline serum (FBS; Biowest), 100
kU/L penicillin, and 100 mg/L streptomycin (GibcdrB) at 37 °C in 5% C&95% air
atmosphere in a humidified incubator. All reagargsd in this study were of analytical

grade.
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3.2 Preparation of experimental medium

y andd T3 isomers stock solutions were diluted with10%SHBPMI-1640 medium
to achieve the desired final concentration (018@). The final concentration of
ethanol in the experimental medium was less tha#odqv/v), which did not affect cell
viability. Medium with ethanol alone was similarlyrepared and used as control

medium.

3.3 Céll proliferation assay

For cell viability assays, HegG2 cells (1 x°)l@vere pre-incubated with 10%
FBS/RPMI-1640 in 96 well culture plates. Twentyifchours later, the cells were
washed with PBS and medium was replaced with tiperaxental medium. After
incubation for 24 h, the number of viable cells vdgtermined using WST-1 reagent
according to the manufacturer’s instructions. frefp WST-1 reagent (1@L) was
added to the medium, and incubated at 37 °C far 3Absorbance (450/655 nm) of the
medium was measured with a microplate reader (M&86@), Bio-Rad Laboratories,

Inc.).
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3.4 Isolation of total RNA and analysis of mRNA expression

Total cellular RNA was isolated with an RNeasyMini kit (Qiagen) for real-time
quantitative reverse transcription-PCR (RT-PCR)DNA was synthesized using a
Ready-To-Go T-Primed First-Strand kit (GE Healtlegaand PCR amplification was
performed with a CFX96 Real-Time PCR Detection &yst(Bio-Rad Laboratories,)
using SYBR Premix Ex Taq (Takara Bio Inc.) and gspecific primers for GTPase
Hras Hras), growth factor receptor-bound protein@rb2), son of sevenless homolog,
1 (Sos-1), phospho proto-oncogene c-Src famiBhdspho-Sc Tyr416), phospho-Shc
(Phospho-She Tyr 239/240) and beta actinpfactin). PCR conditions were 95 °C for 60

s, 95 °C for 5 s, and 65 °C for 30 s for 40 cycles.

3.5 Western Blotting Analysis

After HepG2 (1 x 19 cells were incubated with test medium for 24 rot@ins
were separated by SDS-PAGE (4-20% e-PAGEL; Attd)he protein bands were
transferred to polyvinylidene fluoride membranes/rogen). After blocking for 1 h,

membranes were incubated with primary antibodies$ifas, Grb2, Sos-1, Phospho-Src.
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Phospho-Shc an@-actin (Cell Signaling Technology, Beverly, MA, UjAollowed by
horseradish peroxidase-conjugated secondary antifGéll Signaling Technology).
ECL Plus (GE healthcare) was used for detectiorandB intensities were measured

using Image Lab software version 3.0 (BioRad).

3.6 Satistical analysis

The data were expressed as the mean * standsdtidn (SD). One-Way

ANOVA was performed, followed by the Bonferroni/Duntest for multiple

comparisons. Differences were considered sigmifiesP < 0.05.
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3.7 Results and discussion

3.7.1 Effect of y and dT3 on HepG2 Proliferation

Cytotoxic activity of bothy andd T3 includinga-Toc were first evaluated. HepG2
proliferation was significantly inhibited at highelose of T3 (15-5QuM) at dose
dependent manner. Among all the T3 isomersarid ) concentrations, significant
inhibition of HepG2 cells proliferation were alrgadbserved at 15uM. However,
a-Toc did not show any significant inhibitory effeactHepG2 cells at all concentrations
(Fig.14). Since both T3 isomers showed significant inhilyiteifect to HepG2 at 1M,

T3 concentrations ranging from 5-pM were utilized in the succeeding experiments.
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Fig. 14 Effect of increasing concentrationsyodndd T3 includinga- Toc on HepG2
cell proliferation. Cell proliferation data are egpsed as mean = SD (n = 6). Means

without a common letter diffeP< 0.05.
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3.7.2 yand 9 T3 regulated proto-oncogene Hras and Ras- associated upstream

signaling genes expressions

yandd T3 treatment to hepatocellular carcinoma cellsagtbsignificant cytotoxic
effect at higher dose (15-50M & andy T3 concentrations). Down regulation of
proto-oncogenddras gene expressions was significantly observed inGZepells for
both T3 isomers. AdditionallyRas upstream genes signaling cohor@Grl2, Sos-1,
Phospho-S¢ Tyr4l and Phospho-Shc Tyr 239/240) were also significantly down
regulated upon administration of bothand 8T3 isomers at dose dependent manner

(Figs. 15& 16).
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Phos-S¢ andPhos-Shc genes in HepG2. Data are expressed as mean = SB)(n

Means without a common letter diffét< 0.05.
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3.7.2 yand o T3 regulated proto-oncogene Hras and Ras- associated upstream

protein expressions

Proto-oncogene Hras and iRas-associated upstream signaling genes protein
expressions were measured via western blottingysisal and d T3 showed marked
down regulation of Hras, Grb2, Sos-1, Phos-SRCRImaks Shc protein expressions at
dose dependent manr(&igs. 17& 18).

Therefore, the current findings demonstratedeehmechanism of the anti-cancer
effect of T3 specifically andd T3 isomers via proto-oncogeas upstream signaling
regulation. Furthermore, sincBas activation directly influences the activity of
Ras-Raf-MEK-ERK oncogenic pathway, it is then hymsized that the reported
anti-cancer mechanisms of T3 via Ras-Raf-MEK-ERkway oncogenic cascades to

various cancer cell lines might be mediated byughgtream regulation of this pathway.
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Fig. 17 Effects ofy-T3 (0-20uM) on protein expressions of Hras, Grb2, Sos-1,
Phos-Src and Phos-Shc genes in HepG2. Each wddtdrms a representative

example of data from three replicates experiments
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Fig. 18 Effects ofd-T3 (0-20 uM) on protein expressions of Hras, Grb2, Sos-1,
Phos-Src and Phos-Shc genes in HepG2. Each wddtdris a representative

example of data from three replicates experiments
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3.7.3 Discussion

The cytotoxic effect of T3 to various cancer ¢ieles is very valuable information.

The major scientific claims regarding its mecharssin cancer regulation were mainly

focused on its ability to affect some major molacubncogenic pathways (AKT

signaling, EGF pathways, p53 pathways, etc) [7]caBese of the complexity of the

cancer signaling process, it is of vital importartoeperform an expansive research

pertaining to the effect of T3 on different genleattare interacting with these pathways.

For instanceRas genes are one of the key switch genes for canaagrgssion in

Ras-Raf-MEK-ERK oncogenic pathway that is crucial in the regulataf cellular

proliferation process in response to growth fadtmulation [59]. Interestingly, our

presentin vitro data showed that T3 specificalyandy T3 significantly regulated the

MRNA and protein expressions ldfas gene; one of the isoforms Bas gene family in

human hepatocellular carcinoma cell line. Moreovgraand & T3 also markedly

regulated theHras-associated upstream signaling genes. SRaseactivation directly

influences the activity ofRRas-Raf-MEK-ERK oncogenic pathway, it is then

hypothesized that the reported anti-cancer mechmsnigf T3 viaRas-Raf-MEK-ERK

pathway oncogenic cascades to various cancer ioel Imight be mediated by the
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upstream regulation of this pathway.
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General conclusions

T3 as one of the groups of a naturally-occurringgmin E family has been

considerably attracted the attention of some rebkeacientists due its promising

biological activity that may even surpass its poyeto Toc, the most commonly known

and studied vitamin E group. One of the recentlyasiyic researches on T3 was focused

on its lipid metabolism and cancer regulationsoum studies, we found out a series of

novel functions and mechanisms of T3 on lipid meliain regulation [45]. Bothn

vitro andin vivo experimental data suggested that T3 affects lgmdumulation by

multiple regulations of lipid metabolism-relatedngs. Moreover, the ability of T3 to

reduce oxidative stress due to fat-induced oxiéati@mage has been a crucial factor to

its total novel biological function against lipida@mulation. Aberrant lipid metabolic

process could generate multiple diseases that iaked to obesity and other

metabolic-related diseases. Therefore, understgridiencellular mechanisms involve in

the aberration of the homeostatic status of fatag® and usage in the biological

systems and nailing down this pathological sigrgpibnormalities could entail an array

of new insights regarding the possibility of futuplarmacological target for the

treatment of obesity and other metabolic-relatsgases.
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Besides this novel bioactivity rendered by Tdsialso very important to note

that T3 has been reported to display a remarkafttgaxic effect to various cancer cell

lines. The major scientific claims regarding itsam&nisms on cancer regulation were

mainly focused on its ability to affect some majoolecular oncogenic pathways (AKT

signaling, EGF pathways, p53 pathways, etc) [7]caBese of the complexity of the

cancer signaling process, it is of vital importartoeperform an expansive research

pertaining to the effect of T3 on different genleattare interacting with these pathways.

For instanceRas genes are one of the key switch genes for canaargssion in

Ras-Raf-MEK-ERK oncogenic pathway that is crucial in the regulataf cellular

proliferation process in response to growth fadtmulation [59]. Interestingly, our

presentin vitro data showed that T3 specificaflyandd T3 significantly regulated the

MRNA and protein expressionsldfas gene; one of the isoforms Bas gene family in

human hepatocellular carcinoma cell line. Moreowerand 6 T3 also markedly

regulated theHras-associated upstream signaling genes. SRaseactivation directly

influences the activity ofRRas-Raf-MEK-ERK oncogenic pathway, it is then

hypothesized that the reported anti-cancer mechmsnigf T3 viaRas-Raf-MEK-ERK

pathway oncogenic cascades to various cancer ioel Imight be mediated by the

upstream regulation of this pathway.
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A
Control cond itson 2 Fat-loaded condition
=3
- - - b
200 = 200 i o b
E a a
B2 | =
b B |
= a b b g E
B a . 2 =
g g 100{— H 2 100
5 g £ 5
= g =5
g% 3%
3¢ g
o
0 é\"/ 0
0 1 25 5 10 15 0 1 25 5 10 15
o-T3 (pM)} o-T3 (M)
B . ..
Control condition Fatdoaded condition
0.06 1.5
b
- a a a = a a a a a ]
H g 004 7 2 § 1.0
E e, E o,
g oo g =
2500 85
k -1 0_5_
O E O E
0 0
0 1 2.5 5 10 15 [+ 1 2.5 5 10 15
o-T3 (M) o-T3 (uM)

Supplementary figure 1. Effect of increasing concentrationsoefToc on cell
proliferation (A) and TG accumulation (B) of Hep@2normal and fat overloaded
conditions. Experimental procedures are shown aekals and Methods. Data are

expressed as mean = SD (n = 6 for cell proliferaind n = 3 for TG accumulation).

Means without a common letter diffé< 0.05.
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