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1. Introduction

Ursodeoxycholic acid (UDCA, identical to ursodiol), a dihydroxy
bile acid, is a major constituent of dried bile of the Chinese black bear
(Dinesh & Rakesh, 2001). In black bear’s bile, UDCA is the major bile
acid (Lee et al., 1993), when it is only about 3% of total bile acids in
human bile (Gustav et al., 2002). The chemical form of UDCA from the
Chinese black bear’s bile was first defined by Shoda in 1927. It has two
hydroxy groups at 3o and 7f positions (Alvarez et al., 2007) and called
3a, 7p-dihydroxy-5B-cholanic acid. The chemical structure of UDCA is
shown in Figure 1.

There are two primary bile acids (cholic acid, CA and
chenodeoxycholic acid, CDCA) in humans, which are synthesized from
cholesterol in liver and stored in the gall bladder (Paul ez ‘al., 2005).
When excreted into the colon, primary bile acids can be converted to
secondary bile acids by intestinal bacteria. That is, cholic acid is
converted to deoxycholic acid (DCA), while chenodeoxycholic jacid is
converted to lithocholic acid (LCA) and UDCA (Kaoru et al, 2005)
Furthermore, some of thesesendogenous bile acids are well known to be
conjugated te_glycine or taurine, which are water .soluble, amphipathic,
membrane-impermeable end-products jof ‘cholesterol metabolism. (Alan
et al., 1999)

It has been already reported in several studies that bile acids show
either cytoprotective or cytotoxic effects, according to bile acid species.
(Michihiro et al., 2007., Joohyun et al., 2003., Anabela ef al., 2004) The
hydrophilic properties of these bile acids depend on the number, position,

and orientation of the steroid hydroxyl group(s). It has been shown that



cytoprotective or cytotoxic effect of bile acids depends on its
hydrophilicity (Sagawa et al., 1993; Komichi et al., 2003). Hydrophilic
bile acids, such as UDCA and its taurine conjugates TUDCA, appear to
protect against cholestasis and the toxicity induced by the hydrophobic
bile acid, such as deoxycholic acid.(Rodrigues et al., 1998; Marieke et
al., 2004)

The liver plays a major role in metabolism, for example, converting
nutrients derived from food into essential blood components, storing
vitamins and minerals, regulating blood clotting, producing proteins and
enzymes, maintaining hormone balances, and metabolizing and
detoxifying substances which are harmful to the body. Some
hepatocytotoxins such-as carbon tetrachroride (CCly) (Teruo et al., 2005),
ethanol (Wu et-al., 2006), tacrine, acetaminophen (Priyanka et al., 2008;
Milagros et al., 2000), along with lipopolysaccharide (Asuka et al.,

1999) have been investigated for hepatotoxic research.
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Fig.1. Chemical structure of ursodeoxycholic acid




Tacrine (1, 2, 3, 4-tetrahydro-9-aminoacridine; THA) acts as a
cholinesterase competitive inhibitor to block the degradation of
acetylcholine in the neurons of cerebral cortex thereby increasing
cholinergic transmission (Osseni et al. 1999; Wu and Yang ef al., 1989
and Hunter ef al., 1989). Although it is the first drug licensed in the USA
and Europe for the treatment of Alzheimer’s disease (Eagger et al., 1991),
hepatotoxicity occurred in 30~50% of patients who took the medicine for
along time in therapeutic doses (Watkins ef al., 1994), the mechanism of
which remains to be not fully established. Since intracellular glutathione
represents an important protective factor against oxidative damage, the
alteration of intracellular glutathione concentration by tacrine in cultured
hepatocytes (Lagadic-Gossmann et al., 1998). might suggest the
involvement of generationof reactive -oxygen species (ROS). A
mitochondrial dysfunction such as its membrane potential decrease and
stimulation of its respiration elicited by THA has been reported by
Berson/ et al. (1996) and Robertson ef al. (1998). It has been'always
argued|that tacrine induces hepatotoxicity with liver cell necrosis (Knapp
et al., 1994), or with cell apoptosis (Debbasch ef al., 1998; Fariss et al.,
1996).

UDCA: has been-reported to protect hepatocytes, hepatoma cells,
osteogenic sarcomas and _Hela cells from.apoptosis induced by several
stimulant, for example,-okadaic acid, hydrogen perosxide and more
hydrophobic bile acids (Rodrigues et al., 1999; Mitsuyoshi et al., 1999)
The mechanism of the beneficial effect of UDCA on tacrine-induced
hepatotoxicity has not been clear. A major survival pathway, the
activation of the transcription factor nuclear factor (NF)-kB was

considered in this study. Besides inducing the expression of pro-survival



Bcl-2 members, NFxB additionally transactivates a number of other
antiapoptotic genes, such as IAPs (inhibitors of apoptosis proteins)
(Gewies, 2003). The IAP family including cIAP1/2, XIAP, Survivin and
Livin was originally discovered in baculovirus and subsequently
identified in human cells (Schoemaker et al., 2002). XIAP plays an
important role in cell survival as a member of IAP family, and
characterized by baculoviral IAP repeat domains, which can inhibit
caspase 3 and caspase 9 acitivity by direct binding (Deveraux et al.,
1997 and 1999; Riedl et al., 2001)

Another survival pathway is the phosphatidylinositol-3 kinase
(PI3K) pathway (Fig. 2). This kinase cascade leads to activation of a
number of cellular intermediates, of which a serine threonine protein
kinase (Akt) is“one of the most important survival factors (Datta et al.,
1999). Akt activation protects against apoptosis via-several mechanisms,
including the phosphorylation of pro-apoptotic Bcl-2: family ' member
Bad, which can inhibit heterodimerization of Bad with Bcl-x; and Bcl-2
in BH3 domain to prove its anti-apoptotic function (Zha et al., 1997).
The endogenous Bcl-2 family oncoproteins is one of the important
apoptotic, regulators, whose members have both pro- and anti-apoptotic
effect. For instance, the previously mentioned Bel-2:and Bel-x; are the
two most important anti-apoptotic_proteins-while ‘Bax; Bad, Bak, Bid,
Bik and Bcl-x; represent-the principal pro-apoptotic ones (Reed ef al.,
1998). Bid had been shown to directly cause release of cytochrome c in
cell free systems (Luo ef al., 1998), either help chaperone Bax to the
mitochondria, or by directly allosterically modifying Bax, promotes its
insertion into the outer mitochondrial membrane, a requisite step for

Bax-induced cytochrome c release (Hajime et al., 2001)






In this study, an human hepatoma cell line, HepG2 was selected to
investigation for UDCA that protect against tacrine-induced
hepatotoxicity. HepG2, a well differentiated transformed cell line which
retains many cellular functions often lost by primary hepatocytes, is a
reliable model, easy to culture, well characterized, and widely used for
biochemical and nutritional studies where many antioxidants and
conditions can be assayed with minor interassay variations (Alia et al.,
2005).

In the present report we want to investigate the protective effect of
UDCA on tacrine-induced hepatotoxicity in HepG2 cells and the related

cell signaling mechanism.



2. Materials and Methods

2-1. Materials

MEM (Minimum essential medium), penicillin-streptomycin
mixture, 0.25% tripsin-EDTA, fetal bovine serum (FBS) were purchased
from HyClone Laboratory Inc. (Utah, USA), sodium pyruvate, non-
essential amino acid were purchased from Gibco BRL (Gaithersburg,
MD), Celltiter 96 AQ one solution Cell Proliferation Assay kit was
purchased from Promeaga Co. (WI, USA), and DMSO (dimethyl
sulfoxide) was purchased from Sigma Chemical (St. Louis, MO). Culture
dish, 6-well plate, 96-well plate, centrifuge tube and scrapper were
purchased from Corning-Incorporated (Corning, NY), Protein standard
marker was purchased from Amersharm Pharmacia (Piscataway, NJ) and
the enhanced chemiluminescence (ECL) detection kit was purchased
from Perkin Elmer Life-Science (Wellesley, MA, USA). Polyclonal
antibodies against PI3K, PARP, pAkt, caspase-3, -9, Bad, Bcl-xL, Bcl-2,
cytochrome ¢,/ Actin, and secondary antibodies, horse radish peroxidase
conjugated anti-mouse IgG, anti-rabbit IgG, and anti-goat IgG were
purchased from- Santa” Cruz Biotechnology (CA, USA). XIAP and
cleaved caspase-3 ‘were purchased from Cell Signaling Technology
(Beverly, MA). Tacrine -was provided by Professor -JaeSue Choi in
Pukyoung National University.

2-2. Methods

2-2-1. Cell culture and treatment

HepG2 cells (ATCC, MD, US) were maintained in MEM containing
2.0 mM L-glutamine, 0,1 mM non-essential amino acids, 1.0 mM
sodium pyruvate, penicillin-streptomycin (100 U/ml penicillin and 100



pg/ml streptomycin in 0.85% saline) and 10% heat-inactivated FBS at
37T in 95% air-5% CO,. The medium was replaced twice a week and
cells were trypsinized and diluted at 1:3 ratio every 3 days. For
experiments, confluented cells were cultured in medium without FBS for
24 hrs, and were coincubated with tacrine and UDCA (both dissolved in
DMSO) at various concentrations and periods of time, with PBS and
DMSO for control. The final concentration of DMSO did not exceed
0.5%. UDCA was reconstituted as 100 mM stock solutions in DMSO,
while tacrine was prepared in 40 mM PBS, filter sterilized, and stored at
-20C.

2-2-2. Cell viability and hepatoprotection assay

HepG2 cells were seeded onto 96-well plates at a density of 10,000
cells/well in MEM plus 10% FBS. After 24 hrs, Vehicle or 105,25, 50,100,
and 200,uM UDCA were treated to cells in serum-free MEM 'medium.
To confirm cytotoxicity of tacrine on HepG2 cells, cells were' loaded
with 0.1, 0.2, 0.4, 0.8, and 1.2 mM tacrine. Celltiter 96 AQ one solution
Cell Proliferation Assay kit was diluted at 1:20 in serum free MEM
medium, and 100 pl solution was added to each well of 96-well plates.
Cells were “incubated in a humidified incubator at 37 C for 2 hrs.
Absorbance of each well was-measured with'ELIS A reader at 490 nm.

For assessment of hepatoprotective effect of UDCA on tacrine-
induced HepG2 cells, cells were coincubated with 0.2 mM tacrine and
UDCA (25-100 puM). The controls were treated with 0.5% DMSO.
Celltiter 96 AQ one solution Cell Proliferation Assay kit was used again

for the UDCA hepatoprotection.



2-2-3. Morphological analysis

HepG2 cells were plated onto 24-well plate and grown to 80%
confluence. After 24 hrs’ FBS starvation, cells were treated with 0.2 mM
tacrine and 25, 50, and 100 pM UDCA for 24 hrs. Cells were washed
with PBS twice and observed under light microscopy. Magnification, X

200.

2-2-4. Hoechst 33342 staining

To observe nuclear morphologic changes after tacrine and UDCA
treatment, Hoechst 33342 staining was performed. Sample treatmented
cells were fixed with 1ml fixing solution(formaldehyde:PBS = 1:9) at
room temperature for-10 min and then washed-once with PBS. Cells
were covered with 500 pl of 0.2% Triton X—100 in PBS and incubated at
room temperature for 10 min. The Triton X—100 was removed and cells
were washed with 1ml of PBS to remove any excess. Two pug/ml solution
of Hoechst 33342 was added to each'well, incubated for 30 min and
protected from light, then washed with PBS. 100% EtOH was added to
each well for 'removing water. One drop of mounting medium was
supplemented to ‘cells. Nuclear morphology was photographed with a

fluorescence using blue filter. Magnification, x200

2-2-5. DNA isolation and-documentation of DNA fragmentation

After tacrine (0.2 mM) plus UDCA (25-100 pM) treatment for 24
hrs, the agarose electrophoresis for DNA fragmentation from cells was
performed as previously described (Anabela et al., 2004) and aliquots (3
ng) of isolated DNA were separated by 2% agarose gel, and visualized

with an ultraviolet transluminator.
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2-2-6. Western Blot analysis

2-2-6-1. Preparation of total cell lysates

HepG2 cells were washed twice with ice-cold PBS, scraped with
lysis buffer (50 mM Tris-HCI, pH 7.5, 150 mM NaCl, 1% Nonidet-40,
1% Tween-20, 0.1% SDS, ImM Na;VO,, 10pg/ml leupeptin, 50 mM
NaF, 1 mM PMSF) and stood on ice for 1 hr for lysis. After centrifuge at
18,000 g for 10 min, protein content of supernatant was measured, and
aliquots (40 pg) of protein were separated by SDS-PAGE and transferred
onto a nitrocellulose membrane. The membrane was blocked with 5%
non-fat dried milk in TBST buffer (10 mM Tris-HCI, pH 8.0, 150 mM
NaCl, 0.06% Tween-20) for 1 hr-and-incubated for 2 hrs with primary
antibody in TBST-buffer containing 5% non-fat dried milk. The blots
were treated with horseradish peroxidase-conjugated secondary antibody
in TBST buffer containing 5% non-fat dried milk for 1 hr, and immune

complex was detected using ECL detection Kkit.

2-2-6-2. Purification of mitochondrial and cytosolic extracts
Cytosolic and mitochondrial extracts were prepared as described
previously, (Emanuele et al;-2004). Briefly, HepG2 cells were washed
twice with PBS and harvested by centrifugation (500 g for 5 min). Cell
pellets were resuspended in lysis buffer A (20 mM Hepes, 1.5 mM
MgCl,, 10 mM KCl, 2 mM EDTA, 1 - mM dithiothreitol and 250 mM
sucrose) containing protease inhibitor cocktail by pipetting up and down
gently with a pipette, and then centrifuged at 2000 g for 10 min at 4C
Supernatant (S1) was collected and the pellet again resuspended in buffer
A to obtain a new supernatant (S2). S1 and S2 were mixed and

centrifuged at 14,000 rpm for 10 min at 4C. The pellet and the

11



supernatant represent mitochondrial and cytosolic fractions, respectively.

2-2-6-3. Nuclear extraction

Nuclear extracts were prepared as described previously (Schoonbroodt et
al., 1997). Cells were washed twice with PBS and harvested by
centrifugation (1,200 rpm for 5 min). Cell pellets were resuspended in
hypotonic buffer ( 10 mM HEPES/KOH, 10 mM KCI, 2 mM MgCl2, 0.1
mM EDTA, 1 mM DTT, and 0.5 mM PMSEF, pH 7.9), leftonice for 15
min, vortexed, and centrifuged at 13,000 rpm for 1 min. The
nuclearpellet were gently resuspended in 20 ml of ice cold saline buffer
(50 mM Hepes/KOH, 50 mM-KCl, 1 mM-DTT, 300 mM NacCl, 0.1 mM
EDTA, 10% glycerol, and 0.5 mM PMSF, pH 7.9), left ice for 30 min,
vortexed, and centrifuged at 13,000 rpm for 20 min at 4 C.

2-2-7. Statistical analysis

All data are expressed as the mean = SEM. Data were analyzed
using one-way ANOVA or Duncan’s multiple range test. Differences
were considered significant of P </0.05. All analyses were performed
using SPSS. (Statistical Package for Social Science) for Windows,
version 10.07 (SPSS, Chicago, IL).

12



3. Results

3-1. Effect of ursodeoxycholic acid on HepG2 cells

3-1-1. Ursodeoxycholic acid increases HepG2 cell viability.

To examine the cell viability of UDCA on HepG2 cells, cells were
cultured to 96-well plates at a density of 10,000 cells/ml. 24 hrs later,
Vehicle or 10, 25, 50,100, and 200 uM UDCA were treated to cells in
serum-free MEM medium. After another 24 hrs’ incubation, cell viability
was determined by MTS assay. Fig. 3 shows that there weren’t any
decreases in UDCA-treated HepG2 cell viability. This result suggests
that there were no inhibitory effects of UDCA at any concentrations on

HepG2 cell proliferation.

3-1-2. Tacrine induces cytotoxicity on HepG?2 cells.

To /determine the appropriate concentration of tacrine required to
induce HepG2 cells, the cytotoxicity of tacrine to HepG2 cells was
measured by MTS assay. As shown in Fig. 4, such a tacrine-induced
reduction in cell viability was detected in a dose-dependent pattern.
Compared with the control,, the treatment of cells to tacrine at 0.2 mM
led to a 50% decrease of cell viability in HepG2 cells at 24 hrs.
According to this. result,..0.2- mM- tacrine“was used-in the following

experiments.

3-1-3. Ursodeoxycholic acid protects HepG2 cells from on tacrine-
induced cytotoxicity.
To ascertain whether UDCA has a hepatoprotective effect on

tacrine-induced HepG?2 cells, cells were cultured and exposed with 0.2

13



mM tacrine and various concentrations of UDCA, concurrently, for 24
hrs. The cell viability was also quantitated by MTS assay. As illustrated
in Fig. 5, the more the concentration of UDCA increased, the more the
viability of tacrine-induced HepG2 cells enhanced. It means that UDCA
has a protective effect on tacrine-elicited HepG2 cells in a dose-response

mannecr.

14
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Fig. 3 Cell viability of ursodeoxycholic acid on HepG2 cells
HepG2 cells were preincubated without FBS for 24 hrs at 37C, and
treated | with various' concentrations of UDCA. Cell wiability was

assessed by measuring MTS reduction with ELISA reader at 490 nm.
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Fig. 4 Cytotoxicity of tacrine on HepG2 cells
HepG2 cells were preincubated without FBS at 37 C, and treated
with various concentrations of tacrine for 24 hrs. Cell viability was
assessed by measuring MTS reduction with ELISA reader at 490 nm.
Values statically different are indicated by *(p<0.05), **(p<0.01).
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Fig. 5 The protective effect of UDCA on tacrine-induced HepG2 cells

HepG2 cells were starved with FBS at 37 C, and coincubated with
0.2 mM of tacrine and different concentrations of UDCA for 24 hrs. Cell
viability was assessed by measuring MTS reduction with ELISA reader
at 490 nm:, Values “statically different are indicated by *(p<0.05),
**(p<0.01).
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3-1-4. UDCA suppresses tacrine-induced HepG2 cell morphological
change.

As described previously, when UDCA was supplemented to tacrine-
induced HepG2 cells, the cell viability was increased. Morphological
changes observed by phase-contrast microscopy (Fig. 6) shows that,
when cells were treated with 0.2 mM tacrine, they rounded up and
detached from the tissue culture dish. Conversely, UDCA suppressed

these morphological changes as its concentration increased.

3-1-5. UDCA suppresses tacrine-induced HepG2 cell nuclear
morphological change.

To explore the potential mechanisms by which UDCA inhibited
tacrine-evokedcell death, we further determined whether UDCA
prevented tacrine-induced nuclear fragmentation with * chromatin
condensation in HepG2 cells by Hoechst 33342 staining. Cells were
treated as previously described, and tacrine caused cell nuclear
morphological change was observed by Hoechst 33342 staining and
quantified by using fluorescence microscopy. As shown in Fig. 7,/ HepG2
cells who were ‘treated with tacrine exhibited numerous fragmented
nuclei, and ‘cells coincubated with tacrine and UDCA displayed that the
numbers of fragmented nucleus decreased: gradually in UDCA dose-

dependent pattern.

3-1-6. UDCA inhibits tacrine-induced DNA fragmentation in HepG2
cells.
As a criterion to distinguish the hepatotoxicity induced by tacrine

occurred through between apoptosis and necrosis, DNA fragmentation

18



was determined. Consistent with the previous nuclear changes, cells
treated with 0.2 mM tacrine alone as a negative control or 0.2 mM
tacrine plus 25, 50, and 100 uM UDCA for 24 hrs started to show DNA
fragmentation by 2% gel electrophoresis (Fig. 8). In UDCA plus tacrine-
treated cells, the level of tacrine-induced DNA fragmentation became
weak at 50 uM of UDCA treatment. Taken together, these results suggest
that tacrine inhibited the proliferation of HepG2 cells through apoptotic
death induction, and UDCA protected HepG2 cells from these effects in

dose-dependent manner.
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Control THA 0.2 mM THA 0.2 mM+UDCA 25 uM

THA 0.2 mM+UDCA 50 pM THA 0.2 mM+UDCA 100 pM

Fig. 6 Effect of UDCA on tacrine-induced-HepG2 cell morphology
Morphological changes by treatment with 0.2 mM tacrine and 25,50,
and 100 uM UDCA in HepG2. After 24 hrs incubation, cells were

examined under light microscopy. Magnification, x 200.
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Control THA 0.2 mM  THA 0.2 mM+UDCA 25 pM

THA 0.2 mM+UDCA 50 pM THA 0.2 mM+UDCA 100 pM

Fig. 7 Nuclear morphology of UDCA protected HepG2 cells
Morphological changes by treatment with 0.2 mM tacrine and 25,50,
and 100 uM UDCA in HepG2. After 24 hrs incubation, cells were

examined under light'microscopy. Magnification, x 200.
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Fig. 8 Effect of UDCA on tacrine caused DNA fragmentation in
HepG2 cells

Cells - were coincubated with 0.2 mM tacrine, and various
concentrations of UDCA. 3 pg of DNA fraction was seperated on 2%
agarose gel. The first lane.is standard DNA marker. UDCA' inhibited

tacrine-induced DNA fragmentation.
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3-2. Western blot analysis

3-2-1. UDCA protects HepG2 cells from tacrine caused PARP
cleavage and caspase 3, caspase 9 activation.

We have previously shown that UDCA increased cell proliferation,
inhibited DNA fragmentation and repressed chromatin condensation and
the typical morphological changes in HepG2 cells which were induced
by tacrine treatment. It has been reported that caspase 3 is the most
efficient processing enzyme for PARP (Tewari et al., 1995). To further
ensure that the variations of the levels of the related proteins expression,
western blot analysis was then adopted in the experiment. The UDCA
effect of inhibition of PARP cleavage-caused by 0.2 mM tacrine was
shown from Fig. 9.1t also shows that compared the-tacrine plus UDCA
supplemented cells with the tacrine treated alone cells, the level of pro-
caspase 3/ was increased, while cleaved caspase 3 (p17 and.pl19) was
decreased. Because caspase 9 activates caspase 3 via the cleavage of the
procaspse 3, we examined whether UDCA affect the activity of caspase 9.
As expected, the marker of caspase 9 activity-the expression of cleaved
caspase' 9 was 'decreased by UDCA in dose-response manner; At the
same time, the protein of proeaspase'9 was increased in the same pattern.
Thus, the results are consistent with/the view that-the UDCA expression
leads to attenuated-activity.of the cleaved caspase 3, caspase 9 and the

cleavage  of PARP induced——by 0.2 mM  tacrine.
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Fig. 9 Western blot analysis of PARP, caspase 3 and caspase 9
expression

HepG2 cells were starved with FBS at 37C, and coincubated with
0.2 mM tacrine and various concentrations of UDCA. UDCA inhibited
tacrine-induced cleavage of PARP, caspase 3 and caspase 9 in HepG2

cells. B-actin, the housekeeping gene, was used as an internal control.
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3-2-2. UDCA protects tacrine-induced hepatotoxicity in HepG2 cells
through PI3K/AKkt cell survival pathway.

For the phosphatidylinositol 3-kinase (PI3K)/Akt signal
transduction pathway plays a central role in intracellular processes such
as cell survival, proliferation, angiogenesis and motility (Mariana et al.,
2008), we further determined the levels of PI3-kinase and phospho-Akt.
Fig. 10 shows that comparing with the 0.2 mM tacrine treated cells, the
levels of the cell survival gene-PI3K and its downstream protein pAkt

were significantly enhanced by UDCA expression.

3-2-3. UDCA increases the expression of NFkB in nuclear and
cytosol and XIAP in-whole cell lysates in tacrine plus UDCA treated
HepG2 cells

Next, ‘we analyzed the expression of pAkt downstream protein,
NF«xB, which activates transcription of anti-apoptotic genes (Mariana et
al., 2008), and one of the Bcl 2 family protein, Bid. As shown in Fig. 11,
inclusion of UDCA in the tacrine-induced HepG2 cells caused a dose-
dependent increase in the expression of NFxB in cytosolic fraction and
decrease'in nuclear extract:and total Bid. As demonstrated before, XIAP
is probably“the most potent apoptosis inhibitor, sosthe UDCA-evoked
stabilization of XIAP*(Fig. I1) would render cells resistant to apoptosis
that induced by 0.2 mM-tacrine. Taken together, these data suggest that
the IAP family protein dependent PI3K/Akt pathway is involved in the

survival of hepatocarcinoma HepG2 cell lines.
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Fig. 10 UDCA protects HepG2 cells from tacrine treatment by

activating PI3K/Akt signal pathway.

Cells were coincubated with 0.2 mM tacrine and various-concentrations

of UDCA. B-actin was used to control for loading differences.
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Fig. 11 Expression and regulation of NFkB and XIAP in
response to UDCA on tacrine-treated HepG2 cells

Cells' were coincubated with0.2 -mM tacrine and various
concentrations of UDCA. p-actin was used to control for loading
differences. Aliquots (40 pg) of protein were separated by SDS-PAGE
and transferred onto'a nitrocellulose membrane, and immune complex
was detected using ECL detection kit. B-actin was shown for the control

blot.
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3-2-4. UDCA regulates the expression of Bcl-2 family proteins and
cytochrome ¢ in cytosolic and mitochondrial level in tacrine plus
UDCA treated HepG2 cells.

During apoptosis, cytochrome c is released from mitochondria into
the cytoplasm (Li et al., 1997). Increased amount of cytochrome ¢ was
detected in the cytosolic fraction when 0.2 mM tacrine was treated to
HepG2, and UDCA treatment inhibited its release in dose-dependent
pattern (Fig. 12). We in turn assessed the affect of UDCA treatment on
the cytosolic expression of Bcl-2 related proteins found in tacrine-
induced HepG2 cells. Expression levels of Bcl-2, Bcl-x;, Bax was
measured by Western Blot. As the UDCA concentration was increased, a
progressive loss of Bel-2 and Bel-x; was observed. in cytoplasm. These
results indicate that tacrine-induced cytochrome c-. release from
mitochondria into cytoplasm in HepG2 cells can be directly. controlled

by Bcl-2 family proteins regulated by UDCA.
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Fig. 12 Effect of UDCA treatment on the levels of Bel 2 family

proteins . and cytochromec in tacrine-induced HepG2 cells

Tacrine treated cells were fractionated by cytosol and mitochondrial lysis

buffer. One hundred pg of cytosolic, 30- ug.of mitochondrial proteins

were seperated by SDS-PAGE. 3-Actin was used as an internal control.
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3-3. The PI3K inhibitor LY294002 prevents the protective effect of
UDCA on tacrine-induced HepG2 cells.

3-3-1. The PI3K inhibitor LY294002 decreases HepG2 cell viability.
We have previously shown that UDCA protected HepG2 cells from
tacrine treatment through PI3K/Akt pathway. Here, to further determine
the mechanisms, we assessed whether the protective effect of UDCA was
inhibited by PI3K inhibitor, LY294002. LY294002 (20 uM) was treated
to cells 1 hr before tacrine (0.2 mM) and UDCA (100 uM) were inserted.
After another 24 hrs, cell viability was measured by MTS assay.
Combined exposure to tacrine and UDCA with LY294002, the cell
proliferation was decreased, in contrast to tacrine and UDCA treated

cells (Fig. 13).

3-3-2. Western blot analysis of PI3K inhibitor LY294002 on HepG2
cells

To further verify the role of the PI3K/Akt pathway of UDCA on
tacrine-induced HepG2 cells, cells were treated as described before and
the expression of the related proteins were measured by Western blot
analysis. Fig. 14 shows that cell treatment of UDCA and tacrine
combined with-L'Y294002-significantly inhibited the expression of PI3K,
pAkt, and therefore increased activation of caspase 3. In line with these
results, the cleavage of PARP, the substrate for the activated caspase 3,
was increased by LY294002 (Fig. 14). LY294002 also increased the
release of cytochrome ¢ from mitochondria to cytoplasm. These results
reveal that the PI3K inhibitor, LY294002 can significantly inhibit
PI3K/Akt pathway dependent cell survival effective gene expression
which operated by UDCA to tacrine-treated HepG2 cells.

30



120 1

100 -

80 1

60 1

40 1

Relative cell viability (%)

20 1

0 .

THA 0.2 mM - + + +

UDCA 100 pM - - I +

LY294002 20 uM - - - n

Fig. 13 Effect of PI3K inhibitor (LY294002) on cell viability of
tacrine and UDCA treated HepG2 cells

Cells were seeded on 96-well plate. After 24 hrs’ FBS starvation, 20 uM
LY294002 was supplemented to HepG2 cells for 1 hr, then 0.2 mM
tacrine and 100 pM UDCA was ‘added. Cell viability was assessed by
measuring MTS reduction with- ELISA reader at 490 nm. Values
statically different are indicated by *(p<0.05), **(p<0.01).
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Fig. 14 PI3K inhibitor, 1.Y294002, inhibits the
PI3K and the downstream proteins in UDCA protected
HepG2 cells were seeded in 6-well plate. After

expression of
HepG2 cells.
24 hrs’ FBS

starvation, 20 uM LY294002 was supplemented to HepG2 cells for 1 hr,
then 0.2 mM tacrine and 100 uM UDCA was added. Cell extracts (40

ug) were separated by SDS-PAGE.
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4. Discussion

Several earlier studies reported that UDCA could protect cells from
the pro-apototic effects of a variety of reagents including more
hydrophobic bile acids such as DCA (Botla et al., 1995; Cecilia et al.,
1998). For the Alzheimer’s disease drug, acetylcholinesterase inhibitor-
tacrine has a side effect to induce hepatotoxicity, this study shows that
the hepatoprotective effect of UDCA on tacrine-induced HepG2 cells.
Better understanding of the mechanism underlying UDCA’s protection
on tacrine-induced hepatotoxicity may provide new concepts for the
medical treatment of hepatotoxicity.

In this study, we have shown that the hydrophobic-bile acid UDCA has
no toxic effect on HepG2 cells even up to 200 uM, so 25, 50, and 100
uM were selected to use in_the experiment. Tacrine induces. apoptotic
cell death in HepG2 cells, and the appropriate concentration 'of THA
treated to cells, 0.2 mM, which corresponded with Galisteo ez al. (2000).
A significantly increase of the proliferation of tacrine-treated HepG2
cells was performed by UDCA supplement. Based on the results, we
expect that UDCA.is a potential agent in the treatment of tacrine caused
human hepatocyte injury.

Here, we observed a DNA'fragmentation occurred in tacrine-treated
HepG?2 cells. The cleavage produces laddersof DNA fragments that are
the size of integer multiples of a nucleasome length (180-200 bp) (Huang
et al, 1997) Their characteristic patterns revealed by agarose gel
electrophoresis are widely used as one of the biomarkers of apoptosis.
The other biochemical markers, a characteristic ultrastructural

appearance and numerous fragmented nuclei observed under an electron
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microscope were displayed in tacrine-evoked HepG2 cells, but UDCA
prevented these phenomena in dose-response manner. With these results
we predict that exposure of HepG2 to tacrine induces apoptotic cell
death.

During apoptosis, PARP is selectively cleaved to 24 KDa and 85 KDa
fragments representing the N-terminal DNA-binding domain and the C-
terminal catalytic subunit, respectively, by several caspases, especially
by caspase 3 (Zhao et al., 2006). In this experiment, following the
degradation of procaspase 3, the caspase 3 substrate PARP minor 85
KDa fragment was detected after tacrine administration. Again, UDCA
inhibited the cleavage of these proteins. Generally, once activated
caspase 9 goes on to-cleavage of caspase 3 and caspase 7 which cleave
several cellular targets, including poly - (ADP-ribose) polymerase.
Therefore,  consistent with these data, the expression of* caspase 9
appeared the same tendency with caspase 3. Taken together, these results
suggest that suppression of tacrine-induced hepatotoxicity by [ UDCA
treatment in HepG2 cells was mainly caused by regulation of caspase
activation through down-expression of cleaved caspase 3 and caspse 9.

UDCA has been described as decreasing apoptosis via modulation of
mitochondrial function by inhibiting mitochondrial © membrane
depolarization and cytochrome c release in-hepatic and nonhepatic cells
(Rodrigues et al., 1999,-1998). Since the activation of pro-caspase 9
associated with the release of cytochrome ¢ from mitochondria to the
cytosol-an indicator of apoptosis, we determined the expression of
cytochrome c¢ release into cytosolic fraction. Following the down-
expression of cytochrome c release in cytoplasm, we obtained down-

regulated cytosolic Bcl-2, Bel-xp in UDCA plus tacrine treated HepG2
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cells. The cell death regulator molecules, Bcl-2 family regulates
mitochondrial integrity and apoptosis, which include the pro-apoptotic
Bax and the anti-apoptotic Bcl-2, Bcl-x.. Mechanistically, our data
support the suppression of tacrine-induced apoptosis by UDCA through
an inhibition of the mitochondria pathway: increased mitochondrial Bcl-
2 and Bcl-x;, decreased mitochondrial Bax, release of cytochrome c,
augmented pro-caspase 9 and pro-caspase 3 (through inhibition of
cleavage) and suppressed PARP cleavage and DNA fragmentation.

The detail mechanisms for how UDCA affects the mitochondria to
inhibit apoptosis signaling as well as a possible involvement of the
MAPK (ERK, INK, p38MAPK) or the PI3K/AKT survival pathway is
quite necessary. Our.-experiment revealed that UDCA treatment didn’t
lead to any alteration on the expression-of phospho-ERK (data not
shown). Conversely, we found that the magnitude-of the PI3K activity
was significantly increased by UDCA supplement in tacrine-induced
HepG2/ cells. 'In line with previous' result, the level of the PI3K
downstream effector, phospho-Akt jwas enhanced by UDCA in dose-
dependent pattern. Next, we determined the Akt downstream protein,
Bad. When another pro-apoptotic protein of Bcl-2 family Bad active, Akt
phosphorylates Bad on Ser136, causing Bad to dissociate from the Bcl-
2/Bcl-x, complex ‘and lose-its proapoptotic ‘function(Marlene et al.,
2008). In agreement with-previously published-data, in our study, marked
activation of Akt clearly activated Bad by UDCA in HepG2 cells. From
these observations, we found that UDCA protect HepG2 from tacrine-
induced hepatotoxicity by activation of Bad through the PI3K/Akt cell
survival signal pathway.

In the result of Akt activation, certain proteins are phosphorylated and
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lead to cell survival. For example, phosphorylation of IxB by Akt leads
to activation of NFxB that promotes IAP family proteins. This study
revealed that UDCA up-regulated NFxB-dependent gene activation and
induced XIAP expression, possibly suggesting that UDCA protective
effect on tacrine-induced apoptosis in HepG2 cells occurred partially via
suppressing NFkB translocation from cytosol to nuclei and induction
of XIAP expression.

We further reported that the PI3K inhibitor, LY294002, can efficiently
block the UDCA-induced activation of Akt, Bad, NFxkB and XIAP.
Furthermore, in contrast to UDCA effect, it increased the activation
caspase 3, the cleavage of PARP and release of cytochrome ¢ into cysolic
fraction. This strongly suggests that PI3K/Akt. dependent pathway
displays an important role in UDCA protective effect on“tacrine-induced
apoptosis in HepG2 cells.

Our observations presented in this study recommended that UDCA
carried/ out its protective work on tacrine-treated HepG2 cells by
activating a PI3K/Akt dependent survival signal that is mediated by
NF«B and TAP family. This concept indicated that the net effect of
UDCA in mediating hepatoprotection reflects a balance between pro-
and anti-apoptotic’: processes. Therefore, the -investigation of this
experiment is mnovel" in_ demonstrating -alteration of mitochondrial
function and inhibition—of apoptosis by UDCA at physiologically
relevant concentrations in tacrine-induced human hepatoma cell line

(HepG2).
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