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ABSTRACT

AIM. To investigate the effect of over-expression of Bel-
2 protein on Trail protein-induced apoptosis in human
hepatoma cells, and the cytotoxicity of Trail protein on
human hepatoma cells in vitro and in vive. METH-
ODS: The Trail gene was cloned and expressed in E
coli. The cytotoxicity of the recombinant Trail protein
was assayed on human hepatoma cells in vitro and in
vive. The cell viability was assessed by trypan blue
exclusion. The stable human hepatoma cells clone in
which Bcl-2 protein over-expressed was established by
transfecting eukaryotic expression plasmid pcDNA3-Bel-2
into BEL-7404 human hepatoma cells, and was selected
with G418 400 mg-1.7'.  RESULTS: The recombinant
Trail protein actively killed human hepatoma cells tested
in this study such as BEL-7404, BEL-7402, and SMMC-
7721, Over-expression of Bcl-2 protein could inhibit
apoptosis induced by Trail in BEL-7404 human hepatoma
cells in vitro. It was obvious that the purified recom-
binant Trail protein could inhibit tumor formation of
BEL-7404 human hepatoma cells in nude mice.
CONCLUSION: The recombinant Trail protein could
kill human hepatoma cells in vitro and in vive. Over-
expression of Bel-2 protein could inhibit Trail-induced
apoptosis in BEL-7404 human hepatoma cells. The
results suggested that Trail might be a potential agent for
the liver cancer therapy.
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INTRODUCTION

Tumor necrosis factor ( TNF) is the prototypic
member of a family of cytokines thal interact with a
corresponding sel of receptor that form the TNF receptor
(TNFR) family. Signals induced by these interactions
serve such diverse functions as differentiation, prolifera-
tion, activation, or induction of apoptosis'' =3, Three
of these ligands, CD95L, TNF, and LTa, have received
particular attention because they can induce apoplosis in
transformed cells and activated lymphocytes.  These
molecules were once believed to have potential wility in
cancer therapy. But their toxic effects on normal tissues
in vivo limited their potential widespread use in the
treatment of cancer.

TNF-related apoptosis-inducing ligand ( Trail) is a
type [1 transmembrane protein that was initially identified
based on the homology of its extracellular domain with
CDYSL (28 % identical), TNF (23 % identical}, and
LTa (23 % identical)’™ . Trail induces apoptosis in a
wide variety of transformed cells in vitro. To date four
receptors for Trail had been identified, including DR,
DR5/TRAILI-R2/TRICK2!*~®,  TRID/D¢R1/TRAIL-
R37% | and TRAIL-R4/ DeR2"*"" called TRAIL-RI
through R4, tespectively. Both Trail-R1 and Trail-R2
contzin intracytoplasmic death domains and mediate
apoptosis in most sensitive targat cell lines.  In contrast,
neither Trail-R3 nor Trail-R4 (which contain a tuncated
cytoplasmic death domain) mediates cellular death.

The previous reports demonstrated that Trail could
kill most of the transformed cell lines, but had mo or
weak effect on nommal cellst12~*)
indicated that Trail might prove to be a powerful cancer
therapeutic agent. The previous papers proved that Trail
could induce apoptosis in chlangiocarcinoma cells™) and
8] in vitro & in vivo. In

These Tesults

breast adenocarcinoma  cellst
the present study, Trail gene was cloned and expressed.
The cytotoxicity of purified recombinant Trail proteins
werc assessed on the hepatoma cells including BEL-7404,
BEL-7402, SMMC-7721, HepG2, Hep3B, and [02, an
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immortal cell of normal human liver, in viro. The
effect of Bcl-2 on Trail-induced apoptosis in BEL-74(4
cells was determined. The cytotoxicity of purified
recombinant Trail on subcutaneous implanted human
hepatocellular carcinoma cells was examined in vivo, and
the potential for Trail in the treatment of HCC was also
characterized .

MATERIALS AND METHODS

Cell culture and reagents Human hepatocel-
lular carcinoma cell line BEL-7404., BEL-7402, SMMC-
7721, 102, HepG2, and Hep3B (Shanghai Cell Bank,
Chinese Academy of Sciences) were maintained in
Dulbecco’s modified Eagle’s medium (DMEM, GIBCO)
supplemented with 10 % newborn bovine serum (Ever-
green, Hangzhou, China), penicillin 100 kU/L and
streptomycin 100 mg/L.  Cell viability was assessed by
trypan blue exclusion. Anti-Bel-2 antibody was purchas-
ed from Samta Cruz Biotechnology Inc. Diazobenzidine
(DAB) and G418 were obtained from SIGMA .

Construction of expression plasmid  Trail
coding 114-281 amino acid was amplified by RT-PCR.
In brief, RNA 2 pg total extracted from Hela cells was
reversely transcripted using 200 ng 6-mer random primers
in a volume of 30 uL reaction for 2 h at 37 T in water
bath. Then 1 pL of reverse transcription product was
added into 50 pl reactive mixture containing 10 pmol
forward primer, 10 pmol reverse primer, 1 x reaction
buffer, and 2 unit Taq polymerase . The reaction mmns
for 32 cycles, each consisted of 94 T denaturing for 30
$, 55 C annealing for 30 s, 72 C extension for 1 min
with final extension at 72 C for 10 min. The primer of
trail cDNA fragment was: sense 5'-GGAATTCCAGTG-
AGAGAAAGAGGTCC-3', antisense 5'-CGGGATCCC-
GTTTCCAGGTCAGTTAGCC-3'.  PCR products of
521 bp was digested by EcoR 1, and BamH [, and
inserted into EcoR | and BamH 1 site of plasmid
pBiuescript SK* followed by dideoxy sequencing. To
obtain Trail expression plasmid, RT-PCR products were
subcloned into prokaryotic expression vector pT7-6His
{ QIAGEN) in frame with upsiream of a sequence
encoding a His6 Tag.

Expression and purification of Trail protein

Prokaryotic expressing plasmid pT7-6His-Trail was
transformed into E cofi BL21 (DE3), and induced to
express OHis-Trail fusion protein at 37 T under
isopropyl-1-thio-B- D-galactoside (IPTG) 0.1 mmoi/L

induction for 4 h. The cell culture was harvested and

washed with sonication buffer for 3 times. Then the
cells were resuspended in sonication buffer and incubated
on ice for 30 mins after adding lysozyme 1 g/L and
phenylmethylsulfonyl fluoride (PMSF). The cells were
sonicated on ice and centrifuged at 12 00 x g for 30 min
at4 C. The supematant was collected and mixed with
pre-equilibrated Ni*-NTA resin in sonication buffer for
binding at 4 C for 1 h. After washing the mixture for 3
times, the protein was eluted with elution buffer
(imidazole 0.3 mol/L. in sonication buffer). The eluate
was ocollected, and imidazole was removed by dialysis in
PBS. The precipitate was also collected and washed with
washing buffer for three times. The punty of purified
recombinant protein was inspected by PAGE electro-
phoresis and the concentration of purified recombinant
protein was determined by Bradford method. Finally,
the purified recombinant protein was stored at —20 C in
100 pL fractions.

Analysis of apoptosis The induction of
apoptosis of BEL-7404 hepatoma cells treated with
purified recombinant fusion protein in different doses and
duration was assessed by examination of cellular
morphological changes using light microscopy and nuclear
division stained with PI under fluoroscope. In brief, the
harvested cells were washed three times with D-Hanks’
solution and fixed in sodium citrate buffer at 4 C for 30
min. Staining solution 500 gL ( propidium iodide 50
pg/mL, RNase 10 mg/L) was added to 1 x 10° cells and
incubated at 4 C for 15 min in dak before the
microscope examination.

Transient transfection {using electroporation
method)  The apparatus used in the experiment was
Gene Pulser™ ( BIORAD). Jurket cells in exponential
stage were pooled, rinsed twice with D-Hanks' saline
solution and suspended in D-Hanks’ solution at 0.5 x 10
—1.0Ox 10" L™'. The Bel-2 gene expressing plasmid
pCDNA-3- Bel-2 was added to final concentration of 30
mg/L and incubated on ice for 10 min. Then cells were
electroporated one time at 500 V, 25 uF, and 100 (1,
and followed by incubation on ice for another 10 min.
Appropriate amount of cells were inoculated into RMPI-
1640 medium and developed at 37 T in 5 % CO».
Meantime, the plasmid pcDNA-3 as a control was also
transfected into BEL-7404 cells.

Western blot analysis The Bcl-2 protein
expression was determined by Western blot analysis.
Preparation of protein extraction and Western blot were
based on Oltvai method'” ., In brief, cells were washed
twice with D-Hanks’ solution and lIysed in following
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butfer with fresh protease inhibitors - KCL FI2.5 mmols
L, MeClL 5 mmol/L, HEPES 10 mmol L {pH 7.2},
NP-10, PMSE 02

Nucler and unlysed cellular dehris

eotwic acid | mmel/L, .2 %
mmel T
were removed by centrifigion ar 120000% ¢ for 1 man,
Hrudtord s
methixd . Tor Western blot, 10 ng of total profein was
subiceted 1o 12 % SDS-PAGE and electrotranslered at
U Nitrocellulose membrane,  Afler
blocking at 37 C far 2 h with TBST { Tris-buffered sulime

fior 0 min.

Proein comcentration was  determined by

for 4 h onto

y

containing 0.5 % ‘

Tween-200) conuining 5 % oonlal
milk, membrane was incobuted with anti-Bel-2 - antibody
(15100, Sine-America Biotech) ot 37 C for 2 h
subsequently  meubated  with HRP
conjuncated second intibody (112000, Vector) at room
Finully, membrane was developed
with Hahs
Membrane was washed with TBST lor 3 s hetween

Membane was
emperature lor 2 h,
digminohensdine | Amersico | and
zach siep,

Treaunent of BEL-7404-implanted mice with
vecombinant fusion Trail protein  Male BALB/c
mde mice 7-week-old © Shanghai Instite of Materia
Medica, Certtheate b 1220 were implanied subeutang-
ausly 5% [0F BEL- (MM cells,
protein 1 20K pl TBS (o mgskg) or 200wl TBS

control were  injected  inravenously oo made mice

Fecombinant fusion Trail

respectively everviay for 10 d from the third day after
implantation of BEL-FHM cells, After 5 wocks, all the
mice wers killend and the solid twmors were megsured in
lengil and width. The size ol the solid jumors were
calculiuted with the formula: V=L % W05 (V=
volume; L= lengthy W =width],

Statistics
value wis evaluated by 1 1est.

All data were expressed ux x5, P

RESLT.TS

Construction of  prokuryulic  expression
plasmid  To obwain the cONA coding 114-281 AA of
Trail protein, o puit ul primer shown in matenals and
methods was designed according o the reponted Trail
wequence . Total RNA 2 g extrieted from Hela cell line
wis teversely transeripted,  The product was used as the
femplet o un PCR. A predicled 521 bp hand wus
altained | Fig 1) and subcloned into plasmid pBluescipt
SK* for scquencing.

Ihe sequencing result was identical we the reported

sequence of Trail,  Then the Ingment wiis recoyered

A1 2 3

521 L

Fig I. Cloning of Trall by RT-PCK. M: TINA nuwker;
1- 5210p band [RT-PCR product | ; 2; pBlucseript SK-
Trail cur by EcoR | and Banff | 5 3: negative control
RT-PCR with total KNA ac template.

from pBlueseript SK' Trail with FeeR | and Baml{ |
digestion and inserted imo the expressing vectn piT7-
Gl lis

Expression and purification of Trail [T
reconl gt |‘|l|:|h'l'rlit| pT7-00lis-Trail was transtormed into
Foonlt BDL2T LDES ).
to induce expression of Trail profein under IFTG 01

LB 1000 ml culture was prepared

The cells were harvestad . washed
The
supernatant was Joaded onie the pre-equilibrated N1

mmol/L for 1 h.
three times, and sonicaed in sonicution boffed

As shian in the big 2. the cells
The

expressed Trail protein existed not only in soluble form

NTA nzsin colunm

eapresserd @ predicied  protein (M. = 210N

{ g 2, lane 3] but also in inclusion body form ( iy 2,
lane 1. The purity of purified recombinat polein Trail

CFig 2, June 1 or kane 20 s over 95 %

M {1 2 23 4 &
U L

A0
000 -
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Fig 2. SDS-PAGE of recombinant Trail protein, M
Protein standard marker: 1, 2: Purified Trail, J:
Supernatant; 4; Inclusion body; 5: Cell totul protein.

Activity assay of recombinant fusinn protein
Trail on hepatoma cells  To investigate the biological
activity of soluble purilied  recombinant protein Tiail,
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human  hepatocellular  carcinoma BEL-700H cell

selected s a larget for responsiveness assay .

WS
The resul
showed thal recombinant protein Teail could cause a
remiarked number,
condensation,
characieristic of apoptosis, in BEL-THM cells ( Fig 3A,
B. ). We then sereened several hepatorma cell lines
using Tral protein 0.1 mgsL.  The percentage of
apopiosis was measured by typan blue exclusion method ,
As shown in Fig 4, all the cells were treated with purified
recombinant Trail protein 0.1 mg/L for 6 h.  The mte of
apoptosis wis 82 %, T8.4 %, 87.5 %, 51.8 % . 47.5
G, A3 T %, and 6.2 % in BEL-T404 cells, BEL-7402
cells, SMMC-7721 cells, HepG2 cells, Hep3B cells,
L02 cells, data

reduction in cell morphological

change, and  chromatin which  were

and  ES  eells repectively. These

indicated that the hepatoma carcinoma cells such s
BEL-TM2 cells,

BEL-THM. cells, SMMC-7721 cells

25 (m

Fig 3. Morphological change of cells and the percent-
age of apoptosis induced by Trail protein 100 mg/L for 6
h on BEL-7404 cell line. A: BEL-7404 cells { x 100];
B; Trail-ireated BEL-7404 cell | the cell detached from
dish amd became shrunken, = 100}, C: the nucleus
was divided into several small nucleuses stained with PI
[ = 400).
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Fig 4. Cytotoxicity of Trail on several cell lines.  All the

cells were treated with purified recombinant protein Trail

0. 1mg/Lfor6h, n=6. x=+s.

were sensitive 0 recombinant fusion protein Trail . while
the extoloxicity of necombinant fusion protein Trail on
normal cells, for example, ES cells was weaker,
Over-expression of Bcl-2 inhibited Trail-
induced apoptosis in BEL-7404 cells  Many genes
such as the members of Bei-2 family ind TNF family
regrulate apoplosis .
first anti-apoptosis gene that could  inhibit  apaptosis
induced by many for example  ultra-violel
radiation. anti-wmor drugs, and deprivation of growth
factor. In order L investigate the effect of Bel-2 protein
over-expression on Trail-induced apoptosis in hepatocel-

[n mammalisn cells: Hef-2 was the

signuls,

lular carcinoma cells, the expression of Bel-2 protein was
screencd in several hepatocellular carcinoma cells with
Western blat.  As shown in Fig 5, all the inspected
hepatocellular carcinoma cells did not express  Bel-2
protein,  Then we translected eukaryotic recombinani
plasmid pCDNA-3-Bel-2 and peDNA-% as 4 control inlo
REL-THM cells by electroporation methad.  Stable clone
overexpressing Bel-2 provein was obtained by selection
under 400 mgsL G188 { Fig 5. Lane 7). Purified
recombinant ‘Trail protein 0.1 mg/L was used to act on
BEL-7UH-Bel-2 cells, parent BEL-THM cells, and the
BEL-TA0 cells transtected with control plasmid peDNA-3
far 6 b As shown in Fig 6, 82 % parent BEL-7404
cells underwent apoptosis, while only 7.5 % apoplosis
accurred in BEL-7HM-Bel-2 cells.  The results indicated
that Bel-2 protein could counteract the cylotoxicity of
Trail in hepatocellular carcinoma BEL-740M, cells,

1 2 3 4 5 5 7 M
M
43000
e ZA000
20000
A 14000
-

26000 =,

Tig 5. Expression of Bel-2 in several hepatoma cell
lines. 1: L02; 2: HepG2; 3: Hep3B; 4: BEL-7402; 5,
BEL-7721; 6: BEL-7404; 7: BEL-7404 wansfected with
eukaryotic recombinant plasmid peDNA-2-Bel-2: M
marker,

To determine whether the tumoricidal activiyy of
Trail ohserved in vitro could be demonstrated in vivo
BALB/c-nude mice were injected subcutaneously with 5
x 10" BEL-T404 cells,
were injected intravenously with 6 mg kg recombinani

After 3 d. experimental mice
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Fig 6. Percentage of apoptosis induced by Trail 0.1
mg/L in BEL-7404 cells and BEL-7404-Bcl-2 cells for 6
h. n=6. %=ts.

Trail protein in 200 xL TBS once a day for ten days, at
the same time the control mice were injected only with
200 uL TBS. Five weeks later only one experimental
mude mouse had a smaller solid tumor in contrast to
control mice in which five in six had bigger solid tumors
{Tab 1). All solid tumors were measured in length and
width and the size of the solid tumor were calculated with
the formula mentioned in methods and materials. The
ability of recombinant fusion protein Trail inhibiting the
growth of subcutaneously implanted hepatoma cell was
very obvious.

Tab 1. Tumoricidal effects of Trail on human hepatocel-

lular carcinoma cell BEL-7404 in nude mice. n=6. x=
$. P <0.01 vs control group.
Implanted Tmml Tune/weck Tmr Mf:an mm:)r
cells of mice incidence size/ mm
BEL- 744 TBS 5 6/6 126+ 32
BEL-TM Trail in TBS 5 176 6+
DISCUSSION

TNF was initially found to cause hemorrhagic
necrosis fn vive in some mouse tumors and kill cancer
cells in vitro, indicating Its potenual for cancer
therapy-".  However, it became apparent that TNF
rarely induced direct cytolysis in tumor cells in vive.
Instead, injection of TNF into animal activates the
immune system and kills the animal within a few minutes
10 hours, causing ischemic and hemorrhagic lesion in
various tissues'® . CD95 could induce apoptosis and was
also proposed as an anti-cancer drug!’®, However, a

similar agonistic CD95 was shown to kill mice by causing
massive hemorrhagic necrosis in the liver!™®) .

Trail, a new member of TNF family, is a newly
found cytokine that could induce apoptosis in many tumor
cell lines, but not in normal cell lines. As for its
specific killing activity on tumor cell line, Trail has heen
reparded as a polential cancer therapeutic agent.
Compared with TNF or CD95, a cytokine that could be
eytoloxic o normal tissues in vivo , Trail showed lower or
no cytotoxicity to normal tissues in vivo''® . These data
indicated that Trail might be a potential cancer therapeutic
agent.

In order to determine the tumoricidal activity of
recombinant protein Trail on kiver cancer, Lhe cytotoxicity
of recombinant protein Trail was examined on many
hepatocellular carcinoma celis. The results showed that
all the tested hepatocellular carcinoma cells were sensitive
to the recombinant protein Trail in vifro. Compared
with previous report™ that HCC cells showed, to a
certain extent, resistance to Trail suggested that different
source of HOC cells might show different sensitivity to
Trail. Otherwise, we found that recombinant prolein
Trail was toxic to immortal human liver cell LO2 though
its killing activities on LOZ2 was weaker than that on
human hepatocellular carcinoma cells. A similar result
was described by 1o .  In vivo, Trail could inhibit
formation of solid mmor of subcutaneously implanted
human hepatocellular carcinoma BEL-7404  cells in
BALB/c-nude mice. The question remained about the
possibility of usage of Trail on treatment of human cancer
therapeutics. It is suggested that a mode for test the
cytotoxicity of Trail on normal hepatocellular cell n vivo
must be set up.

Recent paper reported that various cell lines over-
expressing the antiapoptotic proteins Bel-2 or Bel-XL
were not or only marginally protected against Trail
induced apoptosis’®*.  But there were other reports
indicaled that the over-expression of Bel-2 showed
inhibitory effect on Trail-induced apoptosis™ . Our data
showed that Trail induced apoptosis in hepatocellular
carcinoma cells BEL-7404 could be almost completely
inhibited by Becl-2 protein over-expression.  These
different results indicated the existence of different signal
pathway that transducted death signal from Trail.
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