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Abstract

Cellular c-FLIP prevents apoptosis mediated by death receptor through inhibiting activation of caspase-8. Therefore, when
c-FLIP is downregulated or eliminated, caspase-8 activation is promoted, and death receptor ligand-induced apoptosis is
activated. It was reported that triptolide (TPL) sensitized tumor cells to TNF-a-induced apoptosis by blocking TNF-a-induced
activation of NF-kB and transcription of c-IAP1 and c-IAP2. However, the effect of TPL on basal c-FLIP expression was
not understood. In this study, we found that the combination of TNF-a and TPL accelerated apoptosis in human hepato-
cellular carcinoma cells and TNF-a-induced elevated as well as basal level of FLIPg protein were downregulated by TPL.
Additionally, we demonstrated that the basal level of FLIPg in Huh7 cells was continuously downregulated following the
incubation of TPL and downregulated more when dosage of TPL for treatment was increased. Subsequently, we showed that
TPL reduced FLIPg level in a transcription- and degradation-independent mechanism. Our findings suggest that TPL induces
loss of FLIPg at the post-transcriptional level independently of proteasome-mediated pathway, an additional mechanism of

TPL sensitizing cancer cells to TNF-a-induced apoptosis.
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Introduction

Previous study demonstrated that triptolide (TPL) promoted
TNF-a-induced apoptosis in solid tumor cells such as A549
(nonsmall cell lung cancer), HT1080 (fibrosarcoma), and
MCF-7 (breast cancer) by inhibiting activation of NF- kB
and blocking transcription of c-IAP1 and c-IAP2 mRNA
[1]. However, apart from these mechanisms, there was no
conclusion on other mechanisms of TPL sensitizing the solid
tumor cells to TNF-a-induced apoptosis.

Cellular Fas-associated death domain-like interleu-
kin 1p-converting enzyme inhibitory protein (c-FLIP) is
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upregulated by activated NF-xB in diverse cancer cells,
helping for apoptosis resistance [2, 3]. FLIP;, FLIPg, and
FLIPy are three isoforms of c-FLIP [4-6]. Like FLIP|,
FLIPg has two tandem amino (N)-terminal death-effector
domains. Since c-FLIP binds to FADD via the death-effector
domains, preventing precursor of caspase-8 from binding to
FADD and causing death receptor-mediated apoptotic cas-
cade to break [4], several chemical compounds could make
cancer cell lines sensitive to tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL)-induced apoptosis by
targeting c-FLIP protein for proteasome-dependent degra-
dation [7-13]. Unlike these chemicals, in prostate cancer
cells, doxorubicin induced the downregulation of FLIPg
by a post-transcriptional mechanism which did not involve
proteasome [14, 15]. Previously, a study revealed that TPL
reduced c-FLIP protein levels in pancreatic cancer cells and
sensitized the pancreatic cancer cells to TRAIL-induced
activation of apoptosis [16]. But the mechanism by which
TPL reduced c-FLIP protein levels was not revealed.

Like other solid tumor cells, most human liver tumor
cells possess mutations in p5S3 gene, which resist chemo-
therapy. We show here that TNF-a combined with TPL
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induces apoptosis in human hepatocellular carcinoma cells
with mutant p53. And TPL downregulates not only TNF-
a-induced elevated but also basal level of FLIPg. Besides,
our results indicate that TPL appears to downregulate basal
FLIPg expression by a proteasome-independent mechanism
at the post-transcriptional level, which may be correlated
with the effects of TPL on tumor cells.

Materials and methods
Compound

TPL (molecular formula, C20H2406) was purchased from
Shanghai Tongtian Biotechnology Co., Ltd. The material
was composed of white powder and 97% pure by HPLC
determination.

Cell culture

Human hepatocellular carcinoma cell lines Huh7 and
Hep3B were grown in Dulbecco’s modified Eagle's medium
(HyClone) supplemented with 10% fetal bovine serum, 100
units/ml penicillin, and 100 ug/ml streptomycin.

Analysis of Huh7 cell death induced by TPL and/
or TNF-a

Recombinant human TNF-o was purchased from Pepro-
tech. Death of Huh7 cells induced by TPL and/or TNF-a
was analyzed by Cell counting kit 8 (CCK-8) (Dongren
Chemical Technology Co., Ltd., Shanghai). Briefly, cells
were seeded in a 96-well plate (3 X 103 cells/well) and then
treated with different concentrations of TPL or TNF-a (0,
2.5, 5, 10, 20 ng/ml) or a combination of TPL (5 ng/ml) and
the precedent concentrations of TNF-a for 48 h. Afterward,
all the treated cells were incubated with CCK-8 solution in
the cell incubator for another 3 h. Then, a microplate reader
(Bio-Rad, Hercules, CA) was used to measure the absorb-
ance at 450 nm.

Besides, Huh7 cells were seeded in a 6-well plate at a
density of 1.7 x 103 cells per well and cultured overnight.
After the cells were attached, TPL and/or TNF-o was added
in the culture medium to incubate cells for approximately
43 h, a time point at which death of the cells was visible.
Thereafter, the cells were harvested for determination of the
protein c-FLIP as well as proteins participating in apoptosis.

Treatments of cells for analysis of FLIPg
downregulation promoted by TPL

Huh7 cells were maintained in mediums containing 0, 5, 10,
20, 25 ng/ml TPL for 24 h or 48 h before being harvested for

@ Springer

determination of c-FLIP protein and mRNA. To confirm the
effects of TPL on c-FLIP protein expression were not cell
line specific, Hep3B cells were also incubated with TPL for
24 h followed by analysis of c-FLIP levels by Western blot.
Besides, Huh7 cells were incubated with medium containing
20 ng/ml TPL for 0, 6, 12, 22, 32 h and then collected for
evaluation of c-FLIP protein levels.

Moreover, Huh7 cells were untreated or pre-treated with
proteasome inhibitor Lactacystin (LC) (APExBIO Technol-
ogy LLC, Houston) or MG132 (MedChemExpress, Shang-
hai) for 2 h before the addition of TPL, and 4 h, 8 h, 12 h
(for cells pre-treated with LC) or 2 h, 4 h, 6 h (for cells
pre-treated with MG132) after TPL was added in, cells were
harvested for analysis of FLIPg levels.

Real-time PCR

Total RNA of the cell was extracted and purified with
RNAiso Plus (TaKaRa, Otsu, Japan) and chloroform.
Then cDNA was obtained from reverse transcription reac-
tion using PrimeScript RT reagent Kit with gDNA Eraser
(TaKaRa). Real-time PCR were carried out on ABI PRISM
7900HT/FAST (Applied Biosystems, Foster, CA) at 40
cycles of 95 °C for 5 s and 60 °C for 30 s. Primers for FLIP
were 5'-GGCTCCCCCTGCATCAC-3" and 5'-TTTGGCTTC
CCTGCTAGATAAGG-3'. Primers for FLIPg were 5'-ACC
CTCACCTTGTTTCGGACTAT-3" and 5-TGAGGACAC
ATCAGATTTATCCAAA-3'. Levels of both isoforms were
normalized to GAPDH and fold change in the level of each
isoform between treated and control group was calculated
with the 2722 method. GAPDH primers were: 5'-GGA
GCGAGATCCCTCCAAAAT-3" and 5-GGCTGTTGTCAT
ACTTCTCATGG-3".

Western blotting

The harvested cells were lysed in RIPA buffer (50 mM Tris-
Cl, pH 8.0, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA,
0.1% SDS, 0.5% deoxycholic acid, 1% Triton X-100) sup-
plemented with 10% PMSF. Protein concentration of cell
lysate was determined using BCA protein assay kit (Pierce).
Equivalent amount of protein (50 ug) was fractionated by
precast mini polyacrylamide gels (SurePAGE™, Bis-Tris,
4-20%) (GenScript, Nanjing, Jiangsu) and undergone west-
ern blotting. The proteins were visualized by enhanced
chemiluminescence (Proteintech Group, Inc., Chicago, IL)
according to the manufacturer’s instructions.

Determination of ROS level
The cellular ROS was detected by fluorescent probe

DCFH-DA (Beyotime, Shanghai, China). Briefly, cells were
inoculated into 6 -cm dishes at a density of 1x 10° cells/
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dish, incubated overnight, and then treated with 20 ng/ml of
TPL for 24 h. After that, the culture medium was changed
into 2 ml DMEM containing 10 uM of DCFH-DA and the
cells were incubated for another 1 h in the incubator. Then
the cells were washed 3 times with DMEM to fully remove
the left DCFH-DA which did not enter the cell. Finally,
fluorescence intensity in each cell was determined by the
flow cytometer on which 488 nm was used as the excitation
wavelength and 525 nm was used as the emission wave-
length. Mean fluorescence intensity (MFI) representing the
level of ROS was quantitated with Flowjo10 software.

Results

TPL made Huh7 cells sensitive to TNF-a-induced
apoptosis

As shown in Supplemental Table 1, after 48 h of treat-
ment with TNF-«a or/and TPL, Huh7 cells were resistant
to TNF-a and approximately 90% of Huh7 cells remained
viable against 5 ng/ml TPL, but less than 70% of Huh7 cells
survived from the combination of TNF-o and TPL (5 ng/ml).

Apoptosis induced by the combination of TNF-a and TPL
in Huh7 cells was represented by the appearance of active
caspase-8, caspase-3, and cleaved PARP (Supplemental
Fig. 1).

TPL treatment reduced basal and TNF-a-induced
elevated level of FLIP

In view that downregulation of cellular endogenous c-FLIP
protein levels sensitized tumor cells to death receptor-medi-
ated apoptosis, we determined c-FLIP protein levels in Huh7
cells untreated or treated with TNF-o and/or TPL. Our result
showed that FLIPg was the predominant isoform of c-FLIP
in Huh7 cells and FLIPg levels were enhanced by TNF-«
but reduced by TPL treatment (Fig. 1). In addition, FLIP;
levels were reduced by TNF-a, and in Huh7 cells treated
with TNF-a and TPL, not only the increase in FLIPg induced
by TNF-a was blocked but also basal level of FLIPg was
downregulated.

FLIPg levels were continuously downregulated
following the increasing dosage and time of TPL
for treatment

Subsequently, we further investigated the effects of TPL on
inducing decrease in FLIPg levels in Huh7 and Hep3B cells.
Both cell lines were treated with TPL at various concentra-
tions for 24 h. Then the expression of c-FLIP protein was
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Fig.1 Treatment of Huh7 cells with TPL or the combination of
TNF-a and TPL brought about downregulation of FLIPg protein lev-
els. Huh7 cells were treated with 5 ng/ml TNF-a or/and 5 ng/ml TPL
for approximately 43 h. Total cell lysates of the treated cells were
analyzed with a specific rabbit anti-FLIP antibody via Western blot.
Identical anti-FLIP antibodies were used in the following Western
blot experiments unless otherwise stated

determined with Western blot (Fig. 2A, B). Treatment with
TPL (5/10 ng/ml) increased the expression of FLIP; protein
in a dose-dependent manner. In contrast, the protein level of
FLIPg was reduced after 24 h of TPL treatment at concentra-
tions ranging from 5 to 25 ng/ml. Additionally, time-course
experiments were performed in incubating Huh7 cells with
TPL to investigate the effects of TPL on the expression of
c-FLIP protein. Figure 2C shows that FLIP; levels were sig-
nificantly enhanced after 22 or 32 h of treatment with TPL
even though a part of the FLIP; proteins were cleaved to
produce a protein, p43-FLIP. Conversely, FLIPg levels were
reduced, as a matter of fact, as early as 12 h of TPL treat-
ment, the level of FLIPg protein was lowered strikingly. Our
results confirm that the FLIPg protein expression is inhibited
by treatment with TPL.

TPL increased the c-FLIP mRNA level

We then tested whether the reduction in the FLIPg protein
expression caused by TPL originated from regulation of the
FLIPg mRNA expression. Our result showed that treatment
with TPL at concentrations ranging from 10 to 25 ng/ml
enhanced the mRNA level of c-FLIP in Huh7 cells in a dose-
and time-dependent manner (Fig. 3), which suggests that
treatment with TPL promotes the transcription of c-FLIP.
The transcription of c-FLIP was activated by NF-xB [2] and
MAPK p38 was often an upstream trigger of NF-xB activation
under stress [17]. We thus examined if p38 was activated by
TPL in Huh7 cells. Our result showed that the phosphoryl-
ated p38 levels were enhanced after 24 h of treatment with
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Fig.2 c-FLIP protein expression in hepatocellular carcinoma cells
treated with TPL. FLIP; and FLIPg proteins were determined by
Western blot from Huh7 (A) or Hep 3B (B) cells treated with TPL
at various concentrations for 24 h or Huh7 cells treated with 20 ng/
ml TPL for the times indicated (C). Expression of c-FLIP was quan-

TPL (Supplemental Fig. 2). Then we investigated the effect
of activated p38 on the c-FLIP mRNA expression. We found
that pretreatment with SB203580, a specific inhibitor of p38,
significantly inhibited TPL-induced increase in the c-FLIP
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titated by densitometry and normalized against that of GAPDH,
respectively. The relative expression of c-FLIP was presented
as mean+S.D. calculated from three independent experiments;
*P<0.05 or **P<0.01, compared with O ng/ml (in A or B) or O h
(in C)

mRNA level (Supplemental Fig. 3). These results imply that
the transcription of c-FLIP is probably induced through the
p38-NF-kB pathway activated by TPL.
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Fig.3 Expression of c-FLIP mRNA in Huh7 cells treated with
TPL. TPL at concentrations ranging from 5 to 25 ng/ml was used
for treating Huh7 cells for 24 h or 48 h. The mRNA level of c-FLIP
was analyzed by relative quantitative RT-PCR and GAPDH was

Downregulation of c-FLIP protein levels induced
by TPL was not achieved through proteasome
degradation pathway

The above data suggest that TPL treatment reduces the
protein level of FLIPg by a post-transcriptional mecha-
nism. To investigate whether the TPL-induced decrease in
the FLIPg level resulted from proteasome-mediated degra-
dation of FLIPg, time-course experiments were carried out
for determination of the FLIPg levels after TPL treatment
in the absence or presence of the irreversible proteasome
inhibitor lactacystein (LC). Figure 4A shows that the pro-
tein level of FLIPg was reduced by treatment with TPL
time-dependently in the absence of LC (Compare Lane 1
with Lane 2—4). In the presence of LC, the FLIPg protein
level was slightly enhanced after 4 h of TPL treatment
but reduced significantly after 12 h of treatment (Com-
pare Lane 1 with Lane 5-7). Comparison analysis of the
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used as an internal reference. Relative expression of c-FLIP mRNA
was expressed as mean+S.D. from three independent experiments;
*P<0.05, **P<0.01, compared with 0 ng/ml. A FLIP;, mRNA
expression; B FLIP¢ mRNA expression

relative protein level of FLIPg between various timepoints
and 0 h revealed that FLIPg protein levels were reduced
at similar rates by TPL in the absence or presence of LC.
Another proteasome inhibitor, MG132, was also used for
pretreating Huh7 cells. And we showed that the FLIPg
protein level was enhanced after 2 h of treatment with
MG132 and 5 ng/ml TPL (Compare Lane 1 and Lane 5
in Fig. 4B) but reduced after 4 or 6 h of treatment (Com-
pare Lane 1 and Lane 6-7 in Fig. 4B). This reduction was
similar to the reduction in the FLIPg level in Huh7 cells
treated with 5 ng/ml TPL only (Compare Lane 1 and Lane
2-4). This result also demonstrated that the relative level
of FLIPg protein was reduced with the increasing time (4,
6 h) for treatment with TPL no matter MG132 was added
in the cell culture or not. All these data indicate that, in
Huh7 cells, TPL-induced decline in the FLIPg levels is not
caused by the proteasome-mediated degradation. Addition-
ally, a caspase-mediated mechanism of FLIPg degradation

Fig.4 The influence of protea- A B
some inhibitor on FLIPg protein
X TPL (ng/ml 20 5
expression. A Huh7 cells were el TEL g/
LC(10 p M) + & o+ MG132(10 pM) + o+t

treated with 20 ng/ml TPL for
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presence of 10 pM LC. LC was

FLIPs

FLIPs

added 2 h prior to TPL treat-

ment. Total cell lysates were GAFDR

GAPDH

immunoblotted for FLIPg and
GAPDH. FLIPg signals were
quantitated by densitometric
analysis, and the values were
expressed as percentage of the
control. B 10 pM MG132 was
added or not in the cell culture
2 h prior to 5 ng/ml TPL which
was used to treat cells for 0, 2,
4, 6 h. After that, lysates were
prepared for analysis of FLIPg
expression
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was ruled out for Fig. 2 displays that the reduction in basal
FLIPg level occurred before the caspases were activated.

Superoxide dismutase (SOD)-mimetic tempol
prevented TPL-induced decrease in c-FLIP levels

Previous study revealed that ROS downregulated the c-FLIP
protein expression in cells treated with doxorubicin [18]. To
further explore the mechanism by which TPL reduced the
c-FLIPg expression, we next investigated the relation of ROS
to the TPL-induced downregulation of c-FLIPg protein level.
We showed that the ROS levels were significantly increased
in Huh7 cells after 24 h of treatment with TPL (Supple-
mental Table 2 and Supplemental Fig. 4). And Tempol, a
SOD mimetic which neutralizes ROS efficiently hindered
the decrease in FLIPg protein levels (Supplemental Fig. 5).
This result suggests that the increase in the ROS levels pro-
duced by TPL treatment accelerates the decrease in FLIPg
expression.

Discussion

Research revealed that apoptosis induced by TNF-a com-
bined with TPL in TNF-a-resistant solid tumor cell lines
resulted from the inhibition effect of TPL on the activation
of NF-kB induced by TNF-a [1]. But the effect of TPL on
basal c-FLIP expression was unknown. In the present study,
we found that the combination of TNF-a and TPL promoted
apoptosis in Huh7 cells, and we noticed that TPL not only
inhibited FLIPg expression induced by TNF-a but also
downregulated basal level of FLIPg which was expressed at
higher levels in Huh7 cells.

FLIP; and FLIPg are two isoforms of c-FLIP protein.
Our western blot analysis results displayed that basal level
of FLIPg was much higher than that of the FLIP; in Huh7
cells. This character might be explained by the finding that
the expression of c-FLIP isoforms was possibly regulated in
a cell line-dependent manner [19-22]. Intriguingly, FLIPg
blocks apoptosis exclusively, whereas FLIP; can act as an
anti-apoptotic or a pro-apoptotic molecule. FLIP; has a
pro-apoptotic role only upon strong receptor stimulation in
combination with FLIP; moderate expression [23]. In our
study, TPL at lower concentrations increased the expression
of FLIP; protein in Hepatoma cells. In addition, the expres-
sion of death receptor Fas of Huh7 cells was enhanced after
TPL treatment (data not shown). It suggests that the increase
in FLIP; protein level induced by TPL may promote apopto-
sis when the amount of the generated cleavage of products
of procaspase-8 is more than that of c-FLIP; .

TNF-a upregulated the transcription of c-FLIP by acti-
vating NF-xB [2, 24]. We found that, in Huh7 cells, TNF-a
increased FLIPg but reduced FLIP protein expression
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which might be consistent with the report that JNK acti-
vated by TNF-a promoted the proteasomal elimination of
FLIP; [25] Lee et al. showed that TPL blocked activation
of NF-kB induced by TNF-a [1]. So TPL was supposed to
inhibit the FLIPg expression induced by TNF-a when col-
laborating with TNF-a to induce apoptosis in Huh7 cells.
As expected, our result showed that TPL abolished TNF-
a-induced increase in FLIPg. In addition, basal level of
FLIPg was reduced by TPL. At an earlier time, Chen et al.
evidenced that TPL sensitized TRAIL resistant pancreatic
cancer cells by inducing the downregulation of c-FLIP
[16]. This finding supported our result above.

Subsequently, we revealed that decrease in FLIPg
brought out by TPL was not achieved by transcriptional
regulation. We showed that c-FLIP mRNA level was not
reduced but increased by TPL treatment, which indi-
cated that basal NF-xB activity was activated by TPL.
We next further confirmed TPL-mediated enhancement
in basal NF-kB activity by demonstrating the activation
of upstream MAPK p38 induced by TPL. Our finding was
supported by Lee et al. They showed that TPL slightly
induced NF-kB-mediated transcription in MCF-7 cells [1].

Interestingly, our results also suggest that downregulation
of FLIPg caused by TPL does not rely on proteasome-medi-
ated degradation. We showed that proteasome inhibitors
failed to prevent TPL-induced decrease in FLIPg. This phe-
nomenon was like that found in a study, which showed that
FLIPg reduction caused by doxorubicin in prostate cancer
cells appeared at the post-transcriptional level independently
of proteasome-mediated pathway [15]. Then, we revealed
that, in Huh7 cells, overproduction of ROS induced by TPL
was involved in downregulation of FLIPg. But the mecha-
nism by which ROS reduced FLIPg levels is to be elucidated.

In short, we demonstrated that TNF-o combined with
TPL promoted apoptosis in Huh7 cells and TPL not only
inhibited the expression of FLIPg induced by TNF-a but
also induced downregulation of basal level of FLIPq.
Furthermore, we showed that TPL reduced basal level of
FLIPg through neither suppressing transcription nor induc-
ing degradation. This finding suggested another possible
mechanism by which TPL increased sensitivity of tumor
cells to TNF-a-induced apoptosis.
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