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Mitochondrial mechanism of apoptosis induced by resveratrol in

nasopharyngeal carcinoma cells CNE-27Z

TANG Xu-Dong™ , ZHOU Ke-Yuan, HOU Gan, SHEN Xiao-Ming
(Institute of Biochemistry and Molecular Biology , Guangdong Medical College, Zhanjiang 524023, China)

Abstract: AIM  To study whether resveratrol-induced
apoptosis in nasopharyngeal carcinoma cells CNE-2Z is
via a mitochondrial pathway. METHODS  CNE-2Z
cells were treated with 100 pmol * ™" resveratrol for 0
(control), 2, 4, 8, 12, and 24 h and treated with O
(control), 25, 50, 100, and 200 pmol * L~ resveratrol
for 8 h. The Bel-2, Bax and cytosolic cytochrome C pro-
tein levels were analyzed by Western blot. The mitochon-
drial membrane potential (A¢,,) was detected by flow
cytometry following rhodamine 123 fluorescence staining.
The caspase-9 activity was determined by colorimetric as-
say. RESULTS (O After CNE-2Z cells were treated
with 100 pmol © L~ ! resveratrol for O(control), 2, 4, 8,
12, and 24 h, respectively, Bcl-2 protein expression and
A, were decreased, while cytosolic cytochrome C level
and caspase-9 activity were increased in a time-dependent
mamner (n =3, P <0.01). But Bax protein expression
had no change. All except Bax protein expression had
been altered since 2 h. The inhibition of Bcl-2 protein
expression and the loss of &, were most obvious during
4-8h (compared with control group P <0.01), but no
significance at 24 h. Cytosolic cytochrome C level and
caspase-9 activity reached the peak at 8 h and were still
much higher than those in control group at 24 h (P <
0.01) . Cytosolic cytochrome C level and caspase-9 activ-
ity were about 3.0-fold and 5.4-fold of those at O h, re-
spectively. (@ After CNE-2Z cells were treated with O
(control), 25, 50, 100, and 200 ;unol'L_l resveratrol
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for 8 h, respectively, the Bcl-2 protein expression inhibi-
tion, &g, loss, cytochrome C release, and caspase-9 ac-
tivity increase showed in a dose-dependent manner (n =
3, P<0.01). However, Bax protein expression was not
affected. CONCLUSION Resveratrol can induce apop-
tosis in CNE-2Z wvia a mitochondria/caspase-9-specific
pathway, but this may not be related to Bax.
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Resveratrol (3, 4', 5-trihydroxystibene ), a
natural phytoalexin present in grapes and a variety
of medicinal plants, has been used to treat fever,
hyperlipidemia, inflammation and atherosclerosis.
Recently, resveratrol has been found to have anti-
tumor activity which was wia the induction of
apoptosis in some tumor cells' ' ~*'. In our previ-
ous studies, we also found that resveratrol can in-
duce apoptosis of human nasopharyngeal carcinoma
epithelial cells in badly differentiated CNE-27%,
but the mechanisms of apoptosis are not completely
clear.

In recent years, contradictory results were
reported on the mechanisms of apoptosis induced
by resveratrol #®~ 1 In 1998, Clement, et al'®]
reported resveratrol could trigger CD95 (Fas) sig-
naling-dependent apoptosis in HL-60 leukemia
cells and T47D breast carcinoma cells. However,
in 2000, Tsan, et al'”) found resveratrol could in-
duce Fas signaling-independent apoptosis in THP-
1 human monocytic leukemia cells. In recent
years, mitochondria have been reported to play an
important role in the apoptosis induced by resvera-

8- 11]

trol in some tumor cells™* Furthermore,

mitochondrial membrane potential(A¢y,) loss,
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cytochrome C release from mitochondria and cas-
pase-9 activation were found during the apoptosis

4,7-10] Nevertheless, Zini, et

by resveratrol'
al' found that resveratrol fully inhibited the re-
lease of cytochrome C in a concentration-depen-
dent manner and the mitochondrial membranes
were partly protected by resveratrol at 0.1 pmol*
L~" when they investigated resveratrol protection
on the main functions of purified rat brain mito-
submitted  to

Thus, the effects of resveratrol on mitochondria

chondria anoxia-reoxygenation .
are not unanimous.

In addition, although the mitochondrial
mechanisms of apoptosis induced by resveratrol in
some tumor cells have been found, it is not re-
ported whether resveratrol can induce apoptosis in
CNE-2Z cells wia a mitochondrial pathway.
Therefore, this study is to investigate the mito-
chondrial mechanism of apoptosis induced by
resveratrol in CNE-27 cells.

1 MATERIALS AND METHODS

1.1 Drugs and reagents

Trans-resveratrol ( purity > 98% ) was pur-
chased from Nanjing Xuezi Medical and Chemical
Research Center. A stock solution of resveratrol
was made in dimethylsulfoxide ( DMSO) at 200
mmol* L.~ ! and was stored at —20°C in the dark.
Monoclonal mouse anti-human Bel-2(IgG; ), Bax
(IgGy, ), and [-actin antibodies were purchased
from Beijing Zhongshan Company. Monoclonal
mouse  anti-human

(IgGyyy ) was

Horseradish  peroxidase

cytochrome C  antibody
obtained from NeoMarkers.
conjugated-goat  anti-
mouse IgG was purchased from Wuhan Boster Bio-
logical Technology Company. Enhanced chemilu-
minescence ( ECL) detection kit was obtained
from Santa Cruz Biotechnology (Santa Cruz, Cali-
fornia) . Rhodamine 123 was obtained from Sigma
Company (USA). Caspase-9 inhibitor (Leu-Glu-
His-Asp-fmk, LEHD-fmk ) was obtained from
Clontech Company (USA). Caspase-9 substrate
( AC-Leu-Glu-His-Asp-pNA, AC-LEHD-pNA )

was obtained from Alexls Company .

1.2 Cell line and cell culture

CNE-2Z cell line was from the Institute of Bio-
chemistry and Molecular Biology of Guangdong Medi-
cal College. Cells were cultured in RPMI 1640 medi-
um ( Gibco) supplemented with 10% new-bom
bovine serum , penicillin (100 kU-L™") and strep-
tomycin (100 mg'L_l) at 37°C in a humidified 5%
CO, atmosphere. The cells used in these experiments
were in exponential growth phase.

1.3 Drug treatment

After being seeded into culture dishes for 12
h, CNE-2Z cells were treated with 100 pmol+ L™
resveratrol for O(control), 2, 4, 8, 12, and 24 h
and treated with resveratrol 0(control), 25, 50,
100, and 200 pmol-L~" for 8 h. All experiments
were repeated three times (n =3).

1.4 Western blot analysis

After cells (1 x 10° ™" in 3 mL medium )
were treated with resveratrol according to drug
treatment, proteins were extracted. Proteins used
for the analysis of Bcl-2, Bax, and B-actin (inter-
nal control ) expression were extracted as de-
scribed®’ . Cytosolic extracts used for the analysis
of cytochrome C release were prepared as de-
scribed®'. Western blot analysis was performed
as previously described™ . Detection of specific
proteins was carried out with an ECL Western
blotting kit according to the manufacturer’ s in-
structions. Integral absorbance of each protein
band was analyzed by software Leica Qwin. The
ratios of integral absorbance of Bel-2, Bax and
cytochrome C to B-actin (internal control) repre-
sented Bel-2, Bax, and cytochrome C protein
level, respectively.

1.5 Detection of Ay,

After treatment with resveratrol according to
drug treatment, cells (0.5 x 10° L' in 2 mL
medium) were harvested and incubated in D-Hanks
fluid with thodamine 123 (final concentration 10
mg* L™") for 30 min at 37°C in the dark. Then
cells were detected on a flow cytometry (Epics-XL,
Coulter, USA). Excitation wavelength was 488 nm
and emission wavelength was 530 nm.

1.6 Caspase-9 activity assay
Cells were divided into three groups: (D
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control group: untreated cells. @ LEHD-fmk +
resveratrol group: after pretreatment with 100
pmol - ™! caspase-9 inhibitor (LEHD-fmk) for 2
h, cells were exposed to 100 umol* L™ resveratrol
for 0, 2, 4, 8, 12, and 24 h, respectively. ®
resveratrol group: cells were treated with 100
[JJ’IIOI'L_I resveratrol for 0, 2, 4, 8, 12, and 24
h and treated with 0, 25, 50, 100, and 200
;urnol'L_1 resveratrol for 8 h. The cells (1 x 10’
L™ "in 2 mL medium) in the above three groups
were harvested and pretreated as described'"%" .
Then the cells were incubated with caspase-9 sub-
strate  AC-LEHD-pNA ( final concentration 50
pmol'L_l) for 1 h at 37°C. Thereafter, the ab-
sorbance at 405 nm ( A4gs ) Was measured with
a microplate spectrophotometer ( Bio-Tek, Elx
800, universal microplate reader) . Aggs n repre-
sented caspase-9 relative activity.
1.7 Statistical analysis

One-way ANOVA in SPSS 10.0 for Windows
was used to compare the difference among multiple
groups and Bonferroni was further used to compare
A dif-
ference was considered to be significant at P <

0.05.

the difference between two groups.

2 RESULTS

2.1 Changes in Bcl-2, Bax, and cytosolic
cytochrome C protein levels of CNE-2Z cells

The changes in the Bel-2 protein expression
and cytosolic cytochrome C level showed in a
time-dependent manner, but Bax protein expres-
sion had no change (Fig 1 and Tab 1). Bcl-2
protein expression had been decreased and cytoso-
lic cytochrome C level had been increased since 2
h. The Bel-2 protein expression was most obvious-
ly decreased during the 4 — 8 h compared with
control group. Cytosolic cytochrome C level
reached the peak at 8 h about 3.0-fold of that in
control group. Bel-2 protein expression was
decreased and cytosolic cytochrome C level was
increased in a dose-dependent manner, but Bax
protein expression was not affected (Fig 2 and Tab
2).

Time/h 0 2 4 8 12 24
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Cytochrome C == sowe wms O o G
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Fig 1. Changes in Bcl-2, Bax, and cytosolic cy-
tochrome C protein levels of CNE-2Z cells by West-
ern blot after treatment with 100 pmol - L~! resvera-
trol for different time. Results are the representative of three

separate experiments.

Tab 1. Ratio of integral absorbance of Bcl-2, Bax,
and cytochrome C to B-actin in CNE-2Z cells after
treatment with 100 pmol - L~! resveratrol for differ-
ent time

Ratio of integral absorbance

Time/h Bel-2: Bax: Cytochrome C:
[-actin [-actin B-actin
0 0.838+0.074 0.402+0.048 0.282+0.067
2 0.570+0.057° " 0.395+0.062 0.536+0.059"
4 0.341+0.045° % 0.395+0.088 0.617+0.035" "
8 0.357+0.070" * 0.399+0.057 0.856+0.109" "
12 0.627+0.091" 0.409+0.039 0.776+0.074" "
24 0.777+0.056  0.400+0.108 0.659+0.051" "

x+s, n=3. "P<0.05, *" P<0.01, compared with control group (0
h).

Resveratrol/umol-L! 0 25 50 100 200
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Fig 2. Changes in Bcl-2, Bax, and cytosolic cy-
tochrome C protein levels of CNE-2Z cells by West-
ern blot after treatment with different concentrations
of resveratrol for 8 h. Results are the representative of three

separate experiments.
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Tab 2. Ratio of integral absorbance of Bcl-2, Bax,
and cytochrome C to B-actin in CNE-2Z cells after
treatment with different concentrations of resveratrol
for 8 h

Ratio of integral absorbance

Resveratrol
/pmol L Bel-2: Bax: Cytochrome C:
B-actin B-actin [-actin
0 0.817+0.098  0.400+0.056 0.252+0.035
25 0.566+0.045" * 0.397£0.065 0.307 +0.063
50 0.475+0.041" " 0.387+0.080 0.474+0.047"
100 0.324+0.040" " 0.405+0.041 0.808+0.079" *
200 0.186+0.050" * 0.382+0.075 0.922+0.101" "
s, n=3. "P<0.05, "* P <0.01, compared with 0 pmol - L"!
group.

Ay, had been de-

creased since 2 h and dropped to the lowest level

time-dependent manner.

during the 4 — 8 h compared with control group,
but no difference at 24 h. The number of the cells
with A¢,, 1, was increased in a dose-dependent
manner (Fig 4 and Tab 4), which suggested that

the loss of &¢y, show in a dose-dependent man-

2.2 Changes in Ay,

The number of the cells with low mitochon-
drial membrane potential (A ¢,.1,,) was increased
in a time-dependent manner (Fig 3 and Tab 3),
which demonstrated that loss of &, was in a
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Tab 3. Changes in Ay, after treatment with
100 pmol-L~! resveratrol for different time
Time/h Ao/ %
0 2.2+0.6
2 31.3£5.0""
4 46.6+8.4""
8 46.1+5.0""
12 29.7+2.8""
24 9.8+3.1
X%s, n=3. ** P<0.01, compared with control group (0 h).
257 8h 100, 12h 228, 24h
D 1E .
0'1 o0 O 7000 % 1000
FL1 LOG FL1 LOG FL2 LOG

Fig 3.

Results are the representative of three separate experiments.
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Fig 4. Results in Ay, . after treatment with different concentrations of resveratrol for 8 h by flow cytome-

try. Results are the representative of three separate experiments.

Results in Ay, after treatment with 100 pmol - L~

! resveratrol for different time by flow cytometry.
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Tab 4. Changes in Ay, after treatment with
different concentrations of resveratrol for 8 h

Resveratrol/gimol 1.~ ! Ao/ %
0 2.2+0.6

25 2.1+1.3""

50 31.3+£2.0""

100 44.4£2.2""

200 54.1+1.8""

x+s, n=3. " P<0.01, compared with 0 pmol-L~" group.

2.3 Changes in caspase-9 activity

Caspase-9 activity was altered in a time-
dependent manner (Tab 5). Caspase-9 activity in
resveratrol group had been increased since 2 h
compared with control group, reached the peak at
8 h about 5. 4-fold of that in control group and
was still higher than that in control group at 24 h.
When the cells were exposed to 0, 25, 50, 100,
and 200 pmol - L~! resveratrol for 8 h, caspase-9
activity was 0. 064 = 0. 008, 0. 150 = 0. 018,
0.227+0.036, 0.348 + 0.020, and 0.416 +
0.019, respectively. It was increased in a dose-
dependent manner.

3 DISCUSSION

Recent evidences have demonstrated that
there are at least 2 distinct pathways that mediate
caspase activation and apoptosis. In the first path-
way, the ligation of “death receptors” (such as
Fas) result in activation of caspase-8 (“initiator”
caspase) , which activates “effector” caspases. In

the second pathway, various forms of cellular
stress trigger mitochondrial alterations: loss of
Ay, and release of cytochrome C. Cytochrome C
activates caspase-9 (“initiator” caspase) . “Effec-
tor” caspases (such as caspase-3 and -6) were
activated by Caspase-9[l6' 71,

Resveratrol has been reported to induce
apoptosis in some tumor cells, but the mecha-
nisms of apoptosis are different in various tumor
cells 0= 117

found that “effector” caspase-3 and -6 could be

In our previous studies, we have

activated during resveratrol-induced apoptosis in
CNE-27 cellsm’lg], but capase-8 was not %7,
Thus, capase-3 and -6 may not be activated by
caspase-8 and resveratrol-induced apoptosis in
CNE-2Z cells may not be through the Fas/cas-
pase-8-specific pathway. Is it via a mitochondria/
caspase-9-specific pathway?

In this study, we found that Bcl-2 protein
expression and A (y, were decreased, while cy-
tosolic cytochrome C and caspase-9 activity were
increased in a time- and dose-dependent manner,
which is in agreement with the reports[g_ 101 Our
results showed that all except Bax protein expres-
sion had been changed since 2 h. Bel-2 protein
expression inhibition and A& ¢, loss were most ob-
vious during 4 — 8 h, which were earlier than cy-
tochrome C release and caspase-9 activation. The
time course assays suggested that Bel-2 protein
expression inhibition and 2 (), loss be prior to cy-
tochrome C release and caspase-9 activation. Bcl-
2 can prevent the loss of &¢, and the release of

Tab 5. Detection of caspase-9 relative activity treated with 100 pmol- L' resveratrol for different time
Caspase-9 relative activity ( Aygs )
Group
0 2 4 8 12 24(h)
Control 0.056 = 0.009 0.054+0.008 0.047+0.011 0.064+0.008 0.063+0.007 0.058+0.005
LEHD-fmk + resveratrol 0.060 = 0.007 0.053+0.006 0.053+0.007 0.059+0.002 0.057+0.006 0.062+0.007
Resveratrol 0.047+0.010  0.148+0.022" 0.252+0.019" “0.348+0.020" “0.235+0.019" *0.154+0.026" *

Control group: untreated cells. LEHD-fmk + resveratrol group: After pretreatment with 100 pmol« L=! caspase-9 inhibitor ( LEHD-fmk) for 2
h, cells were exposed to 100 )umol'L’l resveratrol for 0, 2, 4, 8, 12, and 24 h, respectively. Resveratrol group: cells were treated only with
100 pmol'L" resveratrol for 0, 2, 4, 8, 12, and 24 h, respectively. ¥ +s, n=3. “P<0.05, * " P<0.0l, compared with the other

two corresponding groups.
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C2 . In the present study, the inhi-

cytochrome
bition of Bcl-2 protein expression could cause the
loss of &A¢, and release of cytochrome C. The re-
lease of cytochrome C from mitochondria results in
the formation complex containing Apafl and pro-
caspase in presence of dATP, causing caspase-9

activation' 2! .

In addition, in our previous and
present studies, we found caspase-9, -3, and -6
were sequentially activated during resveratrol-in-
duced apoptosis of CNE-27 cells! 418 suggesting
that caspase-9 trigger activation of caspase-3
and -6.

Bcl-2 family proteins can regulate the release
of cytochrome C from mitochondria by affecting

2] In our

the activity of a novel ion channel'
study, we found Bel-2 protein expression could be
inhibited, but, worthy of note, Bax protein ex-
pression did not change with the increase of
resveratrol-treated time and concentration. Thus,
the loss of &¢, and the release of cytochrome C
may be only related to Bel-2 during resveratrol-in-
duced apoptosis in CNE-2Z cells. Mahyar-Roe-

11" also found that resveratrol at physi-

mer, et a
ological doses can induce a Bax-mediated and a
Bax-independent mitochondrial apoptosis. In the
absence of Bax, membrane potential collapse was
delayed, and apoptosis was reduced but not ab-
sent. These suggest that Bax be not essential dur-
ing resveratrol-induced mitochondrial apoptosis.

According to the above, the mechanism of
apoptosis induced by resveratrol in CNE-2Z cells
may be as follows. Resveratrol can inhibit Bel-2
expression, affecting the activity of ion channel.
Then, the loss of &¢y, and the release of cy-
tochrome C from mitochondria are triggered. Cy-
tosolic cytochrome C activates “initiator” caspase-
9, resulting in activation of “effector” caspase-3
and -6. In conclusion, resveratrol induces apopto-
sis in CNE-2Z wia the mitochondria/caspase-9-
specific pathway, but this may not be related to
Bax.

Surprisingly, we found that A&, loss and
cytochrome C release were decreased after they
reached the peak at 8 h. Of interest, Zini,

et al' reported that resveratrol could protect the

mitochondrial membranes and inhibit cytochrome
C release. Could resveratrol lead to & ¢, loss and
cytochrome C release in a fixed period of time?
Could resveratrol protect the mitochondrial mem-
branes and inhibit cytochrome C release when
cells were treated with resveratrol for a long time
because of other mechanisms? All these are to be
explained.
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