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Introduction
Macrolide antibiotics are widely used as antibacterial and

anti-inflammatory agents.  Macrolides have been used suc-
cessfully to treat diffuse panbronchiolitis –– a progressive
inflammatory lung disease, and might be useful for the treat-
ment of asthma, chronic bronchitis, chronic sinusitis, cystic
fibrosis and bronchiectasis.  In vivo and in vitro studies
show that macrolides affect neutrophil chemotaxis and
infiltration, inflammatory cytokine production, mucus pro-

duction and the transportability of airway secretions[1].  Some
studies have also focused on their anti-tumor activities[2].
N-demethyl-clarithromycin (Figure 1) is the main metabolite
of clarithromycin in vivo, and it had been reported that N-
demethyl-clarithromycin has potent anti-inflammatory activ-
ity[3], inhibits the proliferation of T lymphocyte and induces
a cell cycle arrest at the G2/M stage in inflammatory cells,
however, there has been no report on its anticancer activity.
Therefore, the apoptotic effect of  N-demethyl-clarithromycin
on human cervical cancer HeLa cells was investigated for
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the first time in this study.
Apoptosis, or programmed cell death, is an important

process in biological systems, including normal cell turnover,
immune system, embryonic development, metamorphosis and
endocrine-dependent tissue atrophy.  Cells undergoing
apoptosis execute the death program by activating caspases.
Caspase, a family of at least 14 related cysteine proteases,
are mediators of apoptotic processes caused by various in-
ducers such as Fas ligand, TNFα, etoposide and actinomy-
cin D[4–7].

It has been shown that the mitochondrial Bcl-2 protein
family plays an essential role in apoptosis.  This family is a
large group of apoptosis-regulating proteins that modulate
mitochondrial pathways.  It includes both anti-apoptotic
proteins, (eg Bcl-2, Bcl-XL, and Mcl-1) and various pro-
apoptotic proteins (eg Bax, Bak, and Bad)[8].  These proteins
regulate mitochondrial membrane permeability, either pro-
moting or suppressing the release of apoptogenic proteins
from these organelles[9].

The tumor suppressor p53 plays an important role in regu-
lating the expression of genes that mediate cell cycle arrest
and/or apoptosis in response to genotoxic insults[10].  SIRT1
is a key regulator involved in cell aging and the response to
DNA damage[11], and it is a member of the sirtuin family of
nicotinamine adenine dinucleotide (NAD+)-dependent
deacetylase and known to inhibit stress-induced apoptosis.

In the present study, we investigated the mechanism of
N-demethyl-clarithromycin-induced HeLa cell apoptosis
through the mitochondrial pathway.

Materials and methods

Chemical reagents  N-demethyl-clarithromycin was syn-
thesized by the demethylation of clarithromycin in the pres-
ence of iodine.  Its purity was about 98%, determined by
HPLC method.  It was dissolved in DMSO; the concentra-

tion of DMSO in all cell cultures was kept at less than 0.1%,
which had no detectable effect on cell growth or apoptosis.

Fetal bovine serum (FBS) was purchased from TBD Bio-
technology Development (Tianjin, China); propidium iodide
(PI) and RNase A were purchased from Sigma Chemical (St
Louis, MO, USA); thiazolyl blue (MTT) was obtained from
Sino-American Biotechnology (Beijing, China); pan-caspase
inhibitor (z-VAD-fmk), caspase-3 inhibitor (z-DEVD-fmk),
caspase-9 inhibitor (z-LEHD-fmk) and caspase-8 inhibitor
(z-IETD-fmk) were purchased from Enzyme Systems (Liver-
more, CA, USA); rabbit polyclonal antibodies against Bax,
caspase-activated DNase (ICAD), cytochrome c, p53, mouse
polyclonal antibodies against Bcl-2 and horseradish peroxi-
dase-conjugated secondary antibody (goat-anti-rabbit or
goat-anti-mouse) were purchased from Santa Cruz Biotech-
nology (Santa Cruz, USA).

Cell culture  The cervical carcinoma HeLa cell line was
obtained from American Type Culture Collection (ATCC,
#CCL-2, Rochville, MD, USA).  The cells were cultured in
RPMI-1640 medium (GIBCO, Grand Island, NY, USA) supple-
mented with 10% FBS and 0.03% L-glutamine (GIBCO,USA)
and maintained at 37 ºC with 5% CO2 in a humidified atmo-
sphere.

Cytotoxicity assay  The cytotoxic effect of N-demethyl-
clarithromycin on HeLa cells was measured by MTT assay
as described[12].  All the cells were cultured at 5×104 cells/
well in 96-well plates (NUNC, Roskilde, Denmark) without or
with z-VAD-fmk, z-DEVD-fmk, z-LEHD-fmk and z-IETD-fmk
at given concentrations for 1 h , and then treated with N-
demethyl-clarithromycin.  Four hours before the end of
incubation, 20 µL MTT solutions (5.0 mg/L) were added to
each well.  Resulting crystals were dissolved in DMSO.  The
result was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazo-lium (MTT) assay using a plate microreader
(TECAN SPECTRA, Wetzlar, Germany).  The percentage of
cell viability was calculated as follows:

    Cell viability (%)=A492 (drug)/A492 (control)×100        (1)
Observation of morphologic changes  HeLa cells in RPMI-

1640 containing 10% FBS were seeded into 6-well culture
plates and cultured for 24 h before 60 µmol/L N-demethyl-
clarithromycin treatment.  The cellular morphology was ob-
served using a phase-contrast microscopy (Leica, Wetzlar,
Germany) at 0, 12, 24, 36, or 48 h.

Nuclear damage observed by Hoechst 33258 staining
The cells in RPMI-1640 containing 10% FBS were seeded
into 6-well plates and incubated overnight.  N-demethyl-
clarithromycin was added to the cell culture and incubated
for the indicated times.  The cells were fixed with 3.7% parafor-
maldelyde at room temperature for 2 h, then washed twice

Figure 1.  Chemical structure of N-demethyl-clarithromycin.
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with Ca2+ and Mg2+ free phosphate-buffered saline (PBS)
and stained with Hoechst 33258 (Sigma, USA) 167 µmol/L at
37 ºC for 15 min.  At the end of incubation, the nuclear mor-
phology of the cells was observed under a fluorescence mi-
croscope (Olympus-AX70, Tokyo, Japan).

DNA extraction and detection of DNA fragments  DNA
extraction and electrophoresis were performed as described
previously[13].  In brief, HeLa cells, both adherent and floating,
were collected by centrifugation at 1000×g for 5 min.  The
cell pellet was suspended in cell lysis buffer (Tris-HCl 10
mmol//L pH 7.4, edetic acid 10 mmol/L pH 8.0 and Triton-X
100 0.5%) and kept at 4 ºC for 30 min.  The lysate was centri-
fuged at 25 000×g for 20 min.  The supernatant was incu-
bated with RNase A 20 µg/L at 37 ºC for 1 h, and then incu-
bated with proteinase K 20 µg/L at 37 ºC for 1 h.  The result-
ing solut ion was mixed with  NaCl 5 mol/L and
dimethylcarbinol at -20 ºC overnight, and then centrifuged at
25 000×g for 15 min.  After drying, the DNA was dissolved in
TE (Tris-HCl 10 mmol/L, pH 7.5) buffer and separated by 2%
agarose gel electrophoresis at 100 V and ethidium bromide
staining.

Lactate dehydrogenase activity-based cytotoxicity assays
The cells were cultured with N-demethyl-clarithromycin for
0, 12, 24, 36, or 48 h.  Floating cells were collected from cul-
ture medium by centrifugation (240×g) at 4 ºC for 5 min, and
the lactate dehydrogenase (LDH) content from the pellets
lysed in 1% NP-40 for 15 min was used as an index of apoptotic
cell death (LDHp)[14].  The LDH released in the culture super-
natant (extracellular LDH or LDHe) was used as an index of
necrotic death, and the LDH present in the adherent viable
cells as intracellular LDH (LDHi).  Then the substrate reac-
tion buffer of LDH [L (+)-lactic acid 0.5 mmol/L, indonitro-
tetrazolium 0.66 mmol/L, phenazine methosulfate 0.28 mmol/L,
nicotinamide adenine dinucleotide 1.3 mmol/L in pH 8.2 Tris-
HCl] was added.  The optical density (OD) value at 492 nm of
the reaction for 1 and 5 min were assayed and LDH activities
were determined by the average difference between 1 and 5
min.  The percentage of apoptotic and necrotic cell death
was calculated as follows:

 apoptosis%=LDHp/(LDHp+LDHi+LDHe)×100
 necrosis%=LDHe/(LDHp+LDHi+LDHe)×100                (2)
Measurement of mitochondrial transmembrane poten-

tial (∆Ψm)  To measure the mitochondrial transmembrane po-
tential (∆Ψm), the cells were treated with 60 µmol/L N-
demethyl-clarithromycin at the indicated time, washed with
PBS, and then incubated with PBS containing 1 µg/mL
rhodamine 123 at room temperature for 30 min.  After 2 washes
and final resuspension in PBS, the fluorescence of cells was
observed using fluorescence microscopy (Leica, Wetzlar,

Germany) and measured by a FACScan flowcytometer
(Becton Dickinson, Franklin Lakes, NJ, USA).

Western blot analysis  HeLa cells were treated with 60
µmol/L N-demethyl-clarithromycin for 0, 12, 24, 36, or 48 h.
Both adherent and floating cells were collected and Western
blot analysis was performed as previously described[15].
Briefly, the cells were washed with ice-cold PBS and solubi-
lized with lysis buffer (1% SDS, 100 mmol/L sodium fluoride,
50 mmol/L HEPES (pH 7.4), 1% Triton X-100, 1 mmol/L
phenylmethyl-sulfonylfluoride (PMSF), 1 mmol/L EDTA, 2
mmol/L leupeptin and 1 mmol/L aprotinin).  Protein concen-
tration was determined by the Bio-Rad DC protein assay
(Bio-Rad Laboratories, Bio-rad, Richmond, CA).  The pro-
tein lysates were separated by 12% SDS-PAGE and trans-
ferred to a nitrocellulose membrane.  The membranes were
soaked in blocking buffer (5% skimmed milk), and then incu-
bated with primary antibodies, followed by horseradish per-
oxidase conjugated secondary antibodies overnight.  The
color was developed with diaminobenzidine.

Preparation of mitochondrial and cytosolic extracts  After
treatment with or without N-demethyl-clarithromycin, the
cells were collected by centrifugation at 200×g at 4 °C for 5
min and then washed twice with ice-cold PBS.  The cell pel-
lets were resuspended in ice-cold homogenizing buffer, in-
cluding 250 nmol/L sucrose, 20 mmol/L HEPES, 10 mmol/L
KCl, 1 mmol/L EDTA, 1 mmol/L EGTA, 1.5 mmol/L MgCl2, 1
mmol/L DTT, 1 mmol/L PMSF, 1 µg/mL aprotinin and l µg/mL
leupeptin.  After homogenization (40 strokes), the homo-
genates were centrifuged at 4200×g at 4 °C for 30 min.  The
supernatants and the pellets were analyzed by Western
blotting, respectively.  The supernatant was used as the
cytosol fraction, and the pellet was resolved in lysis buffer
as the membrane fraction[16].

Statistical analysis  All data and results presented were
confirmed in at least 3 independent experiments.  The data
were expressed as mean±SD.  Statistical comparisons were
made by Student’s t-test.  P<0.05 was considered significant.

Results

Cytotoxic effects of  N-demethyl-clarithromycin on HeLa
cells  To investigate the cytotoxic effects of N-demethyl-
clarithromycin against HeLa cells, the cells were cultured
with N-demethyl-clarithromycin at various doses at the indi-
cated times.  As shown in Figure 2, N-demethyl-clarithro-
mycin inhibited HeLa cell growth in a dose- and time-depen-
dent manner.

N-demethyl-clarithromycin-induced apoptotic cell death
in HeLa cells  To determine the characteristics of  N-demethyl-
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clarithromycin-induced HeLa cell death, morphologic
changes and DNA fragmentation were examined.  In HeLa
cells, exposure to N-demethyl-clarithromycin 60 µmol/L for
24 h resulted in morphologic alterations characteristic of
apoptosis, including membrane blebbing, nuclear conden-
sation and granular apoptotic bodies (Figure 3C, 3G), com-
pared with the control group (Figure 3A).  In gel electro-
phoresis, DNA fragmentation as a hallmark of apoptosis was
observed in N-demethyl-clarithromycin treated cells (Figure
3H).

Characterization of HeLa cell death identified by LDH
release assay  In order to further investigate whether N-

demethyl-clarithromycin also initiated necrosis in HeLa cells,
the rates of LDH released from viable cells, floating dead cell
and the culture medium were measured.  The percentage of
apoptosis increased from 11.18% to 37.30% in a time-depen-
dent manner.  It reached the peak at 36 h, then began to
decrease, while the percentage of necrosis continued to in-
crease from 3.30% to 70.44% (Figure 4), and similar results
were observed in morphologic changes (Figure 3B–3E).

Mitochondrial transmembrane potential (∆Ψm) was
markedly reduced by N-demethyl-clarithromycin treatment
Kinetic data indicate that mitochondria undergo major
changes in membrane integrity before classical signs of

Figure 2.  Time- and dose-dependent inhibitory effects on HeLa cell
growth.  The cells were cultured for 12 (▲), 24 (◆), 36 (△), or 48
(◇) h with different concentrations of N-demethyl-clarithromycin
(n=3).  Values are expressed as mean±SD.

Figure 3.  N-demethyl-clarithromycin-induced apoptotic morphologic changes
and DNA fragmentation of HeLa cells.  The cells were incubated in the medium
alone for 24 h (3A) or medium containing N-demethyl-clarithromycin 60 µmol/L
for 12, 24, 36, or 48 h (3B–3E; original magnification ×200).  Arrow indicates
apoptotic body.  Scale bar represents 20 µm.  Morphologic changes of nuclei
were observed with Hoechst 33258 staining after the cells were cultured with-
ou t  (3 F)  or  wi th  N-demethyl -c lar i thromycin  (3 G)  for  2 4  h  (× 2 0 0
magnification).  The cells were incubated with N-demethyl-clarithromycin for
0, 12, 24, 36, or 48 h.  Hae-III-digested phage ¢X-174 DNA fragments were
used as molecular weight markers (M; 3H).

Figure 4.  Apoptotic and necrotic ratios in HeLa cells.  The cells
were treated with 60 µmol/L N-demethyl-clarithromycin for 0, 12,
24, 36, or 48 h.  The ratios of LDH released from floating dead cells
and the culture medium were used to distinguish the proportion of
apoptotic and necrotic cells.  n=3.  Result are represented as mean±SD.
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apoptosis become manifest[17].  These changes concern both
the inner and the outer mitochondrial membranes, leading to
a disruption of the inner transmembrane potential (∆Ψm) and
the release of intermembrane proteins through the outer
membrane.  In this study, mitochondrial transmembrane po-
tential (∆Ψm) was further assessed using rhodamine 123, a
specific fluorescent probe for the analysis of mitochondrial
transmembrane potential.  Fluorescent intensity was signifi-
cantly decreased in N-demethyl-clarithromycin treated cells
(Figure 5A II), compared with the control group (Figure 5A,
I).  The mitochondrial transmembrane potential was decreased
in a time-dependent manner, and the major decrease occurred
at 36 h (Figure 5B), suggesting that N-demethyl-clarithro-
mycin induced HeLa cell apoptosis through mitochondrial
pathway.

Caspase-3 was activated during N-demethyl-clarithro-
mycin induced-HeLa cell death  The pan-caspase inhibitor
(z-VAD-fmk), the caspase-3 inhibitor (z-DEVD-fmk), the
caspase-9 inhibitor (z-LEHD-fmk) 20 µmol/L, effectively
enhance cell viability induced by N-demethyl-clarithromycin,
but the caspase-8 inhibitor (z-IETD-fmk) had almost no ef-
fect on HeLa cell viability (Figure 6).

Western blot analysis was carried out to further confirm
the participation of caspase-3.  The 32-kDa band of proca-
spase-3 was degraded after treatment with N-demethyl-
clarithromycin for 24 h, indicating the activation of caspase-3.
The inhibitor of a caspase-dependent DNase, referred to as

ICAD (DEF40/CPAN), is a caspase-3 substrate that is cleaved
to be inactivated and allow caspase-dependent DNase to
execute the characteristic fragmentation of DNA.  ICAD is
expressed as 2 isoforms: one is 45 kDa (ICAD-L/DFF45) and

Figure 5.  Effect of N-demethyl-clarithromycin on the loss of mitochondrial membrane potential in HeLa cells.  (A) The cells were incubated
in the medium alone for 24 h (I) or the medium containing 60 µmol/L N-demethyl-clarithromycin for 24 h (II; ×200 magnification), then were
stained with rhodamine 123.  Arrows indicate mitochondrial potential lost cells.  Scale bar represents 20 µm.  (B) Flow cytometric analysis was
used to measure the loss of mitochondrial membrane potential in HeLa cells.  The cells were incubated in the medium alone or the medium
containing 60 µmol/L N-demethyl-clarithromycin for indicated times, then were stained with rhodamine 123.

Figure 6 .  Effect of caspase inhibitors on N-demethyl-clarithro-
mycin-induced HeLa cell death.  The cells were treated with 60 µmol/L
N-demethyl-clarithromycin for 24 h in the presence of z-VAD-fmk
20 µmol/L (pan-caspase), z-DEVD-fmk 20 µmol/L (caspase-3),
z-IETD-fmk 20 µmol/L (caspase-8), z-LEHD-fmk 20 µmol/L (caspase-
9) and the cell viability rate was measured by MTT assay.  n=3.
Mean±SD.  bP<0.05, cP<0.01 vs the N-demethyl-clarithromycin 60
µmol/L group.
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the other is 35 kDa (ICAD/DFF35).  Although both ICAD-L/
DFF45 and ICAD/DFF35 bind to and inhibit CAD, only ICAD-
L/DFF45 was reported to be functional[18,19].  Thus, the ICAD-
L/DFF45 expression in HeLa cells was examined to confirm
the activation of caspase-3.  After exposure to N-demethyl-
clarithromycin 60 µmol/L for 12 h, ICAD-L was degraded.
Another characteristic associated with the execution phase
of the apoptosis pathway is the specific poly-(ADP-ribose)
polymerase (PARP) cleavage by the caspase.  This cleavage
leads to inactivation of the enzyme, thus preventing futile
DNA repair cycles[20].  It has been reported that caspase-3 is
the most efficient processing enzyme for PARP[21].  Cleavage
of PARP was examined after treatment with N-demethyl-
clarithromycin.  As expected, the amount of 116 kDa protein
decreased and the 85 kDa degraded product increased after
36 h (Figure 7).

SIRT1 expression was downregulated in N-demethyl-
clarithromycin-induced HeLa cell death  The inactivation
of the SIRT1 protein can potentiate p53- or Bax-mediated
apoptosis[11,22].  Western blot analysis was carried out to
observe the expression of SIRT1 and p53 in N-demethyl-
clarithromycin-treated HeLa cell death.  As shown in Figure
9, SIRT1 protein expression began to decrease after incuba-
tion with N-demethyl-clarithromycin for 36 h, while p53 ex-
pression was upregulated in 12 h.

Discussion
This study demonstrates that N-demethyl-clarithromycin

inhibits the proliferation of HeLa cell, and based on morpho-
logic observation, DNA fragmentation suggests that N-
demethyl-clarithromycin-induced HeLa cell death involved
a mechanism of apoptosis.  In the LDH assay, N-demethyl-
clarithromycin-induced HeLa cell apoptosis was the predomi-
nant mechanism of cell death before 36 h; after prolonged
exposure to N-demethyl-clarithromycin at the time, necrosis

Figure 7.  Involvement of caspase-3 during N-demethyl-clarithro-
mycin-induced apoptosis in HeLa Cells.  Digestion of caspase-3 and
degradation of ICAD or PARP in N-demethyl-clarithromycin-induced
HeLa cells.  The cells were treated with N-demethyl-clarithromycin
for the indicated times.  Caspase-3, ICAD and PARP were detected
using Western blot analysis.  Triplicate experiments gave similar
results.

Figure 8.  The release of cytochrome c and expressions of Bax, Bcl-2,
and Bcl-XL in N-demethyl-clarithromycin-induced HeLa cells.  The
cells were treated with 60 µmol/L N-demethyl-clarithromycin for 0,
12, 24, 36, or 48 h.  Cell lysates were separated by 12% SDS-PAGE,
and the protein expression was detected by Western blot analysis.
Triplicate experiments gave similar results.

Figure 9.  SIRT1 and p53 protein expression in N-demethyl-
clarithromycin-treated HeLa cells.  The cells were treated with 60
µmol/L N-demethyl-clarithromycin for 0, 12, 24, 36, or 48 h.  Cell
lysates were separated by 12% SDS-PAGE, and the protein expres-
sion was detected by Western blot analysis.  Triplicate experiments
gave similar results.

Release of cytochrome c and increased Bax/Bcl-2
expression ratio in N-demethyl-clarithromycin-treated HeLa
cells  Since Bcl-2 family members are critical regulators of
the mitochondrial pathway that induces intrinsic activation
of caspase, Western blot analysis was carried out to ob-
serve the expression of the Bcl-2 family proteins Bcl-2, Bcl-
XL, Bax and the release of cytochrome c.  Twelve hours after
treatment with N-demethyl-clarithromycin, the expression of
pro-apoptotic Bax and the release of cytochrome c in the
cytosol began to increase, whereas that of anti-apoptotic
Bcl-2 and cytochrome c in the mitochondria began to de-
crease slightly, and Bcl-XL almost had no change.  These
results suggest that N-demethyl-clarithromycin-induced
apoptosis involved the initial phase mediated by the bal-
ance between Bcl-2 and Bax, resulting in cytochrome c
release from the mitochondria (Figure 8).
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was also obvious, suggesting that necrosis played an im-
portant role after 36 h and apoptosis also could orchestrate
necrosis.  Therefore, we conclude that N-demethyl-
clarithromycin induced HeLa cell death through the balance
between apoptosis and necrosis.  Morphological changes
further confirmed that marked nuclear fragmentation was
observed in a time-dependent manner.

Caspases are a family of cysteases, which cleave protein
substrates after their Asp residues; caspases appear to be
involved in regulating the activation of apoptotic signal
transmission.  The result of this study showed that pretreat-
ment with the caspase inhibitors z-VAD-fmk, z-DEVD-fmk,
and z-LEHD-fmk effectively enhanced N-demethyl-
clarithromycin-induced cell viability, but the caspase-8 in-
hibitor (z-IETD-fmk) had almost no effect on HeLa cell
viability.  Whether some death receptors participated in the
event or not should be further investigated.  To further con-
firm the participation of caspase-3 in the cell death, we exam-
ined the protein expression of caspase-3, ICAD, and PARP.
The expression of procaspase 3 was downregulated and the
protein expressions of ICAD and PARP expression were sig-
nificantly downregulated.  All these results suggest that the
caspase cascade played a critical role in N-demethylclarithro-
mycin-mediated HeLa cell apoptosis.

Several pro-apoptotic proteins, such as Bax, Bak, and
Bid, translocate to the mitochondrial membrane, and this lo-
calization is associated with their pro-apoptotic activities.  It
has been reported that Bcl-2 exerts its action through
heterodimerization with Bax.  Meanwhile, Bcl-2 and Bcl-XL

are cleaved by caspase-3 and are converted to pro-apoptotic
proteins similar to Bax.  Therefore, the ratio between Bcl-2
and Bax or Bcl-XL and Bax is a decisive factor to activate cell
death[23–26].  The oligomerization of Bax in the mitochondrial
membrane was shown to induce cytochrome c release, mean-
while pro-apoptotic Bcl-2 cleavage product localized on the
mitochondrial membrane and caused a release of cytochrome
c[27,28].  The release of cytochrome c from mitochondria to
cytosol is an important step in the apoptotic pathway.  Such
release leads to a caspase-9-dependent activation of caspase-
3, as well as a cleaved form of PARP.  In this study, HeLa
cells treated with N-demethyl-clarithromycin exhibited the
elevated ratio between pro-apoptotic Bax and anti-apoptotic
Bcl-2 or Bcl-XL.  The release of cytochrome c in the cytosol
was markedly upregulated, followed by the changes of Bcl-
2/Bax and Bcl-XL/Bax ratios at 12 h.  Cytochrome c in the
mitochondrion was downregulated slightly, suggesting that
cytochrome c was released into the cytosol from the mitocho-
ndrion.  Moreover, the mitochondrial transmembrane poten-
tial also decreased.  The caspase-9 inhibitor protected the

cells from N-demethyl-clarithromycin-induced cell death, and
caspase-3 activation was followed by the degradation of the
caspase-3 substrates.  These results suggest that the mito-
chondrial pathway of cell death, including the Bcl-2 family
and the release of cytochrome c, might be involved in and
orchestrate the caspase cascades.

Following environmental insults, p53 is activated by
post-translational modifications such as phosphorylation
and acetylation which increase its protein stability and en-
hance its DNA binding activity[29].  Activated p53 upregulates
the expression of downstream target genes, including Bax,
the p53-upregulated modulator of apoptosis[30].  As Bax ex-
pression increased, our attention was drawn to p53 because
of the existence of the p53-binding domain in the Bax gene-
promoter region.  Several studies have indicated that p53
activates the apoptotic machinery through the regulation of
the Bax function and mitochondrial integrity, which results
in the release of cytochrome c and the activation of caspases.
Although HeLa cells express low levels of p53 owing to be-
ing infected by HPV18 to block p53 activity, some studies
have reported that treatment with drugs could increase p53
expression by inhibition of  E6 activity or lead to a persistent
increase of p53, and also could accumulate p53 in the nuclei
etc[31,32].  In our study, N-demethyl-clarithromycin induced
rapid accumulation of p53 at 12 h, which was positively cor-
related with subsequent upregulation of Bax and resulting
activation of caspase-3.  This indicates that p53 partly plays
a role in the initiation phase of  N-demethyl-clarithromycin-
induced HeLa cell apoptosis; the more detail mechanism
should be further investigated.

SIRT1 is known to inhibit stress-induced apoptosis.
SIRT1 regulates p53 function via deacetylation with a speci-
ficity for p53 C-terminal Lys382 residue, modification of which
has been implicated in the activation of p53 as a transcrip-
tion factor[22].  It also inhibits stress-induced apoptotic cell
death by de-acetylating the DNA repair factor Ku70 that is
tightly associated with Bax, causing sequestering Bax away
from mitochondria[33].  In this study, N-demethyl-clarithro-
mycin reduced SIRT1 expression in 36 h, while the level of
p53 and Bax changed before that of SIRT1, so it implied that
other regulators might contribute to the modulation.  Taken
all our data together, N-demethyl-clarithromycin activates
the mitochondria-mediated apoptotic pathway including cy-
tochrome c release and subsequent activation of caspase-9
and caspase-3.  These results indicate that N-demethyl-
clarithromycin-induced apoptosis of HeLa cells may involve
a mitochondrial-related caspase pathway.

Furthermore, other pathways regulating apoptosis, such
as c-Jun N-terminal kinase (JNK) and p38 pathways, were
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not examined in this study and therefore the impact of N-
demethyl-clarithromycin on these pathways could not be
ruled out and should be further investigated.
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