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The regulatory effect of the tumor-suppressor })rotem p53 on the apoptogemc activity of 17a-estradiol
(170-Ez) was Compared between HCT116 (p53”") and HCT116 (p53 ) cells. When the HCT116 (p53+/ b
and HCT116 (p53 ) cells were treated with 2.5~ 10 M 17a-E, for 48 h or with 10 uM for various time
periods, cytotoxicity and an apoptotic sub-G; peak were 1nduced in the HCT116 (p53™/") cells in a
dose- and time-dependent manner. However, the HCT116 (p53 ) cells were much less sensitive to the
apoptotic effect of 17a-E;. Although 17a-E; induced aberrant mitotic spindle organization and in-
complete chromosome congregation at the equatorial plate, Go/M arrest was induced to a similar ex-
tent in both cell types. In addition, 17a-Ex-induced actlvatlon of Bak and Bax, Atym loss, and PARP
degradation were more dominant in the HCT116 (p53"/") than in the HCT116 (p537) cells. In accord-
ance with enhancement of ?53 phosphorylation (Ser-15) and p53 levels, p21 and Bax levels were ele-
vated in the HCT116 (p53"") cells treated with 17a-E,. The HCT116 (p53 ) cells exhibited barely or
undetectable levels of p21 and Bax, regardless of 17a-E; treatment. On the other hand although the
level of Bcl-2 was slightly lower in the HCT116 (p53+/ ") than in the HCT116 (p53 ) cells, it remained
relatively constant after the 17a-E, treatment. Together, these results show that among the components
of the 17a-Ex-induced apoptotic-signaling pathway, which proceeds through mitotic spindle defects
causing mitotic arrest, subsequent activation of Bak and Bax and the mitochondria-dependent caspase
cascade, leading to PARP degradation, 17a-E;-induced activation of Bak and Bax is the upstream tar-
get of proapoptotic action of p53.
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Introduction of estrogens rapidly triggers second messenger signaling

events, in which activated ERs do not directly alter the ex-

Estrogens can exert biological effect on target cells by the
intracellular estrogen receptor (ER)-mediated genomic
mechanism, the plasma membrane ER-mediated non-
genomic mechanism associated with cell signaling path-
ways, or an ER-independent mechanism [5, 30]. The ER-
mediated genomic action of estrogens is elicited by binding
with the nuclear receptors estrogen receptor a (ERa) and B
(ERB), and the subsequent transcriptional regulation of gene
expression [13]. The plasma membrane ER-mediated action

*Corresponding author

Tel : +82-53-950-5378, Fax : +82-53-955-5522

E-mail : ykim@knu.ac kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

pression of target genes. The ER-independent action of estro-
gens is induced at pharmacological concentrations (in the
micromolar range) and is not blocked by ER antagonists
such as ICI 182,780 or tamoxifen [31].

As the predominant and most biologically active estrogen,
17B-estradiol (17B-E;) is known to reduce neuronal apopto-
sis at physiological concentrations (in the nanomolar range)
in various in vivoand in vitro neurodegenerative conditions
[4, 31]. However, 17B-E; induces apoptotic cell death in os-
teoclasts and thymocytes, suggesting that the apoptotic regu-
latory activity of 17B3-E; may differ depending upon the tar-
get cell types [21, 25]. On the other hand, although 17a-estra-
diol (17a-Ey), which is a stereoisomer of 173-E; and fails to
interact effectively with the ER, has been considered hormo-
nally inactive and little attention has been given to its roles,
17a-E; turns out to be as potent as 17B-E; in protecting neu-



rons from toxic stress conditions [12]. This neuroprotective
action of 17a-E; appears to be mediated by ER-independent
nongenomic mechanisms. In this regard, the clinical applica-
tion of 17a-E;, as a neuroprotective therapeutic agent, is ex-
pected to be more beneficial than 173-E,, in that 17a-E; pos-
sesses low genomic effects and equipotent nongenomic ef-
fects compared with 17B-E,, thus avoiding the adverse ef-
fects of 17B-E,.

In relation to the cytoprotective or apoptogenic effect of
17B-E; toward malignant tumor cells, a number of studies
have indicated that 173-E, stimulates cancer cell survival
and proliferation at a physiological dose through an ER-de-
pendent mechanism, whereas 1783-E; inhibits cancer cell pro-
liferation at a pharmacological dose by inducing apoptosis
or microtubule disruption independent of the ER. Recently,
several studies have reported that an endogenous metabolite
of 173-E,, 2-methoxyestradiol (2-MeO-E) can be a promising
anticancer drug candidate [24]. The anticancer actions of
2-MeO-E; at pharmacological concentrations are exerted by
inducing apoptosis, arresting cell growth at the G1/S boun-
dary and/or G,/M boundary, or inhibiting angiogenesis [3,
15, 28]. However, little information is known regarding the
effect of 17a-E; on tumor cell proliferation and apoptosis.

Recently, we have shown that a pharmacological dose
(5~10 uM) of 17a-E,, but not 173-E, can induce apoptosis
in human acute leukemia Jurkat T cells, which are known
to not express ERs [9], via a mitochondria-dependent cas-
pase cascade activation [20]. The 17a-Ex-induced apoptosis
occurs mainly in Gy/M-arrested cells and is accompanied
by an increase in Bcl-2 phosphorylation at Thr-56 [20], a
known site that can be phosphorylated by the Cdk1/cyclin
Bl kinase during G»/M phase [14]. More recently, we have
reported that the apoptogenic activity of 17a-E, was due to
the impaired mitotic spindle assembly causing prometaphase
arrest and prolonged Cdkl activation, phosphorylation of the
Bcl-2 family members (Bcl-2, Mcl-1 and Bim), Bak activation,
and mitochondria-dependent caspase cascade activation [18].

In the present study, to elucidate further how 17a-Ep-in-
duced apoptotic events are regulated by the tumor sup-
pressor protein p53, we investigated the effect of 17a-E; (2.
5~10 yM) on mitotic arrest, microtubule network organ-
ization, and mitochondria-dependent apoptotic signaling
pathway using human colorectal carcinoma cell clones
HCT116 (p53**) and HCT116 (p537).
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Materials and Methods

Reagents, antibodies, and cells

An ECL Western blotting kit was purchased from
Amersham (Arlington Heights, IL, USA), and Immobilon-P
membrane was obtained from Millipore Corporation (Bed-
ford, MA, USA). The anti-caspase-3 antibody was purchased
from Pharmingen (San Diego, CA, USA), and anti-p53, an-
ti-poly (ADP-ribose) polymerase (PARP), anti-Bak, anti-Bax,
anti-Bcl-2, and anti-B-actin were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). The anti-caspase-9
was purchased from Cell Signaling Technology (Beverly,
MA, USA). The anti-Bak (Ab-1) and anti-Bax (6A7) were ob-
tained from Calbiochem (San Diego, CA, USA). The an-
ti-phopho-p53 (Ser-15) was obtained from Cell Signaling
(Beverly, MA, USA). The monoclonal anti-p21 antibody was
purchased from Neomarkers (Freemont, CA, USA). Human
colorectal carcinoma cell lines HCT116 (p53+/ ") and HCT116
(p53'/ ) were provided by Dr. B. Vogelstein (Johns Hopkins
University, Baltimore, MD, USA). Both HCT116 cells were
maintained in DMEM (Hyclone, (Gaithersburg, MD, USA)
containing 10% FBS (Hyclone), and 100 pg/ml gentamycin.

Cytotoxicity assay

The cytotoxic effect of 17a-E; on HCT116 cells was ana-
lyzed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay as described previously [20]. Briefly,
cells (1x10*/well) were incubated with a serial dilution of
170-Ez in 96-well plates. At 44 h after incubation, 50 ul of
MTT solution (1.1 mg/ml) was added to each well and in-
cubated for an additional 4 h. The colored formazan crystal
produced from MTT was dissolved in DMSO and OD values

of the solutions were measured at 540 nm by a plate reader.

Flow cytometric analysis

Flow cytometric analysis for the cell cycle of HCT116 cells
exposed to 17a-E; was done as described elsewhere [19].
Changes in the mitochondrial membrane potential (Aym)
following treatment with 17a-E; were measured after stain-
ing with 3,3'dihexyloxacarbocyanine iodide (DiOCe) [26].
Activation of Bak and Bax in HCT116 cells following treat-
ment with 17a-E; was measured by flow cytometry as pre-
viously described [22].

Immunofiuorescence Microscopy
HCT116 cells adhered onto glass cover slips were fixed
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with cold methanol for 3 min [22]. The cells were rinsed
four times with cold PBS containing 0.5% Triton X-100, and
blocked with 10% goat serum for 30 min. The cells were
then incubated with monoclonal anti-a-tubulin (1:2,500)
overnight at 4°C. For detection, the cells were treated with
Alexa Fluor 488-labeled goat anti-mouse IgG (1:1,000) for 1 h
at room temperature. Thereafter, the cells were stained with
4 6-diamidino-2-phenylindole (DAPI) to label the nuclei.
Images were visualized and photographed using a Carl Zeiss
Microlmaging Confocal Laser Scanning Microscope.

Preparation of cell lysate and western blot analysis

Cell lysates were prepared by suspending 3x10° HCT116
cells in 200 pl of the lysis buffer (137 mM NaCl, 15 mM
EGTA, 1 mM sodium orthovanadate, 15 mM MgClp, 0.1%
Triton X-100, 25 mM MOPS, 1 mM PMSF, and 2.5 ug/ml
proteinase inhibitor E-64, pH 7.2). Cells were disrupted by
sonication and extracted for 30 min at 4°C. An equivalent
amount of protein lysate (15~20 ng) was electrophoresed
on a 4~12% NuPAGE gradient gel and then electro-
transferred to an Immobilon-P membrane. The detection of
each protein was carried out with an ECL Western blotting

kit, according to the manufacturer’s instructions.

Statistical analysis
Unless otherwise indicated, each result in this paper is

representative of at least three separate experiments.

Results and Discussion

Comparison  of cytotoxic effect of 17a-E, between
HCT116 (p53") and HCT116 (053") cells

To examine whether 17a-Ex-induced apoptotic cell death
is affected by tumor suppressor protein pb3, the cytotoxicity
of 17a-E; (25~10 uM), the cytotoxic effects of 17a-E; on
HCT116 (p53+/ ") and HCT116 (p53'/ ) cells were compared.
As determined by MTT assay, the viabilities of HCT116
(p53+/ ") cells treated for 24 h with 17a-E, at concentrations
of 25 uM, 5 uM, and 10 uM were 96%, 80%, and 61.6%,
respectively (Fig. 1). Under the same conditions, the cell via-
bilities of HCT116 (p53'/ ) cells were not affected within the
range of 2.5~5 M, and declined to the level of 78.9% in
the presence of 10 uM. When HCT116 (p53+/ ") and HCT116
(p53'/ ) cells were treated with 10 uM 17a-E; for various time
periods, the apoptotic sub-G; peak was detected in HCT116

(p53+/ ") cells as early as 12 h after the treatment and then
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Fig. 1. Cytotoxic effect of 17a-E; on human colorectal carcinoma
cell clones HCT116 (p53+/ ") and HCT116 (p53'/ 1) cells.
For cell viability analysis, continuously growing cells
(1x10*/well) were incubated at the indicated concen-
trations of 17a-E; in a 96-well plate for 24 h and the final
4 h was incubated with MTT. The cells were sequentially
processed to assess the colored formazan crystal pro-
duced from MTT as an index of cell viability. Each value
is expressed as the mean+SD (n=3 with three replicates
per independent experiment). *p<0.05 compared with
control. A representative study is shown and two addi-
tional experiments yielded similar results.

the ratio of apoptotic sub-G; cells was elevated up to the
level of 74.1% at 48 h, whereas the apoptotic sub-G1 peak
in HCT116 (p53"/ 1) cells was first detected at 12 h and the
time-dependent elevation of apoptotic sub-G; peak was not
so significant as compared with HCT116 (p53+/ ") cells (Fig.
2). In addition, an elevation in the ratio of Go/M cells were
observed in both HCT116 (p53*/*) and HCT116 (p537") cells
at 12 h following 10 uM 17a-E, and then the ratio of Go/M
cells appeared to decrease, possible due to elimination of
Gy/M-arrested cells by inducing apoptotic cell death.

These results show that HCT116 (p53+/ ") cells were more
sensitive to the cytotoxicity of 17a-E; as compared with
HCT116 (p53'/ ) cells, and suggest that the apoptotic effect
of 17a-Ep, which is responsible for the cytotoxicity, could be
augmented in the presence of the tumor suppressor protein
p53.

Effect of 17a-E> on the cellular microtubule network
in HCT116 (p53™) and HCT116 (p537) cells

The 17a-Ex-induced apoptotic signaling pathway in Jurkat
T cells has previously been shown to proceed through direct
inhibition of microtubule formation causing prometaphase
arrest, prolonged activation of Cdkl, and subsequent media-

tion of mitochondria-dependent apoptotic events including
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Fig. 2. Flow cytometric analysis of the cell cycle distribution in HCT116 (p53"*) and HCT116 (p537) cells following exposure to
17a-E; for various time periods. The cells were incubated at a density of 2.5X105/ ml with 10 uM 17a-E, for 12, 24, 36, or
48 h. The analysis of cell cycle distribution was performed on an equal number of cells (2x10%) by flow cytometry after
staining of DNA by PI as described in Materials and Methods. A representative study is shown and two additional experiments

yielded similar results.

Bak activation, Aym loss, and resultant caspase cascade acti-
vation [18]. Because 17a-Epx-induced apoptotic sub-G; peak
was more apparent in HCT116 (p53+/ ") than in HCT116
(p53'/ ) cells, we decided to examine whether the impairment
of mitotic spindle network, which can be caused by 17a-E,,
is modulated by the presence of p53. The effect of 17a-E;
on the organization of the microtubule network in HCT116
(p53+/ ") and HCT116 (p53'/ ) cells was investigated by im-
munofluorescence microscopy using anti-a-tubulin antibody.
Although the microtubule network in continuously growing
HCT116 (p53+/ ") and HCT116 (p53'/ ) cells showed a normal
arrangement with the majority of cells in interphase, both
cell types exhibited, in common, an aberrant bipolar array
of microtubules after treatment with 10 uM 17a-E, for 12
h (Fig. 3). In addition, DAPI staining revealed that while
some chromosomes in the cells treated with 10 uM 17a-E»
were aligned at the equator of the mitotic spindle, other
chromosomes failed to localize at the equator, regardless of
the presence of p53.

These results indicate that the 17a-E;-induced defect in
the organization of mitotic spindle network, which is known
to be the primary target for the apoptotic action of 17a-E;
[24], and subsequent mediation of incomplete alignment of
the chromosomes at the equatorial plate, leading to prom-
etaphase arrest of the cell cycle, were not influenced by the

presence or absence of p53.

Effect of pb53 on 17a-Es-induced activation of Bak
and Bax, and mitochondrial membrane potential (Awm)
loss in HCT116 (p53™) and HCT116 (p53™) cells

To examine whether p53 contributes to modulation of the

—HCT116 (p53**)— —HCT116 (p53*) —

DAPI o-Tubulin

Merge
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Fig. 3. Effect of 17a-E; on the organization of microtubule net-
work in HCT116 (p53”) and HCT116 (p537) cells. After
treatment of cells with 10 pM 17a-E; for 12 h, the cells
were fixed with cold methanol for 3 min, per-
meabilized, incubated with mouse monoclonal anti-a-tu-
bulin, and then treated with Alexa Fluor 488-conjugated
goat anti-mouse immunoglobulin. The cells were then
stained with 4’,6-diamidino-2-phenylindole (DAPI) to la-
bel the nuclei. Images were obtained using a confocal
laser scanning microscope. Symbols: white arrowhead,
incomplete/complete chromosome congression at the
equatorial plate. A representative study is shown; two
additional experiments yielded similar results.
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downstream events of the 17a-E,-inducecd mitotic arrest, re-
sulting from the mitotic spindle defects, the 17a-E;-induced
activation of Bak and Bax, and mitochondrial membrane po-
tential (Awm) loss were compared between HCT116 (p53+/ b
and HCT116 (p53'/ ) cells. As shown in Fig. 4A, although
continuously growing HCT116 (p53*") and HCT116 (p537)
cells untreated with17a-E, showed barely detectable levels
of apoptotic-sub-G; cells, the apoptotic sub-G; cells follow-
ing treatment with 10 pM 17a-E; for 24 h appeared to in-
crease to a level of 45.0% in HCT116 (p53+/ ") cells and 18.0%
in HCT116 (p53'/ ) cells. Under these conditions, when the
Aym loss of cells treated with 17a-E» was measured by
DiOGCs staining, the ratio of negative fluorescence in HCT116
(p53"7") cells treated with 10 uM 17a-E; were 39.8% (Fig. 4B).
However, the ratio of negative fluorescence in HCT116
(p53'/ ) cells treated with 10 uM 17a-E; was only 11.2%. Since
current results demonstrated that 17a-Ex-induced Aym loss
was more dominant in HCT116 (p53+/ ") cells than in HCT116
(p53'/ ) cells, it was likely that the 17a-E;-induced mitochon-
drial damage and subsequent mitochondria-dependent acti-
vation of caspase cascade might be positively modulated by
p53.

To examine this prediction further, 17a-Ep-induced activa-
tion of the pro-apoptotic multidomain Bcl-2 family members,
Bak and Bax, were compared between HCT116 (p53+/ *) and
HCT116 (p537") cells. As shown in Fig. 5, both Bak and Bax
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activations, as evidenced by their N-terminal conformational
changes detected using an active conformation-specific an-
ti-Bak antibody (Ab-1) and an active conformation-specific
anti-Bax antibody (6A7), were more significantly observed
in HCT116 (p53*") cells than in HCT116 (p537) cells.
Previously, it has been reported that either Bak activation
or Bax activation can mediate permeabilization of the mi-
tochondrial outer membrane (MOM) to trigger mitochon-
drial cytochrome c release into cytoplasm, leading to the cas-
pase cascade activation [6, 8]. Consequently, current and pre-
vious results indicated that p53-mediated enhancement in
the 17a-Ez-induced mitochondrial membrane potential (Ay
m) loss was associated with the elevation in the level of Bak
and Bax activations in the presecen of p53.

Numerous studies have reported that chemotherapeutic
agents-induced apoptotic signaling pathways are frequently
associated with mitochondria-dependent apoptotic events [2,
10, 11]. In addition, it has been shown that an alteration in
the expression ratio of Bak to Bcl-2 and/or Bax to Bcl-2, re-
sulting in an enhancement in the ratio of Bak to Bcl-2 and/or
Bax to Bcl-2, is often prerequisite for provoking the activa-
tion of Bak and/or Bax during the mitochondria-dependent
apoptosis induced by chemotherapeutic agents [1, 6, 7, 16].
To examine the upstream pro-apoptotic events that mediate
17a-Ex-induced activation of Bak and Bax, the levels of Bcl-2
family proteins, such as the pro-apoptotic Bcl-2 family mem-
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Fig. 4. Apoptotic changes in the cell cycle distribution (A), and mitochondrial membrane potential (Awm) loss (B) in HCT116 (p53")
and HCT116 (p537") cells after exposure to 17a-E,. After the cells were incubated at a density of 2.5x10°/ml with 10 M
17a-E; for 24 h, cell cycle distribution and Aym loss of the cells were determined through flow cytometric analysis of PI
staining and DiOCs staining, respectively. A representative study is shown and two additional experiments yielded similar

results.
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Fig. 5. Flow cytometric analysis of Bak activation (A) and Bax activation (B) in HCT116 (p53”/") and HCT116 (p537) cells after
17a-E; treatment. The cells were incubated at the concentration of 2.5X105/ ml with 10 uM 17a-E; for 24 h, and subjected
to flow cytometric analysis of the activation of Bak and Bax as described in Materials and Methods. A representative study
is shown and two additional experiments yielded similar results.

bers (Bak and Bax) and anti-apoptotic Bcl-2, and the activa-
tion of caspase-9, and -3, and PARP degradation were com-
pared by western blot analysis between HCT115 (p53+/ ") and
HCT116 (p537) cells treated with 17a-Es.

The p53 expression was easily detected in HCT116
(p53*"), but was not detected in HCT116 (p537") cells (Fig
6A). In HCT116 (p53™") cells treated with 5~10 pM 17a-E,,
the level of phosphorylated p53 at Ser-15 and total p53 were
enhanced dose-dependently. Although the up-regulation of
p21, which act as a negative cell cycle regulator for G; arrest
[23, 29], was remarkable in HCT116 (p53"/") after 17a-E;
treatment, it was barely detected in HCT116 (p53”") cells.
Under these conditions, caspase-9 and -3 activations, and
PARP degradation were more significantly observed in
HCT116 (p53*"). As shown in Fig, 6B, a time-kinetic analysis
revealed that the levels of anti-apoptotic Bcl-2 and pro-apop-
totic Bak appeared to remain relatively constant in HCT116
(p53+/ ") and HCT116 (p53'/ ) cells following exposure to 10
uM 17a-E;, whereas that of Bax appeared to increase in both
cell types at 24~48 h, with more dominant increase in the
presence of p53. In addition, the expression of p53 and phos-
phorylated p53 at Ser-15, both of which were detected only
in HCT116 (p53+/ ") cells, were enhanced time-dependently
after 17a-E; treatment. Un the these conditions, the level of

p21 was enhanced in HCT116 (p53”/*) cells, whereas the en-
hancement was barely or not detected in HCT116 (p53'/ )
cells. These results suggested that 17a-Exinduced Bax activa-
tion might be due to up-regulation in its expression level,
whereas 17a-Exinduced Bak activation might not require the
up-regulation of its expression level. Recently, it has been
shown that p53 can exert a pro-apoptotic role at the mi-
tochondria through direct interaction of p53 with anti-apop-
totic Bcl-2, which results in induction of mitochon-
dria-dependent apoptosis [17, 27]. It is noteworthy that the
differential expression pattern of Bcl-2, which exhibited a rel-
atively lower level in HCT116 (p53”/") than in HCT116
(p53_/ ) cells, might also contribute to render HCT116 cells
more susceptible to the onset of Bak and Bax activations.
Consequently, these previous and current results indicated
that the 17a-E;-induced activation of Bak and Bax, which
occurred more dominantly in the presence of p53, was ex-
erted by not only a transcription-dependent mechanism of
p53 via up-regulation of Bax level, but also a transcription-
independent mechanism of p53 via direct binding to Bcl-2.

In conclusion, these results show that HCT116 (p53+/ b
cells were more sensitive to the cytotoxicity of 17a-E;, which
is attributable to more potent induction of apoptosis, as com-
pared with HCT116 (p53'/ ) cells. Although the 17a-Ep-induced
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170-Exinduced apoptotic events (B) in HCT116 (p53*/*) and HCT116 (p537") cells. HCT116 (p53/*) and HCT116 (p537)
cells were incubated at a density of 2.5X105/ ml with 17a-E; for 48 h, or with 10 uM 17a-E; for various time periods before
preparation of the cell lysates. Western blot analysis was performed, as described in Materials and Methods, in order to
assess pb3 phosphorylation at Ser-15, p53, p21, Bak, Bax, Bcl-2,
in HCT116 (p53+/ *) and HCT116 (p53'/ ) cells treated with 17a-Ep. A representative study is shown and two additional experi-

ments yielded similar results.

defect in the organization of mitotic spindle network and
subsequent mediation of incomplete alignment of the chro-
mosomes at the equatorial plate, causing G»/M arrest, were
not influenced by p53, the downstream events including
both Bak and Bax activations and Aym loss were observed
more potently in the presence of p53. In HCT116 (p53+/ b
cells following 17a-E; treatment, the levels of phosphory-
lated p53 at Ser-15, total p53, and Bax were markedly en-
hanced in a dose- and time-dependent manner, suggesting
that 17a-Ep-induced activation of Bak and Bax might be pos-
itively modulated by the pro-apoptotic action of p53. These
results provide insight into the molecular and cellular mech-
anism underlying the pro-apoptotic role of p53 in the Bak
and Bax activations, provoked by a microtubule-targeting
drug, 17a-Ep.
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17a-estradiol (17a-E5) 9] AN FEAL FEEA ) v THIADIHA p53e] 2H G HE 2AELAL, 170-E
ol & FEHE AFEANL BHES z%l et MEF FE FES HCTI6 (p5371) 2 HCT116 (p537)
AMZAA vk HCT116 (p5377) 2 HCT116 (p537) AMEZ 17a-E, (25~10 pM)ZE AZsAY &
HCT116 (p53"") 2 HCT116 (p537) M EE 10 tM 17a-E,2 AZF & A2l 3 23, HCT116 (p53*71)l Yol xE
AZE4F o FEA LB sub-Gl peakd] HIE2 A2l st AlZte] &2 o g Yyt a2t HCT116
(p537) MEL Z9E oledd A4ol vletalA Yehgth 170-El o) FE8E v437 FARDFAL 4,
F71% G Lo v]gh, oo mE FARIDHA(G/M arrest) 52 B4 HCT116 (p5377) E HCT116
(p537) A ZN A A FF o2 Uehtth o]d] W, 17a-E0l I3 f=5%E Bak#} Baxe] 243}, nEZ=3
obo] uhd 9] 34 (Aym loss), 12| 1L PARP %3] 5] &4 HCT116 (p537) AlZol ®ls) HCT116 (p537") A1 Z
A AR 2 FFoF FAHYT) o2 17a-E2 A& ® HCT116 (p53*7) A EoN A & EE p53 (Ser-15)9)
QAket B p53 ) Fheh dXske], AE WY p21E Bax FEE A3 FUkEIHh old 17¢-E2 A
HCT116 (p537) AZNAE p21 L Baxo] B@5F0] wj¢ wott} 3, o] FEA L A g A9 Bel2 @2
F3S HCT116 (p537) AE o] 8] HCT116 (p53°7") AMZo) A tha wigto, o2k Bol-2 @A 3 & 170-
E; A Fol& A WA e A0 vehgth olyd AR5 170-E, Ao 93 frHe o FEA X
= 429 TALEY W3, Z HARA FAHEGEFAF 34 2 o]d] 2 FAHEEH A (Go/M arrest), H o
< Bak ¥ Bax9| 43}, n|EZE=g ol B9 A4, 18la o]o FHHE = caspase cascade /433 ¥ PARP
232 AYHE NFEAL AFE FolA, Bak E Bax?] 438 @A7} THAA TGN E p53] A FEA L FF
Ao &) FAHoE 2AHE A4 BAYS BoFED.
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