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Vitamin C Induces Apoptosis in Human Colon Cancer Cell Line,
HCT-8 Via the Modulation of Calcium Influx in Endoplasmic
Reticulum and the Dissociation of Bad from 14-3-38
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It has been reported that vitamin C plays an effective role in
the treatment and prevention of cancer, but its specific
mechanisms are still largely unknown. The incidence of colon
cancer is now increasing in Korea. Therefore, we have exam-
ined here the effect of vitamin C on the induction of the
apoptosis on colon cancer and its related mechanisms. We
have found that remarkable increase of the apoptosis and
the calcium influx in endoplasmic reticulum (ER) in human co-
lon cancer cell line, HCT-8. However, vitamin C-induced
apoptosis was effectively inhibited by the pre-treatment of
BAPTA-AM (1,2-bis(o-aminophenoxy) ethane-N,N,N',N'-tet-
raacetic acid), which is well-known as a calcium specific
chelator. During the apoptosis, we found the increase of the
translocation of Bad to mitochondria from cytosol, after re-
leasing from 14-3-38 . In this process, the expression of Bax,
a well-known pro-apoptotic protein, was also increased.
Taken together, vitamin C induces apoptosis of colon cancer
cell line, HCT-8 through the increase of 1) the calcium influx
in endoplasmic reticulum (ER), 2) the translocation of Bad to
mitochondria, and 3) the expression of Bax.

[Immune Network 2012;12(5):189-195]

INTRODUCTION

Although vitamin C is a well-known anti-oxidant as well as

an essential nutrient, there are numerous reports regarding its

tumoricidal effects, It induces apoptosis via the disruption of
mitochondrial membrane potential and the suppression of the
translocation of transferring receptor from cytosol to mem-
brane (1,2). In addition, vitamin C suppresses the pro-
liferation of cancer cells through the growth arrest at G1 stage
that is closely related with the modulation of the activity of
P53-p21Waf1/Cipl and CDK2 (3-5). The productions of fac-
tors that are involved in the metastasis are also down-regu-
lated by vitamin C treatment (6,7). In our previous report,
vitamin C increased the immune susceptibility of stomach
cancer via the increase of Fas and MHC I (8).

Colon cancer has now become one of the most common
cancers in the western countries as well as North East Asia
including Korea (8), Chemotherapeutic reagents, such as
5-fluorouracil oxaliplatin, leucovorin and irinotecan, were
used to prevent the recurrence of colon cancer (9-11). It is
reported that some nonsteroidal anti-inflammatory drugs
(NSAIDs) including sulindac and aspirin are quitely effica-
cious as a chemo-preventing drugs, but the side effects are
still not clearly identified (12,13). In this point of view, vita-
min C is one of the best substances, which acts not only as
a chemopreventing agent but also therapeutic agent against
colon cancer.

It is known that there are two different apoptosis; one is
death receptor dependent (the extrinsic) and the other is death
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receptor-independent mitochondrial pathway (the intrinsic) (14,15).
The former is usually initiated by TNF receptor or its super-
family, such as CD95 (16,17). In contrast, apoptosis via re-
ceptor-independent mitochondrial death pathway is usually trig-
gered by chemicals and p353 (18). In addition, Bcl-2 family
members, such as Bid, Bax, and Bad, are key mediators in
this pathway (19). In several recent reports, endoplasmic re-
ticulum (ER) plays an important role in receptor-independent
death pathway (20-22), Since ER is sensitive to disturbance
of cellular energy level, the redox state or intracellular Ca™
level, such stresses are closely related with the cell death
caused by the chaining on ER homeostasis (23,24). The re-
leasing of calcium from ER to cytosol induces apoptosis that
is followed by the translocation of Bad to mitochondria in
a dependent of the activation of calcineurin, Ca”*/calmodulin
serine/threonine phosphatase (25-27). Bad is phosphorylated
by survival factors and sequestered in the cytosol as a com-
plex with signal transducer protein, 14-3-3. However, it is
translocated to mitochondria and bound to Bcl-2 and Bcl-xL,
after being dephosphorylated and dissociated from 14-3-3 by
apoptotic signals (28,29).

We presented here the novel apoptosis mechanism of vita-
min C through the increasing of ER stress and the translocation
of Bad to mitochondria after dissociation from 14-3-383 in hu-
man colon cancer cell line, HCT-8,

MATERIALS AND METHODS

Cells and chemicals

Human colon cancer cell line, HCT-8, was obtained from the
American Type Culture Collection (Manassas, VA, USA). Cells
were maintained in continuous log phase growth and cultured
in RPMI 1640 medium supplemented with 2 mM L-glutamine,
100 U/ml penicillin, 100 gg/ml streptomycin, and 10%
heat-inactivated fetal bovine serum (FBS),

Detection of apoptosis

After cells (2x10°) were exposed to various concentrations
of vitamin C (0.25, 0.5, 1, 2 and 4 mM) for 24 hrs, they were
collected and washed twice with cold PBS, and then re-
suspended in 1X binding buffer at a concentration of 1X 10°
cells/ml, Cells were then incubated with 5 #1 of FITC con-
jugated Annexin V (BD Pharmingen, San Diego, CA, USA)
at room temperature for 15 min in the dark. One microliter
of 7-AAD (BD Pharmingen, San Diego, CA, USA) was added
prior to flow cytometric analysis by FACSCaliber (BD

Pharmingen, San Diego, CA, USA).

Analysis of intracellular calcium concentrations
Cells (2x10°) were incubated in the presence or absence
of 2 mM vitamin C for 0.5, 1, and 2 hrs in RPMI containing
1% fetal bovine serum. The single cell suspension (1 X 10°)
was loaded with 0.5 #M Fluo-3/AM (Molecular Probes,
Carlsbad, CA, USA) in 200 1 of RPMI medium without se-
rum for 30 min at 37°C, Cells were then washed twice se-
rum-free medium and resuspended. Samples were analyzed
for Ca**-dependent increase in Fluo-3 fluorescence emission
by a flow cytometric analysis (excitation: 485 nm, emission:
538 nm).

Separation of mitochondrial proteins

Cells (2x10°) were exposed to 2 mM of vitamin C for 3, 6 and
9 hrs and then mitochondrial fractions were prepared by a
Mitochondria Isolation Kit according to the manufacturer’s in-
structions (Pierce, Rockford, IL, USA), The mitochondrial frac-
tions were purified by two-step gradient centrifugation and stor-
ed at —4°C for further analysis by immunoblotting to inves-
tigate the translocation of Bad from cytosol to mitochondria,

Western blot analysis

The cells were lysed and proteins extracted in a buffer con-
taining 50 mM Tris-HCl (pH 7.4), 1% NP-40, 0.25% sodium
deoxycholate, 150 mM NaCl, 1 mM EDTA, 50 mM NaF, 1 mM
sodium orthovanadate, 1 mM phenylmethylsulfonyl fluoride
and a protease inhibitor cocktail, The protein concentration
was measured using the Bio-Rad Protein Assay Kit (Bio-Rad
Laboratories, Hercules, CA, USA). Equal amounts of protein
(30~80 1 g) were resolved on 12% polyacrylamide-SDS gels
and transferred onto nitrocellulose membranes, The mem-
branes were blocked with 5% nonfat milk and 0.1% Tween
20-phosphate buffered saline (PBS) for 1 hr, washed with 0,1%
Tween 20-PBS, and then exposed to primary antibody for over-
night at 4°C, Anti-Bax, and 14-3-30 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA); anti-14-3-38 and anti-Bad (Upstate
Biotechnology, Lake Placid, NY, USA); anti-Cytochrome ¢ (BD
Biosciences, San Jose, CA, USA) were diluted 1 : 200~1,000
in 0.1% Tween 20-PBS, After washing, blots were exposed to
biotin-conjugated secondary antibodies (1 : 5,000) for 1 hr at
RT. The membranes were then washed, incubated with a 1 :
5,000 diluted streptavidin-horseradish peroxidase and im-
munoreactive proteins were visualized with the ECL detection
system (Amersham Biosciences Corp., Piscataway, NJ, USA).
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Figure. 1. Dose and time kinetic study of vitamin C for induction of
apoptosis in human colon cancer cell line, HCT-8. (A) Cells (2x10°)
were incubated in the presence of 2 and 4 mM of vitamin C for 24
hrs. (B) Cells (2x10°% cells were incubated in the presence of 2 mM
of vitamin C and incubated for 12, 18 and 24 hrs. Then the cells
were collected and the effect of vitamin C on induction of apoptosis
was measured by Annexin V-FITC/7-AAD staining. The result is repre-
sentative of three experiments.
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RESULTS

Induction of apoptosis of HCT-8 by the treatment of
vitamin C

Based on our previous reports that relatively high concen-
tration of vitamin C induced apoptosis on tumor cells (1,2),
we investigated whether vitamin C could also induce apopto-
sis in human colon cancer cell line, HCT-8. As shown in Fig.
1A, we found the extensive apoptosis was induced by the
treatment of 2 mM of vitamin C for 24 hrs, and apoptosis
was shown from 12 hrs after treatment of vitamin C (Fig, 1B).

Increase of cytosolic calcium level through ER siress
by the freatment of vitamin C

There are several reports that the increase of ER membrane
permeability and calcium releasing from ER are related with
the induction of apoptosis in tumor (20-24), Therefore, the
cytosolic calcium level was examined to clarify whether the
induction of apoptosis in HCT-8 by the treatment of vitamin
C is also related with the changing of alteration on ER. As
we expected, cytosolic calcium levels in vitamin C-treated
HCT-8 were increased from 30 min and it was peaked at 2
hrs after vitamin C treatment (Fig. 2A). To examine that the
increase of calcium in cytosol from ER is related with the
apoptosis of HCT-8 by vitamin C, the cells were pre-treated with
BAPTA-AM (1,2-bis (0-aminophenoxy) ethane-N,N,N' N'-tetra-
acetic acid) for 30 min prior to treatment of vitamin C. We
found that the apoptosis in HCT-8 by 2 mM of vitamin C was

Figure 2. Apoptosis of HCT-8 via the
increase of intracellular calcium level
by the treatment of vitamin C. (A)
Cells (1x10% were incubated in the
abscence or presence of 2 mM of

vitamin C for 0.5, 1 and 2 hrs, and
then loaded with 0.5 M of Fluo-3/

AM at 37°C. Each sample was analyz-
ed for detection of increased cyto-

solic calcium levels through chang-
ing in fluorescence of the dyes using
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the standard filters following a 488
nm excitation. (B) Cells were pre-in-
cubated for 30 min with (B) BAPTA-
AM (1.25 ©M), respectably, prior to
treatment with 2 mM of vitamin C for
24 hrs. And then cells were collected
and the effect of vitamin C on in-
duction of apoptosis was measured by
Annexin V-FITC/7-AAD staining. Re-
sult is representative of three experi-
ments. Data present as Mean+SD.
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effectively suppressed (Fig. 2B).

Increase of Bax expression and the dissociation of
Bad from 14-3-38 by the treatment of vitamin C

Since we have already shown that vitamin C effectively in-
duced the apoptosis on HCT-8 and it is related with the stress
on ER, we investigated the change on the expression of
pro-apoptotic Bcl-2 family member, Bax, In addition, the dis-
sociation of Bad from 14-3-38 that is affected by ER stress
was investigated, Bax expression was remarkably increased
at 6 hrs after vitamin C treatment (Fig, 3A). At the same time,
the expression of Bad was also increased, but there were no
remarkable changing on the expression of 14-3-38 and 14-3-30
two of major subunit of 14-3-3 proteins (Fig. 3B). The increase
of cytosolic calcium released from ER is responsible for the dis-
sociation ofBad from 14-3-3 (25-27). Therefore, we examined
the amounts of Bad that is bound with 14-3-33 in the cytosol
after treatment of vitamin C, after immunoprecipitation by us-
ing of anti 14-3-38 antibody. Interestingly, the amount of as-
sociated Bad with 14-3-38 in the cytosol was decreased at

A.
Time for Vitamin C treatment
0 3 6 9 12 (hrs)
Bax i cesiman
p-actin
B.
Time for Vitamin C treatment
0 3 6 9 12 (hrs)
14-3-3ﬁ _
14-3-30 e —" —"— —
B'adin — ——

6 hrs after vitamin C treatment (Fig. 3C).

Translocation of Bad from cytosol to mitochondria by
the freatment of vitamin C

To investigate whether the dissociated Bad from 14-3-38 is
translocated to mitochondria, the localization of Bad in mi-
tochondria was examined by immunoblotting after separation
of mitochondrial protein fraction from HCT-8 in the presence
of vitamin C. As we expected, the relative amount of Bad
was increased in mitochondrial fraction, in a time dependent
manner of vitamin C treatment (Fig. 4A). Immunoblotting
against cytochrome C was performed to distinguish mitochon-
drial fraction from cytosolic fraction, The amount of Bad in
mitochondria upon vitamin C treatment was presented as the

relative ratio of Bad and cytochrome C (Fig. 4B).

DISCUSSION

Most mammals can synthesize vitamin C by conversion of

glucose into ascorbate in liver by L-gulono- 7-lactone-oxidase

Time for Vitamin C treatment
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1
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Figure 3. Increase of Bax expression and the dissociation of Bad expression from 14-3-38 by the treatment of vitamin C. (A and B) Cells (2x10°
were incubated for 3, 6, 9 and 12 hrs in the presence or absence of 2 mM of vitamin C. Then protein was extracted and subjected to immunoblotting
done by using (A) anti-Bax antibodies and (B) anti-Bad, anti- 14-3-38 and anti-14-3-3¢ antibodies as described in materials and methods. The
result is representative of more than three experiments. (C) After cells were cultured in the presence or absence of 2 mM of vitamin C for 0.5,
1, 3, and 6 hrs, protein was extracted and subjected to immunoprecipitation with a monoclonal antibody against 14-3-38. The immunopreci-
pitatedprotein was used to analyze for detection of associated Bad by immunobloting. The blotwas stripped out and reprobed by anti 14-3-38
antibody as described in materials and methods. The result is representative of more than three experiments. The density of each band was measured

by densitometry, and the values were expressed as the ratio Bad/14-3-35.
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Figure 4. The translocation of Bad
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(Gulo). However, human and some primates cannot synthe-
size vitamin C due to the mutation of gene encoding L-gulo-
no- 7-lactone-oxidase (30,31), It has shown that vitamin C has
various biomedical efficacies such as anti-inflammation, im-
mune modulation and antioxidant in the immune system and
the central nerve system (32,33). In cancer therapy, it is
thought that vitamin C has a great potential on the reduction
of the side effects of chemotherapeutic drugs as well as the
increasing of therapeutic efficacy. It has been reported that
vitamin C prevents proliferation and metastasis of cancer cells
(4,6,34). Moreover, it could induce apoptosis in cancer cells
via the disruption of mitochondrial membrane potential (1),
It is well-known mitochondria and ER are important intra-
cellular organelles during the TNF-receptor independent
apoptosis pathway, but the specific action mechanisms of vi-
tamin C on the induction of apoptosis via the modulation of
ER function.

Bax plays an important role in induction of apoptosis
through the releasing of cytochrome C from mitochondria (19),
Besides Bax, several types of Bcl-2 family proteins, such as
Bid and Bad, are involved in this process. Bid is a mediator
in a TNF-receptor dependent apoptosis pathway, but Bad acts
in TNF-receptor independent apoptosis pathway after dis-
sociation from 14-3-3 protein (25-29). As shown in Fig, 3A,
Bax expression was increased by the treatment of vitamin C,
even without the stimulation of TNF-receptors on HCT-8.
Therefore, the mechanisms on increasing Bax expression by
vitamin C should be further investigated, We have also found
that the remarkable dissociation of Bad from 14-3-3f is by
vitamin C (Fig. 3B). As we previously described, the dis-
ruption of mitochondrial potential without caspase-8 activa-
tion is major pathway on the induction of apoptosis in
B16F10 (1). Therefore, it seems that dissociated Bad from

were expressed as the ratio Bad/Cy-
tochrome C.

14-3-38 is key mediator in the vitamin C-induced apoptosis
through the disruption of mitochondrial membrane potential,

It is known that the stress to endoplasmic reticulum (ER)
by an alteration of calcium concentration or redox state in-
duces apoptosis (20-24). The releasing of Ca®* from ER is an
important event for dissociation of Bad from 14-3-38 (28,29).
As we showed in Fig. 2A, cytosolic Ca® concentration is in-
creased by vitamin C treatment. We observed that BAPTA-
AM, specific Ca®* chelator, was effectively inhibited vitamin
C-induced apoptosis (Fig. 2B). Therefore, the releasing of
Ca® from ER to cytosolic in HCT-8 is the initial step in the
apoptosis by the treatment of vitamin C, Taken together, vita-
min C effectively induces the apoptosis in human colon can-
cer cell line, HCT-8 through the calcium influx in ER. And
it is followed by the translocation of Bad to mitochondria af-
ter dissociation from 14-3-38. Finally, it seems that trans-
located Bad is involved in the apoptosis after heterodimeriza-
tion with Bcl-2 or Bel-xL proteins to promote mitochondrial
dependent apoptosis (18,22).

Human colon cancer cell line HCT-8 is resistant to chemo-
therapeutic drugs like 5-fluorouracil and cisplatin = (35).
However, we presented that vitamin C has efficacy on the in-
duction of apoptosis in HCT-8 (Fig. 1). It suggests that vita-
min C is a useful adjuvant for the treatment of colon cancer
with chemotherapeutic drugs. The synergistic or additive ef-
fect of combination therapy of chemotherapeutic drugs and

vitamin C is now under investigation,
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