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ABSTRACT Previously, a plant steroid, diosgenin, altered cell cycle distribution and induced apoptosis in human osteosarcoma
cell line. The study objective was to investigate if antiproliferative effect of diosgenin was similar for human colon
cancer (Caco-2) cell. Moreover, this work focused on the mitochondrial pathway. Cells were incubated with diosgenin

concentrations, 60uM/L, 80uM/L, 100uM/L and 120uM/L for 72h at 37°C and 5%CO2. Diosgenin induced cells death in a dose-dependent
manner. Diosgenin-treated cells had an important antiproliferative effect, additionally, a typical characteristics of apoptosis including DNA
fragmentation which is caspase-3 dependent with caspase-3 over expression and fall of mitochondrial membrane potential which appeared by
Bcl-2 expression down regulating, p53 activation as signal for cell cycle arrest and cytological alterations. Future study will may deal with further
investigations of diosgenin possible usages as a new alternative or complementary chemotherapeutic agent for human cancer types specially

colon cancer type.
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INTRODUCTION

Programmed cell death or apoptosis plays an important role in nor-
mal development and is impaired in many types of cancer. Apoptosis
occurs under a variety of physiological and pathological conditions
that control the development and homeostasis of multicellular organ-
isms'. The major apoptotic pathways can be divided into caspase- and
mitochondria- dependent pathways, according to caspase-3 activa-
tion which is generally considered to be a key hallmark of apopto-
sis2. Apoptosis is characterized by chromatin condensation and DNA
fragmentation, and is mediated by the cysteine protease family called
caspase-33.

The tumor suppressor protein p53 is a principal factor in regulation of
growth arrest as well as apoptosis. Many apoptotic signals are mediat-
ed to the cell death machinery via p53. It interacts with other proteins
or functions as a transcription factor®. Indeed, in response to various
types of stress, p53 becomes activated and, as a consequence, cells
can undergo marked phenotype changes, ranging from increased
DNA repair to senescence and apoptosis®. P53 has been shown to
be involved in the induction of apoptosis, cell-cycle arrest and differ-
entiation responses that prevent further proliferation of stressed or
damaged cells and so protect from the outgrowth of cells harboring
malignant alterations. P53 role in the repair of DNA damage has also
been described and the ability of p53 to induce reversible cell-cycle
arrest may contribute to the ability of cells to repair and recover from
damage before reentering a normal proliferative state®.

Mitochondria are involved in a variety of key events, including release
of caspase-3 activators, changes in electron transport, loss of mito-
chondrial membrane potential, and participation of both pro- and an-
ti-apoptotic Bcl-2 protein’. Alterations in mitochondrial structure and
function have been shown to play a crucial role in caspase-3-depend-
ent apoptosis and Bcl-2 expression®. Bcl-2 is the founding member of
family of genes that either prevents or promotes cellular apoptosis.
Bcl-2 itself is an anti-apoptotic gene that prevents initiation steps of
apoptosis and programmed cell death®.

Over the past decade, there is continuous increase in colorectal carci-
noma in the world as the most common malignant diseases. Colorec-
tal cancer is the cause of more than 1/2 million deaths worldwide,
and it was ranked as the third leading cause of cancer-related death
after lung cancer and stomach cancer'. Epidemiological studies have
shown strong evidence that diet and lifestyle play an important role
in preventing cancer. In particular, an increased consumption of fruits
and vegetables is associated with decreasing in cancer onset and
mortality'. Previously, we showed that diosgenin, a plant steroid,
altered cell cycle and induced apoptosis in the human osteosarcoma

1547 cell line™. In order to know if results obtained with diosgenin on
1547 cells could be extended to other types of cancer cells, we test-
ed this molecule on laryngocarcinoma HEp-2 cells and melanoma
M4Beu cells™. Moreover, to gain further insight into the mechanisms
by which diosgenin induces apoptosis in human cancer cells, we ex-
amined in this study the functional status of caspase-3 on apoptosis
rate and the effect of diosgenin on mitochondrial integrity in human
colon cancer cell lines (Caco-2 cells).

MATERIALS AND METHODS

Chemical reagents: Diosgenin, MTT salt or 3-(4,5-dimethylthi-
azole-2-yl)-2,5-diphenyl tetrazolium bromide, dimethylsulfoxide
(DMSO0), commercial methanol, commercial ethanol, commercial ac-
etone, Tris-HCl, edetic acid, Triton-X100, RNase A, proteinase K, NaCl,
2-propanol, phosphate-buffered saline (PBS), ethidium bromide,
agarose gel, Peroxidase, trypsin, Hematoxylin and eosin (Hx & E)
stain, rabbit polyclonal antibodies against cleaved caspase-3, primary
monoclonal antibody against Bcl-2 and against p53, AB reagent, bi-
otinylated immunoglobulin secondary antibody and Tween 20 were
purchased from Sigma-Aldrich, Egypt.

Cell line and cell culture: Caco-2 cell line, was obtained from Amer-
ican Type Culture Collection (ATCC, USA). They were sub-cultured as
mono-layer according to the instructions provided by ATCC in Dul-
becco modified Eagle medium (DMEM) supplemented with 10% heat
inactivated (56°C, 30min) fetal bovine serum, 2mmol/L L-glutamine,
100U/mL Penicillin-Streptomycin and 100U/mL Amphotericin B at
37°C in a humidified atmosphere of 5% CO,. Cells were used when
monolayer reached 80% confluence in all experiments. Cell propaga-
tion media was purchased from Invitrogen (Carlsbad, CA).

Methods: 1.Cell Viability Assay: In vitro evaluation of antiprolifera-
tion effect: growth inhibition was evaluated by MTT assay. MTT salt or
3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium bromide was
reduced by mitochondrial dehydrogenases to water blue insoluble
formazans'. Viable cell number/well is directly proportional to for-
mazans production. 8.25x103 cells were seeded into each well of 96-
well plate, incubated with culture medium overnight (12h), replaced
with fresh medium containing diosgenin at concentrations: 60uM/L,
80pM/L, 100uM/L and 120puM/L for 72h at 37°C in an incubator with
5%CO,. After incubation, diosgenin modified medium was replaced
by 100pL of MTT (0.5mg/mL) medium for incubation (3h at 37°C and
5%C0,). MTT medium was then replaced with 100pL of DMSO and
left for 10min on a platform shaker to solubilize converted formazan.
The absorbance values were determined at 570nm test wavelength
and 630nm reference wavelength (Spekol 1200 spectrophotometer).
Untreated cells were as a positive control cells and all values were
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correlated with this set of data. The experiment was performed in
triplicates. Inhibition Percentage=[1-(net Absorbance of treated well/
net Absorbance of control well)]x100%, then was plotted against di-
osgenin concentrations.

2.Determination of DNA fragmentation by DNA laddering assay:
cells were seeded in 60-mm petri dishes at density 4x10° cells/plate
(treated cells by IC,; concentration of diosgenin or positive control
cells). Adherent and floating cells were collected by centrifugation at
1000xg/5min. Cell pellet was suspended in cell lysis buffer (Tris-HCI
10mmol/L pH7.4, edetic acid 10mmol/L pH8.0, Triton-X100 0.5%) and
kept at 4°C/10min then, lysate was centrifuged at 25.000xg/20min.
Supernatant was incubated with RNase A 40ug/L/1h (37°C), in-
cubated with proteinase K 40ug/L/Th (37°C), mixed with NaCl
0.5mol/L and 50% 2-propanol overnight (-20°C), then centrifuged
at 25.000xg/15min. After drying, DNA was dissolved in buffer (Tris-
HCl 10mmol/L pH7.4, edetic acid Tmmol/L pH 8.0) and separated by
2%agarose gel electrophoresis at 100V for 50min. DNA was visualized
under ultraviolet light after staining with ethidium bromide.

3.Cytological changes investigation: detached and trypsinized
cells (IC,; concentration of diosgenin treated cells and positive control
cells) were collected and centrifuged at 2000 rpm for 5min. Cell pel-
let was re-suspended with 100uL of PBS (pH7.3). 10uL of the suspen-
sion were smeared on a glass slide, allowed to air-dry, fixed with cool
methanol for 5min before proceeding by Hx&E stain and examined
under light microscope’®.

4.Immunocytochemical investigations: by detection of Bcl-2, p53
and Caspase-3 by immunocytochemistry staining kits. The procedure
was done according to the manufacturer’s instructions, simplified as
follows: 1-2 drops of Peroxidase was applied to cells (IC_; concentra-
tion of diosgenin treated cells and positive control cells) on the slide
(10min), followed by blocking solution (10min). Cells were fixed in
ethanol:acetone (9:1) for 30min at -20°C and then rinsed again with
cold PBS at room temperature. Cells were incubated overnight with
rabbit polyclonal antibodies against cleaved caspase-3 at 4°C, then
AB reagent and substrate-chromogen mixture (30min). Between
each step, the slide was washed with washing buffer (PBS) with 0.1%
Tween 20). Cells were incubated overnight with primary monoclonal
antibody against Bcl-2 and against p53 at dilution of 1:75 at 4°C, then
in Tris buffer and biotinylated immunoglobulin secondary antibody
was used". The slides were then mounted and examined under light
microscope.

5.Statistical analysis: results were presented as meanzstandard
deviations (SD). Analysis of variance (ANOVA) for two variables (Two
Way-ANOVA) was used together with student t-test. Significant anal-
ysis of variance results were subjected to post hoc. Statistical signif-
icance was set at P<0.05 and high significance was set at P< 0.01'8,

RESULTS

1.Cell viability assay: In vitro evaluation of antiprolifer-
ation effect.

Cytotoxic effect of diosgenin concentrations (60uM, 80pM, 100uM
and 120uM)/72h on Caco-2 cells was determined by MTT assay (Fig-
ure 1). Cells number started to reduce immediately after treatment
with diosgenin concentrations in a dose dependent manner. All con-
centrations were found to be high significantly different (P<0.01) in
respect to their antiproliferative and apoptotic effects when com-
pared with positive control cells. Cell inhibition percentage was grad-
ually increased with diosgenin concentration increasing and 90% of
cell inhibition was observed in treated cells with 120pM/72h. Cell pro-
liferation reduced about 20% and 32% when cells were treated with
60uM and 80uM for 72h, respectively. Cells proliferation decreased to
51% as treated with concentration 100puM/72h.

2.Determination of DNA fragmentation by DNA ladder-
ing assay.

DNA degradation into multiple internucleosomal fragments is a dis-
tinct biochemical hallmark for apoptosis. Nuclear DNA isolated from
Coca-2 cancer cells was separated by agarose gel electrophoresis and
stained with ethidium bromide, and a typical ladder formation was
observed upon 72h when treated with diosgenin concentration at
100uM whereas untreated cells did not show typical ladder (Figure 2).
Results indicated that diosgenin induced DNA fragmentation which

was caused by apoptosis.

3.Cytological changes investigation.

Positive control cells group had round nuclei, distinct small nucleoli
and homogeneous chromatin with an accentuated nuclear mem-
brane (Figure 3a). After Coca-2 cells treatment by diosgenin concen-
tration at 100uM/72h, apoptotic cells were identified by a series mor-
phological changes as an important experimental proof of underlying
processes alterations appeared as: bleb plasma membrane, cellular
shrinkage, chromatin condensation granules, vacuolated cytoplasm,
degrading nucleus and apoptotic bodies formation were observed
(Figure 3b, 3c and 3d).

4.Immunocytochemical investigation.

After Coca-2 cells treatment by diosgenin concentration at
100uM/72h, the reaction of caspase-3 protein was considered positive
(over expression of caspase-3 protein) when over 50% of treated tu-
mor cells had a clear brown cytoplasm staining, with slight degrad-
ing in the intensity in the same field (Figures 3f). Specially those fields
that had necrotic or apoptotic nucleus as sign for diosgenin treatment
effect, but fields of positive control cells have negative reaction of
caspase-3 (cytoplasm did not show the brownish reaction stain) (Fig-
ure 3e). On the other hand regarding to the positive control Coca-2
cells, Bcl-2 protein reaction was considered positive (over expression
of Bcl-2 protein) when over 55% of cells had nuclear membrane, mi-
tochondrial outer membrane and endoplasmic reticulum membrane
brown staining, with slight intensity degrading in the same field (Fig-
ures 3g). After Coca-2 cells treatment by diosgenin concentration at
100uM/72h, those fields that had necrotic or apoptotic nucleus as
sign for diosgenin apoptotic effect with Bcl-2 negative reaction (faint
to non-brown stain) (Figure 3h). Also, when applying p53 stain, p53
protein reaction in the positive control Coca-2 cells, was showed neg-
ative reaction (no brown stain) (Figure 3j). Treated Coca-2 cells, those
fields had necrotic or apoptotic nucleus for diosgenin effect showed
p53 positive reaction (over expression of p53 protein) when over 55%
of cells had nuclear brown staining, with slight intensity degrading in
the same field (Figures 3i).
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Figure 1: Effect of diosgenin with different concentrations on the
cells viability of Caco-2 cells. The experiment was performed in trip-
licates and values means were calculated [mean=SD, n (for each con-
centration)=4].
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Figure 2: DNA fragmentation by DNA laddering assay of extracted
DNA from diosgenin treated cells and positive control cells. DNA lad-
dering, typical for apoptotic cells, which were visible in treated Coca-2
cells (T), and there was no any apoptotic features in the positive un-
treated cells (C) where M indicating to marker.
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Figure 3: Cells in different stages of apoptosis in treated cells are
easily distinguishable. Cell with normal morphology (a). Complete
apoptotic cell (b). Nuclear condensation is evident in cells (dark, con-
densed and irreqgular rounded nucleus), bleb membrane and cell
shrinkage (c). Degradation of nucleus, vacuolated cytoplasm with ap-

optotic bodies (d). Immunocytochemistry of caspase-3 protein. Con-
trol positive cell showing cytoplasm negative reaction for caspase-3
protein (e). Treated cell showing cytoplasm positive reaction for
caspase-3 protein (f). Control positive cell showing Bcl-2 protein nu-
clear membrane, mitochondrial outer membrane and endoplasmic
reticulum membrane showing brownish positive reaction (g). Treated
cell showing negative reaction of apoptotic cell apoptosis (h). Treated
cell showing p53 protein nuclear positive reaction (i). Control positive
cell showing nuclear negative reaction (j).

DISSCUTION

It is of great importance to understand the mechanisms of apoptosis
in cancer cells, as apoptosis is believed to be one of the major conse-
quences of anticancer drug treatment against malignancies'. Recent-
ly, we showed that three plant steroids had pro-apoptotic properties
on osteosarcoma cells, as diosgenin is the most effective in induc-
tion of apoptosis®. the aim of this study is to verify if its action was
also similar on other human colon cancer cell lines such as Caco-2
cells. Recently, we compared diosgenin with two other plant steroids
(hecogenin and tigogenin) in the same cell lines and among these
three plant steroids, diosgenin appeared to be the most effective in
inducing cell death™. Our results showed that diosgenin strongly in-
hibited proliferation of Caco-2 cells and blocked the cell cycle as pre-
viously described™.

It is now established that the tumor suppressor p53 inhibits cell
growth through activation of cell cycle arrest and apoptosis?'. Regu-
lation of p53 activity is through multiple mechanisms, one of which
is phosphorylation. Indeed, it was established that phosphorylation of
p53 protein may play a critical role in its stabilization, up-regulation,
and functional activation?.

P53 has been described as ‘The Guardian of the genome; referring
to its role in conserving stability by preventing genome mutation®.
Upon genotoxic and other stress, p53 protein levels increase. Acti-
vated p53 releases signal to cells to undergo growth arrest, cell dif-
ferentiation or apoptosis?. Caco-2 cells which were treated with dios-
genin exhibited increased levels of p53 expression at concentration of
100uM/72h, which suggested that p53 involved in diosgenin-induced
Caco-2 cell death. Bcl-2 family of proteins serves as critical regulators
of pathways involved in apoptosis. The main protagonists are sug-
gested to be anti-apoptotic and known as Bcl-28. Caco-2 cells which
was treated with diosgenin exhibited reduced levels of Bcl-2 expres-
sion. These results suggested that the mitochondrial pathway was in-
volved in diosgenin-induced Caco-2 cell death.

Apoptosis, as programmed cell death, is a highly organized cell death
process characterized by an early obvious condensation of nuclear
chromatin, loss of plasma membrane phospholipid asymmetry, acti-
vation of nucleases, enzymatic cleavage of DNA into oligonucleoso-
mal fragments and segmentation of the cells into membrane-bound
apoptotic bodies*. DNA fragmentation, a hallmark of apoptosis, is
regulated by a specific nuclease called caspase-activated DNase and
its inhibitor®. Apoptosis has specific signals instructing the cells with
specific morphological change as plasma and nuclear membrane
blebbings, chromatin condensation, proteases activation and DNA
fragmentation that are considered as landmarks of the apoptotic
process?. That was agreed with the results of recent study after treat-
ment by diosgenin. Diosgenin decreased the viable percentage of cell
number (dose dependent effect) and induced apoptosis of Caco-2
cells. Therefore, we may presume that as primary mechanism involved
in diosgenin growth-inhibitory effects as it considered main apoptotic
signals. In response to apoptogenic stimuli, the mitochondrial protein
apoptosis-inducing factor (AIF) translocates through the outer mito-
chondrial membrane to the cytosol and to the nucleus, resulting in
the induction of nuclear chromatin condensation and large DNA frag-
mentation in a caspase-independent manner®,. It is well known that
a family of cysteinyl proteases, caspases, is involved in the apoptotic
cell death. Caspase-3, one of the active executioners, promotes apop-
tosis by cleaving cellular substrates such as ICAD®. That was agreed
in the recent study by caspase-3 expression inhibition. We found that
diosgenin induced caspase-3 activity in Caco-2 cancer cell line.

CONCLUSION
In summary, we demonstrated that diosgenin caused an inhibition of
cell growth with apoptosis induction by DNA fragmentation and p53
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activation in human colon (Caco-2) cancer cell line. Moreover, a large
part of our study essentially focused on the mitochondrial pathway
and we investigated that diosgenin’s action was caspase-3 dependent
according to its inhibitory effect on Bcl-2 expression. There was also
noticeable cytological alterations. These new findings suggest that
diosgenin-induced effects may have novel therapeutic applications
for the treatment of different cancer type as previously described for
osteosarcoma. Future in vitro and in vivo study will may deal with fur-
ther investigations of the possible usages of diosgenin as a new alter-
native chemotherapeutic agent.
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