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ABSTRACT

Background: Juglone is a natural pigment, which has a cytotoxic effect
against tumor cells. However, its cytotoxicity to human breast cancer
cells (Michigan Cancer Foundation-7 [MCF7]) has not been demonstrated.
Objective: The objective was to observe the effect of Juglone on the
protein expression of caspase-3, 9 in the apoptosis of Human Breast
Cancer Cells (MCF7) and apoptosis-related protein, Bcl-2-associated X
protein (Bax), and B-cell lymphoma-2 (Bcl-2) and investigate in the inhibitory
effect of MCF7. Materials and Methods: Methyl thiazolyl tetrazolium
experiment was performed for the detection of the cell growth inhibition
effect of MCF7 The apoptosis rate was detected by flow cytometry.
Western Blot was used to detect the protein expression of Bax, Bcl-2,
and caspase. The messenger RNA (MRNA) was tested using quantitative
real-time polymerase chain reaction. Results: Juglone inhibited the
growth of MCF7 cells in a concentration- and time-dependent manner
and promotes the apoptosis of MCF7 cells in a concentration-dependent
manner. Compared with control group, the Juglone group raised the
expression of Bax protein (* P < 0.05), and the protein expression of Bcl-2
was decreased (*P < 0.05). The expression of caspase-3 protein was
not changed, and the caspase-9 was significantly elevated in the high
concentration of Juglone. Cleaved caspase-3, -9 protein was significantly
raised (*P < 0.05). The mRNA levels of Bax, caspase-3, and caspase-9
in MCF7 cells of Juglone group were significantly increased compared
with control, while the expression of Bcl-2 was suppressed obviously.
Conclusion: Juglone inhibited the growth of MCF7 cells and promotes
the apoptosis of MCF7 cells. Its mechanism in promoting MCF7 cell
apoptosis may be related to the decrease of the expression of the
mitochondrial pathway-associated apoptosis factor Bcl-2, increase of
the protein expression of Bax, and mitochondrial pathway downstream
caspase-3, 9.
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INTRODUCTION

Cancer change over time through a process of cell-level evolution,
dictated by genetic and epigenetic alterations.!"! Cancer is a part of the
major problems affecting public health worldwide. As other cultures,
the populations on medicinal herbs and their preparations to combat
cancer.? Traditional Chinese Medicine (TCM) has been tailoring herbal
mixtures for individualized health care for 2000 years. A systematic study
of the patterns of TCM formulas and herbs prescribed for cancers is useful.
Targeted cancer therapies, with specific molecular targets, ameliorate
the side effect issue of radiation and chemotherapy and point to the
development of personalized medicine. Combination of drugs targeting
multiple pathways of carcinogenesis is potentially more fruitful.!

Breast cancer is the most common cancer in women, and it is the second
leading cause of death in women after lung cancer.” Juglans regia has
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SUMMARY

e Juglone is an agonist of Bcl-2-associated X protein/B-cell lymphoma-2
pathway in Michigan Cancer Foundation-7 proliferative and that application of
Juglone may be useful for the treatment of breast cancer and other cancers.
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Abbreviations used: TCM: Traditional ~ Chinese  medicine;
Pin1:  Peptidyl-proly1 cis/trans  isomerase; MCF7:  Michigan
Cancer Foundation-7; MTT. Methyl thiazolyl tetrazolium; FACS:

Fluorescence-activated cell sorting; RT-PCR: Real-time polymerase chain
reaction; WB: Western blot; Bcl-2: B-cell lymphoma/leukemia-2; Bax:
Bcl-2-associated X protein.
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been found to exhibit significant anticancer activity against various
human cancer cell lines. Juglone was an active chemical constituent
which was isolated from Juglans regia had cytotoxic activity along with
its various analogs against different human cancer cell lines.l® Juglone
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has been extensively used as a chemotherapeutic agent in Chinese
herbal medicine against various tumors, including prostate cancer!”
leukemia,”®! melanoma,” gastric cancer,'” and pancreatic cancer.!
Juglone, also named 5-hydroxy-1,4-naphthoquinone (molecular weight
of 174.15Da), is an important component of herb Juglans regia. The
present study suggested that Juglone can inhibit the growth of Michigan
Cancer Foundation-7 (MCF?7) cells and promotes the apoptosis of MCE7
cells. Its mechanism in promoting MCF7 cell apoptosis may be linked to
the decrease of the expression of the mitochondrial pathway-associated
apoptosis factor Bcl-2, increase of the protein expression of
Bcl-2-associated X protein (Bax), and mitochondrial pathway
downstream caspase-3,9. These findings have significant implications
for the potential use of the promising Juglone as a therapeutic or
prophylactic treatment of cancer in humans.

MATERIALS AND METHODS

Materials and reagents

All the chemicals and reagents used in this experiment were purchased
from Sigma-Aldrich (St. Louis, MO, USA).

Cell culture

Human Caucasian breast adenocarcinoma (MCF?7) cells provided from
the American Type Culture Collection, Rockville, MD, USA. were grown
in Dulbecco’s Modified Eagle’s medium (DMEM) with 10% fetal bovine
serum (Atlanta Biological, Atlanta, GA, USA), L-glutamine, MEM
nonessential amino acid solution, sodium bicarbonate, and penicillin
G (100 U/mL), streptomycin (100 ug/mL), under the condition of 37°C
in a humidified atmosphere containing 95% air and 5% CO,. culture
media were changed every 3—4 days, and doubling time was 36 h.

Methyl thiazolyl tetrazolium assay

A 15 x 10° MCF7 cells were loaded into a 96-well plate, and 200 uL
of DMEM medium containing 7% serum was added. After 24-h
incubation, 200 UL of various concentrations of the extract (0, 6.25,
12.5, 25, 50, 100, and 200 umol/mL) dissolved in serum-free DMEM
medium was added to the wells. The cells were separately incubated
with different doses for 24 and 48 h. The supernatant from each well
was removed after incubation. For each well, 500 uL of methyl thiazolyl
tetrazolium (MTT) solution (5 mg/mL) was added and incubated for 3 h.
The supernatant from each well was then added with 100 uL of dimethyl
sulfoxide and kept at room temperature for 30 min. The optical density
of each well was measured at 570 (for sample test and calculation) and
630 nm (as a reference wavelength). The viability of the cells for each
concentration was calculated using the following formula:

Cell viability (%) = (A570 [sample]/A [control]) x 100

Fluorescence-activated cell sorting analysis

MCEF7 cells were washed twice with cold phosphate-buffered saline and
then resuspended in 1x binding buffer (0.01 M Hepes/NaOH (pH 7.4),
0.14 M NaCl, and 2.5 mM CaCl,) at a concentration of 1 x 10° cells/mL.
Transferred 100 uL of the solution (1 x 10° cells) to 5 mL culture tube.
Added 5 uL of FITC Annexin V and 5 puL PI (BD Pharmingen, USA)
into the tube. the cells were gently vortexed and incubated for 15 min
at room temperature in the dark. Added 400 uL of 1x binding buffer to
each tube and carried out fluorescence-activated cell sorting (FACS) by
Guava' easyCyte™ flow cytometer (Millipore) within 1 h.

Western blot analysis

Cells were lysed with lysis buffer. Then, equal amount of proteins
extracted from each sample were heat denatured and submitted to
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sodium dodecyl sulfate-polyacrylamide gel electrophoresis on a
12% (v/v) polyacrylamide gel. After electrophoresis, proteins were
electrotransferred onto polyvinylidene fluoride membranes. The
membranes were blocked with 5% (w/v) skimmed milk at room
temperature for 2 h and probed with primary antibody and at 4°C
overnight. The primary antibodies used were Bax, Bcl-2, caspase-3,9,
and cleaved caspase-3,9 (Proteintech Group, USA). After washing,
membranes were incubated with the appropriate secondary antibody
in 5% (w/v) skimmed milk/tris-buffered saline containing 0.05%
Tween' 20 for 1 h at 4°C. Proteins were detected using SignalFire™ ECL
Reagent (Cell Signaling Technology, USA).

Quantitative real-time polymerase chain reaction

Total RNA in cell was extracted using spin column (Shanghai
Generay Biotech Co., Ltd., China) and reverse transcription into
cDNA (TaKaRa, Japan) according to the manufacturer’s protocol.
The gene expression levels were determined by quantitative real-time
polymerase chain reaction (RT-PCR) conducted using the Applied
Biosystems ViiA™ 7 Real-Time PCR system (Life Technologies,
USA). The primers used in the experiments were listed in Table 1.
The cDNA in a 10 pL reaction volume was denatured at 95°C for
30s followed by 40 cycles of PCR stage (95°C, 5s, 60°C, 30s). 3-actin
was used as an internal control to normalize the expression levels of
genes.

Statistical analysis

All values are presented as the mean + standard error. One-way analysis
of variance was performed by SPSS 16.0 software (SPSS Corp., Chicago,
IL, USA), and differences between groups were defined as significant (*)
when P < 0.05.

RESULTS

Michigan Cancer Foundation-7 viability

After incubation for 24 and 48 h, the mean viabilities of MCF7 cells
revealed dose dependently differences between the Juglone and the
control [Figure 1]. The cell viability was significantly reduced after
incubated with 12.5, 25, and 50 umol/L of Juglone compared with the
control group. We found the cell viability of MCF7 with incubation time
in 48 h was too low to be detected. In that case, 12.5, 25, and 50 umol/L
of Juglone concentrations and 24 h of incubation time were used in
subsequent experiments.

Fluorescence-activated cell sorting analysis for
Michigan Cancer Foundation-7

In the blank control group, the cell survival rate was up to
99% [Figure 2a]. After cocultured with Juglone, the survival rate
of the cells was decreased and the apoptosis rate was increased.
Meanwhile, with the increasing concentrations of drug serum, the

Table 1: The primers used in the experiments

mRNA qRT-PCR primers Sequence (5'-3')

Bcl-2 Forward primer GGTGGGGTCATGTGTGTGG
Reverse primer CGGTTCAGGTACTCAGTCATCC

Bax Forward primer CCCGAGAGGTCTTTTTCCGAG
Reverse primer CCAGCCCATGATGGTTCTGAT

Caspase-3 Forward primer GAAATTGTGGAATTGATGCGTGA
Reverse primer CTACAACGATCCCCTCTGAAAAA

Caspase-9 Forward primer CTCAGACCAGAGATTCGCAAAC

GCATTTCCCCTCAAACTCTCAA
Bcl-2: B cell lymphoma-2; Bax: Bcl-2 associated X protein

Reverse primer
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cell apoptosis rates were increased successively. The apoptosis rate
was 10.5%, 20.6%, and 62.2%, the early apoptosis rate was 6.8%, 9.8%,
and 22.6%, and the late apoptosis rate was 3.7%, 10.8%, and 39.6%,
respectively [Figure 2b-d], with the serum concentration of Juglone at
12.5, 25, and 50 umol/L.
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Figure 1: Michigan Cancer Foundation-7 viability (%) exposed to different
concentrations and different incubation periods. Significant difference
between groups, *P < 0.05; **P < 0.01

Juglone administration Michigan Cancer
Foundation-7 protein expression

The Bax/Bcl-2 signaling way has been demonstrated to play an important
role in MCF7 apoptosis. To determine the mechanism of Juglone on
MCF7 apoptosis, we examined the effect of juglone on the expressive
activity of Bax/Bcl-2 signaling way. Compared with the control group, the
Bax protein expression showed a significant increase in the administrative
groups (*P < 0.05) [Figure 3a and c]. The expression of Bax protein in the
50 umol/L group, 25 umol/L group, and 12.5 umol/L group increased on
the quantity—effect relationship. The expression level of Bcl-2 anti-apoptotic
protein significantly decreased between the control group and the treated
group (*P < 0.05) [Figure 3b]. Caspase-9, cleaved caspase-9, caspase-3, and
cleaved caspase-3 were the critical proteins of apoptosis. The results were
presented in Figure 4. With the increase of drug concentration, caspase 3/9
protein expressions were not obvious changed compared with the blank
group, but the protein expressions of cleaved caspase-9 and cleaved caspase-3
increased successively, showing significant differences among all groups.

Quantitative real-time polymerase chain reaction

We evaluated the messenger RNA (mRNA) expressions of Bax, Bcl-2,
caspase-3, and caspase-9 in MCF7 cells which deal with Juglone. The
mRNA levels of Bax, caspase-3, and caspase-9 in MCF?7 cells of juglone
group were significantly increased compared with control, while the
expression of Bcl-2 was suppressed obviously [Figure 5]. The changes
of mRNA expression for the Bcl-2, Bax, caspase-3, and caspase-9 in the
MCF7 showed a certain dose-effect relationship.
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Figure 2: Evaluation of cell mortality in Dulbecco’s Modified Eagle’s medium cultures exposed to Juglone. (a) Fluorescence-activated cell sorting analysis
of blank control group. (b-d) Fluorescence-activated cell sorting analysis of Michigan Cancer Foundation-7 in cultures exposed to Juglone of 12.5, 25, and

50 umol/L
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Figure 3: Effect of Juglone at different concentrations on the expression of B-cell lymphoma-2-associated X protein (a, c), and B-cell ymphoma-2, anti-
-apoptotic protein (b) in Michigan Cancer Foundation-7 cells. The data were expressed as mean + standard error per group. *P < 0.05 versus the blank group,
**P < 0.01 versus the blank group
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Figure 4: Effect of Juglone at different concentrations on the expression of caspase 3 (A1, A2)/9 (B1, B2) and cleaved caspase 3 (A3)/9 (B3) protein in Michigan
Cancer Foundation-7 cells. The data were expressed as mean + standard error per group. *P < 0.05 versus the blank group, **P < 0.01 versus the blank group
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Figure 5: Juglone promoted apoptosis of Michigan Cancer Foundation-7 on the B-cell lymphoma-2-associated X protein (a), B-cell lymphoma-2 (b),
caspase-3 (c), caspase-9 (d), and in Michigan Cancer Foundation-7 mRNA expression levels of genes in Michigan Cancer Foundation-7. $-actin was used
as the internal control. The data were expressed as mean =+ standard error per group. *P < 0.05 versus the blank group, **P < 0.01 versus the blank group

DISCUSSION

Juglone (5-hydroxy-1,4-naphthoquinone) is a natural compound
isolated from Juglans mandshurica and Juglans regia.®'?l Previous
studies have shown that it have diverse biological effects such as
antiviral, antibacterial, and anticancer properties.'*'" Furthermore,
numerous reports have demonstrated that it irreversibly inhibits the
enzymatic activity of peptidyl-prolyl cis/trans isomerase (Pinl).[12151¢l
Juglone could inhibit tumor stem-like cells growth in gliomas through
the activation of Reactive oxygen species-p38-mitogen activated
protein kinase (ROS-p38-MAPK) pathway in vitro.'"”! Juglone
inhibited U251 human glioma cell line migration and the formation
of new blood vessels. At the molecular level, Juglone markedly
suppressed Pinl levels in a time-dependent manner by transforming
growth factor beta 1/Smad signaling, a upstream
regulator of miR-21.' Juglone as a Pinl inhibitor to inhibition
suppresses proliferation of LNCaP (androgen-dependent) and
DU145 (androgen-independent).”™™ Pinl is an enzyme that specifically
binds to the motifs containing phosphorylated serine or threonine,
immediately preceding proline, in numerous proteins. The association
with Pinl promotes cis/transisomerization of the peptide bond.!'" Pinl
was associated with many cellular processes, the aberrance of which
lead to both degenerative and neoplastic diseases. Pin1 in diverse cancer
capabilities and certain Pinl-targeted small-molecule compounds that
exhibit anticancer activities, expecting to facilitate anticancer therapies
by targeting Pin1.'¥ The previous study has shown that ERa protein is
posttranslationally regulated by Pin1 in a proportion of breast carcinomas.
Since Pinl impacts both ERa protein levels and transactivation function,
these data implicate Pinl as a potential surrogate marker for predicting
outcome of ERo-positive breast cancer.'” These previous findings
indicate that Juglone potential effectiveness of Pinl inhibitors as
therapeutic agents for different cancers.

critical
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Bax is a fellow of a larger gene family based on amino acid domain
homologies found in the prototypical member.”” Proapoptotic Bcl-2
protein Bax is normally in a dynamic equilibrium between cytosol
and mitochondria, enabling fluctuations in survival signals to finely
adjust apoptotic sensitivity and translocate to mitochondria following
an apoptotic stimulus.”!! In this study, MTT assay and FACS analysis
revealed that Juglone promoted apoptosis of MCF7, and WB detection
showed that Juglone increased the content of Bax protein in MCF7
cells. Meanwhile, the mRNA expression of Bax in MCF7 cells was
raised. Bcl-2, the founding member of a family of apoptotic regulators,
confers resistance to apoptotic stimuli. Analogous mechanisms, i.e.,
genomic changes that enhance expression, altered regulation by
miRNAs, and diminished ubiquitin-mediated turnover, contribute to
upregulation of the other anti-apoptotic Bcl-2 family members in various
cancers as well.?? In this research, the protein and mRNA expression
of Bcl-2 in MCF7 was decreased. Overexpressed Bax also counters the
death repressor activity of Bcl-2. The results suggest a model in which the
ratio of Bcl-2 to Bax determines survival or death following an apoptotic
stimulus.®! Therefore, we also calculated the ratio of Bcl-2 to Bax and
found that the ratio decreased with the increase of Juglone concentration
and presented a dose—effect relationship. Therefore, Juglone-induced
apoptosis of MCF?7 cells by affection Bcl-2/Bax [Figure 3d].

Caspases are proteases with a well-defined role in apoptosis. However,
increasing evidence indicates multiple functions of caspases outside
apoptosis.?! Caspase-3 has long been recognized as the key proteases
involved in cell demolition during apoptosis. Caspase-9 is the apoptotic
initiator protease of the intrinsic or mitochondrial apoptotic pathway,
which is activated at multiprotein activation platforms. Caspase
activation also modulates signal transduction inside cells, through
activation or inactivation of kinases, phosphatases, and other signaling
molecules.*>? Essential to make sure that caspase-3 is fully activated
to indicate that apoptosis has occurred.”” In this research, we found
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that protein concentration of caspase-3 was not changed by different
concentrations of Juglone, while the protein concentration of caspase-9
was increased at high concentrations of Juglone. The concentration
of cleaved caspase-3/9 proteins increased with the increase of Juglone
concentration and presented a dose-effect relationship. Through Q-PCR
detection, it was found that there was a positive ratio between the mRNA
content of caspase-3,9 and the concentration of Juglone and showed a
certain amount of dose—effect relationship.

CONCLUSION

MTT assay and FACS assay showed that Juglone significantly inhibited
the proliferation of MCF7. Its function is to increase the Bax gene and
protein expression and inhibiting the Bcl-2 gene and protein expression
at the same time. Meanwhile, the gene and protein expression of
caspase-3,9 are increased. The results showed that Juglone had the ability
to treat breast cancer, and the effect of Juglone on Bax/Bcl-2 pathway
indicated that Juglone might also have the ability to treat other cancers.
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