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Natural jasmonates of different structures suppress the growth of human
neuroblastoma cell line SH-SY5Y and its mechanisms'
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Abstract

Aim: Recent evidence has indicated that members of natural jasmonates, a family
of plant stress hormones, exhibit anticancer activity. The current study was un-
dertaken to investigate the effects of jasmonates on the in vitro growth of human
neuroblastomas, one of the most common solid tumors in children. Methods:
Cellular proliferation was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide colorimetry and colony formation assay. Apoptosis
was detected by Hoechst 33258 staining and flow cytometry. Western blotting
was applied to assay gene expression. Results: The administration of natural
jasmonates, methyl jasmonate, cis-jasmone, and jasmonic acid to cultured neuro-
blastoma cell line SH-SYSY, resulted in a decrease of cell proliferation in a dose-
and time-dependent manner. However, the in vitro growth of cultured human
embryonic kidney (HEK) cell line HEK 293 was not affected by jasmonates. The
cell cycles of jasmonate-treated SH-SYSY cells were arrested at the G,/M phase.
The incubation of SH-SYS5Y cells with jasmonates resulted in characteristic changes
of apoptosis. The anticancer activities of natural jasmonates on SH-SYSY cells are
as follows: methyl jasmonate>cis-jasmone>jasmonic acid. In addition, the expres-
sions of proliferating cell nuclear antigen and N-myc were downregulated by me-
thyl jasmonate. Moreover, methyl jasmonate decreased the expression of the X-
linked inhibitor of apoptosis protein and survivin, critical members of inhibitors of
the apoptosis protein family, in SH-SY5Y cells. Conclusion: Jasmonates suppress
the growth of human neuroblastoma cell line SH-SYSY via inhibiting cell prolifera-
tion and inducing apoptosis, which lays the groundwork for further investigation
into the anticancer activities and its mechanisms of natural jasmonates on human
neuroblastomas.
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Introduction tion therapy and high-dose chemotherapy with stem cell

Neuroblastomas are a highly malignant tumor derived
from neural crest cells and account for approximately 10% of
all childhood malignancies and 50% of childhood cancer
deaths. During recent years, the molecular mechanisms
that control neuroblastoma development and progression
have been well understood, such as the amplification of N-
myc proto-oncogene, the deletion of chromosome 1p, and
the complete or partial gain of the long arm of chromosome
17", However, despite treatment regimens, including radia-
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rescue, little progress has been made in improving the poor
prognosis of patients with late-stage neuroblastomas be-
cause resistance to chemotherapy is common®. Therefore,
new anticancer substances and treatment regimens are of
interest.

In recent years, several groups have reported that mem-
bers of jasmonates, a family of plant stress hormones, and
some of their synthetic derivatives, exhibit anticancer activ-
ity in vitro and in vivo'. A wide spectrum of malignancies,
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including the most common human cancers, such as pros-
tate cancer, breast cancer, and lung cancer, exhibited sensi-
tivity to the cytotoxic effects of jasmonates>®. The admin-
istration of methyl jasmonate per os daily, significantly in-
creased the survival of lymphoma-bearing C57BL mice®.
However, it still remains largely unknown whether jasmonates
exert effects on the proliferation and apoptosis of human
neuroblastoma cells. In the present study, we demonstrated
for the first time that the most common natural jasmonates,
methyl jasmonate, cis-jasmone, and jasmonic acid suppress
the growth of cultured neuroblastoma cells. The efficiency
of jasmonates was found to be correlative with their chemi-
cal structures. In addition, the anticancer effects of
jasmonates on human neuroblastoma cells were associated
with the downregulation of proliferating cell nuclear antigen
(PCNA) and N-myc, and the modulation of the expression of
the X-linked inhibitor of apoptosis protein (XIAP) and
survivin, critical members of the inhibitor of the apoptosis
protein (IAP) family.

Materials and methods

Cell culture and jasmonate treatment Human neuro-
blastoma cell line SH-SY5Y and human embryonic kidney
cell line (HEK) 293 were purchased from American Type Cul-
ture Collection (USA) and grown in minimal essential me-
dium (Life Technologies, Gaithersburg, MD, USA) supple-
mented with 10% fetal bovine serum (FBS; Life Technologies,
USA), penicillin (100 U/mL), and streptomycin (100 pg/mL).
The cells were maintained at 37 °C in a humidified atmo-
sphere of 5% CO,. Confluent monolayers of cells were incu-
bated with different concentrations of methyl jasmonate, cis-
jasmone, jasmonic acid, cisplatin, or DMSO (all from Sigma,
St Louis, MO, USA) as indicated.

Measurement of cell proliferation Confluent monolay-
ers of SH-SY5Y and HEK 293 were trypsinized, and 4x10°
viable cells suspended in 0.1 mL culture medium supple-
mented with 10% FBS were seeded onto each well of 96-well
plates. After overnight an incubation to allow cell attachment,
the cells were incubated with jasmonates (0.5, 1.5, and 2.5
mmol-L™), cisplatin (0.025, 0.05, and 0.1 mmol-L™") or DMSO
for 6, 12, and 24 h. At the end of the incubation period, cell
proliferation was monitored by the 3-(4,5-dimethylthiazol-2-
y1)-2, 5-diphenyl tetrazolium bromide (MTT; Sigma, USA)
colorimetric assay'”". Briefly, 20 uL MTT (5 mg/mL) was added
to each well. After 4 h of incubation at 37 °C, the cell superna-
tants were discarded, blue precipitate was dissolved with
DMSO, and the absorbance was measured at 570 nm (A ;g )
Cellular proliferation inhibition rates were calculated as
follows: (%)=(1-average As;, .. value of treated cells/aver-
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age As;.m value of untreated control cells)x100%. The 50%
inhibitory concentration (ICs,) of 24 h exposure, defined as
the drug concentration resulting in a 50% reduction of cell
proliferation compared to untreated control cells, was deter-
mined by Bliss software (Bliss, CA, USA). All experiments
were performed with 6 wells for each concentration, and at
least 3 independent tests were performed.

Colony formation assay The cells were seeded at a den-
sity of 500/mL on 35 mm dishes™. After an overnight incu-
bation to allow cell attachment, the cells were incubated with
natural jasmonates (2.5 mmol-L™), cisplatin (0.025 mmol-L™),
or DMSO as indicated. After incubation for 24 h, the medium
was replaced with fresh medium containing 10% FBS. Colo-
nies were allowed to grow for 10-14 d. The medium was
discarded and each well was carefully washed twice with
phosphate-buffered saline (PBS). The cells were fixed in
methanol for 15 min and then stained with crystal violet for
20 min. Finally, positive colony formations (more than 50
cells/colony) were counted. The survival fraction for cells
was expressed as the ratio of plating efficiency of treated
cells to that of untreated control cells.

Cell cycle assay According to the literature™, cell cycles
in untreated, DMSO-, natural jasmonate- (0.5, 1.5, and 2.5
mmol-L™), or cisplatin (0.025 mmol-L™)-treated cells were ex-
amined by flow cytometry. Briefly, 2x10° cells were collected,
washed twice with 0.01 mol-L™! PBS, and fixed in 70% ethanol
overnight at 4 °C. The cells were then washed once with
PBS, digested by 200 uLL. RNase (1 mg/mL) at 37 °C for 30 min,
and stained with 800 uL propidium iodide (PI; 50 pg/mL,
Sigma, USA) at room temperature for 30 min. The DNA his-
tograms were assayed with a flow cytometer (Becton
Dickinson, San Jose, CA, USA), using CELLQEST software
(Becton Dickinson, USA).

Cellular morphological observation To observe the
changes in cellular morphology, Hoechst 33258 (Sigma, USA)
staining was performed"”. Briefly, cells were incubated with
natural jasmonates (2.5 mmol-L™), cisplatin (0.025 mmol-L™),
or DMSO as indicated, and fixed with 4% formaldehyde in
PBS solution at 4 °C for 10 min. After 3 washes with PBS, the
cells were stained with 10 mg/L Hoechst 33258 in PBS solu-
tion at 4 °C in the dark for 10 min, and morphological changes,
including cell shrinkage and nuclear condensation, were
observed under a fluorescence microscope (Olympus AX80;
Olympus, Tokyo, Japan).

Detection of apoptosis Apoptotic ratios of cells were
determined by Annexin V—fluorescein isothiocyanate (FITC;
BD Pharmingen, San Diego, CA, USA) and PI staining flow
cytometry', Briefly, the cells treated with natural jasmonates
(2.5 mmol-L™), cisplatin (0.025 mmol-L™"), or DMSO were
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collected, washed twice with cold PBS, resuspended in 100
uL binding buffer (10 mmol-L™" HEPES, 140 mmol-L™ NaCl,
and 2.5 mmol-L™' CaCl,, pH 7.4) into 2x10°-5x10° cells/mL
density, and incubated with Annexin V-FITC at room tem-
perature for 10 min. After washing with binding buffer, the
cells were resuspended in 400 puL binding buffer containing
10 uL PI (20 pug/mL), and incubated on ice for 15 min.
Apoptosis was analyzed by a flow cytometer (Becton
Dickinson, USA) at a wavelength of 488 nm. This method
can be used to distinguish living cells (Annexin V7/PI"), early
apoptotic/primary apoptotic cells (Annexin V*/PI), late
apoptotic/secondary necrotic cells (Annexin V*/PI*), and ne-
crotic cells (Annexin V/PI*)",

Western blotting for PCNA, N-myc, XIAP, and
survivin Cells treated with methyl jasmonate (0.5, 1.5, and
2.5 mmol-L™), cisplatin (0.025 mmol-L™), or DMSO were col-
lected and extracted with 1x cell lysis buffer (Promega,
Madison, WI, USA). Proteins (50 pg) from each sample were
subjected to 4%—20% precast polyacrylamide gel (Bio-Rad,
Hercules, CA, USA) electrophoresis and transferred to ni-
trocellulose membranes (Bio-Rad, USA). For PCNA, N-myc,
XIAP, and survivin (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) detections, the primary antibody dilutions were 1:
1000, 1:500, 1:500, and 1:500, respectively, followed by 1:
3000 dilution of goat antirabbit horseradish peroxidase-la-
beled antibody (Bio-Rad, USA). The ECL substrate kit
(Amersham, Piscataway, NJ, USA) was used for the chemi-
luminescent detection of signals with autoradiography film
(Amersham, USA).

Statistical analysis Unless otherwise stated, all data
were shown as mean+SEM. Statistical significance (P<0.05)
was determined by #-test or ANOVA followed by an assess-
ment of differences using SPSS 12.0 software (SPSS, Chicago,
IL, USA).

Results

Natural jasmonates of different structures suppress the
growth of SH-SYSY cells To explore the effects of natural
jasmonates (Figure 1) on human neuroblastoma cells, we first
observed the cell proliferation changes in cultured SH-SY5Y
cells. As shown in Figure 2A, the MTT colorimetric assay
indicated that methyl jasmonate (0.5, 1.5, and 2.5 mmol-L™),
cis-jasmone (0.5, 1.5, and 2.5 mmol-L™), jasmonicacid (0.5, 1.5,
and 2.5 mmol-L™), and cisplatin (0.025, 0.05, and 0.1 mmol-L.™),
but not DMSO, inhibited the cell proliferation of SH-SY5Y
cells in a dose- and time-dependent manner. The incubation
of SH-SYS5Y cells with 2.5 mmol-L ™' methyl jasmonate, cis-
jasmone, and jasmonic acid, and 0.1 mmol-L™' cisplatin, resulted
in a decrease of cell proliferation by 81.7%, 48.9%, 12.65%,

Methyl jasmonate (V.J)

cis-jasmone (CJ}

COOH

Jasmonic acid (JA)

Figure 1. Natural jasmonates structures. Three of the most common
natural jasmonates, methyl jasmonate, cis-jasmone, and jasmonic
acid, were involved in this study, and differences in their chemical
structures were compared.

and 86.4%, respectively. The IC, values of the SH-SY5Y
cells treated with methyl jasmonate, cis-jasmone, and
jasmonic acid for 24 h were 1.65, 3.33, and 556.8 mmol-L™,
respectively, which were higher than that of cisplatin (0.025
mmol-L") asa positive control. Moreover, cisplatin (0.025,
0.05, and 0.1 mmol-L™"), but not methyl jasmonate, cis-
jasmone, jasmonic acid, or DMSO, suppressed the cell pro-
liferation of the HEK 293 cell line by 46.8%-72.6% (Figure
2B). The colony formation assay further demonstrated that
the administration of natural jasmonates and cisplatin, but
not DMSO, resulted in the decreased cell proliferation of
SH-SY5Y cells (Figure 3). The administration of 2.5 mmol-L™
methyl jasmonate, cis-jasmone, and jasmonic acid resulted
in the loss of colony formation capability of SH-SYSY cells
by 87.6%, 64.1%, and 21.2%, respectively.

Natural jasmonatesinduce cell cycle arrest and apoptosis
in SH-SYSY cells As previous studies have demonstrated
that inducing apoptosis is one of the mechanisms of the
anticancer effects of jasmonates®*'?, we hypothesized that
natural jasmonates may also induce apoptosis in cultured
neuroblastoma SH-SYSY cells. The cell cycle assay showed
that methyl jasmonate and cis-jasmone, but not jasmonic
acid, induced G,/M phase arrest in cultured SH-SYSY cells
(Table 1). As shown in Figure 4A, Hoechst 33258 staining
indicated that the administration of methyl jasmonate (2.5
mmol-L™), cis-jasmone (2.5 mmol-L™"), jasmonic acid (2.5
mmol-L™), and cisplatin (0.025 mmol-L™), rather than DMSO,
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Figure 2. Natural jasmonates suppress the proliferation of SH-SYS5Y cells and HEK 293 cells. Confluent monolayers of human neuroblastoma
SH-SYS5Y cells and HEK 293 cells were seeded into each well of 96-well plates and incubated with various concentration of DMSO (5 mmol/L),
methyl jasmonate (MJ, 0.5-2.5 mmol/L), cis-jasmone (CJ, 0.5-2.5 mmol/L), jasmonic acid (JA, 0.5-2.5 mmol/L), or cisplatin (DDP, 0.025-0.1
mmol/L) as indicated. MTT colorimetric assay indicated that methyl jasmonate, cis-jasmone, jasmonic acid, and cisplatin, but not DMSO,
inhibited the cell proliferation of SH-SY5Y cells in a dose- and time-dependent manner(A). Moreover, the cell proliferation of HEK 293 was
suppressed by cisplatin, but not by methyl jasmonate, cis-jasmone, or jasmonic acid (B). There was significant increase from control treated
with DMSO (°P<0.05). Triplicate experiments were performed with essentially identical results.
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Figure 3. Natural jasmonates suppress the colony formation of SH-SY5Y cells. Confluent monolayers of SH-SYSY cells were seeded at a
density of 500/mL on 35 mm dishes. After an overnight incubation to allow cell attachment, cells were incubated with natural jasmonates,
cisplatin, or DMSO as indicated. Colonies were allowed to grow for 10-14 d. (A) administration of methyl jasmonate, cis-jasmone, jasmonic
acid, and cisplatin resulted in decreased colony formation capabilities of SH-SYS5Y cells. 1: negative control; 2: 5 mmol/L DMSO control; 3:
2.5 mmol/L methyl jasmonate; 4: 2.5 mmol/L cis-jasmone; 5: 2.5 mmol/L Jasmonic acid; 6: 0.025 mmol/L cisplatin. (B) sensitivity of SH-
SYSY cells was found to be in the following order: methyl jasmonate>cis-jasmone>jasmonic acid. There was significant decrease from untreated
control (°P<0.05). Triplicate experiments were performed with essentially identical results.

to SH-SYSY cells resulted in eccentric nuclei and nuclei
condensation, characteristic changes of apoptosis. The
Annexin V-FITC/PI staining flow cytometry was used to
quantify the number of apoptotic cells induced by
jasmonates. As shown in Figure 4B, natural jasmonates (2.5
mmol-L™) exerted strong apoptosis-inducing effects on neu-
roblastoma cells. The cellular apoptotic rates of methyl
jasmonate-, cis-jasmone-, and jasmonic acid-treated SH-SY5Y
cells were 78.9%, 37.46%, and 8.32%, respectively (Table 2),
which were higher than that of untreated cells (4.29%).
Methyl jasmonate downregulates PCNA and N-myc in
SH-SYS5Y cells Asindicated earlier, natural jasmonates sup-
press the cell proliferation of neuroblastoma cells, so we

hypothesized that jasmonates may modulate the expression
of PCNA and N-myc, critical proteins that are involved in
neuroblastoma development and progression"*'¥, To meet
this end, the SH-SYSY cells were treated with 0.5, 1.5, and
2.5 mmol-L™' methyl jasmonate and 0.025 mmol-L" cisplatin
for 24 h. As shown in Figure 5, Western blotting demon-
strated that methyl jasmonate, but not DMSO or cisplatin,
decreased the expression of PCNA and N-myc in the SH-
SYSY cellsin a dose-dependent manner. The administration
of 0.5, 1.5, and 2.5 mmol-L™' methyl jasmonate resulted in the
downregulation of PCNA and N-myc in the SH-SYS5Y cells
by 31.9%—64.5% and 17.1%—68.4%, respectively.

Methyl jasmonate downregulates XIAP and survivin in
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Table 1.

Cell cycle phases of SH-SYS5Y cells treated by various drugs for 24 h. n=3. Mean+SD. °P<0.05, °P<0.01 vs control group.

Group Gy/G (%) S (%) G,/M (%)
Negative control 72.38+0.57 23.26+0.63 4.36+0.40
5 mmol/L DMSO 73.08+1.53 23.10+0.43 3.82+1.19
0.5 mmol/L MJ 70.76£0.74° 24.15+1.72 5.09+1.49
1.5 mmol/L MJ 65.20+0.95° 18.73+0.97° 16.07+£1.79°
2.5 mmol/L MJ 59.65+2.08° 19.38+1.42° 20.97+0.73°
0.5 mmol/L CJ 72.85+1.70 22.90+1.60 4.25+2.19
1.5 mmol/L CJ 68.24+1.01°¢ 20.55+0.71°¢ 11.21+0.31°¢
2.5 mmol/L CJ 58.75+1.65°¢ 21.01+0.17°¢ 20.24+1.49°¢
0.5 mmol/L JA 74.34+2.21 22.53%1.07 3.13+2.11
1.5 mmol/L JA 74.58%1.63 20.62+2.30 4.80+0.91
2.5 mmol/L JA 73.18+£2.92 22.79+£1.59 4.03+2.49
0.025 mmol/L DDP 85.98+2.19°¢ 9.50+0.18°¢ 4.52+2.06

MJ, methyl jasmonate; CJ, cis-jasmone; JA, jasmonic acid; DDP, cisplatin

Table 2. Cell phenotypes of SH-SYSY cells treated by various drugs for 24 h. n=3. Mean+SD. *P<0.05, °P<0.01 vs control group.

Annexin VY/PI" (%)

Annexin V*/PI*(%) Annexin V/PI*(%)

Group Annexin V/PI" (%)
Negative control 94.87+£3.06
2.5 mmol/L MJ 13.54£1.35°¢
2.5 mmol/L CJ 49.12£2.12°¢
2.5 mmol/L JA 89.94+3.01°
0.025 mmol/L DDP 48.37£2.04¢

1.17+0.07 3.12+0.31 0.84+0.05
11.38+1.12°¢ 67.52+2.01°¢ 7.56+1.47¢
9.45+0.83°¢ 28.01+1.36¢ 13.42+0.41°¢
3.28+0.29° 5.04£1.42° 1.74+0.09
5.22+1.18° 19.88+0.96°¢ 26.53+1.73¢

SH-SYS5Y cells As several published studies have demon-
strated that the IAP family plays a role in oncogenesis via its
effective suppression of apoptosis', we hypothesized that
IAP might be the targets of jasmonates in human neuroblas-
toma SH-SYSY cells. To meet this end, we performed West-
ern blotting to measure the expression of XIAP and survivin,
important members of the IAP family. As shown in Figure 6,
methyl jasmonate (0.5, 1.5, and 2.5 mmol-L™), but not DMSO
or cisplatin, attenuated the expression of XIAP and survivin
in a dose-dependent manner in SH-SY5Y cells. The adminis-
tration of 0.5, 1.5, and 2.5 mmol-L™! methyl jasmonate resulted
in the downregulation of XIAP and survivin in SH-SY5Y
cells by 17.6%—71.4% and 21.5%—-61.5%, respectively.

Discussion

Jasmonates are potent lipid regulators that mediate re-
sponses to mechanical and infectious stresses throughout
the plant kingdom!"*'”". Previous evidence has indicated
that salicylic acid, another plant hormone, suppresses the
proliferation of various types of cancer cells, including

Iymphoblastic leukemia, prostate, breast, and melanoma can-
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cer cells"®, suggesting that plant stress hormones are a prom-
ising group of plant-derived anticancer agents. A major char-
acteristic expected of a potential anticancer agent is its abil-
ity to selectively affect cancer cells while sparing normal
ones. In the current study, we demonstrated that natural
jasmonates exert anticancer activity on human neuroblas-
toma SH-SYSY cells. Moreover, the growth of the cultured
HEK 293 cell line was not affected by jasmonates, which was
consistent with previous evidence that normal cells are re-
sistant to jasmonate-mediated cytotoxicity!'”. These find-
ings suggest that the identification of plant-derived mol-
ecules with known roles in plants may provide novel candi-
dates for use in clinical oncology.

The naturally-occurring jasmonates, methyl jasmonate,
cis-jasmone, and jasmonic acid, have been compared in vitro
using leukemia, lymphoma, breast, prostate, and melanoma
cancer cells as targets”. Their anticancer activities can also
be generally summed up as methyl jasmonate>cis-jasmone>
jasmonic acid". Thus the methyl group appears to contrib-
ute considerably to the cytotoxic effects of MJ. In the cur-
rent study, we demonstrated that natural jasmonates of dif-
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Figure 4. Natural jasmonates induce apoptosis in SH-SYS5Y cells. Confluent monolayers of SH-SYSY cells were incubated with DMSO, methyl
jasmonate, cis-jasmone, jasmonic acid, or cisplatin for 24 h as indicated. Cells were collected for Hoechst 33258 staining and Annexin V-FITC/
PI staining flow cytometry. (A) Hoechst 33258 staining indicated that the administration of methyl jasmonate, cis-jasmone, jasmonic acid,
and cisplatin, rather than DMSO, to SH-SYSY cells, resulted in eccentric nuclei and nuclei condensation, characteristic changes of apoptosis.
200xmagnification. 1: Negative control; 2: 5 mmol/L DMSO control; 3: 2.5 mmol/L methyl jasmonate; 4: 2.5 mmol/L cis-jasmone; 5: 2.5
mmol/L Jasmonic acid; 6. 0.025 mmol/L cisplatin. (B) flow cytometry results indicated that natural jasmonates, methyl jasmonate, cis-
jasmone, and jasmonic acid, induced apoptosis in cultured SH-SY5Y cells. Sensitivity of SH-SYSY cells was found to be in the following order:
methyl jasmonate>cis-jasmone>jasmonic acid. Triplicate experiments were performed with essentially identical results. 1: Negative control;
2: 2.5 mmol/L methyl jasmonate; 3: 2.5 mmol/L cis-jasmone; 4: 2.5 mmol/L jasmonic acid; 5: 0.025 mmol/L cisplatin.

ferent structures suppress the growth of human neuroblas-
toma SH-SYSY cells in a dose- and time-dependent manner,
and their efficiency is consistent with previous reports™®,
Since the structures of jasmonates are different from any
group of currently available anticancer agents, these find-
ings suggest that potential future research directions should
include a structure—function analysis in order to identify the
actual jasmonate target molecule(s) and the discovery of
new derivatives with a superior therapeutic index.

PCNA is a 36 kDa nuclear protein, and its level correlates
directly with the rate of cellular proliferation®?'". Oue et al
reported that PCNA immunostaining is an appropriate index
of proliferation activity in neuroblastomas. It relates well
with tumor growth and other prognostic factors, and a high

PCNA expression is significantly related with a poor sur-
vival rate”. Combined with the results from the colony
formation assay that jasmonates inhibit the cell proliferation
of SH-SYSY cells, we hypothesized that jasmonates might
influence the PCNA expression of human neuroblastoma
cells. We found that methyl jasmonate downregulates the
PCNA expression of cultured SH-SYSY cells in a dose-de-
pendent manner. We believe that PCNA is one of the target
molecules of jasmonates, and the downregulation of PCNA
is associated with the methyl jasmonate-induced cell prolif-
eration inhibition of SH-SY5Y cells.

N-myc is a member of the myc family of proto-oncogenes,
in which C-myc, N-myc, and L-myc have strong oncogenic
potential®™. Approximately 25%-30% of primary untreated
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Figure 5. Methyl jasmonate downregulates the expressions of PCNA
and N-myc in SH-SYSY cells. Confluent monolayers of SH-SYS5Y
cells were treated with DMSO, methyl jasmonates, or cisplatin for 24
h as indicated. Western blotting demonstrated that methyl jasmonate,
but not DMSO or cisplatin, decreased the expressions of PCNA and
N-myc in SH-SY5Y cells in a dose-dependent manner. There was
significant decrease from untreated control (°P<0.05). Triplicate ex-
periments were performed with essentially identical results. 1: Nega-
tive control; 2: 5 mmol/L DMSO control; 3: 0.025 mmol/L cisplatin;
4: 0.5 mmol/L methyl jasmonate; 5: 1.5 mmol/L methyl jasmonate;
6: 2.5 mmol/L methyl jasmonate.

neuroblastomas present amplification/overexpression of the
N-myc proto-oncogene, which is associated with advanced
stage disease, rapid progression, and poor prognosis™®. The
downregulation of N-myc expression, either by antisense
treatment targeted against N-myc mRNA or by retinoids, has
been shown to decrease proliferation and/or induce neu-
ronal differentiation of neuroblastoma cells***". In the cur-
rent study, we found that methyl jasmonate suppresses the
N-myc expression in SH-SYSY cells, which might be corre-
lated with the jasmonate-mediated anticancer activity on
human neuroblastoma SH-SYSY cells.

To date, 8 human IAP have been identified, including
XIAP and survivin®*?", Previous evidence has indicated
that in neuroblastoma cells, XIAP protects against death
induced by staurosporine, thapsigargin, or serum with-
drawal®, In primary neuroblastomas, the survivin expres-
sion was associated with tumors of high risk and unfavor-
able prognosis®. In the current study, we found that natu-
ral jasmonates, methyl jasmonate, cis-jasmone, and jasmonic
acid induced apoptosis of neuroblastoma SH-SYS5Y cells. The
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Figure 6. Methyl jasmonate downregulates the expression of XIAP
and survivin in SH-SYS5Y cells. Confluent monolayers of SH-SYS5Y
cells were stimulated with DMSO, methyl jasmonates, or cisplatin for
24 h as indicated. Western blotting demonstrated that methyl
jasmonate decreased the XIAP and survivin expressions in SH-SYS5Y
cells in a dose-dependent manner. However, the administration of
DMSO or cisplatin resulted in no changes in the XIAP and survivin
levels. b, significant decrease from untreated control (P<0.05). Trip-
licate experiments were performed with essentially identical results.
1: Negative control; 2: 5 mmol/L DMSO control; 3: 0.025 mmol/L
cisplatine; 4: 0.5 mmol/L methyl jasmonate; 5: 1.5 mmol/L methyl
jasmonate; 6: 2.5 mmol/L methyl jasmonate.

expressions of XIAP and survivin were suppressed in me-
thyl jasmonate-treated SH-SYS5Y cells. We believe that
jasmonates may modulate IAP to exert anticancer activity,
which warrants further study.

In summary, we demonstrated that 3 kinds of natural
jasmonates, methyl jasmonate, cis-jasmone, and jasmonic
acid suppress cell proliferation and induce apoptosis in the
human neuroblastoma cell line SH-SY5Y. The anticancer
activities of jasmonates, are different along with their vari-
ous chemical structures, which can be summed up as methyl
jasmonate>cis-jasmone>jasmonic acid. In addition, methyl
jasmonate attenuates the expression of PCNA and N-myc,
and downregulates the expression of XIAP and survivin, which
might be one of the mechanisms of jasmonate-mediated anti-
cancer activity on human neuroblastoma SH-SYSY cells.
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