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Long non-coding RNA BACE1-AS is a novel target
for anisomycin-mediated suppression of ovarian
cancer stem cell proliferation and invasion
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Abstract. Human ovarian cancer stem cells (OCSCs) are one
of the main factors affecting ovarian cancer cell metastasis,
recurrence, prognosis and tolerance to chemotherapy drugs.
However, the mechanisms of OCSC proliferation and inva-
sion are not clear. Recent studies suggest that anisomycin can
inhibit the proliferative and invasive ability of various tumor
cells by increasing the production of the toxic amyloid
(AP1-42) peptides from the amyloid precursor protein (APP).
We explored whether anisomycin could also suppress human
OCSC proliferation and invasion. The CD44*/CD117* OCSCs
were enriched from human clinical ovarian tumor tissues.
OCSC:s treated with anisomycin showed reduced proliferation
compared to controls. Moreover, anisomycin significantly
suppressed the invasive capacity of OCSCs in vitro, as indi-
cated by cell migration assays. The mRNA expression levels
of long non-coding RNA (IncRNA) -site APP cleaving
enzyme 1 antisense strand (BACE1-AS) were significantly
increased in anisomycin-treated OCSCs compared to controls.
In addition, mRNA and protein levels of BACEI and AB1-42
were increased in anisomycin-treated OCSCs compared to
controls. We confirmed that anisomycin suppressed the growth
of xenograft tumors formed by OCSCs in vivo. Finally, when
expression of IncRNA BACEI-AS was silenced using siRNA,
BACEI expression was downregulated and the antiprolif-
erative and anti-invasive effects of anisomycin were reduced.
Overall, we identified IncRNA BACEI-AS as a novel target for
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anisomycin. Elevation of IncRNA BACEI1-AS expression is a
potential mechanism for suppressing human OCSC prolifera-
tion and invasion.

Introduction

Human ovarian cancer stem cells (OCSCs) are one of the
main factors affecting ovarian cancer metastasis, recurrence,
prognosis and tolerance to chemotherapy drugs (1-9). To date,
there are no effective therapies to inhibit OCSC proliferation
or invasion. While the mechanisms of OCSC proliferation and
invasion remain unclear, recent studies suggest that proteins
involved in Alzheimer's disease etiology, including the amyloid
precursor protein (APP) and amyloid § (AP) peptides, may be
involved (10,11).

A recent study showed that inhibition of microRNA-20a
expression increases APP expression and suppresses ovarian
cancer cell proliferation and invasion (10). Similarly, other
studies indicate that anisomycin, a small molecule antibiotic,
can inhibit the proliferative and invasive ability of some tumor
cells by increasing the production of the toxic amyloid 8
(AP1-42) peptides from APP (11,15-19). In particular, aniso-
mycin [2-(p-methoxybenzyl)-3.,4-pyrrolidinediol-3-acetate]
increases mRNA expression of APP, B-site APP cleaving
enzyme 1 (BACEI or (3-secretase) and presenilin 1 (PS1) in
a human SH-SYS5Y cell line (10). In turn, APP influences cell
adhesion, motility and proliferation, and is renowned for its
ability to produce toxic AP1-42 peptides (11). Toxic Ap1-42
peptides are generated from the cleavage of APP by BACEI
and the y-secretase complex (which consists of PSI) (10).
In neuronal cells, Ap1-42 destroys the integrity of the cell
membrane (10-14). However, few studies have investigated the
effects of APP and AP1-42 on tumor cell proliferation, inva-
sion and tumorigenesis.

Another important factor regulating Ap1-42 production is
the expression of the long non-coding RNA BACEl-antisense
transcript (IncRNA BACEI1-AS), which is upregulated in
patients with Alzheimer's disease. The IncRNA can stabilize



CHEN et al: ANISOMYCIN SUPPRESSES OCSCs BY ELEVATING IncRNA BACE1-AS EXPRESSION

BACEl mRNA and generate additional BACEI through a
feed-forward mechanism, thereby stimulating Af31-42 produc-
tion (12,13). However, whether IncRNA BASEI1-AS increases
AP1-42 production in tumor cells treated with anisomycin
remains unknown.

While anisomycin has been shown to have antiproliferative
ability in Jurkat T cells (16) and enhance apoptosis of various
cancer cell types [including renal carcinoma, glucocorticoid
resistant acute lymphoblastic leukemia and glioma cells (15)],
the effects of anisomycin on human OCSCs are not well
studied. We hypothesized that anisomycin could suppress
human OCSC proliferation and invasion by stimulating
IncRNA BACEI-AS and upregulating AB1-42 expression.
Using ovarian cancer stem cells derived from seven ovarian
cancer patients, we analyzed the expression levels of IncRNA
BACEI-AS, APP, APB1-42 and apoptosis-related proteins after
treatment with anisomycin. We also investigated whether
silencing of IncRNA BACE-1 expression using siRNA would
alter the anisomycin-related antiproliferative and anti-invasive
effects.

Materials and methods

Isolation of CD44*/CDI117* ovarian cancer stem cells. All
samples were collected from the inpatient clinic of Shanghai
Pudong New Area Gongli Hospital (Shanghai, China) between
June 2013 and December 2014. All human materials were
obtained according to consent regulation and approved by the
Ethics Review Committee of the World Health Organization
of Collaborating Center of Research in Human Production
authorized by Shanghai Municipal Government. Briefly, 4 ul
of CD44* and CDI117* primary monoclonal antibodies (mouse
anti-human CDI117-FITC, rabbit anti-human CD44-PE; eBio-
science) at 1 mg/100 ml were added to the primary ovarian
cancer cell sediment to block nonspecific binding, and the
cells were stored at 4°C in phosphate-buffered saline (PBS) for
30 min in a volume of 1 ml as previously described (1,3,4,9).
After the reaction, the cells were washed twice in PBS. They
were isolated and enriched by flow cytometry (BD FACSAria;
BD Biosciences, San Jose, CA, USA), incubated at 10°C in PBS
for 15 min before being washed twice in PBS. Single cells were
plated at 1,000 cells/ml in Dulbecco's modified Eagle's medium
(DMEM):F12 (HyClone), supplemented with 10 ng/ml basic
fibroblast growth factor (bFGF), 10 ng/ml epidermal growth
factor (EGF), 5 ug/ml insulin and 0.5% bovine serum albumin
(BSA) (all from Sigma-Aldrich). All CD44*/CDI117* cells were
cultured in the above conditions as non-adherent spherical
clusters, termed ovarian carcinoma-initiating cells. All cells
were cultured under the same conditions until passage three,
when they were used for further experiments.

RNA extraction and analysis by quantitative real-time
PCR (qRT-PCR). Total RNA from each cell was isolated
using TRIzol reagent (Invitrogen), according to the manu-
facturer's protocol. The RNA samples were treated with
DNase I (Sigma-Aldrich, St. Louis, MO, USA), quantified
and reverse-transcribed into cDNA using the ReverIra Ace-a
First Strand cDNA Synthesis kit (Toyobo). Quantitative
RT-PCR was conducted using a RealPlex4 real-time PCR
detection system from Eppendorf Co., Ltd. (Germany), with
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SYBR-Green Real-Time PCR Master Mix (Toyobo) as the
detection dye. Amplification was performed over 40 cycles
with denaturation at 95°C for 15 sec and annealing at 58°C
for 45 sec. Target cDNA was quantified using the relative
quantification method. A comparative threshold cycle (Ct)
was used to determine gene expression relative to a control
(calibrator) and steady-state mRNA levels are reported as an
n-fold difference relative to the calibrator. For each sample,
the maker gene Ct value was normalized using the formula
Ct = Ct_genes-Ct_18sRNA. To determine relative expression
levels, the following formula was used: AACt = ACt_all_
groups-ACt_blank control_group. The values used to plot
relative expression of markers was calculated using the
expression 224¢, The mRNA levels were calibrated based on
levels of 18s rRNA. The cDNA of each gene was amplified
using primers as previously described (12,13).

Northern blot analysis. Northern blotting experiments were
performed as previously described (7,13). For all samples,
20 ug of good quality total RNA was analyzed on a 7.5 M
urea 12% polyacrylamide denaturing gel and transferred to a
Hybond N* nylon membrane (Amersham, Freiburg, Germany).
Membranes were cross-linked using UV light for 30 sec at
1,200 mJ/cm?. Hybridization was performed with the anti-
sense starfire probe to be detected the IncRNA BACEI-AS
fragments according to the manufacturer's instructions (12,13).
After washing, membranes were exposed for 20-40 h to
Kodak XAR-5 film (Sigma-Aldrich). As a positive control,
all membranes were hybridized with a human U6 snRNA
probe, 5-GCAGGGGCCATGCTAATCTTCTCTGTAT
CG-3'. Exposure times for the U6 control probe varied
between 15 and 30 min.

Methylthiazolyl tetrazolium (MTT) assay for cell prolif-
eration. Cells were seeded (2x10°/well) in 96-well plates
and cultured in DMEM supplemented with 10% fetal bovine
serum (FBS) at 37°C with 5% CO,, until 85% confluent.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT); Sigma Chemicals reagent (5 mg/ml) was added to the
maintenance cell medium at different time points, and incu-
bated at 37°C for an additional 4 h. The reaction was terminated
with the addition of 150 pl dimethylsulfoxide (DMSO; Sigma
Chemicals) per well. Cells were lysed for 15 min, and the
plates were gently shaken for 5 min. Absorbance values were
determined using the enzyme-linked immunosorbent assay
(ELISA) reader (Model 680; Bio-Rad) at 490 nm.

Western blot analysis. Total protein extracts were resolved by
12% SDS-PAGE and transferred on polyvinylidene difluoride
(PVDF) membranes (Millipore). After blocking, the PVDF
membranes were washed four times for 15 min with Tris-
buffered saline with Tween-20 (TBST) at room temperature
and incubated with primary antibody (Table I). Following
extensive washing, membranes were incubated with secondary
peroxidase-linked goat anti-rabbit IgG (1:1,000; Santa Cruz
Biotechnology) for 1 h. After washing four times for 15 min
with TBST at room temperature, the immunoreactivity was
visualized by enhanced chemiluminescence (ECL kit; Pierce
Biotechnology), and membranes were exposed to Kodak
XAR-5 film.
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Table I. The source and dilutions of primary antibodies.
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Antibodies Companies Applications
Rabbit anti-human Af1-42 Cell Signaling Technology, Danvers, MA, USA WB (1:1,000)
ICH (1:100)
Goat anti-human BACE1 Santa Cruz Biotechnology, Santa Cruz, CA, USA WB (1:1,000)
ICH (1:100)
Rabbit anti-human Ki67 Santa Cruz Biotechnology, Santa Cruz, CA, USA WB (1:1,000)
ICH (1:100)
Rabbit anti-human GAPDH Cell Signaling Technology, Danvers, MA, USA WB (1:1,000)
Donkey anti-goat-Cy3 Santa Cruz Biotechnology, Santa Cruz, CA, USA IF (1:100)
Goat anti-rabbit-FITC Santa Cruz Biotechnology, Santa Cruz, CA, USA IF (1:100)

Soft agar colony formation assay. All steps were performed as
previously described in 6-well plates (7). The base layer of each
well consisted of 2 ml with final concentrations of 1X media
(DMEM+10% FBS) and 0.6% low melting point agarose.
Plates were chilled at 4°C until solid and then a 1 ml growth
layer of agar was poured, consisting of 1x10* cells suspended
in 1X media and 0.3% low melting point agarose. Plates were
again chilled at 4°C until the growth layer congealed. An addi-
tional 1 ml of 1X media without agarose was added on top of
the growth layer on day O and again on day 15 of growth. Cells
were allowed to grow at 37°C for 1 month and then the total
number of colonies was counted. Assays were repeated three
times. Results were statistically analyzed by paired t-test using
the GraphPad Prism program.

Transwell migration assay. All steps were performed as previ-
ously described (1). Briefly, cells (2x10°) were resuspended in
200 ul of serum-free medium and seeded on the top chamber
of the 8.0-um pore, 6.5 mm polycarbonate Transwell filters
(Corning). A total of 600 ul of DMEM+10% FBS was added
to the bottom chamber. The cells were allowed to migrate for
24 h at 37°C in a humidified incubator with 5% CO,. The cells
attached to the lower surface of the membrane were fixed in
4% paraformaldehyde at room temperature for 30 min and
stained with 4,6-diamidino-2-phenylindole (DAPI) (C1002;
Beyotime Institute of Biotechnology, China). The number of
cells on the lower surface of the filters was counted under
the microscope. A total of five fields were counted for each
Transwell filter.

Annexin V-FITC/PI staining and flow cytometric analysis.
Apoptosis was evaluated using an Annexin V-FITC/PI
staining kit (Beyotime Institute of Biotechnology) according
to the manufacturer's instructions and as previously
described (16). Briefly, cells were seeded (3x10°/well) in 6-well
plates and cultured until 85% confluent. Cells were washed
with PBS three times, and collected by centrifugation (Allegra
X-22R; Beckman Coulter) at 1,000 x g for 5 min. The cell
pellets were resuspended in 0.1 ml of PBS, stained with the
Annexin V-FITC/PI kit, incubated for 30 min at 4°C and
analyzed using a fluorescence-activated cell sorting (FACS)
machine (BD FACSAria). A total of 20,000 events were
acquired for analysis using CellQuest software.

Immunofluorescence (IF) staining. The cultured cells were
washed three times with PBS and fixed with 4% paraformal-
dehyde (Sigma-Aldrich) for 30 min. After blocking, the cells
were incubated first with primary antibody (Table I) overnight
at 4°C, and then with FITC-conjugated goat anti-rabbit IgG
antibody (1:200; Abcam, Cambridge, UK) and 5 pg/ml DAPI
(Sigma-Aldrich) at room temperature for 30 min. Cells were
thoroughly washed with TBST and viewed through a fluores-
cence microscope (DMI3000; Leica, Allendale, NJ, USA).

In vivo xenograft experiments. OCSCs were divided into two
groups: a negative control group (OCSCs pretreated with
DMSO), which were treated with DMSO for 72 h; and an exper-
imental group (OCSCs pretreated with anisomycin), which
were treated with anisomycin (at its half maximal inhibitory
concentration, IC5,=8.5 yumol) for 72 h. Approximately 1x10°
logarithmically growing OCSCs were inoculated in BALB/c
nude, or nude mice. Each experimental group consisted of
seven mice. After seven weeks of observation, the mice were
sacrificed and tumors were stripped (7,8). Tumor weight was
measured and tumor volume was calculated according to the
formula: Tumor volume (mm?) = (ab%)/2, where a, represents
the longest axis (mm) and b, the shortest axis (mm).

Statistical analysis. Each experiment was performed as least
three times and data are shown as the mean + SE where appli-
cable. Differences were evaluated using Mann-Whitney test.
The probability p<0.05 was considered to indicate a statisti-
cally significant result.

Results

Patient population filter. We examined a total of seven ovarian
cancer patients with undifferentiated and mixed epithelial
ovarian carcinoma. The characteristics of all ovarian patients
are summarized in Table II. The age, stage, grade of differenti-
ation and histology distribution of the patient populations were
released by the International Federation of Gynaecology and
Obstetrics (FIGO) annual report for European countries (1,7).

Anisomycin suppresses OCSC proliferation and invasion.
Cell viability (MTT) assays revealed no significant differ-
ence in the viability of anisomycin (8.5 ymol) treated OCSCs
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Table II. Characteristics of the patients cohort.

Characteristics Patients (n=7)

Age median (range) 38-62
<40 2
40-60 4
=60 1

Surgical staging
Ta-c 1
II a-c 3
III a-c 3
v -

Histopathology
Serous -
Endometrioid -
Mucinous -
Clear cells
Others 7
(mixed epithelial, undifferentiated)

Tumor grade
1
2
3 or clear cell
Unknown -

oA —

Treatments
Primary surgery 7
Radical surgery -
Secondary surgery
Platinum-based chemotherapy 5
Radiotherapy -

compared to controls in the first 24 h of treatment (i.e.,
at 0, 12 and 24 h; Fig. 1A). However, over time (48-72 h),
anisomycin-treated OCSCs showed a significant decrease
in cell proliferation compared to the DMSO treated and
untreated group (Fig. 1A). After 72 h of treatment, there was a
significant increase in the percentage of cells undergoing early
apoptosis (Annexin V-FITC*/PT) in the anisomycin-treated
OCSCs compared to the untreated OCSCs (Fig. 1B).
Moreover, there were significantly fewer invading aniso-
mycin-treated OCSCs/well (migration cell number, 63+13)
than DMSO-treated OCSCs/well (102+16) or untreated
OCSCs/well (115+15) (Fig. 1C). After 72 h of treatment, there
were substantially fewer colonies in the anisomycin-treated
OCSC agar plate (33.01+9.17%) when plated at low density
compared to the DMSO-treated OCSC plate (76.71+6.26%)
or the untreated OCSC plate (82.26+8.32%) (Fig. 1D). These
results suggest that anisomycin suppresses OCSC proliferation
and invasion.

Anisomycin stimulates expression of IncRNA BACEI-AS
and apoptosis-related proteins in OCSCs. Our qRT-PCR
analysis showed that the expression of IncRNA BACEI-AS
in the anisomycin-treated OCSCs was significantly elevated
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compared to the DMSO treated OCSCs or untreated OCSCs
after 72 h (Fig. 2A). In addition, the expression of BACEI,
APP, Bcl2 and Bax mRNAs in the anisomycin treated OCSCs
was elevated compared to the DMSO treated OCSCs or
untreated OCSCs after 72 h (Fig. 2B). Expression of the Ki67
(a cellular marker for proliferation) mRNA in the anisomycin
treated OCSCs was decreased compared the DMSO treated or
untreated OCSCs (Fig. 2B).

In terms of protein expression, our western blot analysis
confirmed that expression of amyloid-f-related proteins
(BACEI and AP1-42) were significantly increased in the
anisomycin treated OCSCs compared to the DMSO treated
or untreated OCSCs after 72 h (Fig. 3A and B). However, the
expression of the Ki67 protein was significantly decreased in
the anisomycin treated OCSCs compared the DMSO treated
or untreated OCSCs (Fig. 3A and B). Additionally, IF staining
confirmed that BACE1 and AP1-42 levels increased in the
anisomycin treated OCSCs compared the DMSO treated or
untreated OCSCs after 72 h (Fig. 3C). These data indicate
that anisomycin induces IncRNA BACEI1-AS expression and
expression of amyloid-f-related proteins.

Anisomycin inhibits OCSCs xenograft growth. All mice
inoculated with anisomycin or DMSO pretreated OCSCs
developed tumors ~7 weeks after injection. Although both
experimental groups eventually developed tumors, tumors
formed by anisomycin pretreated OCSCs grew more slowly
than those derived from DMSO pretreated OCSCs (Fig. 4A).
Furthermore, when mice were sacrificed seven weeks after
inoculation with OCSCs, tumors obtained from the aniso-
mycin pretreated group were significantly smaller and lighter
than those from the DMSO pretreated group (Fig. 4B and C).
Representative hematoxylin and eosin-stained sections of
all subcutaneous xenograft tumors were categorized as
mixed epithelial ovarian carcinoma of moderate or poor
differentiation (grade II/IIT) (Fig. 4D). Furthermore, immu-
nohistochemical staining indicated that expression of the
BACEI and APB1-42 proteins were significantly higher in
tumors derived from anisomycin pretreated OCSCs compared
to those derived from the DMSO pretreated OCSCs (Fig. 4D).
The expression of the Ki67 protein was significantly decreased
in the anisomycin pretreated OCSCs compared to the DMSO
pretreated OCSCs (Fig. 4D). Thus, xenografts formed by
anisomycin pretreated OCSCs were smaller and experienced
reduced proliferation compared to those formed by DMSO
pretreated OCSCs.

SiRNA targeting IncRNA BACEI-AS weakens the effects
of anisomycin on OCSC inhibition. To evaluate whether
anisomycin regulates proliferation and invasion of OCSCs by
inhibiting IncRNA BACEI-AS expression, we used a siRNA
targeting BACE1-AS. OCSCs were transfected with either
siRNA-BACEI-AS or siRNA-Mock and then treated with
anisomycin for 72 h. The MTT assay indicated that the survival
ratio of the anisomycin treated siRNA-BACEI-AS transfected
OCSCs group was significantly higher than the anisomycin
treated siRNA-Mock transfected OCSCs group or the aniso-
mycin treated control group (Fig. SA). Moreover, western blot
analysis showed that BACEI protein expression was signifi-
cantly lower in the anisomycin treated siRNA-BACEI-AS



1920 ONCOLOGY REPORTS 35: 1916-1924, 2016

A —=— Anisomycin group . .
——DMSO group Anisomycin group Untreated group
— Untreated group LT - g
100 0.727%0.072% 13.185%+0.885%
& 0.317%20.024% M 0.5256%+0.315%
75
Ew

Survival (%)
a 3

SRS 0.160%20.080%
86.135%+1.275%

| 57.030%:0.235%

Y0 12 24 a8 72 .
Time (h) - L - - - s - wl
C Annexin V-FITC Annexin V-FITC

Anisomycin group DMSO group Untreated group

s

-
]

Migration cell number
per field
g

0
Anisomycin group DMSO group Untreated group

D Anisomycin group DMSO group Untreated group

-
=3
o

-~
[2.]

Colony formation efficiency
(% of scrambled)
a L5

Anisomycin group DMSO group Untreated group

Figure 1. Anisomycin suppresses human OCSC proliferation and invasion. (A) MTT assays showing a significant decrease in proliferation of OCSCs over
time when cells are treated with anisomycin; ““p<0.01 vs. untreated group; “p<0.05 vs. untreated group; “p>0.05 vs. untreated group; n=3. (B) Flow cytometric
assay showing that the percentage of cells in early apoptosis (Annexin V-FITC*/PT’) in anisomycin-treated OCSCs is elevated significantly compared to
the untreated OCSCs. (C) Transwell migration invasion assay showing significantly fewer invading anisomycin-treated OCSCs/well than DMSO-treated
OCSCs/well or untreated OCSCs group/well; “p<0.05 vs. untreated group; “p>0.05 vs. untreated group; n=3. (D) Soft agar colony formation assay indicating
that anisomycin-treated OCSCs create substantially fewer colonies when plated at low density than DMSO-treated OCSCs or untreated OCSCs; “p<0.05 vs.
untreated group; “p>0.05 vs. untreated group; n=3.
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Figure 2. Anisomycin stimulated expression of IncRNA BACEI-AS and apoptosis-related genes in OCSCs. (A) The qRT-PCR assay shows elevated expres-
sion of IncRNA BACEI-AS in the anisomycin-treated OCSCs (red) compared to the DMSO treated OCSCs (blue) or untreated OCSCs (green) after 72 h of
treatment; the mRNA levels were calibrated based on levels of 18s rRNA; “p<0.01 vs. untreated group; n=3. (B) The qRT-PCR reveals elevated expression
of Bacel, APP, Bcl2 and Bax mRNAs in the anisomycin-treated OCSCs (red) compared to the DMSO treated OCSCs (blue) or the untreated OCSCs (green)
after 72 h of treatment. However, the mRNA expression of Ki67 is decreased in the anisomycin-treated OCSCs compared to the DMSO treated or untreated
OCSCs after 72 h of treatment. The mRNA levels were calibrated based on levels of 18s TRNA; “p<0.01 vs. untreated group; “p<0.05 vs. untreated group;
"p>0.05 vs. untreated group; n=3.
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Figure 3. Anisomycin stimulates expression of IncRNA BACEI-AS and apoptosis-proteins in OCSCs. (A and B) Western blotting confirms increased expres-
sion of BACEI and AB1-42 in anisomycin-treated OCSCs compared to the DMSO OCSCs or the untreated OCSCs after 72 h. However, the expression of Ki67
protein is decreased in anisomycin-treated OCSCs group compared to DMSO-treated or untreated OCSCs. GAPDH was used as a loading control; “p<0.01
vs. untreated group; “p>0.05 vs. untreated group; n=3. (C) Immunofluorescence staining confirming increased BACEI enzyme and Af31-42 expression levels
in the anisomycin-treated OCSCs compared to DMSO treated or untreated OCSCs after 72 h.

transfected OCSC group compared to the anisomycin treated
siRNA-Mock transfected OCSC group or the anisomycin
treated control group (Fig. 5B). Finally, northern blot analysis
revealed that the hybridization signal of IncRNA BACEI-AS
from the anisomycin treated OCSCs after 72 h was signifi-
cantly stronger than from the DMSO treated or untreated
OCSCs (Fig. 5C); but the hybridization signal of IncRNA
BACEI-AS from the anisomycin treated siRNA-BACEI1-AS
transfected OCSC group was significantly lower than in the
anisomycin treated siRNA-Mock transfected OCSC group or
the anisomycin treated control group (Fig. 5D). These results
indicate that silencing of IncRNA BACEI-AS expression can
weaken the effects of anisomycin in OCSCs.

Discussion

Anisomycin is a small molecule that has previously shown
efficacy in inhibiting proliferation of a variety of tumor cells.
In the present study, we found anisomycin (at ICs, dose of
8.5 uM) inhibited the proliferation, invasion and tumorigenesis
of OCSCs. We found that anisomycin increased the endog-
enous concentration of ABf1-42 and expression of BACEI by

elevating IncRNA BACEI-AS expression in OCSCs derived
from human ovarian cancer patients.

Similar to our results, previous studies have shown that
anisomycin can upregulate APP, BACEI and PS1 expression
by reducing methyltransferase activity in SH-SY5Y cells (11).
Yu et al also showed that anisomycin suppresses Jurkat T
cell proliferation by stimulating P53/P21/P27 signaling and
arresting cells at the S or G2/M phases (17). Anisomycin was
shown to enhance apoptosis of renal carcinoma cells by down-
regulating proteins involved in apoptosis,i.e., Bcl-2, c-FLIP (L)
and Mcl-1 (18). Liu et al indicated that anisomycin induces
apoptosis of glucocorticoid resistant acute lymphoblastic
leukemia cells via activation of phosphorylating mitogen-
activated protein kinases p38 and Jun N-terminal kinase (15).
Finally, anisomycin was shown to induce glioma cell death by
downregulating the protein phosphatase 2A catalytic subunit
in vitro (19). While our results are similar to previous findings
and confirm the antiproliferative and anti-invasive ability of
anisomycin, here we identified IncRNA BACEI-AS as a novel
mechanism.

We propose that anisomycin increases IncRNA BACE1-AS
expression, which in turn, stabilizes BACEl mRNA and
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DMSO group

Figure 4. Anisomycin inhibits OCSC xenograft growth. (A) Images of the excised xenograft tumors from the anisomycin pretreated OCSC mice and the
DMSO pretreated OCSC mice; blue circle marks the tumor tissue. (B) Tumor size in the anisomycin pretreated OCSC mice (red) and the DMSO pretreated
OCSC mice (blue); “p<0.01 vs. DMSO group; n=7. (C) Tumor weight in the anisomycin pretreated OCSC mice (red) and the DMSO pretreated OCSC mice
(blue); “p<0.01 vs. DMSO group; n=7. (D) Representative hematoxylin and eosin (H&E) stained sections of all subcutaneous xenograft tumors, which were
categorized as mixed epithelial ovarian carcinoma of moderate or poor differentiation (grade II/III). Immunohistochemical staining indicating that BACE1
and AB1-42 protein expression is significantly higher in tumors derived from anisomycin pretreated OCSCs, compared to tumors from DMSO pretreated
OCSCs. The expression of the Ki67 protein is significantly decreased in the tumors derived from anisomycin pretreated OCSCs compared to tumors from

DMSO pretreated OCSCs. Original magnification, x200.

increases BACEI expression through a feed-forward mecha-
nism. As BACE] is crucial for APP processing and Af1-42
production, which are toxic to cells, anisomycin could therefore
result in OCSC apoptosis (11,14,20-25). Indeed, our previous
studies and others indicate that IncRNA BACEI-AS forms
RNA duplexes and increased the stability of BACEl mRNA,
thereby attenuating Af1-42 production (12,13). To prove that
anisomycin targets IncRNA BACEI-AS, we used siRNA
against BACE1-AS and showed that when OCSCs were trans-
fected with siRNA-BACEI-AS and treated with anisomycin,
cell toxicity was reduced compared to controls. Thus, silencing
of IncRNA BACEI-AS weakens the effects of anisomycin in
OCSCs, which confirms that IncRNA BACEI-AS is targeted
by anisomycin.

We also found that xenografts formed by anisomycin
pretreated OCSCs were smaller and experienced reduced
proliferation compared to those formed by DMSO pretreated
OCSCs. This suggests that increasing IncRNA BACEI-AS
expression (e.g., with anisomycin) is a novel strategy for
reducing OCSC proliferation and invasion, and holds potential
for future ovarian cancer treatment.

In conclusion, we showed that anisomycin suppresses
proliferation and invasion of human OCSCs by increasing
IncRNA BACEI-AS levels. In turn, IncRNA BACEI-AS can
increase BACEl mRNA stability, enhance APP processing,
and elevate levels of the AB1-42 peptide, which are toxic to
tumor cells. Therefore, our results suggest a novel mechanism
for the antiproliferative or anti-invasive activity of anisomycin,
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Figure 5. siRNA targeting of IncRNA BACEI-AS weakens the inhibitory effects of anisomycin on OCSCs. (A) The MTT assay indicates that the survival
ratio of the anisomycin-treated siRNA-BACEI1-AS transfected OCSCs (blue) are significantly higher than the anisomycin-treated siRNA-Mock transfected
OCSCs (green) or the anisomycin-treated OCSCs (red) after 72 h; “p<0.05 vs. anisomycin-treated group; “p>0.05 vs. anisomycin-treated group; n=3. (B)
Western blot analysis shows that the expression of BACEI is reduced in the anisomycin-treated siRNA-BACEI-AS transfected OCSCs (blue) compared to the
anisomycin-treated siRNA-Mock transfected OCSCs (green) or the anisomycin-treated OCSCs (red) after 72 h. GAPDH was used as a loading control; “p<0.01
vs. anisomycin-treated group; “p>0.05 vs. anisomycin-treated group; n=3. (C) Northern blot reveals that the hybridization signal of IncRNA BACE1-AS from
the anisomycin-treated OCSCs after 72 h is significantly stronger than from the DMSO treated or untreated OCSCs. (D) The hybridization signal of IncRNA
BACEI-AS from the anisomycin-treated siRNA-BACEI-AS transfected OCSCs after 72 h is significantly weaker than in the anisomycin-treated siRNA-Mock
transfected OCSCs or the anisomycin-treated OCSCs; the snRNA U6 was used as a loading control.

and indicate that targeting IncRNA BACEI-AS expression
could be a potential treatment for ovarian cancer.
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