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NUMB knockdown enhanced the anti-tumor role of cisplatin on
ovarian cancer cells by inhibiting cell proliferation and
epithelial-mesenchymal transition
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Background: NUMB is an inhibitory regulator of NOTCH signaling, which is critical for the induction
of epithelial-mesenchymal transition (EMT). Loss of NUMB expression is correlated with the genesis and
development of multiple tumors. Recent studies reported that NUMB expression was upregulated in human
ovarian cancer. However, the role of NUMB in ovarian cancer is still unclear. Here, we invested the effect of
NUMB knockdown on the proliferation and EMT in ovarian cancer cells and explored the role of NUMB in
the effect of cisplatin.

Methods: Two ovarian cancer cells (OVCAR-3 and SK-OV-3) were used in the experiments. The
proliferation and apoptosis of ovarian cancer cells was examined using methyl thiazolyl tetrazolium (MTT)
test and flow cytometry assays. The invasion and migration of ovarian cancer cells were examined using
Transwell assays. The expression of EMT markers were examined using Simple Western analysis.

Results: NUMB knockdown inhibited cell proliferation, invasion, and migration in both ovarian cancer
cells. NUMB knockdown enhanced cisplatin-induced cell growth inhibiting and apoptosis in both ovarian
cancer cells. NUMB knockdown enhanced cisplatin-induced cell invasion in SK-OV-3 cells. NUMB
knockdown also decreased the expression of N-cadherin and Vimentin in SK-OV-3 cells.

Conclusions: NUMB acted as an oncogene in ovarian cancer and NUMB knockdown enhanced the anti-

tumor role of cisplatin on ovarian carcinoma cells by inhibiting cell proliferation and EMT.
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Introduction The standard treatment of this disease is platinum-based
Ovarian cancer is the most fatal gynecological cancer, .chemothe.rapy and surgical removal of the tumor. CisPladn
with a 5-year survival rate of 35% (1). Due to non-specific is an anti-tumor agent that damages DNA and activates
symptoms and the lack of effective screening methods, 70% nuclear and cytoplasmic signaling, such as cell cycle, DNA
of the patients were first diagnosed at advanced stage (2). damage repair, and cell apoptosis pathways (3). It is one of
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the most commonly used drugs for the treatment of ovarian
cancer. Although ovarian cancer owns a high response rate
to the initial cisplatin chemotherapy, resistance is common
and eventually leads to treatment failure (4). Therefore, it
is highly important to explore therapies to overcome the
cisplatin resistance of ovarian cancer.

NUMB is a membrane-bound protein that has been
initially recognized as a NOTCH signaling inhibitor (5).
NUMB plays a crucial role in cell polarity maintenance, cell
asymmetric division, cell adhesion and endocytosis during
development (6,7). Six human NUMB isoforms have been
identified (8,9). NUMB protein contains an amino-terminal
phosphotyrosine-binding (PTB) domain, C-terminal
proline-rich (PRR) and Eps15 homology regions. PRR
domain contains Src homology binding sites involved in
intracellular signal transduction and PTB domain is crucial
for membrane localization (6). NUMB is also involved in
tumor progression and acting on several signaling pathways,
such as NOTCH, Hedgehog, WN'T, P53 and EMT
signaling pathways (10,11).

Loss of NUMB expression has been found in several
human carcinomas (10,12-14). NUMB was reported to
play roles in regulating sensitivity to chemotherapy in
solid and hematological tumors. Kang et /. demonstrated
that low expression of NUMB was associated with poor
prognosis of epithelioid malignant pleural mesothelioma
and overexpression of NUMB suppressed tumor cell
proliferation and enhanced the sensitivity to cisplatin
treatment (15). Additionally, NUMB inactivation was
reported to confer resistance to imatinib in chronic myeloid
leukemia cells (16). In contrast to the aforementioned studies
that NUMB functions as a tumor suppressor, others indicated
the oncogenic role of NUMB. Recent studies reported
that NUMB expression was upregulated in human ovarian
cancer (17,18). In addition, Bocci et 4l. showed that NUMB
correlated with a worse survival in multiple independent
ovarian datasets, confirming its relationship with increased
cancer aggressiveness (19). Collectively, the role of NUMB
in tumorigenesis is complex and varies in different contexts.

Accumulating evidence showed a crucial role of NUMB
in the EMT process, which contributes to invasiveness
and resistance to apoptosis and chemotherapy in multiply
cancers (20). NUMB expression was reported to inhibit EMT
in breast cancer via a dual mechanism: p53 activation (10)
and NOTCH inhibition (21). However, NUMB expression
was found to induce the EMT in the process of pulmonary
fibrosis and renal fibrosis (22,23). The role of NUMB in
ovarian cancer is unclear. Whether NUMB expression is
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involved in the sensitivity of cisplatin treatment in ovarian
cancer need investigation.

In the present study, the effects of NUMB on the cell
growth, apoptosis, EMT, and sensitivity to cisplatin in
human ovarian cancer cells OVCAR-3 and SK-OV-3
were investigated. Our data suggest that NUMB acted as
an oncogene in ovarian cancer and NUMB knockdown
enhanced the anti-tumor role of cisplatin on ovarian
carcinoma cells by inhibiting cell proliferation and EMT.

Methods
Reagents and antibodies

Cisplatin was purchased from Sigma-Aldrich (St. Louis, MO,
USA) and was freshly dissolved at 1 mg/mL in 0.9% NaCl
and diluted in medium appropriately. Primary antibodies of
NUMB, NOTCHI1, E-cadherin, N-cadherin, Vimentin, Slug
and Snail were purchased from Cell Signaling Technology
(Danvers, MA, USA). Primary antibodies of B-actin and
GAPDH and secondary antibodies of HRP-conjugated
goat anti-mouse were purchased from ZSGB-BIO (Beijing,
China). For Simon western blot analysis, secondary antibodies

purchased from Protein Simple (San Jose, CA, USA)

Cell cultures

The human ovarian cancer cell lines (OVCAR-3 and SK-
OV-3) were purchased from the American Type Culture
Collection (AT'CC) and were maintained in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS).
All cell lines were identified by STRS (Microread Gene
Technology Co., Ltd., Beijing, China).

Transfection and RNA silencing

A lentiviral vector expressing shNUMB (KD) was constructed
(GeneChem Co. Ltd., Shanghai, China) to knockdown the
NUMB expression. The targeting sequences of siRNA were
(5"-ATACATAGCCATAATGATTGC-3") for NUMB, and
(5'-UUCUCCGAACGUGUCACGUT'I-3") for non-target
control (NT), respectively. SIRNA were transferred into
OVCAR-3 and SK-OV-3 cells with the Polybrene kit and
puromycin was used to filtrate stable-infected cells.

Quantitative real-time PCR

Total RNA from the cells was extracted by using TRIzol
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reagent (Invitrogen, USA) according to manufacturer’s
guideline. The mRNA level of NUMB was normalized
to GAPDH using the 27**“" method. Each reaction
was performed in triplicate. The sequences of PCR
primers are listed as follows: NUMB: forward,
S'"-ACTTTTGATGCTAGTCGGACC-3"; reverse,
5'-GAAGTAGGAGAGGTGGGAGAG-3"; GAPDH:
forward, 5'-ACCCAGAAGACTGTGGATGG-3'; reverse,
5" TTCAGCTCAGGGATGACCTT-3".

Simple Western system and traditional Western blot
analysis

Simple Western blot analysis (ProteinSimple, California,
USA) was performed by Simple Western system according
to manufacturer’s guideline (https://www.proteinsimple.
com.cn/wes.html). Briefly, the proteins were diluted to a
final protein concentration of 1-3 pg/pL in a master mix
containing internal fluorescent standards and DTT. The
primary antibodies against N-cadherin, NOTCHI1, Slug,
Vimentin, E-cadherin, Snail and B-actin that diluted to
1:20-1:10 were used. Quantification of protein expression
was determined automatically by the software in the system.
For traditional western blot analysis, the cells were lysed
in RIPA buffer containing protease inhibitors. Forty pg of
the protein lysates were electrophoretically separated on
10% SDS-PAGE gels and transferred to PVDF membranes.
The membranes were blocked with 5% nonfat milk in
Tris-buffered saline/0.1% Tween 20 for 1 h at room
temperature and then incubated overnight at 4 °C with the
primary antibodies. After incubation with the secondary
antibody for 1 h at room temperature, the protein bands
were detected using the ECL detection system (BD
Biosciences). GAPDH was used as the loading controls.

Cell viability assay

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide (MTT) assay was performed to measure the
viability and IC50 value of cells after shRINA transfection
or cisplatin treatment. SK-OV-3 and OVCAR-3 ovarian
cancer cells (4x10°) were seeded in the 96-well plate 24 h
before transfection. For inhibition rate analysis, the cells
were incubated with cisplatin (10 pM) and incubated for
48 h. For IC50 value analysis, 24 h after transfection,
the cells were incubated with gradient concentrations of
cisplatin (0.1, 1, 10, 100, 1,000 pM) and incubated for
48 h. Then the medium was added with 5 mg/mL of
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MTT reagent and incubated under 37 °C, 5% CO, for
4 h. DMSO (100 pL) was added to each well and thoroughly
mixed for 10 min. The optical density (OD) at 450 nm was
determined by using the microplate reader. Inhibition rate =

[1 - OD (KD)Y/OD (NT)] x100%.

Cell cycle analysis

Cells were transfected using shNUMB or control-shRINA
for 72 h, then cells were plated in 60-mm dishes with or
without cisplatin (10 pM) for 48 h. After trypsinized, cells
were resuspended in PI staining solution (Thermo Fisher)
according to manufacturer’s protocols. The percentage of
cells in each phase of the cell cycle was determined by FACS
flow cytometer (BD Biosciences). Analyses were performed
separately, in triplicate.

Apoptosis assay

Cells were transfected by shNUMB or control-shRNA
for 72 h, and after that, cells were treated with or without
cisplatin (10 pM) for 48 h. Apoptotic cells were detected by
using an Annexin V-APC assay (Thermo Fisher) based on
the manufacturer’s protocols. Analysis was performed by
FACS flow cytometer (BD Biosciences).

Transwell assays

The Transwell migration and invasion assays were
performed using 24-well plates (Corning, NY, USA)
according to the manufacturer’s protocols. The
quantification was performed as previously described (24).

Statistical analysis

The two-tailed Student’s #-test was performed to evaluate
differences between two groups and P value <0.05 indicates
statistically significance.

Results

NUMB knockdown enbanced the inbibitory effect of
cisplatin on proliferation of OVCAR-3 and SK-OV-3 cells

We used lentiviral vector expressing short hairpin RNA
(shRNA) to knock down the expression of NUMB (NT for
non-target control and KD for shNUMB, respectively).
The transfection efficiency was assessed by fluorescence
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Figure 1 NUMB knockdown enhances the inhibitory effect of cisplatin on proliferation of OVCAR-3 and SK-OV-3 cells. The lentiviral
vectors expressing sSiINUMB (KD) or non-target control (NT) were transfected inOVCAR-3 and SK-OV-3 cells. (A) The fluorescent images
were captured at 72 h after transfection (magnification, x200); (B) NUMB mRNA was measured by qRT-PCR at 48h after transfection;
(C) the protein expression of NUMB was assessed by traditional western blot analysis at 72 h after transfection. GAPDH was used as the
loading control; (D) OVCAR-3 and SK-OV-3 cells were treated with or without 10 pM cisplatin for 72 h after being transfected with
shNUMB, cell inhibition rate was evaluated by MTT assay; (E) OVCAR-3 and SK-OV-3 cells were treated with increasing concentrations
(0.1, 1, 10, 100, and 1,000 uM) of cisplatin after being transfected with sSaNUMB. MTT assay was performed at 48 h to calculate the IC50
values. Scale bar, 50 pm.

microscope. As shown in Figure 14, both OVCAR-3 cisplatin to KD group was 16.5 (95% confidence interval:
and SK-OV-3 cells showed more than 90% transfection 13.41-20.41) pM in OVCAR-3 cells (P=0.545) (Figure 1E).
efficiency. In addition, IC50 of cisplatin to N'T' group was higher

The efficiency of NUMB knockdown was also assessed compared with the KD group (29.9 pM, 95% confidence
on mRNA and protein levels by using qRT-PCR and interval: 22.6-33.6 pM vs. 22.0 pM, 95% confidence
Western blot analysis, respectively. As shown in Figure 1B,C, interval: 17.8-27.4 uM, P=0.011) in SK-OV-3 cells.
the level of NUMB mRNA and protein were decreased Collectively, these data showed that NUMB knockdown
dramatically in OVCAR-3 and SK-OV-3 cells after decreased the IC50 of SK-OV-3 cells to cisplatin. However,
shNUMB transfection. no effects were found in OVCAR-3 cells.

"To investigate the contribution of NUMB knockdown to
cisplatin-sensitivity in ovarian cancer cells, ovarian cancer
cells were transfected with N'T or KD and treated with or
without cisplatin. The growth inhibition rate of ovarian
cancer cells was determined by MTT assays. NUMB To investigate the antiproliferative mechanism of NUMB
knockdown markedly inhibited the growth of OVCAR-3 knockdown, cell cycle distributions and cell apoptosis were
and SK-OV-3 cells (Figure 1D). In addition, with cisplatin analyzed by FACS. Increased S populations and decreased
treatment, NUMB knockdown showed higher growth G2/M populations suggested that cisplatin treatment
inhibition rate compared to N'T' group in these two ovarian induced the S arrest in both OVCAR-3 and SK-OV-3 cells
cancer cell lines. IC50 of cisplatin to N'T' group was 15.6 (Figure 24). However, NUMB knockdown showed no
(95% confidence interval: 12.48-19.58) pM and IC50 of effects on cell cycle distributions in both cell lines in the

NUMB knockdown increased the cisplatin-induced
apoptosis in OVCAR-3 and SK-OV-3 cells
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absence or presence of cisplatin treatment.

In addition, cell apoptosis analysis showed that NUMB
knockdown increased the percentage of apoptosis cells
compared with control group, with the percentage of
6.66% vs. 4.06% (P<0.001) in OVCAR-3 cells (Figure 2B).
However, apoptosis rate was decreased after NUMB
knockdown in SK-OV-3 cells, with the percentage of
3.09% wvs. 3.45% (P=0.009). More importantly, in the
presence of cisplatin, NUMB knockdown increased the
apoptosis in both OVCAR-3 and SK-OV-3 cells, with the
percentage of 8.40% wvs. 3.64% (P<0.001) and 13.97% vs.
7.37% (P<0.001), respectively. These data indicated that
NUMB knockdown inhibited proliferation of ovarian
cancer cells by inducing apoptosis but not through cell
cycle distributions.

NUMB knockdown inbibited migration and invasion of
OVCAR-3 and SK-OV-3 cells

"To investigate the effects of NUMB knockdown on cells
migration and invasion abilities, we performed Transwell
assays. As shown in Figure 34, NUMB knockdown
decreased migrated cells in both OVCAR-3 and SK-OV-3
cells, with 148 vs. 67 cells per filed (P<0.001) and 105 vs.
16 cells per field (P<0.001), respectively. However, in the
presence of cisplatin, there was no cell migrated to the
bottom compartment, indicating the strong inhibitory role
of cisplatin on cell migration.

The similar pattern was obtained in Transwell invasion
assay (Figure 3B), as NUMB knockdown decreased
invaded cells in both OVCAR-3 and SK-OV-3 cells,
with 55 vs. 10 cells per filed (P<0.001) and 121 vs. 43
cells per field (P<0.001), respectively. Moreover, in
the presence of cisplatin, NUMB Knockdown further
enhanced the inhibitory role of cisplatin on cell invasion in
SK-OV-3 cells. Collectively, these data showed that NUMB
knockdown inhibited migration and invasion of ovarian
cancer cells.

NUMB knockdown decreased the expression of N-cadberin
and Vimentin in SK-OV-3 cells

To determine whether NUMB knockdown and cisplatin
treatment are associated with EM'T regulation of ovarian
cancer, we performed the western blot analysis to examine
the expression of EMT-related markers in SK-OV-3
and OVCAR-3 cells. We found that NUMB knockdown
dramatically decreased the expression of N-cadherin and
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Vimentin in SK-OV-3 cells, whereas it had no effects on
Notchl and Slug expression (Figure 44,B). However, there
was no detectable expression of E-cadherin and Snail in
the cells. There was no detectable expression of all EM'T-
related markers that were tested in OVCAR-3 cells.
Collectively, these data indicated that NUMB knockdown
inhibited the migration and invasion of the ovarian cancer
cells and enhanced the sensitivity to cisplatin of the cells
through inhibiting the EMT.

Discussion

Platinum-based chemotherapy, causing DNA damage,
resulting in cell cycle arrest and apoptosis, is the gold
standard for the treatment of ovarian cancer (25). However,
a significant proportion of tumors are resistant or obtain
resistance to chemotherapy, which is considered the greatest
barrier to successful treatment (26). EMT has been reported
to contribute to tumor progression as well as resistance to
cisplatin treatment in multiple cancers, including ovarian
cancer (27,28).

NUMB is a determinant of cell fate and also a negative
regulator of NOTCH signaling pathway (Figure 5A).
Increasing evidence suggests that NUMB plays a crucial
role in the EMT program. NUMB has been reported
to interact with E-cadherin and N-cadherin to balance
intracellular localization of these adhesion molecules (7,29).
Additionally, NUMB suppressed E-cadherin expression
and thus induced EMT in response to transforming
growth factor (TGF-B1) signaling in renal fibrosis (23),
while inhibited EMT by antagonizing NOTCH signaling
in triple-negative breast cancer (21). Moreover, NUMB
inactivation conferred resistance to imatinib in chronic
myeloid leukemia cells (16) and NUMB overexpression
enhanced sensitivity to cisplatin in epithelioid malignant
pleural mesothelioma (15). However, the role of NUMB
in the sensitivity to cisplatin in ovarian cancer has not been
clarified yet.

The present data showed that NUMB knockdown
markedly inhibited the growth of ovarian cancer cells and
enhanced the inhibitory effects of cisplatin on these cells.
In addition, NUMB knockdown inhibited the abilities of
migration and invasion of ovarian cancer cells. These data
indicated that NUMB acted as an oncogene in ovarian
cancer, which basically in accordance with the study
showed that NUMB correlated with worse survival in
ovarian cancer (19). However, NUMB overexpression was
reported to suppress tumor cell growth in esophageal and

Tiransi Cancer Res 2019;8(2):379-388
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Figure 2 NUMB knockdown increased the cisplatin-induced apoptosis in OVCAR-3 and SK-OV-3 cells. The lentiviral vectors expressing
shNUMB (KD) or non-target control (NT) were transfected in OVCAR-3 and SK-OV-3 cells for 72 h. After that, cells were treated with or
without 10 pM cisplatin for 48 h. (A) The cellular DNA contents were evaluated by FACS for detection of the cell cycle distribution; (B) cell
apoptosis was analyzed by FACS.
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Figure 3 NUMB knockdown inhibited migration and invasion of OVCAR-3 and SK-OV-3 cells. The cells transfected with ssNUMB or
non-target control were treated with or without 10 pM cisplatin for 48 h before they were applied to Transwell assays. Transwell migration

(A) and invasion (B) assays of OVCAR-3 and SK-OV-3 cells were performed. Representative images were acquired at x200 magnification.
Graphs showed the fold change of cells number compared with NUMB Knockdown (KD) group. Scale bar, 50 pm.

breast cancer (14,30). NUMB protein contains an amino-
terminal PTB domain, C-terminal proline-rich (PRR) and
Eps15 homology regions. High expression of the NUMB
PRR short (PRRg) isoform was reported to suppress
NOTCH signaling, whereas high expression of PRR long
(PRR,) isoform was reported to antagonize PRR; activity
and increase the expression of NOTCH targeted genes
(31,32). The opposite role of NUMB isoforms that played
in NOTCH signaling pathway may mask relationships
between NUMB and tumorigenesis. Collectively, these data
were suggestive of an intimate link between NUMB and
tumorigenesis but indicated that the relationship can vary
widely in a context-dependent manner due to the different
distribution of NUMB isoforms.

To further investigate the mechanism underlying the
oncogenic role of NUMB in ovarian cancer, we performed
the flow cytometry analysis and Western blot analysis. Our
data indicated that cisplatin treatment induced the S arrest
in ovarian cancer cells, whereas NUMB showed no effects
on cell cycle distributions. Importantly, NUMB knockdown
increased the apoptosis in the presence of cisplatin
treatment. This finding is consistent with the studies
showed that NUMB protected renal tubular cells from
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apoptosis (33). In addition, NUMB knockdown dramatically
reduced the expressions of N-cadherin and Vimentin,
which are markers of mesenchymal phenotype (34).
However, E-cadherin was not detected in ovarian cancer
cells. These data indicated that NUMB knockdown
inhibited proliferation and enhanced the cisplatin sensitivity
of ovarian cancer cells by inducing apoptosis and inhibiting
EMT. Unexpectedly, NUMB knockdown had no effects on
NOTCHLI expression. This may result from the combined
effects of the PRRy isoform and PRR, isoform of NUMB
on NOTCH signaling as mentioned above. Or NUMB
exerted its role through P53 signaling rather than NOTCH
signaling in ovarian cancer, which need to be further
elucidated.

Conclusions

The present data demonstrated that NUMB acted as
an oncogene in ovarian cancer and NUMB knockdown
enhanced the anti-tumor role of cisplatin on ovarian cancer
cells by inhibiting cell proliferation and EMT (Figure 5B).
NUMB could be a potential target to increase the cisplatin
sensitivity of ovarian cancer.
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Figure 4 NUMB knockdown decreased the expression of N-cadherin and Vimentin in SK-OV-3 cells. The cells transfected with ssNUMB
or negative control shRINA were treated with or without 10 pM cisplatin for 48 h. (A) Simple Western analysis was performed to determine
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Figure 5 Schematic representation of NUMB roles in NOTCH signaling and ovarian cancer progression. (A) Representation of classical

NUMB-NOTCH signaling; (B) NUMB expression confers the cisplatin resistance and promote disease progression of ovarian cancer.
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