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ABSTRACT

Objective: Maternal embryonic leucine zipper kinase (MELK) is receiving an attention

as a therapeutic target in various types of cancers. In this study, we aimed to evaluate the
prognostic significance of MELK expression in ovarian cancer using clinical samples, and
assessed the efficacy of a small molecule MELK inhibitor, OTS167, using patient-derived
ovarian cancer cells as well as cell lines.

Methods: Expression levels of MELK in 11 ovarian cancer cell lines were confirmed by
western blotting. Inhibitory concentration of OTS167 was determined by colorimetric assay.
MELK messenger RNA (mRNA) expression was evaluated in 228 ovarian cancer patients by
quantitative polymerase chain reaction. Growth inhibition of OTS167 was also evaluated
using freshly-isolated primary ovarian cancer cells including spheroid formation condition.
Results: MELK mRNA expression was significantly higher in ovarian cancer than in normal
ovaries (p<0.001), and high MELK mRNA expression was observed in patients with advanced
stage, positive ascites cytology and residual tumor size. Patients with high MELK mRNA
expression showed shorter progression-free survival (p=0.001). Expression of MELK was
also confirmed in 10 of 11 ovarian cancer cell lines tested, and the half maximal inhibitory
concentration of MELK inhibitor, OTS167, ranged from 9.3 to 60 nM. Additionally, OTS167
showed significant growth inhibitory effect against patient-derived ovarian cancer cells,
regardless of their tumor locations, histologic subtypes and stages.

Conclusions: We demonstrated MELK as both a prognostic marker and a therapeutic target
for ovarian cancer using clinical ovarian cancer samples. MELK inhibition by OTS167 may be
an effective approach to treat ovarian cancer patients.
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INTRODUCTION

Ovarian cancer is the fifth leading cause of cancer-related deaths in women [1]. Diagnosis
of this malignancy tends to be delayed because its symptoms are vague and often similar
to those of other conditions. In fact, more than 60% of patients with ovarian cancer are
diagnosed at advanced stages with a poor prognosis [2].

Maternal embryonic leucine zipper kinase (MELK) is a member of the AMPK serine/
threonine kinase family and is involved in mammalian embryonic development [3]. MELK

is initially implicated in the cell cycle and its messenger RNA (mRNA) levels are elevated
during mitosis [4]. Moreover, MELK is not expressed in normal vital organs [5], implying

the potential of MELK to be a target for anticancer therapeutics. Through high-throughput
compound library screening and subsequent extensive structure-activity relationship studies,
we previously developed a small molecule named OTS167 that selectively inhibits MELK
kinase activity [6]. The growth suppressive effect of OTS167 was demonstrated in specific
cancer cell lines originated from breast cancer, small cell lung cancer, kidney cancers and
acute myeloid leukemia [6-9]. Regarding ovarian cancer, MELK expression was found

in 13% of ovarian cancer tissue samples [10]. Since MELK works as markers for tumor
aggressiveness, progression and prognostic predictor in various types of cancers [10-18], we
thought MELK must have an essential role in tumorigenesis and can be a potential target for
ovarian cancer treatments. In fact, previously, Kohler et al. [11] focused on the prognostic
significance of mRNA expression of MELK in ovarian cancer by bioinformatics analysis using
publicly available databases. They also confirmed the cytotoxic effect of OTS167 on ovarian
cancer cell lines. Although their results lack the validation in clinical samples, the study
strongly implicated the potential of MELK as a therapeutic target against ovarian cancer.

In this study, we first aimed to describe the clinical significance of MELK using surgical
samples, then explored the therapeutic efficacy of MELK inhibitor, OTS167, using patient-
derived ovarian cancer cells.

MATERIALS AND METHODS

1. Cell lines and western blotting

Human ovarian cancer cell lines, ES-2, OVCAR3, OV-90, PA-1, SKOV-3, SW626, and CaOV3
were purchased from American Type Culture Collection (Rockville, MD, USA). RMG-I,
OVSAHO, OVTOKO were purchased from JCRB cell bank (Osaka, Japan) and A2780 was
obtained from the European Collection of Authenticated Cell Cultures. Cell lines were
cultured according to the recommendations of their respective depositors. Western blotting
was performed as described previously [6,19]. Anti-MELK antibody (previously developed
[20]) and anti-B-actin antibody (Cell Signaling) were used as primary antibodies. Knockdown
and evaluation of MELK using small interfering RNA (siRNA) was examined following to
previous study [21].

2. Cell viability assay using ovarian cancer cell lines

In vitro cell viability assay was performed as described previously [22]. Briefly, ovarian
cancer cells were plated in 96-well plates (100 pL each) at a density expected to show linear
growth (ES-2, 1,000 cells; OVCAR3, 5,000 cells; OV90, 4,000 cells; OVSAHO, 6,000 cells;
OVTOKO, 2,000 cells; PA-1, 2,000 cells; RMG-1, 6,000 cells; SKOV3, 2,000 cells; SW626,
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4,000 cells; A2780, 3,000 cells; and CaOV3, 5,000 cells). The cells were allowed to adhere
overnight before exposure to OTS167, a MELK inhibitor provided by OncoTherapy Science,
Inc. (Kawasaki, Japan) for 72 hours at 37°C. For the methyl thiazolyl tetrazolium assay, a cell
counting kit-8 (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) was added in the
96-well plate that was read at a wavelength of 450 nm using the SpectraMax 190 (Molecular
Devices) after incubation for one hour. All assays were carried out in triplicates.

3. Clinical tumor samples

This study was reviewed and approved by the Institutional Review Board of Saitama Medical
University International Medical Center (No.12-096), and all processes performed in
accordance with the relevant guidelines and regulations. The clinical and histopathological
information was obtained from clinical charts and pathological reports. Patients were
basically operated within 6 weeks from the first visit to our hospital. Clinical stage of the
tumor was reviewed based on the International Federation of Gynecology and Obstetrics
staging system published in 2014 [23]. Clinical stage was decided by the surgical findings

in cases with primary surgery. The stage of the cases without staging laparotomy including
lymph node metastasis was categorized based on the computer tomography findings.
Recurrence cases who had a disease progression within 6 months of last dose of platinum
were considered as platinum-resistant. Tumor tissues for real-time polymerase chain reaction
(PCR) were obtained by surgical resection from 228 patients with epithelial ovarian cancer,
fallopian tube cancer, or primary peritoneal cancer. Patient-derived ovarian cancer cells were
isolated as follows; surgical tissue samples were cut into pieces of less than 1 mm then gently
pipetted with pre-warmed 0.25% trypsin-EDTA for 3 minutes. The tissues were resuspended
in 10 mL of cold HBSS with 2% FBS. After centrifugation for 5 minutes at 1,500 rpm, the
supernatant was removed as much as possible. Subsequently, samples were treated with 2 mL
of pre-warmed dispase (STEMCELL Technologies, Vancouver, Canada) and 200 pL of DNase
I (STEMCELL Technologies), followed by general pipetting for 2 minutes, resuspending in

10 mL of HBSS with 2% FBS, and filtration through 100 pm, 70 um, and 40 pm cell strainers
(BD Falcon, Bedford, MA, USA). Next, single suspension cells were centrifuged for 5 minutes
at 1,500 rpm and counted. Finally, ovarian cancer cells were magnetically isolated from those
cells using EasySep™ Human EpCAM Positive Selection Kit (STEMCELL Technologies)
according to the manufacturer's instructions.

4. Spheroid cultures

Freshly-isolated primary ovarian cancer cells were cultured on ultra-low attachment
culture dishes (Corning, New York, NY, USA) and grown in STEMPRO hESC SFM—Human
Embryonic Stem Cell Culture Medium (Invitrogen, Carlsbad, CA, USA) supplemented with
8.8 ng/mL of bFGF (Invitrogen), 20 umol/L of Rho-associated coiled-coil forming kinase
inhibitor Y-27632 (Wako, Osaka, Japan). Spheroid culture medium was changed every 2 or
3 days, and spheroid cells for serial passage were dispersed into single cells with Accumax
(Innovative Cell Technologies, San Diego, CA, USA).

5. Growth inhibition assay using patient-derived cells and spheroids
Freshly-isolated primary ovarian cancer cells were seeded in 96-well collagen coated plates
(5%10¢ cells/well) and incubated with OTS-167 at different concentrations (0, 1, 10, 40, and
100 nM) for 72 hours. The cell proliferation activity was measured using the CellTiter 96°
AQueous One Solution Cell Proliferation Assay (Promega, Madison, W1, USA) according to
the manufacturer's instructions. All assays were done in triplicates. Cells were monitored for
viability with luminescence signals using RealTime-Glo™ MT Cell Viability Assay (Promega)
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according to the instructions (Supplementary Fig. 1). The spheroids were dispersed into
single cells by Accumax, seeded in ultra-low attachment 96-well plates (2x10* cells/well) and
incubated with OTS-167, then examined as above.

6. Real-time PCR using clinical samples

Total RNA (1 pg) was extracted from tumor tissue and converted into complementary

DNA using ReverTra Ace (Toyobo, Osaka, Japan) with oligo (dT) 20 primer according to

the manufacturer's instructions. Primers and fluorescent probes for MELK were designed
using The Probe Finder software in the Universal ProbeLibrary (UPL) Assay Design

Center (Roche Applied Science, Mannheim, Germany). The primers for MELK forward:
5'-caggtgtcattagcectgaga-3', reverse: 5'-ggctccctttctttttgg-3’, and UPL Probe #25 were used.
The Pre-Developed TagMan® Assay Regents Human GAPDH (Applied Biosystems, Foster
City, CA, USA) was used as an internal control. Each reaction was carried out in triplicates
using LightCycler® 480 System II (Roche Diagnostics, Mannheim, Germany). The copies of
MELK and GAPDH mRNA were calculated based on each calibration curve, and the expression
of MELK was normalized to 1,000 copies of GAPDH.

7. Statistical analysis

The correlation between MELK mRNA expression levels and clinicopathological
characteristics was analyzed using the Fisher's exact test, and prognostic values were
analyzed by the Kaplan-Meier method and log rank test. Comparison in growth inhibitory
effects/cytotoxicity of MELK inhibitors on patients-derived ovarian cancer cells were analyzed
by the t-test (1-way). Statistical analyses were performed using JMP v11 (SAS, Cary, NC,

USA) and GraphPad Prism 6 (La Jolla, CA, USA). In all tests, differences were considered to
significant at p<0.05.

RESULTS

1. Expression levels of MELK in ovarian cancer cell lines, cytotoxicity of a
MELK inhibitor 0TS167 and knockdown of MELK using siRNA
The relationship between expression levels of MELK in ovarian cancer cell lines and the
cytotoxic effect of a MELK inhibitor, OTS167, was evaluated. As shown in Fig. 1A, MELK
expression was observed in all ovarian cancer cell lines except for RMG-1. The cytotoxic
effect of OTS167 was evaluated in all 11 cell lines using a sensitive colorimetric assay. The
half maximal inhibitory concentration (ICS0) of each cell line for OTS167 ranged from 9.3
to 60 nM (median 22 nM) (Fig. 2B). We observed a weak negative correlation between the
expression levels of MELK and the IC50 value of OTS167 (R=-0.39, p=0.230) (Fig. 1C),
suggesting that cells with a higher MELK expression are more sensitive to treatment with
OTS167. Additionally, MELK expression in PA-1 cell line was silenced using siRNA. As
shown in Fig. 1D, siRNA maternal embryonic leucine zipper kinase (siMELK) induced TP21
expression. Similarly, MELK inhibition by OTS167 induced TP21.

2. MELK as a prognostic factor in patients with ovarian cancer

We investigated an association between MELK mRNA expression and clinicopathological
features in a total of 228 ovarian cancer patients. As shown in Table 1, high MELK mRNA
expression based on the median value was observed in patients with advanced stage, positive
ascites cytology and residual tumor size greater than 1 cm at the time of primary surgery. We
next assessed the prognostic value of MELK mRNA expression in ovarian cancer patients.
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Fig. 1. Expression levels of MELK in ovarian cancer cell lines, cytotoxicity of a MELK inhibitor OTS167 and knockdown of MELK using small interfering RNA. (A)
Expression level of MELK explored by western blotting. (B) IC50 values of OTS167. (C) Relationship between MELK expression and IC50 values of OTS167 in each
cell line. (D) Expression level of MELK, TP21 in SiMELK and OTS167.
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Of the 228 ovarian cancer patients included in this analysis, the median follow-up duration
for patients who were still alive after the initial diagnosis was 31.5 months. Patients with
lower MELK mRNA expression (based on the median value of all patients) demonstrated

a significantly longer progression-free survival (PFS) than those with higher MELK mRNA
expression (p=0.001, Fig. 2A). A similar trend was observed in the overall survival (OS)
(p=0.097, Fig. 2B). We next performed survival analyses on the subgroups by histological
subtypes. As shown in Fig. 2C and D, prognostic significance was found between MELK
expression and both PFS (p=0.045) and OS (p=0.002) in serous carcinoma. Similarly,
significance was found for PFS (p=0.002; Fig. 2E) in clear cell carcinoma, but not for OS
(p=0.282; Fig. 2F).

3. Expression levels of MELK in tumor sites, pre/post-chemotherapy and
primary/recurrent tumors
The levels of MELK mRNA expression were compared in various clinical contexts. First,
the difference in MELK mRNA expression between normal ovaries and ovarian cancers was
compared. As shown in Fig. 3A, level of MELK mRNA was significantly higher in ovarian
cancer (p<0.001, n=24) than in normal ovaries. Next, MELK expression between primary
ovarian tumor and peritoneal dissemination was compared, and no significant difference
was observed (p=0.345, n=20; Fig. 3B). Then, the relationship between pre- and post-
chemotherapy was examined. Since advanced ovarian cancer patients are often treated with
neoadjuvant chemotherapy followed by debulking surgery, tissue samples were collected at
the time of exploratory laparotomy as well as at the time of interval debulking surgery from
the same patients. As shown in Fig. 3C, MELK mRNA was significantly higher in the tumors
obtained pre-chemotherapy than in those post-chemotherapy (p=0.006, n=14). We evaluated
MELK mRNA expression levels between the tumors at the time of primary surgery and those
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(A) PFS and (B) OS in all cases, (C) PFS and (D) OS in serous carcinoma, and (E) PFS and (F) OS in clear cell carcinoma.
MELK, maternal embryonic leucine zipper kinase; mRNA, messenger RNA; 0S, overall survival; PFS, progression-free survival.

https://ejgo.org

at recurrence from the same patients. As shown in Fig. 3D, no significant differences of MELK
mRNA were observed between primary and recurrent tumors. (p=0.122, n=10).

4. Cytotoxicity of OTS167 in patient-derived primary ovarian cancer cells
Next, we evaluated the growth inhibitory effect of OTS167 using ovarian cancer cells freshly
isolated from a total of 45 patients with ovarian cancer. As shown in Fig. 4A, a strong growth
inhibitory effect was induced by 10, 40, and 100 nM of OTS167 (p=0.029). Growth inhibitory
effect of OTS167 was observed regardless of location, such as the ovary, ascites and omentum
(p=0.152; Fig. 4B). In addition, OTS167 showed cytotoxic effect regardless of histological
subtype, such as serous, endometrioid and clear cell carcinoma (p=0.870; Fig. 4C), or stage
(p=0.636; Fig. 4D). To assess anchorage independent growth inhibition of OTS167, we used
spheroid formation models of patient-derived ovarian cancer cells (Fig. 4E) and treated

these with OTS167. A significant growth inhibition was observed even in cells able to form
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Table 1. Association of clinicopathological factors with mRNA expression of MELK

Characteristics No. (%) MRNA expression of MELK
Mean=SD p-value
Age 0.568
<60 124 (54.4) 17.8+25.3
>60 104 (45.6) 16.2+14.7
Menopause 0.635
Yes 157 (68.9) 16.6+20.3
No 71 (31.1) 18.1£23.0
FIGO stage 0.008
(Al 90 (39.5) 12.5+11.2
1, IV 138 (60.5) 20.0+25.2
Primary site 0.833
Ovary 198 (86.8) 17.1£92.1
Fallopian tube 12 (5.3) 13.8+5.7
Peritoneum 18 (7.9) 18.4+16.7
Histology 0.0
Serous 105 (46.1) 17.9+18.9
Endometrioid 40 (17.5) 13.6+13.3
Clear cell 56 (24.6) 14.2+17.1
Mucinous 6 (2.6) 5.2+9.2
Others 21(9.2) 30.6+42.3
Ascites cytology 0.033
Positive 159 (69.7) 19.0+24.3
Negative 69 (30.3) 12.6+9.5
Lymph node metastasis 0.282
Positive 38 (16.7) 20.4+26.9
Negative 190 (83.3) 16.4+19.8
Residual tumor size 0.007
0 93 (40.8) 12.110.9
<dcm 13 (5.7) 14.8+16.4
>1cm 122 (53.5) 921.1£26.1
Recurrence cases 17 0.873
Platinum sensitive (PFS 26 mo) 64 (54.7) 19.1+24.5
Platinum resistance (PFS <6 mo) 53 (45.3) 19.7+18.7

FIGO, International Federation of Gynecology and Obstetrics; MELK, maternal embryonic leucine zipper kinase;
MRNA, messenger RNA; PFS, progression-free survival; SD, standard deviation.

spheroids (Fig. 4F). Finally, we examined the correlation between MELK expression and
survival rate of patient-derived primary ovarian cancer cells under the condition of 100 nM of
OTS167; however, no significant correlation was observed (Supplementary Fig. 2).

DISCUSSION

In this study, we found that 1) MELK mRNA expression is increased in ovarian cancer
especially in advanced stages, 2) High MELK mRNA expression correlates with a poor
prognostic in ovarian cancer, and 3) OTS167 exhibits cytotoxicity against patient-derived
ovarian cancer cells as well as cell lines.

Recently, various novel molecular target agents have been developed and many clinical
studies have been conducted. However, most of these agents failed to obtain approval from
the Food and Drug Administration mainly due to their toxicities [24]. To reduce toxicity,
selecting a target expressed only in cancer cells but not in normal cells is crucial [25]. We
previously identified MELK as a therapeutic target for various types of cancers by comparing
the expression between normal and cancer tissues [5S]. In addition, we conducted a high-
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throughput screening of a compound library followed by structure-activity relationship
studies, and successfully identified a highly potent MELK inhibitor OTS167 [6].

As no appropriate antibodies for immunohistochemistry have been identified, expression
of MELK was evaluated by reverse transcription PCR in the current study. We observed that
MELK mRNA was highly expressed in ovarian cancers in comparison to normal ovaries.
Higher MELK mRNA expression was found in cases with advanced stages compared to
those in early stages, which was associated with poorer clinical outcomes. Previous reports
have showed prognostic utility of MELK in various types of cancers such as hepatocellular
carcinoma [13], melanoma [14], renal clear cell carcinoma [15], breast cancer [16,17], and
gastric cancer [18]. These reports support our findings and indicate that MELK mRNA
expression can be a marker to prognosticate clinical outcomes, suggesting that the MELK
targeting strategy is a reasonable cancer treatment.

Interestingly, we observed that levels of MELK mRNA significantly decreased after
chemotherapy, suggesting an association between MELK expression and chemo-sensitivity
or cell proliferation. The oncogenic function of MELK is attributed to disable critical cell-
cycle checkpoints and reduce replication stress [26]. Our results also showing induction of
TP21 expression by OTS167 in ovarian cancer. OTS167 was known to inhibit the expression
of T-lymphokine—activated killer cell-originated protein kinase (TOPK), which is a Ser/

Thr protein kinase and highly activated during cell mitosis [7]. TOPK inhibition was also
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Fig. 4. Evaluation of OTS167 using patient-derived ovarian cancer cells. Cytotoxicity of OTS 167 in patient-derived
ovarian cancer cells was assessed at a concentration of 10 nM, 40 nM, and 100 nM, (A) cancer cells from ovary,
ascites and omentum, (B) serous, endometrial and clear cell subtypes, and (C) cancer cells from the patients

with early and advanced stages. (D) Cytotoxic effect of OTS167 was also assessed via spheroid formation of
primary ovarian cancer cells, at a concentration of 10 nM, 40 nM, and 100 nM. Statistical analysis; (A) t-test

between 0 nM and 10 nM, (B) ANOVA, (C) ANOVA, (D) t-test, (F) t-test between O nM and 10 nM.
ANOVA, analysis of variance.

known to induces the TP21 expression [27]. Therefore, this might be one the reasons that
the induction of TP21 expression by OTS167 was more obvious than that of siMELK in this
study. One strength in this study was the use of patient-derived ovarian cancer cells for the
evaluation of OTS167. Previously, Kohler et al. [11] demonstrated the effect of OTS167 in
ovarian cancer cell lines. Inhibition of MELK reduced cell proliferation in both anchorage
dependent and independent growth conditions in various ovarian cancer cell lines [11].
However, cancer cell lines contain artificial factors due to the frequent passages [28]. In
addition, it is estimated that between 18% and 36% of cell lines may be contaminated or
misidentified [29]. Therefore, patient-derived cancer cells are more biologically relevant
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tools than cell lines for evaluating efficacy of drugs [28]. Moreover, the use of primary cancer
cells enables us to assess drug efficacy with the patients' clinicopathological characteristics.
We originally thought MELK expression could be a biomarker for the efficacy of OTS167.
However, a limited correlation was shown based on the cell lines and patient's derived
ovarian cancer cells in our study. We observed obvious potential of OTS167 in the treatment
of ovarian cancer, regardless of tumor location, histological subtype, and stage was shown

in our study. Therefore, we think MELK inhibition may be effective to various subtypes of
ovarian cancer. Warranted further studies to investigate the relationship between MELK
expression and its antitumor activity using in vivo models.

In conclusion, we have demonstrated that MELK is a viable prognostic marker and
therapeutic target in ovarian cancer. In addition, cytotoxicity of OTS167 was demonstrated
using patient-derived ovarian cancer cells. As the clinical trial of OTS167 is currently ongoing
in triple negative breast cancer in the U.S. (NCT02926690), the evaluation of the efficacy of
OTS167 in patients with ovarian cancer is warranted.
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