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HIGHLIGHTS
¢ INH1 inhibits cell proliferation of A549 and Hela cells.

¢ INH1 has cytostatic and cytoskeletal effects at different concentrations.

¢ INH1 can be used for new cancer treatment protocols.

Abstract: In this current study, antiproliferative effect of Hecl/Nek2 Mitotic Pathway inhibitor INH1 was
investigated in adenocarcinomic human alveolar basal epithelial cells A549 and human cervix carcinoma
HelLa cell lines in vitro. To this end cell index values by XCELLigence Real-Time Cell Analysis DP instrument,
mitotic index, BrdU proliferation assay and apoptotic index analysis were used. The results of the current
study showed that INH1 had cytostatic and cytoskeletal effects on A549 and cytostatic effect on HelLa cells.
The ICso concentration was determined as 56 pM with the xCelligence device for both cell lines. ICso
concentration was used for all other parameters. While this concentration decreased the mitotic index BrdU
proliferation values, it increased the apoptotic index values of both of cell lines. There were significant
differences between the control and the experimental groups (p<0.05). The results of the present study
suggest that INH1 may serve as a promising treatment option for different types of cancer.
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INTRODUCTION

Conventional treatment methods for cancer, defined as uncontrolled cell division, are surgery,
chemotherapy and radiotherapy. However, these treatment methods are insufficient in the treatment of many
types of cancer due to their various limitations. Targeted therapy is one of the important option for cancer
treatment [1]. Targeted therapy, which refers to a new generation of drugs, interferes with a specific molecular
target that has an important role in tumor formation and development [2].

Proper separation of chromosomes during mitosis is important to avoid genetic instability, one of the
hallmark of cancer [3]. NDC80/Hecl is basic molecules of the mitotic kinetochore complex. Hecl has an
important role in the control of mitotic cell division and survival [4]. It is known that the Ndc80 complex is
required for the kinetochore uptake of mitotic checkpoint proteins [5, 6]. Ndc80/Hecl is an attractive target
that can be used for cancer therapy. Various strategies are being developed that aim to inhibit the activity of
this complex structure [7].
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While Hecl is expressed low in organs with low cell division rate, it is highly expressed in transformed
cells [8]. Hecl is overexpressed in many types of human cancers [4, 9, 10]. Also Hecl overexpression leads
to tumor formation in vivo [11].

It has been determined that INH1, a small molecule, specifically binds to Hecl and disrupts the Hec1l /
Nek2 interaction. The administration of INH1 to cells causes a decrease in the level of the kinetochore-
dependent Hecl as well as the level of the Nek2 protein. This eventually leads to metaphase chromosome
misalignment, spindle deflection, and eventual cell death [4].

In this study, it was aimed to investigate the antiproliferative effects of the Hecl inhibitor INH1 alone on
lung and cervical cancer cell lines, which are independent cancer types in cellular level.

MATERIAL AND METHODS

Cell Culture

A549 and Hel a cells used in the experiments were provided by American Type Culture Collection (ATTC
Manassas, VA, USA). Both of cell lines regularly underwent two passages per week. A549 cell line was
cultured in RPMI 1640 (Invitrogen, Carlsbad, CA, USA) and HelLa cell line was cultured in M199 (Invitrogen,
Carlsbad, CA, USA). containing penicillin and streptomycin (50 units/mL for both) and 10% bovine serum at
37 °C and 5% CO2.

Inhibitor Concentrations

40 pM, 60 pM and 80 pM concentrations were prepared by diluting a total of 1 mM INH1 (N-(4-[2,4-
dimethyl-phenyl]-thiazol-2- yl)-benzamide) (Tocris) stock solution.

Cell Index

For cell index analysis and determination of IC50 concentration, xCELLigence DP system was used.
Backround measurements were taken before starting the experimental process. For this purpose, 100 yL
appropriate medium was added to wells and the impedance of each well was measured. Then 8000 cell/well
and 6000 cell/well were seeded for A549 and Hela cell lines respectively. The final volume was set to 200
ML. 16 well E-Plates were incubated at 37°C with 5% CO2 and monitored on the RTCA system at 15-minute
time intervals for up to 24 h without treatment and following 72 h with treatment. The DP unit is wired to an
external laptop running the xCELLigence software (version 1.2.1).

Mitotic Index

For determination of mitotic cells, cells were planted in 24-well plates containing 3x104 cells for both cell
lines. After cell seeding, cells were incubated 24 hrs. Cells treated with optimum INH1 concentration were
fixed with Carnoy's fixative at the end of the experimental periods. Then Feulgen method was applied and
stained with Giemsa. For analysing MI, approximately 3000 cells were counted with light microscope for each
experimental group.

BrdU Proliferation Assay

BrdU (5-bromo-2’-deoxyuridine) was used to determine the DNA synthesis rate of A549 and Hela cells
after administration of IC50 concentration of INH1. This test is based on the determination of BrdU that binds
to the genomic DNA of proliferating cells. BrdU was prepared according to manufacturer's protocol and then
detected via spectrophotometric method.

Apoptotic Index

6-diamidino-2-phenylindole (DAPI) was used to determine the apoptotic cells. DAPI, a fluorescent dye,
stains the nucleus of apoptotic cells. After culturing and inhibitor treatment, cells fixed with methanol: FTS
mixture until staining was performed. For removing the dye PBS was used. A fluorescent microscope was
used to identify apoptotic cells.
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Statistical Analysis

All parameters (Ml, BrdU % and Al) were evaluated according to the controls and each other. Therefore,
in order to analyze the results one-way Anova test, Dunnett's test and Student's t-test were used. These
statistical analyses were performed using SPSS statistics software (V22.0 IBM, Armonk, NY, USA). In the
tests p< 0.05 level of significance was accepted.

RESULTS

Cell Index

Cell index values obtained from xCelligence real-time cell analysis system showed that application of
INH1 on A549 and Hela cells had significant antiproliferative effects. For both A549 and HelLa cells, INH1
concentrations of 40 uM, 60 pM and 80 pM were used throughout the experimental period. When the
graphical curves of Ab49 cells are examined, it is thought that 40 uM INH1 concentration has cytostatic effect,
while 60 uM and 80 uM INH1 concentration has cytoskeletal effect (Figure 1). Graph curves of HelLa cells
showed the cytostatic effect for all concentrations (Figure 2). As indicated in Figure 3 and 4, the IC50 value
for A549 and HelLa cells were determined as 56 pyM according to the data analysis performed using
xCelligence DP software.
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Figure 1. Cell index values of A549 cells treated with 40 uM, 60 uM and 80 uM concentrations of INH1 obtained from
xCelligence Real-Time Cell Analysis (RTCA) system (Linel: Control, Line 2: 40 uM, Line 3: 60 uM and Line 4: 80 uM).
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Figure 2. Cell index values of HelLa cells treated with 40 uM, 60 uM and 80 uM concentrations of INH1 obtained from
xCelligence Real-Time Cell Analysis (RTCA) system (Linel: Control, Line 2: 40 uM, Line 3: 60 uM and Line 4: 80 pM).
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Figure 3. ICso values obtained from the xCelligence real-time cell analysis system. 56 uM of INH1 concentration was
determined to be the ICso value for A549 cells.
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Figure 4. ICso values obtained from the xCelligence real-time cell analysis system. 56 pM of INH1 concentration was
determined to be the ICso value for HelLa cells.

Mitotic Index

The values obtained by applying the 56 uM optimum concentration of INH1 to A549 and Hela cells are
shown in Figure 5 and 6. The results showed that this concentration decreased the mitotic index values of
A549 cell line from 3,57 % to 2,54 % at 24 h; from 4,96 % to 2,04 % at 48 h and 5,83 % to 1,47 % at 72 h.
Mitotic index values belong to HelLa cells decreased from 3,18 % to 2,21 % at 24 h; from 3,75 % to 1,68 %
at48 h and 4,91 % to 1,27 % at 72 h. The differences between the control and all experimental groups were
statistically significant (p<0.05).
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Figure 5. Mitotic index values of A549 cells treated with 56 uM INH1 for 24-72 h (p <0.05).
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Figure 6. Mitotic index values of HeLa cells treated with 56 uM INH1 for 24-72 h (p <0.05).

BrdU Proliferation Assay

The bromodeoxyuridine (BrdU) values that enable the labeling of cells in the synthesis stage are shown
in Figures 7 and 8. BrdU % values were 46%, 33% and 27% for the A549 cell line compared to the control
groups which were considered 100%. These values were determined as 43%, 35% and 28% for the HelLa
cell line compared to the control groups which were considered 100%. There were significant differences
between the control and the experimental groups (p<0.05).
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Figure 8. % BrdU values of Hela cells treated with 56 uM INH1 for 24-72 h (p <0.05).

Apoptotic index

Administration of 56 UM concentration of INH1 to A549 and Hela cells caused apoptotic cell death.
Apoptotic index values increased from 3,45 % to 10,13 % at 24 h; from 4,26% to 15,32 % at 48 h and from
5,21% to 21,97% at 72 h for A549 cell line (Figure 9). For HeLa cells apoptotic index values increased from
2,98 % to 11,43 % at 24 h; from 4,12% to 17,35 % at 48 h and from 5,54% to 20,76 % at 72 h (Figure 10).
This decrease was statistically significant (p <0.05).
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Figure 9. Apoptotic index values of A549 cells treated with 56 uM INH1 for 24-72 h (p <0.05).

25 .
e 20 4 vy
(=] - ‘- .‘\-
.t > 3 A
w o ‘:l_
“ 5 & A
- 15 * v P ¥
= o A
N P ‘) “- ;
o ¥ vy < Control
£ 10 v s 22
S Ao o v ~ 56 pM
8. }‘.:4 ) '_T.:‘ :;l
i~ N o o A
3 5 43382 l“-..‘ — -':. :\"t
‘ ALY (.A_ ‘.'.A _,‘L_
I :
24 48 72

Time (h)

Figure 10. Apoptotic index values of HelLa cells treated with 56 uM INH1 for 24-72 h (p <0.05).

DISCUSSION

The existence of a large number of molecules that contribute to cancer formation has led to the need to
discover targeted agents that will stop tumor growth. INH1, one of these agents, binds to Hec1l to break its
function. As a result of this, abnormal mitotic cell division, induction of apoptosis, and cell death occures [4,
12].

The goal of this study was to evaluate the cytotoxic effects of HEC1 inhibitor INH1 on A549 cells derived
from human lung carcinoma and Hela cells derived from human cervix carcinoma. To this end various cell
kinetic parameters including cell index, MI, % BrdU value and Al cell kinetic parameters were used.

Data from molecular studies have shown that HECL1 is upregulated in brain, liver, breast and lung tumor
cells [13]. Upregulation and expression of HEC1 in cells has been associated with tumor grade and prognosis
[14, 15]. Overexpression of HECL1 is shown in cervical, colorectal, breast, lung and gastric cancer cells [8,
15, 16].
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While 12.8% of mice overexpressing Hecl develop lung adenomas, only 1.4% of mice that do not
overexpress Hecl develop similar tumors [11]. Co-overexpression of Ndc80 has been found in non-small cell
lung carcinomas (NSCLC) and its cell lines [15]. These data correlate the increase of Hecl level in the cell
with the tumor phenotype [8].

Small molecule INH1 directly binds to HEC1 and disrupts HEC1/NEK2 interaction. This triggers NEK2
degradation, which will ultimately cause cell death. Studies have shown that INH1 effectively suppresses the
proliferation of breast cancer cell lines [4, 12]. Different INH derivatives was shown that they suppressed
xenograft tumor growth without obvious toxicity [17].

Inactivation of cellular Hecl is known to negatively impact mitosis and cell proliferation [5, 18-24]. INH1
treatment causes cell death by causing mitotic defects. To determine the cytotoxic activity of INH1, a panel
of human breast cancer cell lines, cervical adenocarcinoma cell line HeLa and the colon cancer cell line
HCT116 were used by Wu et al. and INH1 has been shown to inhibit cell proliferation in cell culture [4].
Chuang and colleagues have produced a Hecl inhibitor that has been tested in phase | clinical trials in
different cancer types [25].

In a study, the benefits of the combined use of Hec1/Nek2 inhibitors were shown. In this study, it was
shown that the combination of Hecl/Nek2 inhibitor with taxanes, which are frequently used in cancer
treatment, improves patient outcomes compared to the use of taxanes alone [26].

In addition, the effects of mitotic kinases such as Nek2 on the epithelial mesenchymal transition (EMT),
which plays an important role in processes such as metastasis, have been demonstrated, and therefore, the
researchers focused on Hecl as a critical therapeutic target for EMT [27].

In the present study treatment of independent cell lines A549 and HelLa with INH1 resulted in similar
effects at the cellular level. When antiproliferative effects of INH1 on cells were evaluated, INH1 decreased
cell proliferation at 56 uM optimum concentration for both of cell lines. Data from the real-time cell analysis
system showed that INH1 has cytostatic and cytoskeletal effects on cells. While 56 yM concentration
decreased the mitotic index and BrdU proliferation values, it increased the apoptotic index values of both of
cell lines. Changes in all parameters suggest that the clinical use of this inhibitor may reduce tumor growth
in different types of cancers and contribute to the treatment protocol.
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