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Abstract 

Background: Melanoma is a heterogeneous malignancy that presents an immense challenge in therapeutic 
development. Recent approaches targeting the oncogenic MAP kinase pathways have shown tremendous 
improvement in the overall survival of patients with advanced melanoma. However, there is still an urgent 
need for identification of new strategies to overcome drug resistances and to improve therapeutic efficacy. 
Haspin (Haploid Germ Cell-Specific Nuclear Protein Kinase) belongs to a selected group of mitotic kinases 
and is required for normal mitosis progression. In contrast to inhibitors of other mitotic kinases, anti-tumor 
potential of haspin inhibitors has not been well explored. Herein, we aim to examine effects of CHR-6494, a 
small molecule inhibitor of haspin, in melanoma cells.  
Methods: Anti-tumor activities of the haspin inhibitor CHR-6494 were tested in a number of melanoma cell 
lines either as a single agent or in combination with the MEK inhibitor Trametinib (GSK1120212). 
Experiments are based on: 1) Cell viability determined by the crystal violet staining assay; 2) apoptotic 
responses measured by the caspase 3/7 activity assay and western blot analysis for the level of cleaved PARP 
(Poly ADP-Ribose Polymerase); 3) cell cycle analysis conducted using flow cytometry; and 4) cell migratory 
ability assessed by the scratch assay and the transwell migration assay.  
Results: We have found that CHR-6494 alone elicits a dose dependent inhibitory effect on the viability of 
several melanoma cell lines. This growth inhibition is accompanied by an increase in apoptotic responses. 
More importantly, CHR-6494 appears to synergize with the MEK inhibitor Trametinib in suppressing cell 
growth and enhancing apoptosis in both wild type and BRAFV600E mutant melanoma cell lines. Administering 
of these two small molecules as a combination is also capable of suppressing cell migration to a greater extent 
than the individual agent.  
Conclusion: These results suggest that haspin can be considered as a viable anti-melanoma target, and that 
concomitant inhibition of haspin and MEK activities with small molecules could represent a novel therapeutic 
strategy with improved efficacy for treatment of melanoma. 
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Introduction 
Melanoma is one of the most aggressive and 

drug-resistant human cancers. Development of 
melanoma is largely dependent upon the oncogenic 
activation of the mitogen-activated protein kinase 
(MAPK) pathway composed of the receptor tyrosine 
kinase (RTK)-NRAS-BRAF-MEK-ERK [1, 2]. 
Gain-of-function mutations of NRAS and BRAF genes 

are detected in about 15-30% and 60% of all 
melanomas, respectively. With the onset of 
discovering small molecule based inhibitors of BRAF 
as well as its downstream kinases MEK and ERK, the 
overall survival rate of patients with advanced 
melanoma has been improved tremendously in the 
past decade [3]. Despite such advancement, deploying 
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BRAF inhibitors as single agents in chemotherapy still 
confront a number of challenges such as lack of 
complete responses and relapse through drug 
resistance [4]. Therefore, it remains imperative to 
pursue new and more effective therapeutics for 
treatment of melanoma [5].  

Cancer cells in general exhibit an increased rate 
of proliferation relative to normal cells with mitosis as 
a centrally critical step. Vinca alkaloids and taxanes 
have become conventional chemotherapeutic drugs 
that target mitosis by disturbing microtubule 
dynamics [6-8]. Despite their therapeutic success for 
an impressive range of tumor types, a major concern 
in employing these anti-mitotic compounds has been 
their toxicity to normal cell types such as neurons [9]. 
Recently, a selected group of protein kinases has been 
identified as important orchestrators for mitotic 
progressions [10]. This select group includes cyclin 
dependent kinases (Cdks) [11, 12], Polo-like-kinases 
[13], and Aurora kinases [14, 15]. It has been widely 
recognized that mitotic kinases represent attractive 
targets for developing cancer therapeutics [16, 17]. 
Activities of mitotic kinases could be selectively 
modulated using small molecule based inhibitors [18], 
which could potentially have fewer side effects and be 
more selective in attacking proliferative cells than the 
conventional microtubule poisons [19]. Recent studies 
have revealed elevated expression levels of Aurora A, 
Aurora B, and the polo-like kinase 1 (Plk1), in clinical 
melanoma samples [20, 21], and small molecule 
inhibitors of these kinases have shown promising 
potential in delaying melanoma progression either as 
single-agent or in combination with existing 
therapeutic drugs, such as MEK inhibitors [22-24].  

Haspin (Haploid Germ Cell-Specific Nuclear 
Protein Kinase) is a recently identified mitotic kinase 
that phosphorylates histone H3 at threonine 3 [25]. 
This specific phosphorylation serves as a docking site 
for the chromosome passenger complex at the 
centromere during mitosis and is critical for 
centromeric functions of Aurora B [26]. Depletion of 
haspin by small interfering RNAs (siRNAs) leads to 
chromosome misalignment, precocious loss of 
cohesion between sister chromatids, and formation of 
multipolar spindles [27, 28]. Haspin is among a few 
proteins that are considered as atypical eukaryotic 
protein kinases, due to the lack of the conserved 
ATP/Mg2+ binding motif Asp-Phe-Gly (DFG) in its 
activation segment and the divergent structure in his 
kinase domain [29]. Such structural distinction has 
rendered it possible to design more selective or 
specific inhibitors of haspin and to reduce side effects 
potentially due to concomitant activities against 
kinases with a more conserved activation segment 
[30].  

A number of small molecule based inhibitors 
targeting the ATP binding site of haspin has been 
discovered via high throughput screening [31-34]. 
Recently, bisubstrate inhibitors of haspin have also 
been designed by conjugating the ATP-site targeting 
aromatic fragment with a peptide that mimics the 
N-terminus of histone H3 tail [35, 36]. Among known 
haspin inhibitors, compound CHR-6494 has shown 
anti-proliferative effects on a number of cancer cell 
lines including cervical, colon, and breast cancer cells 
[33]. The mode of action is likely the mitotic 
catastrophe associated with chromosome 
misalignment and formation of multipolar spindles, 
and ex vivo assays also reveal anti-angiogenesis 
activities of CHR-6494. However, to the best of our 
knowledge, activities of CHR-6494 have not been 
examined in melanoma cell lines, and the potential of 
haspin as an anti-mitotic target to melanoma 
treatment has not been explored. We wish to report 
herein antitumor potential of the haspin inhibitor 
CHR-6496 as a single agent and in combination with 
other oncogene targeting drugs in melanoma 
treatment. 

Methods  
Chemicals and reagents 

CHR-6494 was purchased from Sigma-Aldrich 
(St Louis, Missouri, USA). GSK1120212 (Trametinib) 
and PLX4032 were from Selleck Chemicals (Houston, 
Texas, USA).  

Cell culture 
Human melanoma cell lines were cultured in 

DMEM (Corning Incorporated, Corning, New York, 
USA) or RPMI1640 (Life Technologies, Shanghai, 
China) supplemented with 10% (v/v) fetal bovine 
serum (FBS) (Capricorn Scientific) and penicillin (100 
U/mL)/ streptomycin (100 ug/mL) (Solarbio, Beijing, 
China) [37]. Human dermal fibroblasts (HDFs) were 
cultured in DMEM medium supplemented with 10% 
FBS and penicillin/ streptomycin. All cells were 
maintained at 37° C with 5% CO2.  

Cell viability assay 
Cells were seeded as triplicates in 96-well culture 

plates (Corning) at a density of 4,000 cells/well. After 
24 h of attachment, cells were treated with CHR-6494, 
a MEK inhibitor, or vehicle (DMSO) at various 
concentrations. At the end of treatment, cells were 
fixed with 4% paraformaldehyde/PBS at room 
temperature for 10 min, and stained with 0.05% 
crystal violet diluted in PBS at room temperature for 
20 min. After washing these plates with tap water and 
air dried, the dye was solubilized with 30% acetic acid 
and the absorbance was measured at 590 nm using the 
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Tecan Infinite 200 Pro Microplate Reader. Cell 
viability of the treated group was normalized to the 
vehicle control. IC50 values were determined using the 
Prism 7.0 Software (GraphPad Software Inc., LaJolla, 
California, USA). Degrees of synergy between two 
compounds were assessed numerically using 
Combination Index (CI) and Dose-Reduction Index 
(DRI), which were calculated based on the 
Chou-Talalay method [38] employing the CalcuSyn 
Software (Biosoft, Cambridge, UK). CI < 1, synergy; 
CI = 1, additive; CI > 1, antagonism; DRI = 1, no 
dose-reduction; DRI > 1, favorable dose-reduction, 
DRI > 1, unfavorable dose-reduction. 

Western blot analysis 
Whole cell lysates for immunoblotting were 

prepared with the 0.5 X Laemmli Sample Buffer. The 
volume of buffer was adjusted according to the cell 
number. Proteins were separated by SDS-PAGE and 
transferred onto PVDF membranes (Millipore, 
Darmstadt, Germany). The following antibodies were 
used for immunoblotting: Anti-phospho-Histone H3 
(Thr3) Antibody, (clone JY325, EMD Millipore, 
Darmstadt, Germany), cleaved PARP (Cell Signaling, 
Danvers, MA, USA), and α-tubulin (Sigma-Aldrich, 
St. Louis, MO). 

Caspase 3/7 activity-based apoptosis assay 
Cells were seeded in a six-well plate (2.5x105 

cells/well). After attachment for 24 h, cells were 
treated with compounds at various concentrations. At 
the end of treatment, cells were detached and cell 
pellets were lysed with 300 μL of 1X cell lysis buffer 
(CWBIO, Beijing, China). Protein concentrations were 
determined using the BCA Protein Assay Kit 
(CWBIO, Beijing, China). Caspase 3/7 activity was 
measured with the Caspase-Glo 3/7 Assay kit 
(Promega, Madison, Wisconsin, USA) according to 
manufacturer’s instruction, using the Tecan Infinite 
200 Pro Microplate Reader. The Caspase-Glo 3/7 
activity was normalized to the protein concentration. 

Cell cycle analysis 
MeWo or MDA-MB-435 cells were plated in 

60-mm dishes at a density of 8.5 x105/dish. After 
treatment with haspin or MEK inhibitors for 48 h, cells 
were fixed in ice-cold 70% ethanol, and stained with 
50 μg/mL propidium iodide and 100 U/mL RNAse A 
(Leagene, Beijing, China) diluted in PBS at 25°C for 1 
h. DNA content analysis was conducted on a 
FACSCalibur flow cytometer (Becton Dickinson, San 
Diego, CA).  

Scratch assay  
MDA-MB-435 cells were grown to confluence in 

60-mm dishes. After serum starvation for 18 h, cells 

were treated with mitomycin C (10 μg/mL) for 2 h to 
prevent cell proliferation during the later migration 
process. The cell-free wound areas were generated on 
monolayers using a 200-μL pipette tip. After washing 
with PBS twice, the marked area of each wound was 
photographed under Nikon Eclipse Ti-S Inverted 
phase-contrast microscope. Cells were re-fed with 
DMEM medium containing 5% FBS as well as various 
compounds or DMSO (vehicle). After incubating for 
48 h, the marked wound area was re-photographed. 
The wound closure area (cell migration) was analyzed 
using the Image J Software. 

Transwell migration assay  
Cell migration assays were performed using 

24-well Co-star transwell inserts (8 μm pore; 
Corning). MDA-MB-435 cells were treated with 
various compounds or DMSO (vehicle) for 3 days. 
After which, an equal amount of cells (1.2 × 105) were 
seeded into the upper chamber of a transwell inserted 
in serum-free medium. The lower chamber of the 
transwell was filled with medium containing 10% FBS 
as chemo-attractant. After incubating for 18 h, cells 
that have migrated to the bottom side of the transwell 
membrane were fixed with 4% PFA/PBS followed by 
staining with 0.1% crystal violet at room temperature 
for 20 min. The migrated cells were viewed with 
Nikon Eclipse Ti-S inverted microscope and counted 
from 5 different fields to get an average sum of cells. 

Statistics 
All statistical evaluations were carried out using 

the GraphPad Prism 7.0 Software. Data were analyzed 
by Student's t-test for comparison between two 
groups or two-way ANNOVA for comparison 
between multiple groups. Combined data were 
obtained from 3 independent experiments and 
presented as mean-fold over control ± S.E.M. P-values 
< 0.05 were considered significant. 

Results 
CHR-6494 inhibits histone H3 phosphorylation 
at Thr3 and exhibits anti-proliferative and 
pro-apoptotic effects as a single agent in 
melanoma cell lines. 

We first examined sensitivities of a panel of 
melanoma cell lines to the haspin inhibitor CHR-6494 
and the MEK inhibitor GSK1120212/Trametinib 
(referred to as MEKi) as single agents. CHR-6494 
showed a dose-dependent inhibitory effect on cell 
viability in all melanoma cell lines tested, which 
included BRAFV600E mutants, NRAS mutants, and 
wild type cells. The respective IC50 values ranged 
between 396 nM and 1229 nM (Fig. 1A). While most 
melanoma cell lines were responsive to MEKi with 
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IC50 values between 1.1 nM and 3.6 nM, the 
BRAFV600E mutant RPMI-7951 and the wild type 
COLO-792 cells were resistant to MEKi even at 50 nM, 
which was the highest concentration dosage 
employed (Fig. 1B). In contrast to other BRAF mutant 
cell lines, RPMI-7951 was also resistant to BRAF 
inhibitors PLX4032 (data not shown) and PLX4702 
[37]. Our subsequent studies focused on anti-tumor 
potential of CHR-6494 as a single agent against these 
two specific melanoma cell lines that are 
non-responsive to BRAF and MEK inhibitors.  

As shown in Fig. 1C, treatment of CHR-6494 
suppressed the viability of COLO-792 and RPMI-7951 
cells in a dose-dependent manner with IC50 values of 
497 nM and 628 nM, respectively. Western blot 
analysis showed that CHR-6494 markedly reduced 

the level of histone H3 Thr3-phosphorylation 
(H3T3P), thereby revealing for the first time its 
inhibitory effect on haspin activity in melanoma cells 
(Fig. 1D). Moreover, when using 300 nM and 600 nM 
of CHR-6494, caspase 3/7 activity was increased by 3- 
and 6-fold, respectively in COLO-792 cells, and to 8.5- 
and 16-fold in RPMI-7951 cells (Fig. 1E). The 
pro-apoptotic effect of CHR-6494 was further 
confirmed by increased level of caspase 3-cleaved 
form of PARP (cPARP) as measured by western blot 
analysis (Fig. 1F). These results indicate that treatment 
with the haspin inhibitor as a single agent could 
reduce cell viability and induce apoptosis in both 
oncogene mutant and wild type melanoma cells, 
particularly those that are resistant to BRAF and MEK 
inhibitors.  

 

 
Figure 1. CHR-6494 decreased cell viability and increased apoptosis in melanoma cells. Melanoma cells (as indicated) were plated as triplicates in 96-well 
plates, and treated with CHR-6494, MEK inhibitor GSK1120212 (MEKi), or DMSO (vehicle control) at various concentrations for 72 h. (A-C) Cell viability was 
determined with crystal violet staining assay. The y-axis represents mean-percentage of viable cells ± S.E.M, N=3 independent experiments. (D) Western blot analysis 
using an antibody against histone H3 Thr3 phosphorylation (H3T3P). (E) Caspase 3/7 activity measured using the Caspase 3/7 Glo Assay Kit. Respective values are 
normalized to protein concentrations and presented as mean-fold over control ± S.E.M. *, p < 0.05, **, p < 0.01, N=3. (F) Western blot analysis for the cleaved form 
of PARP. 
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Figure 2. CHR-6494 and MEK inhibitor synergistically reduced cell viability of MeWo and MDA-MB-435 melanoma cell lines. MeWo and 
MDA-MB-435 melanoma cells or human dermal fibroblasts (HDFs) were treated with CHR-6494, MEK inhibitor GSK1120212 (MEKi), or the combination of two 
compounds at various concentrations for 5 d. Cell viabilities were measured by crystal violet staining assay in: (A) Cells treated with CHR-6494 as single agent; (B) 
MeWo melanoma cells. (C) MDA-MB-435 melanoma cells; (D) HDFs. Respective values are presented as mean-percentage of control ± S.E.M. *, p < 0.05, **, p < 0.01 
***, p < 0.001, N=3. (E) The degree of synergy between CHR-6494 and MEKi was assessed numerically employing Combination Index (CI) and Dose Reduction Index 
(DRI), which were calculated based on the Chou-Talalay method using the CalcuSyn Software. CI < 1, synergy; CI = 1, additive; CI > 1, antagonism. DRI = 1, no 
dose-reduction; DRI > 1, favorable dose-reduction; DRI < 1, unfavorable dose-reduction. 

 

Haspin and MEK inhibitors synergistically 
inhibit viability of melanoma cells. 

We next determined the combined effect on 
melanoma cells when employing both CHR-6494 and 
the MEK inhibitor GSK1120212 (Trametinib) 
simultaneously. Both the BRAFV600E mutant 

MDA-MB-435 and the wild type MeWo melanoma 
cell lines were responsive to treatment with either 
compound as a single agent. As shown in Fig. 2A, 
CHR-6494 inhibited viabilities of MeWo and 
MDA-MB-435 cells in a dose dependent manner with 
respective IC50 values of 396 nM and 611 nM, whereas 
normal dermal fibroblasts (HDFs) were less sensitive 
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with an IC50 > 1μM (Fig. 2A). In MeWo cells, the IC50 

value for single MEKi treatment was approximately 
3.6 nM (Fig 1B). Dual treatment by combining 
CHR-6494 (100 nM, 300 nM, or 600 nM) with MEKi 
(0.3 nM, 1 nM, or 3 nM) elicited an enhancement in 
cytotoxicity (Fig. 2B). For example, treatment with 
CHR-6494 (300 nM) and MEKi (1 nM) as single agents 
reduced cell viability to 64.4% and 72.8% of the 
control, respectively. On the other hand, dual 
treatment by combining both inhibitors led to an 
enhanced effect of reducing cell viability to only 22.6% 
of the control (Fig. 2B).  

In comparison with MeWo cells, MDA-MB-435 
cells were more sensitive to MEKi as a single agent 
(IC50 = 2.6 nM) (Fig. 1B). An enhanced cytotoxicity 
was also detected when CHR-6494 (300 nM or 600 
nM) was combined with MEKi (1 nM or 3 nM) in this 
cell line (Fig. 2C). In contrast, normal human dermal 
fibroblasts (HDFs) were relative insensitive to MEKi, 
and more importantly, MEKi induced growth 
inhibition was only slightly enhanced when it was 
combined with 600 nM of CHR-6494 (Fig. 2D). 
Degrees of synergy between CHR-6494 and MEKi in 
melanoma cells were further assessed through 
Combination Index (CI) and the reciprocal 
Dose-Reduction Index (DRI), using the Chou-Talalay 

method [38, 39]. While CI < 1 is often used as an 
indication of synergy, DRI quantifies how many folds 
in dosages single drugs can be reduced to achieve the 
synergistic effect at a given level. DRI > 1 represents a 
situation of favorable dose-reduction. As shown in 
Fig. 2E, CI < 1 and DR > 1 values were achieved via all 
combination options tested in our studies, thereby 
confirming the synergistic effects between CHR-6494 
and MEKi in the two melanoma cell lines.  

Co-inhibition of haspin and MEK enhances 
apoptosis in melanoma cells. 

Our next goal was to determine whether the 
observed synergism between haspin and MEK 
inhibitors on cell viability was associated with 
enhanced apoptosis. For both MeWo and 
MDA-MB-435 cells, treatment with CHR-6494 (300 
nM or 600 nM) as a single agent markedly increased 
the expression level of cPARP, and MEKi alone only 
showed a marginal effect at 3 nM (Fig. 3A). The 
intensity of cPARP signal was significantly enhanced 
when employing CHR-6494 and MEKi in combination 
(Fig. 3A). In contrast, the cPARP expression was not 
detected in HDFs when treated with CHR-6494 and 
MEKi either as single agents or as dual inhibitors (Fig. 
3B).  

 

 
Figure 3. Combination between CHR-6494 and the MEK inhibitor enhanced apoptosis in MeWo and MDA-MB-435 melanoma cell lines. MeWo 
and MDA-MB-435 melanoma cells or HDFs were treated with CHR-6494, MEK inhibitor GSK1120212 (MEKi), or the combination of two compounds at various 
concentrations for 5 days. (A-B) Cells were harvested for western blot analysis using an antibody against the cleaved form of PARP. (C) Caspase 3/7 activity was 
measured using the Caspase 3/7 Glo Assay Kit and normalized to protein concentrations. Respective values are presented as mean-fold over control ± S.E.M. *, p < 
0.05, **, p < 0.01 ***, p < 0.001, N=3. 
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Consistently, when used as a single agent, MEKi 
(3 nM) showed no significant impact on the caspase 
3/7 activity, while CHR-6494 alone at 600 nM 
increased this activity to 1.6- and 2.7-fold in MeWo 
and MDA-MB-435 cells, respectively (Fig. 3C). 
Caspase 3/7 activity was significantly increased 
following dual treatment of these two compounds 
(Fig. 3C). These results support the notion that the 
synergistic effect of haspin and MEKi inhibition on 
cell viability is associated with increased apoptotic 
responses in melanoma cells. 

Haspin and MEK inhibitors modulate cell cycle 
progression independently by arresting 
melanoma cells at different phases.  

We utilized flow cytometry approach to 
determine whether the observed synergistic effect of 
haspin and MEKi inhibitors were associated with a 
perturbed cell cycle progression. In MeWo cells, while 

single treatment with 1 nM of MEKi caused a slight 
increase in G1 population, CHR-6494 at 300 nM led to 
a significant cell cycle arrest at G2/M phase (Fig. 4A). 
Combined treatment led to a cell cycle profile 
comparable to that of cells treated with CHR-6494 
alone, although the magnitude of G2/M arrest was 
decreased (Fig. 4A). Similarly in MDA-MB-435 cells, a 
significant G2/M arrest was achieved with 600 nM of 
CHR-6494, whereas a moderate increase in G1 
population was observed in cells treated with 3 nM of 
MEKi (Fig. 4B). Under dual inhibitions, the level of 
G2/M arrest induced by CHR-6494 alone was 
reduced, with more cells shifting to G1 phase (Fig. 
4B). These results indicate that inhibitions of haspin 
and MEK likely interfere cell cycle progression 
independently, thereby rendering cells arrested at 
different phases.  

 

 
Figure 4. CHR-6494 and MEKi led to cell cycle arrest at different phases. MeWo (A) and MDA-MB-435 (B) melanoma cells were treated with CHR-6494, 
MEK inhibitor GSK1120212 (MEKi), or the combination of two compounds at various concentrations for 48 h. Cells were fixed with cold 70% ethanol and stained 
with propidium iodide. DNA content was measured by flow cytometry. Representative results are shown in top panels. In the bottom panels, data are presented as 
mean percentage of total cells ± S.E.M. *, p < 0.05, **, p < 0.01 ***, p < 0.001, N=3 independent experiments. 
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Figure 5. Co-treatment with CHR-6494 and MEKi enhanced the inhibitory effects on cell migration in MDA-MB-435 melanoma cell lines. (A) 
Scratch assay (wound closure assay). Cell monolayers were scratched and wounds at the marked areas were photographed at 0 h. After 48 h incubation with various 
compounds or DMSO, cells were fixed and stained with 0.1% crystal violet. Cells from the same wound areas were photographed. Photographs shown are 
representative of three independent experiments. The value is presented as mean-percentage of migration ± S.E.M. ***, p < 0.001, ****, p < 0.0001, N=3. (B) 
Transwell migration assay. MDA-MB-435 cells were treated with a respective compound at various concentrations for 72 h. Surviving cells (1.2x105) were seeded 
onto the upper chamber of transwell inserts as described in Materials and Methods. Cells were then incubated with 3 nM of MEKi (GSK-1120212), 300 nM of 
CHR-6494, or both compounds, for 18 h at 37 °C. The number of migrated cells was counted from 5 fields per experiment. Data shown are the mean percentage of 
control ± S.E.M. from three independent experiments, **** P < 0.0001. 

 

Haspin and MEK inhibitors cooperatively 
suppress migration of melanoma cells. 

We next investigate effects of haspin inhibitor 
alone or in combination with MEKi on migration in 
MDA-MB-435 melanoma cells. In a two-dimensional 
scratch assay, after 48 h, only 57.6% and 51.5% of the 
gap were closed in cells treated with 3 nM of MEKi 
and 300 nM of CHR-9494, respectively, whereas 72.8% 
of the original gap was closed in the vehicle (DMSO) 
treated control cells (Fig. 5A). In contrast, 37.9% of 
original gap was closed when both compounds are 
utilized in a dual treatment (Fig. 5A). The migratory 
ability of cells was also examined by the transwell 
migration assay using Boyden chambers. 
MDA-MB-435 cells were treated with CHR-6494 and 
MEKi as single agents or in combination for 72 h 
before the same number of cells were loaded into the 
upper chamber of transwells and examined 18 h later. 
As shown in Figure 5B, the number of cells that 
migrated to the bottom side of the membrane was 
reduced to 66% and 54% of the control with 
individual treatment using either 3 nM of MEKi or 300 
nM of CHR-9494, respectively. In contrast, the 
migrated cell number was decreased to 21% of the 

control after dual treatment using both CHR-6494 and 
MEKi (Fig. 5B). These results indicate that 
simultaneous inhibition of haspin and MEK activities 
may elicit a much greater potential in suppressing 
migratory ability of melanoma cells.  

Discussion 
Melanoma is a heterogeneous malignancy that is 

one of the most aggressive tumors resistant to 
treatment when becoming metastatic, and thus, 
presents an immense challenge in the development of 
therapeutic approaches. Aberrant activations of the 
MAP kinase pathway have been associated with an 
array of human cancers including melanoma [1]. 
Therapeutics targeting against BRAF as well as its 
downstream kinases MEK and ERK have shown great 
potential in prolonging the life span of patients with 
advanced melanoma. However, the common 
occurrence of drug resistance to single-agent 
chemotherapeutic treatment accentuates the need to 
continue discovering alternative or new strategies for 
anti-melanoma [4].  

In this study, we found evidence of utilizing 
CHR-6494, a small molecule based inhibitor of the 
mitotic kinase haspin, to treat melanoma cell lines 
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including both wild type and BRAF mutant cells. As a 
single agent, CHR-6494 was shown to cause a dose 
dependent growth inhibitory and pro-apoptotic effect 
in COLO-792 and RPMI-7951 cells, which are cells not 
responsive to the MEK inhibitor GSK1120212 
(Trametinib). Intriguingly, a combination of haspin 
and MEK inhibitions revealed a synergistic effect on 
the viability of both wild type (MeWo) and the 
BRAFV600E mutant (MDA-MB-435) cell lines. Most 
importantly, the dual treatment also enhanced 
apoptotic responses and elicited a greater inhibitory 
effect on cell migrations, and overall, these effects 
were not observed in the normal human dermal 
fibroblasts. Therefore, our findings suggest that 
haspin could serve as a novel target for melanoma 
treatment either via a single-agent or in combination 
therapy, and provides an alternative approach for 
drug-resistant melanoma cells.  

Mitosis has been widely recognized as an 
attractive target for cancer therapeutic development 
because it is an essential step for cell proliferations. 
While none of the commonly used antimitotic agents 
has led to improved survival, the newly developed 
solvent-free and albumin-bound form of Paclitaxel 
(Nab-paclitaxel) has shown beneficial effect in 
prolonging overall survival of chemotherapy-naïve 
patients with metastatic melanoma in an ongoing 
phase III trial [40]. Furthermore, Aurora B inhibitor 
barsertib-HQPA has been shown to exert an 
anti-proliferative effect on metastatic melanoma cells 
regardless of their BRAF mutational status [41]. 
Therefore, by identifying novel inhibitors of mitotic 
kinases or structurally modifying existing spindle 
poisons, anti-mitosis represents an attractive strategy 
for melanoma treatment. Our results have particularly 
pinpointed the great potential of using small molecule 
based inhibitors of the mitotic kinase haspin as a 
single-agent or in combinational therapy for 
treatment of melanoma.  

It should be noted that MEK inhibitors have 
shown a synergistic effect with several anti-mitotic 
agents. In lung and ovarian cancer cell lines with 
constitutive activation of the ERK signaling pathways, 
MEK inhibitor U0126 selectively enhances the 
apoptotic responses induced by the microtubule 
inhibitor paclitaxel [42]. The increased cell death by 
MEK/paclitaxel combination is associated with the 
cooperative up-regulation of the pro-apoptotic 
protein Bim and down-regulation of the 
anti-apoptotic protein Mcl-1 [43]. MEK/ERK 
inhibition could also sensitize neuroblastoma cells to 
the inhibitors of centromere-associated protein E 
(CENP E), a kinesin motor protein that is critical for 
chromosome attachment to mitotic spindles [44]. 
Moreover, combined inhibition of MEK and Plk1 

elicits synergistic antitumor activity specifically in 
NRAS mutant melanoma [24]. In our study, the 
synergy found between the inhibitors of MEK and the 
other mitotic kinase haspin in both wild type and 
BRAF mutant melanoma cells further support the 
beneficial potential of simultaneously targeting 
mitosis and ERK pathways in melanoma therapy.  

Despite the synergistic effect found between 
anti-mitotic drugs and MEK inhibitors, the 
underlying mechanism remains unclear. At this 
moment, our cell cycle analysis showed that 
inhibitions of haspin and MEK as a single agent led to 
cell cycle arrests at G2/M and G1, respectively, but 
degrees of both arrests were down regulated when 
cells were treated with these two compounds as a 
combination. Therefore, it is unlikely that the 
enhanced growth inhibitory and apoptotic response 
by dual-inhibition are due to enhanced activation of 
either G2/M or G1 checkpoints. Instead, it is possible 
that single inhibition of haspin and MEK could 
independently activate G2/M and G1 checkpoints, 
thereby resulting an improved efficiency to impede 
cell cycle progression and to initiate apoptotic 
responses. 

Lastly, it has been suggested that growth factors 
secreted in the tumor microenvironment can rescue 
cancer cells from kinase inhibitions. When the A431 
epidermoid cancer cells are treated with the epithelial 
growth factor receptor (EGFR) inhibitor Gefitinib, 
haspin is the most up-regulated kinase followed by 
fibroblast growth factors (FGF2) stimulation, thereby 
implying that haspin could be part of the molecular 
mechanism in the Gefitinib resistance [45]. Moreover, 
FGF2 rescued cells were highly sensitive to inhibition 
of haspin, and dual inhibitions of EGFR and haspin 
activities showed an enhanced anti-tumor efficacy 
than the single treatment [45]. Their results further 
support the notion that haspin could be an ideal target 
to overcome resistance to drugs targeting growth 
factors and their downstream pro-survival pathways 
in different types of cancer cells including melanoma.  

Conclusion 
 Our study has demonstrated that haspin, a 

structurally atypical mitotic kinase, could be a viable 
target for anti-melanoma therapy and possesses the 
potential for developing combination therapy using 
small molecule based drugs. Given its unique protein 
structure, selective or specific inhibitors of haspin 
could be envisioned and developed to overcome 
off-target effects common for inhibitors of other 
known kinases. Further studies will focus on whether 
haspin inhibitors could enhance the growth arrest and 
apoptosis in combination with other inhibitors of 
MAPK pathways such as BRAF inhibitors, and 
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whether these strategies could be applied to all 
melanoma and other cancer cell types.  
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