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A B S T R A C T   

In recent years, histone methyltransferases (HMTs) have emerged as important therapeutic tar-
gets in cancer due to their oncogenic role. Herein, we used the GLP/G9a inhibitor UNC0646 to 
assess whether the inhibition of such HMTs could induce cell death in MeWo melanoma cells. 
Furthermore, we investigated the cellular and molecular mechanisms involved in the observed 
cell death events. Finally, we performed a functional genomics analysis of 480 melanoma samples 
to characterize G9a/GLP involvement in melanoma. Interestingly, after UNC0646 treatment, 
MeWo cells underwent apoptosis, followed by loss of mitochondrial membrane potential and the 
generation of reactive oxygen species (ROS). Furthermore, MeWo cells treated with UNC0646 
showed cell cycle arrest and inhibition of proliferation. At the molecular level, UNC0646 treat-
ment increased the transcriptional levels of CDK1 and BAX, and decreased BCL-2 mRNA levels. 
Finally, we performed a functional enrichment analysis, which demonstrated that dozens of 
biological pathways were enriched in melanoma samples according to GLP and G9a expression, 
including apoptosis and necrosis. Taken together, our data show that inhibition of GLP/G9a using 
UNC0646 exerts anticancer effects on melanoma cells by controlling their proliferation and 
inducing apoptosis.   

1. Introduction 

Malignant melanoma is a type of skin cancer originating from melanocytes, which has an aggressive clinical pattern. Although 
there is a consensus that melanoma is a preventable disease, its incidence has increased annually, in contrast to the overall cancer 
incidence which is stable or slightly decreasing. This scenario makes melanoma a significant public health problem that demands 
considerable financial support worldwide [1]. The development of melanoma is multifactorial and involves both genetic susceptibility 
and environmental exposure. The main risk factors associated with its development include the presence of melanocytes or dysplastic 
nevi, exposure to ultraviolet radiation, sunburns, indoor tanning, and a family or personal history of melanoma [2]. 

Although melanoma is the least common form of skin cancer, it is the most aggressive and lethal, its morbidity and mortality 
indicators showing a tendency to increase worldwide [3]. However, in recent years, considerable advances have been made in mel-
anoma therapy. The current therapeutic approaches for melanoma include immunotherapy and targeted therapy, associated with 
conventional excision surgical procedures, radiotherapy, and chemotherapy [4,5]. Progress in the treatment of melanoma has been 

* Corresponding author. Campus Darcy Ribeiro, Brasília, Brasília-DF, Brazil 
E-mail address: felipearaujo@unb.br (F. Saldanha-Araujo).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2024.e27085 
Received 29 November 2023; Received in revised form 4 February 2024; Accepted 23 February 2024   

mailto:felipearaujo@unb.br
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e27085
https://doi.org/10.1016/j.heliyon.2024.e27085
https://doi.org/10.1016/j.heliyon.2024.e27085
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 10 (2024) e27085

2

particularly relevant for patients with advanced, metastatic, or unresectable melanoma. In these cases, immunotherapy focused on 
inhibiting molecule checkpoints has achieved extraordinary outcomes [6,7]. However, in some cases these therapies are associated 
with the development of resistance, relapses, heterogeneous therapeutic responses, and adverse side effects [3,8]. Therefore, new 
therapeutic approaches for treating melanoma need to be developed. 

Epigenetic alterations, including histone modifications, play a key role in different types of cancer. For instance, the dysregulation 
of histone methyltransferases (HMTs), - enzymes that catalyze the methylation of lysine and arginine residues on histone tails and non- 
histone targets -, is associated with both the development and progression of cancer [9,10]. GLP (EHMT1) and G9a (EHMT2) are HMTs 
that add mono-, di-, and trimethyl groups on histone H3K9, H3K27, and H1. Importantly, the dysregulation of such HMTs seems to be 
associated with tumor initiation, cancer progression, and poor prognosis [11–13]. Indeed, several pieces of evidence show that G9a 
plays an important oncogenic role, and that its inhibition is associated with autophagy [14,15], apoptosis [16,17], and cell cycle 
alteration [18,19]. Interestingly, it was recently demonstrated in gastric cancer that the stimulation of cell proliferation and the in-
hibition of autophagy by G9a are associated with its control over MTOR expression [20]. In addition, G9a also appears to control 
tumorigenesis through the stabilization of c-Myc, which contributes to the growth and invasive potential of hepatocellular carcinoma 
[21]. 

Interestingly, even though there is no information associating GLP and melanoma, some recent evidence points to G9a as a po-
tential target for melanoma treatment [22]. Such evidence derives from the fact that G9a can regulate pathways involved in the 
development of melanoma, including Wnt [23] and Notch signaling [24]. 

In this work, we used the MeWo metastatic melanoma cell line to assess whether GLP/G9a inhibition could induce cell death in 
melanoma. Furthermore, we investigated the cellular and molecular mechanisms involved in the observed cell death events. Finally, 
we performed a functional genomics analysis of 480 melanoma samples (TCGA, Firehose Legacy) through the cBio Cancer Genomics 
Portal to characterize G9a/GLP involvement in melanoma. 

2. Material and methods 

2.1. Cell culture and reagent chemicals 

The MeWo melanoma cell line was acquired from Banco de Células do Rio de Janeiro (BCRJ, Brazil). MW164 was kindly provided 
by Profa. Dra. Silvya Stuchi Maria-Engler (University of São Paulo, São Paulo, Brazil). Human primary fibroblasts (Fibs) were kindly 
provided by CellSeq Solutions, (Belo Horizonte, Brazil). Cells were cultured at 37 ◦C in Dulbecco’s Modified Eagle’s Medium (DMEM, 
Gibco, Waltham, MA, USA) supplemented with 10% (v/v) fetal bovine serum (FBS, Gibco), and 1% penicillin/streptomycin (Sigma- 
Aldrich, St. Louis, MO, USA). The GLP/G9a inhibitor UNC0646 was purchased from Sigma Aldrich, reconstituted in DMSO, and stored 
frozen at − 80 ◦C. 

2.2. MTT assay 

Cell viability was determined using the MTT [3-(4.5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] assay, as previously 
described [25]. Briefly, 7 × 103 cells were plated per well in a 96-well plate and treated with UNC0646 at different concentrations (0 
μM, 1 μM, 2 μM, 4 μM, 8 μM, 16 μM, and 32 μM) for 24 h. Then, 10 μL MTT solution (5 mg/mL) were added and incubated at 37 ◦C and 
5 % CO2 for 4 h. The reaction product was solubilized by the addition of DMSO (Sigma Aldrich, St. Louis, MO, USA). The optical density 
was read on a Multiskan FC Microplate Photometer (Thermo Scientific, Waltham, MA, USA) at 570 nm. The IC25 and IC50 values were 
calculated using nonlinear regression analysis in GraphPad Prism 9 (GraphPad Software, Inc., San Diego, CA, USA). 

2.3. Lactate dehydrogenase (LDH) release 

LDH release in supernatants of cells treated with the IC50 dose of UNC0646 was determined using CytoTox 96® Non-Radioactive 
Cytotoxicity Assay (Promega Corporation, Madison, WI, USA). To do so, 7 × 104 cells were plated per well in a 12-well plate and 
treated with the IC50 dose of UNC0646 for 24 h. After this period, 100 μl of the supernatant from each cell culture were transferred to a 
96-well plate and 50 μl of CytoTox 96 Reagent were added to each well. After 30 min of incubation the reaction was stopped and the 
absorbance was measured at 490 nm using a DTX 800 Series Multimode Detector (Beckman Coulter, Brea, CA, USA) at 490 nm. 

2.4. Apoptosis assay 

The percentage of apoptotic cells was determined by flow cytometry (BD Biosciences, USA) following annexin V/PI staining. For 
this, 7 × 104 cells were plated per well in a 12-well plate and treated with IC50 dose of UNC0646 for 24 h. Then, the cells were 
recovered, washed with phosphate-buffered saline (PBS), and stained with Annexin V and Propidium Iodide (PI), following the 
manufacturer’s instructions. A total of 10,000 events were recorded from each sample using a FACSCalibur flow cytometer (BD 
Bioscience, USA). Viable (annexin− /PI− ) early apoptotic (annexin+/PI− ) and late apoptotic cells (annexin+/PI+) were quantified 
using the FlowJo software 10.0.7 (Treestar, Inc., Ashland, OR, USA). 
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2.5. Caspase 3/7 activity 

Caspase 3/7 activity was measured using the Caspase-Glo 3/7 Assay, following manufacturer’s instructions (Promega Corp., 
Madison, WI, USA). Briefly, cells were plated in a white 96-well plate and treated with the IC50 dose of UNC0646 for 24 h. Then, 100 
μL of the Caspase-Glo 3/7 reagent was added per well and the plate was kept at room temperature for 2 h. After this period, lumi-
nescence was determined using a Multimode Plate Reader (PerkinElmer, Waltham, MA, USA). 

2.6. Detection of reactive oxygen species (ROS) 

Intracellular ROS production was determined using the oxidation-sensitive dye DCFDA, according to the manufacturer’s in-
structions (Sigma Aldrich). For this, cells were treated with the IC50 dose of UNC0646 for 24 h. Then, cells were harvested and stained 
with DCFDA (5 μM) for 30 min in DMEM medium without serum. After this period, cells were washed with PBS and analyzed using a 
FACSCalibur flow cytometer (BD Bioscience, USA). A total of 10,000 events were recorded for each sample, and data were quantified 
using FlowJo v. 10.7. 

2.7. Measurement of mitochondrial membrane potential (ΔYm) 

Mitochondrial membrane potential was investigated using Rhodamine 123, following the manufacturer’s instructions (Thermo-
Fisher). Cells (7 × 104 cells per well) were plated in a 12-well plate and treated with the IC50 dose of UNC0646 for 24 h. Then, cells 
were harvested, washed with PBS, and stained with 5 μg/mL of Rhodamine 123 for 20 min at room temperature. After this period, the 
cells were washed with PBS and immediately analyzed using a FACSCalibur Flow Cytometer. A total of 10,000 events were acquired for 
each sample, and data analysis was performed using FlowJo software 10.0.7 (Treestar, Inc., Ashland, OR, USA). 

2.8. Proliferation assay 

Cell proliferation was evaluated using the carboxyfluorescein succinimidyl ester (CFSE; Sigma Aldrich). For this, cells were stained 
with 10 μM CFSE, as previously described [25]. Then, 7 × 104 cells were plated per well in a 12-well plate and treated with IC50 dose of 
UNC0646 for 24 h. After this period, the cells were recovered and used to determine the percentage of CFSE + cells by flow cytometry 
(FACSCalibur; BD Biosciences). A total of 10,000 events were recorded for each sample, and the data were analyzed using FlowJo 
software 10.0.7 (Treestar, Inc., Ashland, OR, USA). 

2.9. Cell cycle analysis 

Cell cycle was determined using PI, as previously described [25]. Briefly, 7 × 104 cells were plated per well in a 12-well plate and 
treated with the IC50 dose of UNC0646 for 24 h or 48 h. Then, treated cells were recovered, fixed with 70% ethanol, and stored at 4 ◦C 
for 30 min. Fixed cells were treated with 100 μg/mL of RNAse A for 15 min and then stained with PI (50 μg/mL) for 15 min. A total of 
100,000 events were recorded for each sample using a FACSCalibur flow cytometer (BD Biosciences, East Rutherford, NJ, USA), and 
the data were analyzed using FlowJo software 10.0.7 (Treestar, Inc., Ashland, OR, USA). 

2.10. Wound scratch assay 

The effect of UNC0646 on cell migration was determined by wound scratch assay, according to Liang et al. [26]. In brief, cells were 
seeded in 6-well plates and cultured until reaching 90% confluence. Then, serum deprivation conditions were imposed and the cell 
monolayers were gently scratched across the center of the well using a 200 μL pipette tip. The detached cells were removed by PBS 
washing. At this time, cells were treated with the IC25 dose of UNC0646 for 24h or 48h. Scratch closure was monitored and imaged at 
0, 24 h, and 48 h using a Motic AE2000 Inverted Microscope (×100 magnification). The area of the scratch was measured using the 
ImageJ software (National Institutes of Health, Bethesda, MD, USA) and the analysis was performed by comparing the initial area 
opened by the scratch at the initial time point (0 h) with the area still open at each timepoint. 

2.11. RNA isolation and Real-Time PCR 

Total RNA extraction was performed using TRIzol Reagent (ThermoFisher, Waltham, MA, USA). After extraction, RNA amount and 
quality were determined using the NanoDrop 1000 spectrophotometer (NanoDrop) and cDNA was synthesized using the High Capacity 
cDNA Reverse Transcription Kit (Thermo Fisher Scientific, Waltham, MA, USA). 

Initially, to better characterize the cell lines used in this study, we determined their transcriptional levels of GLP and G9a. Then, 
BAX, BCL2, CASP3, CDK1, CDK2, CXCR3, CXCR4, CXCR7, and P53 mRNA expression levels were determined by Real-time PCR 
(QuantStudio 1 Real-Time PCR System, Applied Biosystems) in MeWo cells treated with the IC50 dose of UNC0646 for 24 h qPCR was 
performed using the GoTaq qPCR MasterMix (Promega Corp., USA) combined with specific primers (Supplementary Table 1). 

All reactions were performed in duplicate and the relative fold value was obtained by the 2–ΔΔCt method [27]. To normalize sample 
loading, the differences of threshold cycles (ΔCt) were obtained by subtracting the Ct value for the endogenous reference (GAPDH and 
ACTB) from the Ct values of the evaluated genes. The median Ct values of the samples from untreated cells were used as a reference. 
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2.12. Bioinformatics analysis 

The public dataset of 480 skin cutaneous melanoma samples (TCGA, Firehouse Legacy) was accessed on cBioPortal (http://www. 
cbioportal.org/) [28] to generate a list of differentially expressed genes (DEGs), determined according to the median expression of G9a 
and GLP (p < 0.05). Volcano plots were constructed for visualizing DEGs using GraphPad Prism 9.0 (GraphPad Software San Diego, 
CA, USA). The functional enrichment analysis of the DEGs was performed using the Database for Annotation, Visualization, and In-
tegrated Discovery (DAVID; david.abcc.ncifcrf.gov). All results passed by the platform’s standard thresholds (Max.Prob. ≤ 0.1 and 
Min.Count ≥2), ensuring that only statistically significant data is presented. Enrichment analyses were performed with the EASE score 
default threshold of 0.1. 

2.13. Statistical analysis 

Data were reported as mean ± SEM (standard error of the mean) of at least three independent experiments. All analyses were 
performed using GraphPad Prism 9 (GraphPad Software Inc.). The non-parametric Mann-Whitney test was applied for comparisons 
between the experimental groups. Kruskal-Wallis test was used to compare the statistical differences among the three groups. The 
value of p < 0.05 was considered statistically significant and significance levels were defined as * p < 0.05; **p < 0.01; ***p < 0.001; 
and ****p < 0.0001. 

Fig. 1. Effect of UNC0646 treatment on the viability of MeWo and WM164 cells. A) MeWo and WM164 viability after their treatment with 
increasing concentrations of UNC0646. B) LDH release in untreated Control (C) and MeWo cells treated with IC50 dose of UNC0646. C) Percentage 
of annexin V− /PI− , annexin+/PI− , annexin+/PI+, and annexin− /PI+ in C and MeWo cells treated with the IC50 dose of UNC0646. D) Representative 
dot plot of annexin-V and PI expression in C and MeWo cells treated with the IC50 dose of UNC0646. Results are presented as mean ± SEM. * means 
p < 0.05. 
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3. Results 

3.1. UNC0646 impairs the viability of MeWo and WM164 cell lines 

To investigate the role of GLP/G9a on the cell viability of MeWo and WM164 cells, we performed the MTT assay. After 24 h of 
incubation with increasing doses of the UNC0646 inhibitor, a dose-dependent reduction in cellular viability was observed. By non- 
linear regression, we identified the IC25 and IC50 doses of UNC0646 in the tested samples (Fig. 1A). Considering that the MeWo 
cell line was slightly more resistant to UNC0646, we chose to use this cell line to evaluate the molecular and cellular alterations 
promoted by the inhibition of GLP/G9a. 

3.2. UNC0646 treatment induces LDH release 

Corroborating our previous findings, we observed an increase in LDH release by MeWo cells that were treated with the IC50 dose of 
UNC0646 (p = 0.05) (Fig. 1B). 

3.3. UNC0646 treatment induces MeWo cell line apoptosis 

After observing the reduction of cell viability in the MeWo cell line treated with UNC0646, we investigated whether this process 
was associated with apoptosis. Indeed, the increase in Annexin-V positive cells observed after treating MeWo cells with the IC50 dose 
of UNC0646 (p = 0.03) shows that apoptosis is a death mechanism involved in the reduced viability previously observed in the MTT 
and LDH release assays (Fig. 1C and D). 

3.4. UNC0646 treatment does not promote caspase 3/7 activation 

To better characterize the apoptotic process induced by UNC0646, caspase 3/7 activity was determined in MeWo cells treated with 
the IC50 dose of this inhibitor. Interestingly, the aforementioned treatment did not promote caspase 3/7 activation in MeWo cells 
(Fig. 2A). 

Fig. 2. Effects of UNC0646 treatment on the caspase 3/7 activity, mitochondrial health, and oxidative stress of MeWo cells. A) Caspase 3/7 
activity in C and MeWo cells treated with IC50 dose of UNC0646. B) Rhodamine 123 staining in C and MeWo cells treated with the IC50 dose of 
UNC0646. C) Representative Rhodamine 123 histograms in C and MeWo cells treated with the IC50 dose of UNC0646. D) ROS generation after 
MeWo cells treatment with the IC50 dose of UNC0646. E) Representative histograms of DCFH-DA fluorescence in C and MeWo cells treated with 
UNC0646. Results are presented as mean ± SEM. * means p < 0.05. 
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3.5. UNC0646 treatment affects mitochondrial membrane potential of MeWo cells 

Mitochondria may be the source of signals that initiate cell death by apoptosis. This process is marked by the reduction of mito-
chondrial membrane potential (MMP) [29]. Considering the lack of caspase 3/7 activation following UNC0646 treatment, we eval-
uated whether UNC0646 promoted changes in the mitochondrial membrane potential (ΔΨm) of MeWo cells. Interestingly, cells 
exposed to IC50 dose of UNC0646 showed a significant loss in mitochondrial membrane potential (p = 0.05) (Fig. 2B and C). 

3.6. UNC0646 treatment promotes ROS generation and regulates apoptosis-related transcripts in the MeWo cell line 

Considering the role of ROS in apoptosis induction, we investigated whether treatment of MeWo cells with UNC0646 could result in 
increased ROS generation. Interestingly, ROS levels were significantly higher in MeWo cells exposed to IC50 dose of UNC0646 
compared to untreated counterparts (p = 0.05) (Fig. 2D and E). 

3.7. UNC0646 inhibits MeWo cell line proliferation and promotes cell cycle arrest 

In addition to evaluating the effect of UNC0646 on the viability of MeWo cells, we investigated whether GLP/G9a inhibition could 
inhibit the proliferation of these cells. Although we did not observe an antiproliferative effect within 24 h of treatment, exposure to 
UNC0646 for 48 h significantly inhibited MeWo cell proliferation (p = 0.03) (Fig. 3A–C). In agreement with such observation, MeWo 
cells treated for 48 h with UNC0646 showed cell cycle arrest in the G1 phase (p = 0.05), as well as decreased percentages of cells in the 
S and G2/M phases (p = 0.03 and p = 0.05, respectively) (Fig. 3D and E). 

3.8. UNC0646 treatment does not affect the migratory behavior of the MeWo cell line 

The effect of UNC0646 treatment in MeWo cell migration was investigated by wound scratch assay. Treatment of MeWo cells for 24 
h and 48 h with UNC0646 did not influence the migratory cell capacity (Fig. 4A–C). 

3.9. UNC0646 treatment modulates transcripts related to the cell cycle and apoptosis in MeWo cells 

Initially, we evaluated the expression of GLP and G9a in Fibs, WM164 and MeWo cells. Importantly, compared to Fibs, MeWo cell 

Fig. 3. Effects of UNC0646 in MeWo cell division. A-B) MeWo cell proliferation determined by CFSE assay after their treatment for 24 h and 48 h 
with the IC50 dose of UNC0646. C) Representative histogram of CFSE+ in C and MeWo cells treated with the IC50 dose of UNC0646. D) Percentage 
of MeWo cells in each phase of the cell cycle after treatment with the IC50 dose of UNC0646. E) DNA histograms showing the cell cycle phase 
distribution of C and MeWo cells treated with the IC50 dose of UNC0646. Results are presented as mean ± SEM. * means p < 0.05. 
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line showed significantly increased levels of the transcripts GLP (p = 0.02) and G9a (p = 0.02). 
At molecular level, we observed that treatment of MeWo cells with the IC50 dose of UNC0646 promoted a significant increase in 

transcriptional levels of BAX (p = 0.05), as well as a significant inhibition of BCL-2 (p = 0.05) expression. Also, we identified that 
treatment with UNC0646 resulted in a significant reduction in the expression of CDK1 in MeWo cells (p = 0.05). Finally, in line with 
the results obtained in the migration assay, this treatment did not change the expression of CXCR3, CXCR4, and CXCR7 (Fig. 5A–K). 

3.10. Differential GLP/G9a expression is associated with cell death signaling pathways in skin-cutaneous melanoma samples 

To better characterize the cellular mechanisms that may be influenced by GLP/G9a in melanoma, we performed a functional 
genomic analysis considering the median expression of these genes in this cancer. For this, we accessed RNA sequencing data from 480 
skin cutaneous melanoma samples (TCGA, Firehouse Legacy). Categorization of samples according to the median expression of GLP 
(low expression, < − 0.07; high expression, ≥ − 0.07), and G9a (low expression, <0.12; high expression, ≥0.12) resulted in the 
identification of 19,869 DEGs for GLP and 19,896 DEGs for G9a (Fig. 6A and B). The top 20 DEGs according to GLP and G9a expression 
are presented in the Supplementary Tables 2–5. Our functional enrichment analysis performed on DAVID showed that 12 biological 
pathways were enriched in melanoma samples according to GLP expression (p < 0.05). Among the identified biological processes, cell 
cycle and cell division stood out. Corroborating such findings, functional enrichment analysis according to G9a expression identified 
11 biological processes enriched, in which we highlighted apoptosis and necrosis (Fig. 6C and D). 

4. Discussion 

With increasingly solid evidence regarding epigenetic dysregulation in cancer and the possibility of reversing such abnormality, a 
series of studies have been conducted with a focus on epigenetic control through the use of drugs that target specific epigenetic 

Fig. 4. MeWo cell migration. A-B) Percentage of open area in the wound after treating MeWo cells for 24 h and 48 h with UNC0646. C) 
Representative wound scratch assay images of C and MeWo cells treated with UNC0646 for 24 h and 48h. Cell migration was monitored under the 
microscope and quantified. Results are presented as mean ± SEM. * means p < 0.05. 
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enzymes in recent years [30,31]. In this study, we used the GLP/G9a inhibitor UNC0646 to evaluate the effect of this inhibition in 
melanoma. Interestingly, this inhibitor was able to modulate components associated with apoptosis and induce cell death in melanoma 
cell lines. Through an in silico analysis, we demonstrated that the differential levels of GLP/G9a in melanoma impact important cellular 
processes, such as apoptosis and necrosis. 

Recently, it was reported that G9a is overexpressed in melanoma and that this HMT may promote the progression of this cancer by 
regulating the NOTCH1 pathway [24]. In fact, the oncogenic role of GLP/G9a has been reported in the literature for several cancer 
models. Aberrant expression of such HMTs is found in esophageal [12], gastric [32,33], ovarian [34], and lung cancer [19,35]. Indeed, 
dysregulation of these enzymes has been associated with tumor initiation, metastasis, and poor prognosis [12,36,37]. We previously 
demonstrated that dysregulated GLP expression is associated with poor prognosis in chronic lymphocytic leukemia and that exposure 
to UNC0646 was capable of inducing leukemia cell death [13,38]. In the present work, we add to these findings by demonstrating that 
GLP/G9a inhibition reduced the viability of MeWo and WM164 melanoma cell lines. 

Interestingly, we identified that apoptosis appears to be the main cell death mechanism involved in the lower viability observed 
following UNC0646 treatment. In addition, after treatment with this GLP/G9a inhibitor, MeWo cells showed loss of mitochondrial 
membrane potential and increased generation of ROS. We acknowledge that ROS act in the regulation of several cellular functions; 
however, the excess generation of ROS is consistently associated with mitochondrial dysfunction and cell death [39,40]. Mitochondrial 
membrane permeability and mitochondrial function are regulated by the action of BAX and BCL2. During the apoptotic process, BAX is 
activated and translocated to the mitochondria, decreasing mitochondrial membrane potential. Consequently, there is an induction of 
the mitochondrial caspase-independent apoptosis pathway. In this process, BCL-2 has opposing effects on mitochondria, inhibiting 
BAX translocation, stabilizing the mitochondrial membrane, and preventing apoptosis [41,42]. Accordingly, GLP/G9a inhibition by 
UNC0646 promoted a significant increase of BAX mRNA levels concomitant with the inhibition of BCL2 expression in the MeWo cell 
line. Our findings demonstrate that GLP/G9a inhibition affects the mitochondrial health of the MeWo lineage and indicate the 
occurrence of caspase-independent apoptosis, as has been described in nasopharyngeal and breast cancer cells [14,15]. 

Fig. 5. Molecular changes in MeWo cells treated with UNC0646. A-B) Transcriptional levels of GLP and G9a in Fibs, WM164, and MeWo cells. 
C–K) Transcriptional levels of p53, CASP3, BAX, BCL2, CDK1, CDK2, CXCR3, CXCR4, and CXCR7 in C and MeWo cells treated with the IC50 dose of 
UNC0646. Real-time PCRs were performed in technical duplicate, and the relative fold change was obtained with 2− ΔΔCT method. Median CT values 
obtained from C were used as a reference. Results are presented as mean ± SEM. * means p < 0.05. 
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Cell proliferation rates can indicate high-risk melanomas and the progression of this cancer [43]. Interestingly, our data show that 
UNC0646 was able to delay the cell cycle progression and inhibit the proliferation of the MeWo cell line. This effect is supported by the 
inhibition of transcriptional levels of CDK1 promoted by the inhibitor. Our findings corroborate other studies that demonstrated that 
inhibition of GLP and G9a is associated with cell cycle blockage and cell division inhibition [44,45]. Interestingly, it has been 
demonstrated that GLP/G9a promotes migratory suppression and metastasis control [24,46–48]. In contrast to such observations, the 
treatment of MeWo cells with the IC25 dose of UNC0646 failed to promote any significant inhibition in cell migration and to disturb 
the transcriptional levels of important factors for cell migration in melanoma, such as CXCR3, CXCR4, and CXCR7 [49]. However, it is 
important to highlight that our evaluation was limited to 48 h of experiment. 

In order to have more information regarding the role of GLP/G9a in melanoma, we performed a functional genomic analysis 
looking for biological processes related to the differential expression of these HMTs in this cancer. Interestingly, in addition to 
corroborating our functional findings, this analysis identified that dozens of biological processes are regulated by GLP/G9a in mel-
anoma, including apoptosis, necrosis, angiogenesis, cell cycle, and cell division. 

Taken together, our data show that the use of UNC0646 as a GLP/G9a inhibitor can inhibit proliferation, modulate apoptotic 
factors, and induce cell death in melanoma. Furthermore, we demonstrated through a genomic analysis of hundreds of melanoma 
samples that the aberrant expression of these HMTs is associated with biological processes that are important targets for controlling 
this cancer. 

Data availability 

Data will be made available on request. 
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Fig. 6. Gene ontology (GO) enrichment analysis in skin cutaneous melanoma samples according to GLP and G9a expression. (A) Volcano 
plots illustrating the down- and up-regulated genes in skin cutaneous melanoma samples according to GLP expression. Red dots represent genes with 
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