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Abstract: Background: BRN2 transcription factor is associated with the development of malignant melanoma. The 
cytotoxic activities and cell death mechanism against B16F10-Nex2 cells were determined with synthetic peptide 
R18H derived from the POU domain of the BRN2 transcription factor. 

Objective: To determine the cell death mechanisms and in vivo activity of peptide R18H derived from the POU do-
main of the BRN2 transcription factor against B16F10-Nex2 cells. 

Methods: Cell viability was determined by the MTT method. C57Bl/6 mice were challenged with B16F10-Nex2 
cells and treated with R18H. To identify the type of cell death, we used TUNEL assay, Annexin V and PI, Hoechst, 
DHE, and determination of caspase activation and cytochrome c release. Transmission electron microscopy was 
performed to verify morphological alterations after peptide treatment. 

Results: Peptide R18H displayed antitumor activity in the first hours of treatment and the EC50% was calculated 
for 2 and 24h, being 0.76 ± 0.045 mM and 0.559 ± 0.053 mM, respectively. After 24h apoptosis was evident, based 
on DNA degradation, chromatin condensation, increase of superoxide anion production, phosphatidylserine translo-
cation, activation of caspases 3 and 8, and release of extracellular cytochrome c in B16F10-Nex2 cells.  
The peptide cytotoxic activity was not affected by necroptosis inhibitors and treated cells did not release LDH  
in the extracellular medium. Moreover, in vivo antitumor activity was observed following treatment with peptide 
R18H. 

Conclusion: Peptide R18H from BRN2 transcription factor induced apoptosis in B16F10-Nex2 and displayed anti-
tumor activity in vivo. 
 

Keywords: Peptide, melanoma, apoptosis, transcription factor, R18H, Brn-2. 

1. BACKGROUND 

 Although malignant melanoma may not be the most common 
type of skin cancer, it is associated with high mortality due to the 
great propensity to metastasize. According to statistics by the 
American Cancer Society, it was estimated that in 2018 alone, 
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about 9,320 people will die of melanoma in USA [1]. Moreover, 
malignant melanoma incidence has increased significantly in the 
world since the early 1970s, at an average rate of 4% per year [2].  

 The existence of cells resistant to conventional treatment vali-
dates further studies on new drugs for the treatment of melanoma. 
The same idea is valid to other types of cancer, as described in an 
extensive review by Block et al. [3]. In this study, the authors refer 
to a broad-spectrum approach to cancer prevention and treatment as 
an alternative to combine different agents of low toxicity aiming at 
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maximizing therapy efficiency and minimize resistance, relapses 
and costs.   

 Some studies suggest that melanoma resistance is probably 
caused by a deregulation of apoptotic processes since the rates of 
apoptosis in the more advanced stages of the disease are very low. 
Thus, the search for the development of molecules that interfere 
with the process of cell death has aroused interest as a therapeutic 
possibility [4, 5]. 

 Bioactive peptides with antitumor activity have been studied for 
their capacity to induce cancer cell death. Several studies have 
shown that peptides can cause necrosis [6], apoptosis [7-10], ne-
croptosis [11], autophagy [12], or even two kinds of cell death at 
the same time, for example, the association of apoptosis and auto-
phagy in melanoma cells as induced by AC1001-H3 peptide [13]. 

 BRN2 protein was originally found in neuronal cells and is 
involved in the development of the central nervous system and neu-
rons, but it was also expressed in melanocytes [14].  The protein 
may be overexpressed in malignant melanoma and consequently 
induce proliferation and cellular invasion [15-17]. Activation of 
MAPK pathways, usually by BRAF mutation or Akt-PI3K pathway, 
as well as nuclear accumulation of beta-catenin, are common events 
in melanoma cells. These pathways increase the expression of 
BRN2 [16, 18, 19], disclosing the importance of this protein in 
melanoma cells. 

 The use of peptides derived from transcription factors could be 
a new strategy to interfere with vital signaling that permits mela-
noma progression. Peptides from POU domain of BRN2, which 
contains a DNA binding sequence, might compete with the protein 
for the DNA binding site, as well as induce cell death in melanoma 
cells. We have tested peptide R18H from POU domain of BRN2 
transcription factor in B16F10-Nex2 cells.  Presently, we show that 
peptide R18H induced apoptosis in B16F10-Nex2 tumor cells. Fur-
thermore, the peptide caused a reduction in the development of 
pulmonary nodules in melanoma metastatic model.  

2. METHODS 

2.1. Cell Lines 

 B16F10, a syngeneic murine melanoma cell line in C57BL/6 
mice, was originally obtained from the Ludwig Institute for Cancer 
Research, São Paulo. The clone B16F10-Nex2, a murine melanoma 
subline, was established at the Experimental Oncology Unit, Fed-
eral University of São Paulo, UNIFESP, as described elsewhere 
[20]. The fully characterized B16F10-Nex2 melanoma cell line was 
deposited in the ‘Banco de Células do Rio de Janeiro’ (BCRJ, Bra-
zil), no. 0342. 

 The human melanoma cell lines A2058 and SK-MEL 25 were 
provided by the Ludwig Institute for Cancer Research, São Paulo, 
Brazil. The human melanoma cell line A375 was provided by 
‘Banco de Células do Rio de Janeiro’ (BCRJ, Brazil), no. 0278. 

 The cells were grown in RPMI 1640 medium (Invitrogen) sup-
plemented with 10 mM HEPES (Sigma Aldrich), 24 mM sodium 
bicarbonate, 40 mg/liter gentamicin (Hipolabor, Sabará, MG, Brazil), 
pH 7.2, and 10% fetal bovine serum (FBS Cultilab, Campinas, SP, 
Brazil in culture flasks at 37oC in a humidified atmosphere with 5% 
CO2. 

 Nontumor J774 1.6 macrophage cell line (BCRJ, no. 0273) was 
used as a natural control and was a gift from Prof. Dr. Edgar J. P. 
Gamero from Federal University of Mato Grosso do Sul. Human 

foreskin fibroblast (Fibro RP) were donated by Luis F. Lima Reis, 
Hospital Sirio-Libanês, São Paulo. These cell lineages were main-
tained in DMEM supplemented as described above, at 37oC in a 
humidified atmosphere with 5% CO2.   Nontumor HUVEC Human 
Endothelial cells also were used as controls and were a gift from 
Prof. Dr. Júlio Scharfstein of Federal University of Rio de Janeiro. 
This cell line was maintained in RPMI supplemented as described 
above, also at 37oC in a humidified atmosphere with 5% CO2. 
maintained in supplemented as described above, also at 37oC in a 
humidified atmosphere with 5% CO2. 

2.2. Primary Cell  

 Cytotoxicity was also determined for BALB/c mice bone-
marrow-derived   macrophages. Briefly, bone marrow cells were 
differentiated into macrophages after 7 days as previously described 
[21] and cultured in 96-well plates at 37°C, 5% CO2 in RPMI 1641 
medium. Approximately 5 x 106 macrophages were incubated with 
increasing concentrations of 0.5 and 0.75 mM for 24h. The viability 
was assessed by the MTT method [13]. The protocol for tibia and 
femur extraction from BALB/c mice was approved by the Ethical 
Committee for Animal Experimentation of the Biology Institute of 
UNICAMP (#4535-1/2017). 

2.3. Hemolysis Test in Human Red Blood Cells  

 5 mL of blood collected in a tube containing EDTA was centri-
fuged at 980 x g for 15 min. Plasma was withdrawn and red blood 
cells washed 3x with 0.9% NaCl (1:1) and centrifuged at 980 x g 
for 5 min. Red blood cells were treated with peptide R18H diluted 
in PBS at concentrations of 0.5 and 0.75 mM and incubated for 30 
min at room temperature with gentle agitation and centrifuged at 
980 x g for 3 min. The supernatant was removed and analyzed by 
spectrophotometer at 540 nm. As a positive lysis control, red blood 
cells were resuspended in distilled water (1:20) and a negative con-
trol, red blood cells were resuspended in PBS (1:20). Experiments 
were performed in triplicate [22]. 

2.4. Peptides  

 Peptide R18H (RKKRTSIEVSVKGALESH) and peptide A12G 
(AKQFKQRRIKLG) from transcription factor BRN2 were synthe-
sized by Peptide 2.0 (Chantilly, VA) and alternatively by 
AminoTech Pesquisa e Desenvolvimento (São Paulo, SP). R18H 
was diluted in RPMI 1640 medium for in vitro experiments and in 
PBS for in vivo experiments. 

2.5. Cell Viability Assay  

 Cells were cultivated (5 x 103/well) in RPMI medium in 96-
well plates at 37°C in a humidified atmosphere containing 5% 
CO2.  After 24h, cells were incubated for 2 or 24h with R18H at 
different concentrations: 0.06, 0.12, 0.25, 0.50, 0.75 and 1 mM at 
37°C and the EC50% values determined for 2 and 24h. Cells were 
treated with 0.5 and 0.75 mM peptide for 30 min, 1, 2, 4, 6, 12 
and 24h at 37°C to generate a time curve. After incubation with 
the peptide, 5µL of MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide) (Sigma-Aldrich, St. Louis, MO) 
solution (5 mg/mL) was added to each well and incubated at 37°C. 
After 5h, SDS 10% was directly added and incubated overnight at 
37°C and absorbance measured using an automated spectropho-
tometric plate reader (Synergy H1 hybrid reader) at 570 nm. Alter-
natively, the cells were collected with trypsin and counted in a 
Neubauer chamber using Trypan blue exclusion test. All experi-
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ments were performed in triplicate, in three independent experi-
ments. The viability was expressed as percent values [13]. 

 Cell viability after treatment with R18H was also tested in pres-
ence of specific inhibitors of apoptosis and necroptosis as well as 
anion superoxide. B16F10-Nex2 (5x103/well) cells were cultivated 
in 96-well plates under normal conditions. Cells were previously 
incubated with 2 µM Z-VAD [23], 50 µM necrostatin [24], or 10 
mM N-acetyl L-cysteine [25] for 2 or 3h, all inhibitors being tested 
in independent experiments. Afterward, cells were thereafter treated 
with 0.75 mM R18H for 2 or 24 hours in the presence of inhibitors. 
Untreated cells, cells treated only with R18H, treated with inhibi-
tors or treated with R18H in presence of inhibitors, were collected 
with trypsin and counted in a Neubauer chamber using Trypan blue 
exclusion test. All experiments were performed in triplicate, in 
three independent experiments and the results are expressed as per-
cent values. 

2.6. TUNEL Assay 

 DNA fragmentation after treatment with R18H was analyzed by 
fluorescence microscopy using TUNEL assay (“In Situ Cell Death 
Detection kit, AP” - Roche Molecular Biochemicals, Mannheim, 
Germany) [26]. TUNEL assay was performed according to the 
manufacturer’s instructions. B16F10-Nex2 cells (104/well) were 
cultivated in 24-well plates on round glass coverslips and treated 
with 0.75 mM R18H for 2 or for 24h with 0.8 mM, both at 37°C. 
Cells were fixed with 3.5% formaldehyde for 30 min and permeabi-
lized with Triton X-100 0.1% for 30 min at room temperature. Cells 
were then incubated with 50 µL of TUNEL reaction mixture (pep-
tide treated, positive control, and untreated cells) for 1h, at 37°C, 
protected from light. These cells were also stained with 10 µg/mL 
DAPI (Invitrogen) for 10 min. The cells were imaged by fluores-
cence microscopy in an Olympus BX-51 microscope using a 60x oil 
immersion 1.4 N.A. objective. Images were analyzed with ImageJ.  

2.7. Chromatin Condensation  

 Chromatin Condensation was observed by fluorescence micros-
copy in treated cells with peptide R18H and stained with Hoechst 
33342. B16F10-Nex2 cells (104/well), were cultivated overnight on 
round glass coverslips in 24-well plates. Cells were treated with 0.8 
mM R18H for 2h or 0.75 mM R18H for 24h, at 37°C, washed with 
PBS and fixed with 2% formaldehyde for 30 min at room tempera-
ture. Cells were washed with PBS and stained with 2 μM Hoechst 
33342 (Invitrogen) for 10 min. Cells were visualized in an Olympus 
BX-51 fluorescence microscope with a 60x oil immersion 1.4 N.A. 
objective. Images were processed with ImageJ [27]. 

2.8. Phosphatidylserine Translocation 

 B16F10-Nex2 cells (5 x 105) were cultivated with 0.5 mM 
R18H for 2 or 24h at 37°C and 5% CO2. Treated and untreated cells 
(1x106) were harvested with trypsin and incubated with binding 
buffer (10 mM HEPES pH 7.5, 140 mM NaCl and 2.5 mM CaCl2) 
in the presence of propidium iodide and annexin V (Annexin V-
FITC Apoptosis Detection kit; Sigma, Saint Louis, MO) [28] for 10 
min at room temperature and analyzed by flow cytometry (FACS 
Canto II, BD, Franklin Lakes, NJ) with Cell Quest software.  

2.9. Superoxide Anions Production 

 The increase in superoxide anions production after the treat-
ment with R18H was determined by dihydroethidium (DHE) assay 

according to the manufacturer’s instructions (Invitrogen, Carlsbad, 
CA) and analyzed as previously described [9]. B16F10-Nex2 cells 
(104/well) were grown in 24-well plates, treated with 0.75 mM 
R18H for 2h or for 24h with 0.8 mM, at 37°C. As a positive con-
trol, cells were treated with 5 mM H2O2 for 20 min. Treated and 
untreated cells were incubated with 5 µM DHE for 30 min at room 
temperature. Cells were immediately analyzed by fluorescence 
microscopy in an Olympus IX-70 microscope using a 40x objec-
tive. DHE-stain DNA was observed by the red fluorescence. Images 
were analyzed with ImageJ. 

2.10. Caspase Activation  

 Activation of caspases 3, 8 and 9, was determined by the Apo-
target Caspase Colorimetric Protease Assay Sampler Kit (Invitro-
gen, Camarillo, CA), according to the manufacturer’s instructions. 
B16F10-Nex2 cells (3x105/well) were cultivated in 6-well plates 
and treated with 0.75 mM R18H for 30 min at 37°C. After washing, 
cells were harvested, pelleted and resuspended in 50 µL of chilled 
Cell Lysis Buffer and incubated in ice for 10 min. Cell lysates were 
centrifuged at 10,000 g for 1 min and the supernatants transferred to 
fresh tubes. Bradford method was used to determine protein con-
centration and the extract was diluted to 3 mg/mL. An equal vol-
ume (50 µL) of 2x Reaction Buffer with 10 mM DTT was added to 
each sample. Samples were incubated with 200 µM of the sub-
strates, DEVD-pNA (caspase-3), IETD-pNA (caspase-8), and 
LEHD-pNA (caspase-9), at 37°C for 2h in a 96-well plate. Light 
absorption by free para-nitroaniline (pNA) as a result of synthetic 
substrate-pNA cleavage by caspases was quantified using a mi-
croplate reader (Synergy H1 wybrid reader) at 405 nm [29]. 

2.11. Extracellular Release of Cytochrome c  

 Cytochrome c is an important marker of cell death and in this 
study we detected and quantified this protein in the extracellular 
medium as a more specific and early marker of the apoptotic process. 
After a period of cell incubation with the peptide, extracellular me-
dium was collected and centrifuged at 2500 x g for 5 min at 4°C 
and the supernatant examined in the Enzyme-Linked Immunosorbent 
Assay (ELISA-Invitrogen® kit KHO1051). Samples, controls and 
standards (a serial dilution of the cytochrome c with pre-determined 
concentration) were added to wells of a plate containing mono-
clonal antibody specific for cytochrome c capture. After adding 100 
μL of each sample into its respective well, the plate was incubated 
for two hours at room temperature. After incubation, the solution 
was decanted, the plate washed four times (washing cycle) and 100 
μL of cytochrome c-biotin conjugate solution added in the wells. 
After incubation for another hour at room temperature, a new wash-
ing cycle was performed followed by the addition of 100 µL of 
Streptavidin-HRP working solution. After another 30 min at the 
same temperature condition, a last washing cycle was performed 
and 100 µL of stabilized chromogen added followed by a new in-
cubation for 30 min in the dark. After this, 100 µL of Stop Solution 
was added and then absorbance was read at 450 nm against a blank 
(BioTek Elx800). A standard curve for cytochrome c was used to 
determine the concentration of each sample [30].  

2.12. Plasma Membrane Permeabilization 

 To determine plasma membrane permabilization, cells were 
stained with the nuclear stain Propidium Iodide (PI). B16F10-Nex2 
cells (104) were cultivated in 24 well plates. Cells were treated with 
0.75 mM R18H for 2h or for 24h with 0.8 mM, washed with PBS 
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and immediately stained with 2 μg/mL PI (Sigma, Saint Louis, 
MO) and with 2 µM Hoechst 33342 (Invitrogen) for 10 min. Cells 
were visualized in an Olympus IX-70 fluorescence microscope 
using a 40x objective. Images were processed with ImageJ. As a 
positive control, cells were treated with 1 M acetic acid for 1h [28]. 

2.13. Determination of Extracellular LDH Release 

 Lactate dehydrogenase activity, a conventional method to 
measure cellular injury, was performed using LDH Activity Assay 
Kit Sigma Aldrich® (MAK066). The extracellular medium after the 
period of cell treatment with the peptide was collected and centri-
fuged at 2,500 x g for 5 min at 4°C and the supernatant used in this 
assay. A NADH standard curve was added in duplicate into a 96-
wells plate (0, 2, 4, 6, 8 and 10 µL) with LDH assay buffer to a 
final volume of 50 µL (final concentrations were 0, 2.5, 5, 7.5, 10 
and 12.5 nM, respectively). Aliquots of 2 µL of each supernatant 
were added to 48 µL of the assay buffer. All wells received 50 µL 
of the master reaction mix. After 3 min at room temperature and in 
the dark, an initial measurement (T initial) of the absorbance at 450 
nm (A450 initial) was taken. After that, the plate was incubated at 
37°C taking measurements (A450) being taken every 5 min, always 
protecting from light. Measurements continued until the value of 
the most active sample was close or exceeded the end of the linear 
range of the standard curve. The penultimate reading, considered T 
final, To, was used to calculate enzyme activity. To calculate LDH 
activity, the initial A450 was subtracted from final A450 final and 
the value obtained compared to the standard curve to determine the 
amount of NADH generated. Absorbance was determined in an 
Absorbance Microplate Reader (BioTek Elx800) [30, 31]. 

2.14. Transmission Electron Microscopy  

 B16F10-Nex2 cells (5x104) were incubated with 1 mM R18H 
for 24h at 37°C and fixed in a solution of 2.5% glutaraldehyde and 
2% formaldehyde in 0.1 M sodium cacodylate buffer, pH 7.2, at 
room temperature for 20h. Next, cells were washed in the same 
buffer for 10 min, fixed with 1% osmium tetroxide in 0.1 M ca-
codylate at pH 7.2 for 30 min, and washed with water for 10 min at 
room temperature Cells were then treated with an aqueous solution 
of 0.4% uranyl acetate for 30 min and washed with water for 10 
min. Cells were dehydrated in graded ethanol (70, 90, and 100%), 
treated quickly with propylene oxide, and embedded in EPON. 
Ultra-thin sections from selected regions were collected on grids 
and stained in alcoholic 1% uranyl acetate and in lead citrate prior 
to examination in a Jeol 1200 EXII electron microscope (Tokyo, 
Japan) [13]. 

2.15. Confocal Microscopy  

 B16F10-Nex2 cells (1x104) were plated on round glass cover-
slips and incubated for 24h under normal cell growth conditions. 
Cells were washed with PBS and incubated for 30 min, 2h and 24h 
with 0.5 mM biotinylated R18H and then washed with PBS. Cells 
were fixed with 3.7% paraformaldehyde for 30 min, washed in PBS 
and then permeabilized in 0.1% Triton X-100 for 30 min followed 
by blocking for 1h with 150 mM NaCl, 50 mM Tris, and 0.25% 
BSA, all from Sigma-Aldrich. Cells were incubated for 1h in the 
dark at 4°C with streptavidin-AlexaFluor 488 conjugate (Invitro-
gen) diluted 1:200 in PBS. Cells were then washed and stained with 
10 µg/ml DAPI (Invitrogen) for 10 min and rhodamine-phalloidin 
(Invitrogen) diluted 1:200 in PBS. Coverslips were mounted on 
slides with 4 µl of Vectashield (Sigma) and observed in a Confocal 

Leica SP5 microscope with an 63x 1.4 oil objective; z-series was 
obtained according to sampling criteria built in the software and 
analyzed by ImageJ [9]. 

2.16. Treatment with R18H in vivo in the Melanoma Metastatic 
Model  

 Six- to eight-week-old male C57BL/6 mice were obtained from 
the animal house facility of University of Mogi das Cruzes (UMC, 
São Paulo, Brazil), kept in isolators with autoclaved water and food. 
Animal experiments were carried out in accordance with the UMC 
Ethics Committee for Animal Experimentation (11/015). Syngeneic 
B16F10-Nex2 cells (5x105) cells were injected (in 0.1 mL PBS) 
intravenously in the tail veins of mice (5 animals for group) and on 
the following day intraperitoneal treatment began for five alternate 
days with R18H (300 µg/day/mouse) [13]. The control group re-
ceived the same volume of PBS. Ten days after the end of treat-
ment, lungs were collected, photographed and the area of metastatic 
nodules was determined. 

 To determine R18H toxicity in vivo, the peptide diluted in 100 
μL of PBS was administered intraperitoneally at 1 mg/day/mouse 
for 3 consecutive days. Control mice received 100 μL of PBS. Two 
days after the end of treatment, mice were euthanized. Heart, lung, 
spleen, liver, and kidneys of each mouse were removed for histol-
ogy by hematoxylin-eosin staining of sections [9]. 

2.17. Statistical Analysis  

 The data were expressed as means ± standard deviation. Sig-
nificant differences were assessed using ANOVA and p values < 
0.05 were considered significant. 

3. RESULTS  

3.1. Cytotoxic Effect of Peptide R18H 

 The viability of B16F10-Nex2 cells after the treatment with 
R18H, derived from the POU domain of BRN2 transcription factor 
was determined. Cells were treated with increasing concentrations 
ranging from 0.06 to 1 mM, for either 2 or 24 hours. Untreated cells 
were incubated in the absence of peptide. Results showed a signifi-
cant decrease in the viability of murine melanoma B16F10-Nex2 
cells treated with peptide R18H for 2h (Fig. 1A) or 24h (Fig. 1B) as 
compared to untreated cells, showing a dose-response curve. The 
EC50% was determined for 2 and 24h, being 0.76 ± 0.045 mM and 
0.559 ± 0.053 mM, respectively.  

 As a negative control we used another peptide derived from the 
POU domain of transcription factor Brn-2, peptide A12G. This 
peptide showed no antitumor effect in B16F10-Nex2, at 1 mM after 
24h of treatment (Supplementary S1). 

 In addition to the dose-response curve, we also carried out a 
time curve using 0.5 and 0.75 mM concentrations. Cells were 
treated for 30 min, 1, 2, 4, 6, 12 and 24h (Fig. 1C). It was observed 
that peptide R18H already shows an antitumor effect after 1h of 
incubation, and in the period of 24h, the cytotoxic effect was even 
greater. Therefore, peptide R18H also displays a time dependent 
effect. 

 The viability of human melanoma cells lineages after 24h-
incubation with R18H (0.06 to 1 mM) was also determined. Un-
treated cells were incubated in the absence of peptide. As shown in 
Fig. (1), melanoma cells A2058 (Fig. 1D), SK-MEL 25 (Fig. 1E) 
and A375 (Fig. 1F) are sensitive to R18H in a dosage dependent 
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manner. EC50% values were calculated for A2058 (EC50 = 0.458 
mM), SK-KMEL 25 (EC50 = 0.551 mM) and A375 cells (EC50 = 
0.536 mM). 

 We also tested the cytotoxic effect in nontumor cells. HUVEC 
(Fig. 2A), Fibro RP (Fig. 2B) and J774 1.6 (Fig. 2C) cells line were 
treated with R18H with 0.5 and 0.7 mM. No cytotoxic effect was 
observed for HUVEC, Fibro RP and J774 1.6 cells (Fig. 2A, 2B and 
2C). In addition, no toxicity was observed for BALB/c mice bone-
marrow-derived macrophages treated with R18H at 0.5 mM for 
24h. A slight decrease (~10%) in macrophagic viability was de-
tected when cells were incubated with 0.75 mM (Fig. 2D). It is 
worthmentiong that this peptide did not induce hemolysis in red 
blood cells after 24h (Fig. 2E). 

3.2. In vivo Effect of R18H 

 After determining the in vitro antitumor effects induced by the 
peptide R18H, we determined the anti-metastatic activity in vivo 
using a syngeneic model with B16F10-Nex2 cells injected intrave-

nously in male C57BL/6 mice. The R18H was administered intrap-
eritoneally for 5 alternate days at 300 µg/day/mouse. After 20 days 
of inoculation of the B16F10-Nex2 cells, mice were sacrificed and 
the lungs removed for nodule counting. We observed inhibition in 
the development of lung nodules of the treated mice when com-
pared to the controls (Fig. 3 and Supplementary S2).  

 In spite of having a treated mouse that did not respond to the 
treatment, we observed a decrease of metastatic sites in treated mice 
when compared with the untreated mice. In addition, the area of 
lung nodules in the untreated mice was much larger than in the 
nodules of treated animals (Supplementary S2).   

 After observing the in vivo effects of peptide R18H in murine 
melanoma cells B16F10-Nex2, we examined its toxicity in 
C57BL/6 mice. Thus, 1 mg of R18H per C57BL/6 mouse was ad-
ministered i.p.  for 3 consecutive days. Two days after the end of 
treatment mice were sacrificed and heart, lung, spleen, liver, and 
kidneys removed for histopathology (Supplementary S3). The or-
gans of mice treated with 1 mg/day of R18H had no histological 

 
 

Fig. (1). Cell viability determined by MTT assay. B16F10-Nex2 cells were treated with 0.06; 0.12; 0.25; 0.50; 0.75 and 1.0 mM of R18H peptide for (A) 2 
hours and (B) 24 hours. EC50% in 2h: 0.76 mM; 24h: 0.559 mM. (C) B16F10-Nex2 cells were treated with 0.5 and 0.75 mM of R18H for 30 min, 1, 2, 4, 6, 
12 and 24h. The viability was determined by MTT assay. Human melanoma cells line A2058 (D), SK-MEL 25 (E) and A375 (F) were treated with 0.06; 0.12; 
0.25; 0.50; 0.75 and 1.0 mM of R18H peptide for 24h. Viability was determined by MTT assay or counting cells in a Neubauer chamber with Trypan blue. * p 
< 0.05; ** p< 0.021; *** p < 0.005; **** p < 0.001.  
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alterations when compared to untreated mice. Therefore, the pep-
tide R18H showed no apparent cytotoxicity such as weight loss, 
shivering and behavior changes in these animals even when admin-
istered with high doses. Moreover, there were no signs of discom-
fort in the mice throughout the experiments.  

3.3. R18H Induces Apoptosis in B16F10-Nex2 Cells 

 Cells were treated with peptide and DNA degradation checked 
using the TUNEL Kit. We observed that R18H induces DNA frag-
mentation in B16F10-Nex2 cells, as detected by intense TUNEL 
labeling when compared to the untreated cells (Fig. 4A). After 2 
hours treatment with peptide R18H at 0.8 mM, 62.7% of cells pre-
sented DNA degradation (Fig. 4Ab). After 24h treatment at 0.75 
mM concentration, 100% of cells displayed DNA degradation, ob-
served by the intense labeling with TUNEL (Fig. 4Ac). This effect 
was not observed in untreated cells (Fig. 4Aa). 

 To investigate plasma membrane permeabilization in B16F10-
Nex2 cells, we visualized PI uptake by fluorescence microscopy 
(Fig. 4B). Cells were treated with 0.8 mM R18H for 2h or 0.75 mM 
for 24h. After treatment, live cells were stained with PI and as posi-
tive control, cells were exposed to 1,000 mM acetic acid for 1h 
(Fig. 4Bb). Few cells were positive for PI after 24h treatment (Fig. 
4Bd). Moreover, no cell was labeled with PI after treatment for 2h 
with the peptide (Fig. 4Bc), similarly with untreated cells (Fig. 
4Ba). We observed that PI staining increased from 2h (4.6%) up to 
24h (35.8%), compatible with increased plasma membrane perme-

abilization. These data indicate that permeabilization of the plasma 
membrane is a late apoptosis effect. 
 

 
 

Fig. (3). In vivo effect of peptide R18H in the metastatic model. Lung colo-
nization of B16F10-Nex2 cells in a syngeneic system was used to test the 
protective activity of R18H. (A) Protective activity of peptides injected 
intraperitoneally with doses of 300 μg. Mice (n = 5/group) were challenged 
with 5x10

5 
syngeneic B16F10-Nex2 melanoma cells (0.1 ml/mouse). (B) 

Representative images of lungs from untreated and treated animal. 

 
 

Fig. (2). Viability in non-tumor cell determined by MTT assay. (A) HUVEC, (B) Fibro RP and (C) J774 1.6 cells line were treated with 0.5 mM or 0.75 mM 
of R18H peptide for 24 hours. (D) BALB/c bone-marrow-derived macrophages and the viability was determined by the MTT assay. (E) human red blood cells 
also were treated with 0.5 mM or 0.75 mM of R18H peptide for 24 hours. The supernatant was analyzed by spectrophotometer at 540 nm. As a positive lysis 
control, red blood cells were resuspended in distilled water (1:20) and a negative control, red blood cells were resuspended in PBS (1:20). 
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 B16F10-Nex2 cells labeled with Hoechst 33342 displayed 
chromatin condensation after R18H treatment (Fig. 4C). Approxi-
mately 27% of cells showed chromatin condensation after 2 hours 
treatment with 0.8 mM R18H (Fig. 4Cb). As in the TUNEL results, 
after 24h with 0.75 mM treatment the majority of cells (96%) ex-
hibited chromatin condensation (Fig. 4Cc). Untreated cells showed 
no chromatin condensation (Fig. 4Ca). 

 Next, we determined whether treated cells presented increased 
levels of superoxide anion. In the presence of superoxide anion 
DHE is converted to ethidium that stains cell nuclei in red (Fig. 
4D). It was found that cells treated for 2h (Fig. 4Dc) or 24 hours 
(Fig. 4Dd) showed an increase of 51% and 76% in superoxide an-
ion levels as compared to untreated cells, respectively (Fig. 4Da); 
H2O2 was used as a positive control (Fig. 4Db).  

 To further confirm an apoptotic mechanism triggered by R18H 
in the B16F10-Nex2 melanoma cell line, cells were incubated with 
0.75 mM R18H for 30 min at 37oC and caspases 3, 8 and 9 activa-
tion were determined. As shown in Fig. (5A), the activities of 
caspases-3 and -8 were significantly higher in treated cells as com-
pared to untreated cells. Interestingly, no significant increase of 
caspase-9 activity was detected after R18H treatment (Fig. 5A). 
Moreover, we showed that the cytotoxic effect of the peptide was 
inhibited when cells were incubated with the peptide in the pres-
ence of Z-VAD, a pan caspase inhibitor (Fig. 5B). Additionally, we 
observed the extracellular release of mitochondrial cytochrome c in 
treated cells when compared to untreated ones (Fig. 5C). 

 In order to confirm the engagement of an apoptotic process we 
determined the translocation of phosphatidylserine by flow cytome-

 
 
Fig. (4). Degradation of DNA, membrane permeabilization, chromatin condensation and anion superoxide production induced by R18H. (A) TUNEL assay in 
fluorescence microscopy, showing B16F10-Nex2 (a) untreated cells, cells treated with R18H at (b) 0.8 mM for 2h; (c) 0.75 mM for 24 hours. (B) (a) untreated 
cells; B16F10-Nex2 cells were treated with (b) 1M CH3COOH as positive control; (c) 0.8 mM R18H for 2h; (d) 0.75 mM for 24h and stained with DAPI and 
PI; (C) Chromatin condensation seen by Hoechst 33342 staining. B16F10-Nex2 were treated with R18H at (a) untreated cells. 1, 2 and 3: 3x magnification. 
Scale bars: 20 and 7 μm (b) 0.8 mM for 2 hours; (c) 0.75 mM for 24h; (D) Anion superoxide produced by B16F10-Nex2 cells treated with (a) untreated cells; 
anion superoxide production detected with DHE. Scale bar: 20 μm. Cells were examined under fluorescence microscopy (b) positive control with 5mm H2O2 
cells treated for 2 h with 0,8 mM (c); 24 hours with 0,75 mM (d).  
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try. After treatment with peptide R18H for 2h, annexin V staining 
reached 14.4% when compared to untreated cells (0.35%). Intense 
cell staining was also observed by double staining with annexin V 
and propidium iodide (PI) in cells treated with R18H (55.7%) as 
compared to untreated ones (2.76%). Furthermore, treated cells 
staining with propidium iodide alone also increased (0.26%), when 
compared to untreated cells (2.88%) (Fig. 6A).  Intense annexin V 
cell staining was also observed after treatment with peptide R18H 
for 24h (9.57%), when compared with untreated cells (0.67%). The 
same was seen after double labeling with annexin and propidium 
iodide (PI) in cells treated with R18H (15.3%) with untreated cells 
showing reduced staining (3.38%). Treated cells stained only with 

propidium iodide also increased (7.6%) when compared to un-
treated cells (1.28%) (Fig.  6B).  

 As evidenced in our results on membrane permeabilization in 
cells treated with peptide R18H, we also evaluated alternative cell 
death pathways such as necroptosis or necrosis. For this study, we 
used necrostatin, a necroptosis reagent that inhibits RIPK1. We 
observed that R18H-induced cytotoxicity on B16F10-Nex2 was not 
affected by necrostatin (Supplementary S4).  

 In addition, to discard the possibility that cellular permeabiliza-
tion could be a necrotic effect, we quantified LDH release by 
B16F10-Nex2 treated with 0.5 or 0.75 mM R18H. LDH is present 
in the cytosol and after plasma membrane rupture, a characteristic 
of necrotic cells, it is released into the extracellular medium. To 
identify whether R18H caused this disruption, we measured the 
amount of LDH released into the supernatant of treated cells and 
observed that it was equivalent to untreated cells, both negligible if 
compared to the large amounts of LDH detected in effectively lysed 
B16F10-Nex2 cells (Supplementary S5).  

 Despite the increase in reactive oxygen species levels observed 
in the above experiment (Fig. 4D), we did not observe inhibition of 
the cytotoxic effect of the peptide in presence of ROS inhibitor (N-
acetyl L-cysteine) (Supplementary S6). Apparently, the increase in 
ROS levels is due to apoptotic effects in the mitochondria. In fact, 
we observed the extracellular release of cytochrome c in treated 
B16F10-Nex2 cells. In order to examine mitochondrial integrity, 
cells were treated with 0.5 mM R18H for 24h and were analyzed by 
transmission electron microscopy (Fig. 7). Significant alterations 
were identified such as loss of mitochondrial integrity as well as 
disruption of mitochondrial cristae (Fig 7 e, f, h, and i). Moreover, 
we also observed chromatin condensation (Fig. 7 d, e, g and h), that 
had been observed by fluorescence microscopy (Fig. 7B). None of 
these alterations were detected in untreated cells (Fig. 7 a, b and c). 

3.4. Internalization and Localization of R18H Peptide in 
B16F10-Nex2 Cells 

 We used confocal microscopy to examine the internalization 
and distribution of R18H peptide in B16F10-Nex2 cells. Interest-
ingly, R18H peptide was mainly observed associated with F-actin 
(Fig. 8A and 8B) observed near the cell surface after 30 min treat-
ment and distributed throughout the cytoplasm after 24h. Moreover, 
we observed that the peptide also colocalized with DAPI in cell 
nuclei s after 24h (Fig. 8B).  

4. DISCUSSION 

 Several studies have described peptides with antitumor activity. 
Specifically, synthetic peptides derived from immunoglobulins 
induce cell death or inhibit tumor development associated with the 
induction of apoptosis, autophagy, angiogenesis inhibition and in-
hibition of cell migration and invasion [8, 9, 13, 32]. 

 Peptides derived from transcription factors may also be promis-
ing antitumor agents. Massaoka et al. (2014) described that a pep-
tide derived from transcription factor Wilms tumor protein 1 (WT1) 
reduced the development of metastatic lung nodules, as well as 
subcutaneous growth of murine melanoma in syngeneic mice. 
Moreover, the peptide from WT1 also prolonged the survival of 
nude mice challenged with A2058 melanoma cells. Interestingly, 
they showed that this peptide induced senescence in B16F10-Nex2 
cells and increased expression of p21 and p27 [33]. Wang et al. 
(2017) identified specific peptides that bind to the DNA domain of 

 
 
Fig. (5). R18H induces caspases 3 and 8 activation and extracellular release 
of Cytochrome c. (A) B16F10-Nex2 cells incubated with R18H for 30 min 
induced increased production of caspases 3 and 8 measured by colorimetric 
assay. (B) B16F10-Nex2 cells preincubated with caspase inhibitor and 
treated with R18H peptide 0.75 mM for 2 hours. (C) Release of cytochrome 
c (cytc) into the extracellular medium after treatment with R18H. * p < 0.05; 
** p < 0.021; *** p < 0.005.  



Peptide R18H from Brn-2 Transcription Factor Displays Anti-melanoma Anti-Cancer Agents in Medicinal Chemistry, 2019, Vol. 19, No. 3    397 

 
 

Fig. (6). Phosphatidylserine translocation after the treatment with R18H. (A) and (B) Phosphatidylserine translocation and membrane permeabilization were 
determined in B16F10-Nex2 cells treated with (Ab) 0.5 mM R18H for 2h (Bb) 0.5 mM R18H for 24h, (Aa) and (Ba) untreated cells. Cells were marked with 
annexin-V and PI and analyzed by cytometry. 
 

 
 
Fig. (7). Morphologic changes in B16F10-Nex2 cells treated with R18H peptide. Transmission electron microscopy of B16F10-Nex2 cells treated with 0.5 mM 
R18H for 24h. Untreated cells (a, b and c) and R18H-treated cells (d, e, f, g, 1 and 2). After the treatment we observed condensed chromatin (d); mitochondria 
were more electron dense and compact and lacked organized cristae (e and f). Mitochondria (m); Nucleus (n); Nuclear membrane (nm). Scale bars are indi-
cated in each image.  
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Fig. (8). Internalization of R18H in B16F10-Nex2. B16F10-Nex2 tumor cells were treated with biotinylated R18H for 30 min (A) and 24h (B), fixed  
with paraformaldehyde, and permeabilized with Triton X-100. Cells were stained with DAPI (a), phalloidin-rhodamine (b), streptavidin-AlexaFluor 488 (c), 
and were examined by confocal microscopy; (d) merge. Co-localization points in white of DAPI (red) with R18H-biotin-Streptavidin-AlexaFluor488 (green) 
showing co-localization points with nucleus (e) and phalloidin-rhodamine (red) and with R18H-biotin-Streptavidin-AlexaFluor 488 (green) showing co-
localization points with actin (g) in white. White box is a 4x enlargement of e (f ) and g (h). Scale bar 20 μm (a, b, c, d, e, g), 5 μm (f, h). Images were analyzed 
with Image J. (The color version of the figure is available in the electronic copy of the article). 
 

the transcription factor ERG following a decrease in ERG-mediated 
transcription. These peptides and derived-peptides bound to ERG 
inducing proteolytic degradation of the ERG protein in prostate 
cancer. Moreover, they showed that these peptides inhibited cell 
invasion, proliferation and tumor growth in prostate cancer [34]. 

 The expression of transcription factor BRN2 is strongly upregu-
lated in melanoma cells and this protein is able to proliferation con-
trol and melanoma survival [14]. In the present work, we investi-
gated whether peptide R18H derived from transcription factor 
BRN2 causes antitumor effects in vitro and in vivo against B16F10-
Nex 2 melanoma cells. In fact, developing specific inhibitors of the 
transcription factor BRN2 could represent an important strategy for 
growth intervention in developing melanoma at various stages of 
disease progression [35, 36].  

 Here we have shown that antitumor activity following treatment 
with peptide R18H was time- and dose-dependent against murine 
melanoma B16F10-Nex2 cells. Moreover, the peptide R18H also 
shown antitumor activity in human melanoma cells lines. No toxic-
ity was observed for nontumor Fibro RP, J774 1.6 and HUVEC 
cells line. In addition, the peptide was not toxic for BALB/c mice 

bone-marrow-derived macrophages and did not induce hemolysis in 
red blood cells. Also, R18H inhibited the development of pulmo-
nary nodules in metastatic syngeneic mice model. Cytotoxic effects 
were not observed in unchallenged C57Bl/6 wild-type mice even 
using a peptide concentration three times higher than the concentra-
tion used to treat metastatic melanoma. Our results showed that 
R18H mechanism of action is related to apoptosis. We observed 
that this peptide induces DNA degradation, as shown by TUNEL 
assay, phosphatidylserine translocation, and chromatin condensa-
tion, detected by Hoechst 33342 staining and electron microscopy. 
Additionally, the detection of extracellular release of cytochrome c 
and caspases 8 and 3 activation [37] after R18H incubation rein-
forcing the evidence that apoptosis is the death mechanism.  

 Not only extracellular release of cytochrome c but increased 
levels of caspases are exclusive events of apoptosis [37]. Moreover, 
the activation of caspases 8 and 3 in treated cells indicates that the 
mechanism of peptide R18H-induced cell death might be related to 
apoptosis. The extracelllar release of cytocrome c is associated with 
mitochondrial damage. In fact, mitochondrial morphological altera-
tions were identified by electron microscopy in treated cells. Also, 
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we observed that the peptide induced increased levels of superoxide 
anions, and that this effect was not reversed by treatment with N-
acetyl L-cysteine, a ROS inhibitor. It is well known that the in-
crease in superoxide anion levels from mitochondria as related to 
apoptosis [38]. Changes in the mitochondrial membrane potential 
increase ROS concentration with the direct release of cytochrome c 
from the mitochondria are events related to apoptosis [38-41]. 

 Although classical apoptosis is suggested, we also observed 
membrane permeabilization of PI after the peptide treatment for 
24h. Permeabilization of the plasma membrane is usually associated 
with death by necrosis or necroptosis [42]. Membrane permeabili-
zation of PI is, however, observed in late apoptosis [43]. To inves-
tigate if the permeabilization of the plasma membrane could be 
raised by necrotic or necroptotic effects, we treated cells with the 
peptide in the presence of an inhibitor of the necroptosis pathway 
and observed that the cytotoxic effect of R18H was not reversed by 
necrostatin, a specific inhibitor of RIPK1 [23, 44, 45]. Moreover, 
we have shown that the peptide did not promptly release lactate 
dehydrogenase, characteristic of necrosis [30].  

 Additionally, an investigation of the peptide internalization and 
cellular localization was performed by confocal microscopy, show-
ing its nuclear distribution and F-actin co-localization. For instance, 
we do not know whether this peptide could bind to the DNA bind-
ing site and competing with the transcription factor and thereby 
inducing apoptosis. Also, the interference with actin dynamics and 
apoptosis induction [9, 13] has yet to be determined. However, 
these peptide colocalization points with actin (Fig. 8) could repre-
sent peptide being transported to the nucleus. Some studies have 
shown the participation of actin in transporting intracellular mole-
cules [46-48].  

CONCLUSION 

 The peptide R18H derived from transcription factor BRN2 have 
antitumor effect in vitro and in vivo. B16F10-Nex2 melanoma cells 
present close EC50% values after 2 h (0.76 ± 0.045 mM) and 24h 
(0.559 ± 0.053 mM) of R18H incubation. The peptide internalizes 
into tumor cells and its mechanism of action can be explained by 
the triggering of several apoptotic events. R18H is able to inhibit 
the development of melanotic lung nodules in mice. Further inves-
tigation of peptides displaying antitumor cytotoxic effects should be 
conducted considering them as alternative therapeutic tools to be 
associated with conventional anticancer chemotherapy. 
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