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Abstract  33 

CD271 (NGFR) is a neurotrophin receptor that belongs to the tumor necrosis receptor (TNFR) 34 

family and mediates either survival or cell-death upon ligand binding. While the role of CD271 as a 35 

marker of tumor initiating cells is still a matter of discussion, its role in melanoma progression has 36 

been well documented. Moreover, CD271 has been shown to be upregulated after exposure to both 37 

chemo- and targeted-therapy. Here we demonstrate that the activation of CD271 by a short β-38 

amyloid-derived peptide (Aβ
(25-35)

) in combination with either chemo- or MAP kinase inhibitors 39 

induces apoptosis in 2D and 3D cultures from 8 melanoma cell lines. The treatment also 40 

significantly reduced metastases in a zebrafish xenograft model, and significantly lower the tumor 41 

volume in mice. Moreover, the administration of Aβ
(25-35)

 to ex-vivo tumors from immune- and 42 

targeted-therapy resistant patients significantly reduced proliferation of melanoma cells, showing 43 

that the activation of CD271 could overcome drug resistance. By studying its mechanism of action, 44 

we demonstrated that the Aβ
(25-35)

 is specific to CD271-expressing cells and induces CD271 45 

cleavage and phosphorylation of JNK (pJNK). The direct protein-protein interaction of pJNK with 46 

CD271 leads to PARP1 cleavage, p53 and caspase activation, and pJNK-dependent cell death. 47 

Aβ
(25-35)

 also mediated mitochondrial reactive oxygen species (mROS) accumulation, which 48 

induced CD271 overexpression. Finally, CD271 inhibits mROS production, revealing the presence 49 

of a negative-feedback loop in mROS regulation.  These results indicate that targeting CD271 can 50 

activate cell death pathways, thus inhibiting melanoma progression. Moreover, activation of CD271 51 

potentially overcomes resistance to targeted therapy. 52 

 53 

Significance: To date, CD271 has only been used as a marker of melanoma initiating cells [1, 2 and 54 

3] and studied as one of the first molecules upregulated in the early phase of therapy response [4 55 

and 5]. However, the downstream pathway has never been fully investigated in melanoma. These 56 

results show for the first time the role of CD271 intracellular death domain in melanoma. The 57 

activation of the CD271 intracellular domain following the specific binding of an amyloid short 58 

peptide activates its cleavage, inducing cancer cell death, and preventing metastasis. Given the 59 

importance of this receptor in melanoma progression and drug response, the discovery of a means to 60 

activate its death domain not only reveals unknown pathways mediated by the receptor upon ligand 61 

stimulation, but also highlights new treatment possibilities. 62 

 63 

 64 
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Introduction 65 

CD271 (also known as p75NTR or NGFR) is a transmembrane receptor expressed in the nervous 66 

system and skin. It interacts with numerous ligands and receptors to modulate multiple pathways 67 

[6]. The known ligands are the four neurotrophins (NTs): brain-derived neurotrophin growth factor 68 

(BDNF), nerve growth factor (NGF), neurotrophin 3 (NT3) and neurotrophin 4 (NT4). CD271 can 69 

bind the NTs alone or in association with another class of NT receptors: the tropomyosin receptor 70 

kinases (TrkA, TrkB and TrkC). Interestingly, melanoma cells synthesize and secrete all NTs and 71 

express both receptor classes, revealing the presence of an autocrine pathway regulating cell 72 

proliferation and migration [7].  73 

Several studies showed that CD271 plays a critical function in melanoma [6, 7, 8, 9 and 10]. It has 74 

been widely demonstrated that the CD271 downregulation results in an increased cell proliferation, 75 

while its overexpression is associated with a stem like slow cycling quiescent state.  On the 76 

contrary, its role in invasion and metastasis remains contradictory. In fact, CD271 expression was 77 

shown to be lost in early progression when melanoma cells invade the dermis [11]; whereas, other 78 

studies showed its association with increased metastatic abilities.  79 

Live-cell imaging revealed that exposure of melanoma cells to MAP-Kinase inhibitors (MAPKi) 80 

results in multiple transcriptional patterns including a drug-adapted de-differentiation state 81 

associated with CD271 overexpression, which is reversible upon drug removal. Consistently, 82 

Rambow et al. identified distinct drug-tolerant transcriptional states in BRAF-mutant patient-83 

derived xenografts (PDX) exposed to concurrent MAPKi, showing CD271 to be one of the key 84 

markers of adaptive resistance [12].  85 

CD271 expression is upregulated in response to several chemotherapeutic agents in association with 86 

DNA repair genes, revealing a role in chemo-resistance [10, 13 and 14]. Notably, some studies 87 

demonstrated CD271 to be a suppressor of p53 by directly interacting with its DNA binding domain 88 

and leading to MDM2-mediated p53 proteolysis [15]. 89 

CD271 can signal alone or in association with other receptors (e.g., Trks, Nogo, sortilin, DR6) 90 

promoting either survival or apoptosis and mediating a range of functions. This flexibility allows 91 

CD271 to play a fundamental role in the regulation of cell fate by acting as an on/off switch to 92 

modulate opposing pathways [6].  93 

Unlike NTs, which bind CD271 with a low affinity and activate opposite pathways according to the 94 

cell tissue context, β-amyloid (1-42 aa) has been shown to bind CD271 with a high affinity and to 95 

selectively activate its apoptotic pathway in the nervous system [16].  96 
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Given the relevance of CD271 in melanoma, in this study we targeted CD271 to induce apoptosis of 97 

melanoma cells and prevent metastasis formation in vivo. Unlike previous approaches that directly 98 

inhibited the receptor or blocked the pathways associated with its overexpression, we activated the 99 

CD271 pro-apoptotic function with a short β-amyloid derived peptide. Since the minimum sequence 100 

containing the active motif that is able to bind CD271 was previously shown to be amino acids 25-101 

35 of Aβ, all experiments were performed using this short 10 amino acid peptide (Aβ
(25-35)

) [17, 18, 102 

19 and 20]. We showed that this peptide-induced apoptosis was dependent on the direct intracellular 103 

interaction of CD271 with pJNK, and that CD271 plays a previously unknown function in 104 

regulating mitochondrial reactive oxygen species (ROS). 105 

Material and methods 106 

Cell culture 107 

WM115, WM266-4, SKMEL28, WM793B and 1205Lu (ATCC, Manassas, VA, USA) were 108 

cultured as indicated by the manufacturer. The other cell lines were generated from patients 109 

biospies from the University Hospital Zurich after surgical removal of melanoma metastases after 110 

written informed consent and approved by the local IRB (EK647 and EK800). These early passage 111 

cultures (p0-p20) were generated as previously published and are regularly tested for mycoplasm. 112 

[39]. Clinical diagnosis of the tumor material was confirmed by histology and 113 

immunohistochemistry. Cells were grown in RPMI 1640 (Sigma Life Science, USA) supplemented 114 

with 10% fetal bovine serum (Gibco, Life Technologies, USA), 2 mM glutamine (Biochrom, 115 

Germany) and sodium pyruvate (Sigma Life Science, USA). Work with human melanoma cells was 116 

approved by the local ethical review board (KEK Nr. 2014-0425). 117 

In this study, the following drugs have been used: PLX4032 and MEk162 (Selleckchem), β-amyloid 118 

25-35 (Bachem), JNKi (SP600125, Santa Cruz), Proteasome inhibitor MG132 (Calbiochem), γ-119 

secretase inhibitor (DAPT, Calbiochem), α-secretase inhibitor (TAPI2, Calbiochem) and N-acetyl-120 

L-cysteine (NAC, Sigma), cisplatin, dacarbazine and carmustine (Sellechem). “Cntr” refers to the 121 

inverted sequence (35-25) of the peptide used (Aβ
(25-35)

). 122 

 123 

3D spheroids  124 

5x10
3
 melanoma cells/well were seeded on agarose coated plates according to the liquid overlay 125 

method [40]. 72 h later, melanoma spheroids were implanted in a scaffold of type I collagen as 126 

previously described [21]. For live/dead evaluation, spheres were stained with Calcein 7µM (Sigma, 127 

Cat 17783; green, live) and Ethidium homodimer 10µM (Sigma, Cat E1510; red, dead) for 1hour in 128 

melanoma medium. Pictures were taken with a confocal microscope (Leica TCS SPE). 129 
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 130 

MTT Assay 131 

5x10
3 

cells/well were seeded in 96-well plates. Cells were incubated with 0.5% MTT (3-(4,5-132 

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) for 4h at 37°C and then dissolved with 133 

100µl Isopropanol. The plate was read at 560 nm with a reference filter of 650 nm.  134 

 135 

Flow cytometry  136 

Cells and spheroids were incubated with anti CD271 antibody (1:100 in PBS, Merck, Cat 05-446) 137 

for 20 min at 4°C, were labeled with secondary antibody Alexa Fluor anti-mouse 488 (1:50, 138 

Invitrogen, Cat A21202) for 20 min at 4°C. Cells were analyzed by Flow cytometry (LSR Fortessa 139 

II).  140 

For ROS measurement, cells were stained with the Red mitochondrial superoxide indicator 141 

(MitoSOX, 1:1000, Invitrogen, Cat M36008) for 20 min at room temperature. Cells were 142 

resuspended in FACS Buffer (0.2% FBS in PBS) and analysed by Flow cytometry. For cell death 143 

analysis, cells were trypsinized and resuspended in 300µl PI solution (50 μg/ml propidium iodide, 144 

0.1% sodium citrate, 0.5% Tryton X-100). After 15 min, cells were analyzed using a flow 145 

cytometer. Apoptosis was detected by evaluating the reduced fluorescence of the DNA-binding dye 146 

PI in the apoptotic nuclei. 147 

 148 

Cell sorting 149 

Cells were incubated in blocking buffer containing DMEM, 10% FBS, 0.1 M sodium azide, 4% 150 

human gamma globulin (Sigma, St. Louis, MO) for 20 min on ice. After staining cells with anti-151 

CD271 antibody (1:100 in PBS, Merck, Cat 05-446) at RT for 15 min, cells were resuspended with 152 

Alexa Fluor 488 anti-mouse antibody (Invitrogen, Paisley, UK) in 0.5% BSA in PBS for 15 min at 153 

RT. Finally, melanoma medium was added to the cells. Data were collected using a FACS Aria III 154 

flow cytometer (BD Biosciences) and analyzed on FACS Diva software (BD Biosciences). 155 

 156 

Skin reconstructs 157 

Reconstructs were generated by seeding human keratinocytes and melanoma cells on dermal 158 

equivalents, as previously described [39]. After 12 days, skin reconstructs were fixed with formalin 159 

for 2 h at room temperature, dehydrated and embedded in paraffin. 160 

 161 

Western Blotting 162 

https://www.sciencedirect.com/topics/medicine-and-dentistry/keratinocyte
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Melanoma cells were harvested in lysis buffer pH 7.5 (150 mM NaCl, 15 mM MgCl, 1 mM EGTA, 163 

50 mM Hepes, 10% Glicerol, 1% Triton). Membranes were first incubated in blocking buffer and 164 

then overnight at 4°C with primary antibodies CD271 (1:1000, Cell Signaling Cat 8238) for the 165 

detection of the ECD, CD271 (1:1000, Merck Cat 07-476) for the detection of ICD, APR1 (1:1000, 166 

ThermoFisher, Cat PA5-67686), NRAGE (1:250, R&D System, Cat MAB38352), PARP (1:1000, 167 

Cell Signaling, Cat 9542), cleaved-PARP (1:1000, Cell Signaling, Cat 5825), p53 (1:1000, Cell 168 

Signaling, Cat 2527), p21 (1:500, Cell Signaling, Cat 2946), pGSK (1:1000, Cell Signaling, Cat 169 

9336), pJNK (1:1000, Cell Signaling, Cat 4668) , GAPDH, beta-actin (1:500, Cell Signaling, Cat 170 

3683) and secondary anti-mouse or anti-rabbit peroxidase-conjugated antibody (1:3000; Cell 171 

Signaling, Cat 7074). 172 

 173 

Protein Immunoprecipitation 174 

The immunoprecipitation kit (Abcam Cambridge, MA, USA) was used in pull down experiments. 175 

M121224 wt and CD271 KO cells were treated for 48 h with Aβ
(25-35)

 40μM. Lysates were pulled-176 

down with CD271 Ab (1µg Ab /300µg lysate) according to manufacturer's procedure 177 

(Immunoprecipitation kit; Abcam, Cambridge, MA, USA).  178 

 179 

Melanoma cells infection. 180 

The lentiviral vectors used to overexpress CD271 full length (FL) and extracellular domain (ECD) 181 

in melanoma cell lines were a gift from Lukas Sommer’lab [8]. For CD271 transient induction, 182 

M130429 melanoma cells carrying the inducible CMVTO_EV and CMVTO_CD271 constructs, 183 

were induced in vitro with doxycycline in complete RPMI 1640 medium at a concentration of 184 

1µg/ml as previously described [8].  185 

 186 

CRISPR/Cas9 KO  187 

To create knock-out cell lines of CD271, the CRISPR/Cas9 system was used. CD271-specific 188 

sgRNAs (GGTGTCCCTTGGAGGTGCCA) have been used. To produce the lentivirus, HEK293T 189 

cells were seeded into a 10-cm dish for transfection with the viral plasmids. After 24 h, the 190 

LentiCRISPRv2GFP expression plasmid (David Feldser, Addgene plasmid #82242426) containing 191 

CD271 sgRNA was mixed with the packaging plasmid psPAX2 (2 µg, provided by Didier Trono, 192 

Addgene plasmid #12260), the envelope plasmid pMD2.G (1 µg, provided by Didier Trono, 193 

Addgene plasmid #12259) and PEImax (21µg, Polysciences, Cat.No. 24765) in 1 mL of serum-free 194 

DMEM (Gibco, Cat.No. 11960-044) and incubated for 15 minutes at RT. The DNA/PEImax 195 

mixture was add to the HEK293T cells and the medium was collected and sterile filtered 48 h later. 196 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/immunoprecipitation
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Melanoma cells were incubated overnight in virus-containing medium in the presence of 8μg/ml 197 

polybrene (H9268, Sigma-Aldrich). After 24 h, fresh medium was added to the cells. GFP-positive 198 

cells were sorted by the FACSAria™ III fluorescence-activated cell sorter (BD Biosciences) and 199 

assessed for successful knock-out. 200 

 201 

Cells transfection with siRNA 202 

Cells plated for 24 h in antibiotic-free medium were transfected with 100nM APR1 or scrambled 203 

siRNA (Dharmacon Inc, Lafayette, CO, USA) in antibiotic/FBS-free medium for 24, 48 and 72 h. 204 

For transfection we used the INTERFERin transfection kit (Polyplus transfection) and we followed 205 

the manufacturer’s guidelines. 206 

 207 

Immunohistochemistry 208 

Skin reconstructs and melanoma lesions were stained with hematoxylin and eosin (H&E), S100 209 

(1:400; Dako, Agilent Technologies, Dako Denmark A/S, Glostrup, Denmark), CD271 (1:100 in 210 

PBS, Lab Vision Corporation), Ki67 (1:200 in PBS, Dako) and Tunel (Sophistolab). 211 

 212 

Zebrafish  213 

Zebrafish experiments were performed at the Zebrafish Facility of the University of Padova, Italy, 214 

under ethical committee (OPBA) authorization 407/2015-PR. All experimental procedures 215 

complied with the European Legislation for the Protection of Animals used for Scientific Purposes 216 

(Directive 2010/63/EU). Embryos were obtained from natural spawning of albino adults. For xeno-217 

transplantation, human cells were stained with Vybrant Cell-Labeling Solution (5 ug/ml, Molecular 218 

Probes) for 20 minutes at 37
o 

C according to the manufacturer’s protocol. Stained cells were loaded 219 

in a glass capillary needle and microinjected into the yolk (about 50 cells/embryo) as previously 220 

described [21]. Analysis was performed by a blind investigator. Imaging was performed using a 221 

Leica MZFLIII dissecting microscope equipped with a Leica DFC7000T camera.  222 

 223 

Mice 224 

For in vivo experiments 9 weeks-old female Hsd:Athymic Nude-Foxn1nu were used.  225 

All animals were housed according to institutional guidelines and all experiments were approved by 226 

CNIO, the ISCIII Ethical Committee, and the Comunidad Autónoma de Madrid under the 227 

protocol  PROEX225/17. The experiments were performed in accordance to the guidelines for 228 

Ethical Conduct in the Care and Use of Animals as stated in The International Guiding Principles 229 

for Biomedical Research involving Animals, developed by the Council for International 230 
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Organizations of Medical Sciences (CIOMS). 5 x 10^5 M121224 cells were subcutaneously 231 

injected in 40 ul of 1:1 DMEM: Matrigel (BD) and when the tumor reached approximately 232 

50mm^3, 15ug of Aβ (25-35) or BSA in a final volume of 20ul were intra-tumoral injected 3 times 233 

a week. Mice were sacrificed when tumors in control group reached 1000 mm^3 and tumor samples 234 

were collected for histological analysis. 235 

 236 

Statistical analysis.  237 

All statistical analysis were performed using GraphPad Prism 5.0. P values ≤ 0.05 were considered 238 

significant. All experiments with cell lines were performed in triplicates and error bars represent the 239 

mean ± S.D. Data analysis was performed using Student’s t-test or 2-way ANOVA depending on 240 

the data format. 241 

 242 

Results 243 

CD271 is upregulated by chemo- and MAPKi therapy  244 

CD271 marks neural crest stem cells that are associated with resistance to targeted melanoma 245 

therapy [12]. We thus evaluated its expression after treatment with carmustine (BCNU), cisplatin 246 

(CISP) and dacarbazine (DTIC) in WM115, WM266-4 and SKMEL28 ATCC cell lines (Figure 247 

1A).  All chemotherapies strongly induced CD271 expression. In WM115 cells, CD271 248 

dramatically increased from 32.51% to 85.51% (BCNU), 94.59% (CISP), and 95.22% (DTIC); in 249 

WM266-4 cells from 27.53% to 66.76% (BCNU), 56.06% (CISP) and 89.37% (DTIC); and in 250 

SKMLE28 cells, CD271 increased from 2.11% to 25.86% (BCNU), 85.50% (CISP) and 54.59% 251 

(DTIC).  252 

We next assessed the response to MAPK inhibitors in cells derived from melanoma patients’ 253 

metastases. At a basal level, CD271 was heterogeneously expressed (Figure S1A). Confirming 254 

previous results, cisplatin induced a strong upregulation of CD271 in all cells, independent of the 255 

driver mutation (Figure 1B and S1B). A strong increase was also observed following treatment with 256 

vemurafenib (PLX4032, BRAFi), Binimetinib (MEK162, MEKi), alone or in combination (Figure 257 

1B and S1B). We confirmed this on matched tumor biopsies collected before and after the patients 258 

received BRAFi+MEKi therapy. We observed that CD271 was 19.7-fold higher after targeted 259 

therapy (p<0.01) (Figure 1C-D and S1C). 260 

To evaluate the effects of the treatments in acquired resistance, we employed three-dimensional 261 

(3D) spheroids. Interestingly, MAPKi-resistant spheres displayed significantly higher CD271 levels 262 

in comparison to sensitive cells (Figure 1E). The same result was confirmed by comparing CD271 263 
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expression in sensitive and resistant subpopulations derived from the same cell line after making 264 

them resistant in vitro through the long-term administration of BRAFi or MEKi (Figure 1F), 265 

suggesting that CD271 is associated with acquired resistance.   266 

Aβ
(25-35)

 treatment reduces proliferation and induces cell death in 2D and 3D melanoma 267 

models 268 

Given the rapid upregulation of CD271 in response to chemo- and targeted-therapy, we aimed to 269 

selectively activate apoptosis in CD271-expressing cells with a short peptide derived from the β-270 

amyloid (Aβ) sequence. All experiments in this study were performed using a shorter peptide 271 

(Aβ
(25-35)

) derived from the total Aβ sequence
(1-42 aa)

.  272 

Aβ
(25-35)

 significantly reduced  melanoma viability in CD271
high

 cells, while no effect was observed 273 

in CD271
low 

cells (Figure 2A). In addition, while Aβ
(25-35)

 failed to induce death in CD271
low

 cells, 274 

the combination with cisplatin resulted in a strong induction of cell death (Figure 2B and S2A). 275 

Combinations with other chemotherapies such as BCNU and DTIC produced the same effect 276 

(Figure S2B-C).  277 

To evaluate the effects of Aβ
(25-35)

  on 3D spheroids, melanoma cells were seeded in agarose-coated 278 

plates and implanted into a collagen I matrix (Figure S2D).  M121224 spheroids, which displayed 279 

strong invasive capacities, showed a significant reduction in sphere area after treatment , especially 280 

in combination with cisplatin at 96 hours (Figure 2C and D). Combinations with DTIC showed 281 

similar results (Figure S2E). The evaluation of the cell cycle in different cells revealed that Aβ
(25-35)

 282 

significantly induced cell death in 3D spheroids and the addition of chemo- or MAPKi showed a 283 

synergistic effect (Figure 2E).  284 

 285 

Aβ
(25-35)

 reduces viability and induces death of melanoma cells in ex vivo patient cultures 286 

Despite the ability of 3D spheroids to recapitulate tumor features, such as cell-cell interactions, 287 

oxygen gradients, and nutrient distribution, they present some limitations such as the lack of a 288 

heterogeneous tumor microenvironment [21, 22]. To address this problem, we employed ex vivo 289 

organotypic slice cultures. We collected fresh tumors derived from 3 different BRAF-mutated 290 

melanoma patients who were MAPKi-resistant (Figure 3A). 291 

Melanoma sections were generated from the tumors and cultured for 5 days in the presence of 292 

different treatments. In patient 1, Aβ
(25-35)

 significantly reduced the percentage of melanoma Ki67+ 293 

cells, while the combination with either cisplatin or BRAFi was synergistic (Figure 3B-C and S3A-294 

B). In patient 2, the treatment with BRAFi+MEKi failed to decrease Ki67 levels, as expected. To 295 

evaluate intra-patient variability, two different areas of the tumor were treated with Aβ (labeled as 296 

Aβ1 and Aβ2). Strikingly, the percentage of proliferating Ki67+ cells were barely found in Aβ
(25-35)

-297 
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treated tumor slices. The same finding was observed in combination with cisplatin. A similar result 298 

was confirmed in patient 3. Noteworthy, the same area that was Ki67 negative, was Tunel positive, 299 

indicating the activation of apoptosis. Taken together, these data confirmed that Aβ
(25-35) 

treatment 300 

induces cell death and strongly reduces melanoma proliferation in ex vivo models of highly-resistant 301 

melanoma.  302 

 303 

Aβ
(25-35)

 reduces melanoma invasion in 3D cultures and metastasis formation in vivo  304 

As CD271 is known to control melanoma progression and metastasis [8, 11], we tested if Aβ
(25-35)

  305 

could influence melanoma invasion. Spheroids derived from MAPKi-sensitive (M980513) and 306 

resistant (M121224) cells were treated and the percentage of dead cells was assessed by live/dead 307 

staining (green/red, respectively) (Figure 4A). The quantification of Calcein AM/Ethidium staining 308 

showed a significant decrease in the live/dead ratio following treatment with the peptide alone or in 309 

combination (Figure 4B). Furthermore,,while cisplatin treatment had no effect on spheroid viability 310 

or invasion, Aβ
(25-35)

 alone significantly increased cell death in the core of the sphere, while 311 

invading cells were still alive. Conversely, the combination of Aβ
(25-35)

 with chemo- or targeted-312 

therapy induced the death of the entire sphere. In addition, a reduction of the invasive capacity was 313 

observed in spheroids treated with Aβ
(25-35)

 in combination with DTIC (Figure S4A). The % of 314 

fragmentation (i.e., percent of clustered cells outside the sphere’s core) and factor shape (i.e., 315 

sphericity), which are two measurements correlated to increased invasion, were also significantly 316 

reduced after treatment (Figure S4B). Taken together, these results demonstrate that targeting 317 

CD271 with a specific ligand reduce melanoma invasion in 3D cultures, with a better efficacy in 318 

combination. 319 

To evaluate the treatment in vivo, we generated zebrafish xenografts of human melanoma. Given 320 

the high degree of fertility and its transparent body, zebrafish represents a powerful in vivo model 321 

[23]. We injected fluorescent- melanoma cells into the yolk of zebrafish at 2 days post fertilization 322 

(2 dpf). One day post injection (1 dpi), we added chemo- or MAPKi into the water and at 2 dpi, 323 

Aβ
(25-35)

 was applied. The number of fish with metastases was counted by a blinded investigator 4 324 

days later (6 dpi) (Figure S4C).  Notably, no in vivo toxicity for Aβ
(25-35)

was observed (Figure S4D). 325 

Strikingly, 100% of larvae injected with BRAFi-sensitive cells (M000921) were metastasis free, 326 

while those treated with BRAFi alone showed a higher degree of metastasis. Similarly, Aβ
(25-35)

 327 

alone or in combination with MEKi resulted in a significant reduction in the percentage of 328 

metastasis in MEKi-sensitive cells (M130425) (Figure 4C-D). 329 

Finally, zebrafish injected with BRAF/NRAS resistant (M121224) cells showed a significant 330 

reduction in metastases formation with Aβ
(25-35)

 alone or in combination, while MEKi was 331 
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ineffective (Figure 4C-D). The same reduction in metastasis formation was observed in zebrafish 332 

treated with Aβ
(25-35)

 with DTIC (Figure S4E-F). The evaluation of different markers, revealed that 333 

Aβ
(25-35)

 strongly reduces invasion and proliferation in vivo, as shown by the significant reduction 334 

of Slug/Snail and by the absence of Ki67 + cells in the treated groups (Figure 4E and S4G). 335 

Noteworthy, a significant increase in the amount of dead cells was detected, as demonstrated by 336 

caspase 3 and Tunel staining (Figure 4E and S4G-H). Finally, our findings were confirmed in nude 337 

mice, revealing a significant reduction in the tumor volume and the induction of caspase 3 after 15 338 

days of Aβ
(25-35)

 monotherapy (Figure 4F-G and S4I-J). 339 

 340 

 341 

Aβ
(25-35)

-induced cell death is associated with CD271
high

 expression 342 

We next tested the selectivity of Aβ
(25-35)

 for CD271 following its silencing (Figure 5A). While 343 

Aβ
(25-35)

 induced a high percentage of cell death in M130425 wild-type (wt) cells, a significant 344 

reduction was observed in CD271-KO cells (54.8% in wt vs 31.6% in KO at 2 days and 93% in wt 345 

vs 47.1% in KO at 6 days) (Figure S5A and 5B). Cell viability was also increased in CD271 KO 346 

cells, revealing a lower susceptibility to Aβ
(25-35)

 (Figure S5B). This was confirmed in additional 347 

melanoma cells (Figure S5C-D).  To evaluate whether the observed cell death was the result of 348 

induced apoptosis, we performed a double staining with PI/AnnexinV (Figure 5C and S5E). 349 

Analysis of early (PI-/AnnexinV+; Q3) and late apoptosis (PI+/AnnexinV+; Q2) revealed a strong 350 

increase of cells undergoing apoptosis, which was significantly reduced after CD271 silencing.  351 

We then transiently overexpressed CD271 by using a TetON lentiviral expression vector, which 352 

induces CD271 only after addition of doxycycline in the cell medium. As expected, CD271 levels 353 

increased showing its maximum upregulation at 48 hours in M130429 transfected cells (Figure 5D), 354 

as opposed to cells transfected with an empty vector (i.e., CMVTO_EV). While no difference was 355 

appreciable after treatment with Aβ
(25-35)

 in the absence of doxycycline, a significant increase in cell 356 

death was observed after its administration (16.4% in EV vs 43.5% in CD271)  (Figure 5E and 357 

S5.2A-B). Consistently, a significant reduction in cell viability was observed following Aβ
(25-35)

 358 

after stable CD271 overexpression, revealing a greater susceptibility to Aβ
(25-35)

 treatment (Figure 359 

S5.2C).  360 

For further confirmation, M121224 cells were FACS-sorted to isolate CD271
+
 and CD271

-
 cells. 361 

The two subpopulations were used to generate 3D spheroids and immediately treated for 24 and 144 362 

hours. At 24 hours, Aβ
(25-35)

  prevented the formation of the sphere, giving rise to a single-cell 363 

suspension in both subpopulations. After 144 hours of treatment, CD271
–
 cells generated multiple 364 

spheres, while CD271
+
 cells grew poorly, revealing a greater susceptibility to Aβ

(25-35)
  (Figure 5F). 365 
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Consistently, the percentage of cell death was significantly higher in CD271
+
 than in CD271

–
 366 

spheres (i.e., 24 hours: 88.5% vs 28.9%; 144 hours: 38.4% vs 3.49%, respectively) (Figure S5.2D 367 

and 5G). Interestingly, a high CD271 expression was maintained overtime in CD271
+ 

spheres, 368 

while its expression gradually increased in the CD271
–
 spheres, especially upon treatment with 369 

Aβ
(25-35)

 (Figure S5.2E). Notably, the addition of chemotherapy to Aβ
(25-35)

-treated CD271– spheres 370 

prevented their growth as a consequence of CD271 upregulation (Figure S5.2F). This observation 371 

was validated in vivo. Notably, while 100% of the M130425 wt-injected zebrafish were metastasis-372 

free upon Aβ
(25-35) 

treatment, the percentage of metastases in CD271_KO larvae was comparable to 373 

control animals, demonstrating that Aβ
(25-35) 

is inefficient in the absence of the receptor (Figure 5H 374 

and I). We observed a reduced chance of survival in MEKi-treated fish in the presence of CD271 375 

compared to CD271 KO zebrafish. However, the addition of Aβ
(25-35) 

induced a significant increase 376 

in the survival probability (Figure S5.2G). 377 

In addition, 3D skin equivalents were generated from the same cells. While Ki67 levels were high 378 

in M130425 CD271 KO skin reconstructs after treatment, its expression was strongly reduced in 379 

those derived from wt cells (Figure S5.2H). 380 

 381 

CD271 cleavage is required to activate Aβ
(25-35)

 induced apoptosis 382 

After ligand binding, CD271 undergoes two proteolytic cleavages, with the first releasing the 383 

neurotrophin-binding extracellular domain (ECD) and a carboxyl-terminal fragment (CTF). The 384 

second cleavage of CTF yields a soluble intracellular fragment (ICD). The enzymes responsible for 385 

these cleavages are the α- and γ-secretases, respectively [24]. The activities of these enzymes could 386 

be suppressed by two inhibitors: the α-secretase inhibitor TAPI2, and the γ-secretase inhibitor 387 

DAPT (Figure 6A).  Therefore, we asked whether the CD271 cleavage was necessary for Aβ
(25-35)

 388 

induced apoptosis. An antibody that recognizes the ECD revealed that Aβ
(25-35)

 induced an initial 389 

upregulation between 16 and 24 hours, while at 48 hours CD271 levels gradually decreased and 390 

finally disappeared (Figure 6B). Consistently, CD271 was strongly reduced 72 hours after treatment 391 

in 4 different cell lines (Figure S6A). We hypothesized that this reduction was due to the cleavage 392 

of the receptor and the consequent degradation into the proteasome. To test this hypothesis, cells 393 

were treated with Aβ
(25-35)

 in the presence of DAPT (Figure 6C). While no difference was observed 394 

at 16 hours, likely because the receptor activation had not yet occurred, the prolonged treatment for 395 

72 hours with Aβ
(25-35)

 + DAPT prevented CD271 cleavage and its subsequent degradation (Figure 396 

6C).  397 

To confirm this observation, we overexpressed CD271 in 1205Lu cells and we evaluated its 398 

cleavage by using an antibody that detects the ICD (Figure 6D). The treatment of 1205Lu CD271 399 
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FL (“full length”) cells with Aβ
(25-35)

 in the presence of the proteasome inhibitor MG132 allowed 400 

the detection of both CTF and ICD fragments, while the ICD was not visible in the absence of 401 

MG132 (Figure 6D). In contrast, the cleavage was not detectable in the absence of Aβ treatment. 402 

Notably, the addition of DAPT prevented the formation of the ICD and strongly decreased the 403 

Aβ
(25-35)

-induced apoptosis in CD271 FL cells (Figure 6D and E).  404 

The same finding was confirmed in M121224 cells (Figure S6B). Treatment with TAPI2 and DAPT 405 

in CD271
+
 sorted cells prevented the cleavage resulting in increased levels of the ECD and in the 406 

absence of ICD (Figure 6F and G). Consistently, cell death rescue was observed in CD271
+
 spheres 407 

after treatment with Aβ
(25-35)

 + DAPT/TAPI2, while no difference was appreciable in the CD271
–
 408 

spheres (Figure 6H).  409 

In order to evaluate if the ICD is necessary for the activation of apoptosis, we overexpressed a 410 

truncated form of the receptor containing only the ECD (Figure 6I and J). Interestingly, in the 411 

absence of the ICD, the percentage of cell death after treatment was dramatically reduced from 412 

70.8% (FL) to 42.9% (ECD), being comparable to those detected in cells transfected with the empty 413 

vector (EV) (Figure 6K). Taken together, these data strongly suggest that Aβ
(25-35)

 activates CD271 414 

cleavage and that the ICD is necessary for mediating apoptotic cell death. 415 

 416 

Melanoma cell death is triggered by activation of CD271-JNK pathway and mitochondrial 417 

ROS  418 

In order to investigate the mechanisms involved in Aβ-CD271 apoptosis, we evaluated the 419 

expression of known CD271 interactors [25, 26 and 27] in M121224 wt and CD271_KO cells 420 

(Figure 7A). APR1 (MAGE-H1) increased over time in wt cells, while NRAGE (MAGE-D1) was 421 

not changed. Interestingly, the highest APR1 expression level occurred at 72 hours, when CD271 422 

was downregulated (Figure S7A). JNK was strongly phosphorylated at 6 hours after Aβ
(25-35)

 only 423 

in wt but not in CD271 KO cells, revealing JNK phosphorylation to be dependent on CD271.  To 424 

verify the involvement of APR1, the protein was silenced in M121224 cells (Figure S7B). Notably, 425 

APR1 silencing did not significantly decrease cell death compared to control cells, suggesting that 426 

APR1 was not directly involved in the Aβ
(25-35)

-CD271 pathway (Figure S7C). Thus, we asked 427 

whether the phosphorylation of JNK was affected by CD271 activation. We treated cells with Aβ
(25-

428 

35)
 in the presence of DAPT observing no difference in JNK phosphorylation, suggesting the 429 

activation to be upstream of CD271 cleavage (Figure 7B). To test this hypothesis, we treated the 430 

cells with Aβ
(25-35)

 in the presence of the pJNK inhibitor (SP600125) and we observed CD271 431 

rescue in comparison to Aβ
(25-35)

 alone, confirming a delayed cleavage (Figure 7C). Moreover, a 432 

CD271 co-immunoprecipitation assay revealed a direct interaction with pJNK (Figure 7D). To 433 
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investigate whether JNK was responsible for mediating apoptosis, we treated the cells with 434 

SP600125. The JNKi rescued only 1205Lu_FL cells, while the treatment was ineffective in 1205Lu 435 

ECD cells, demonstrating the role of JNK in inducing apoptosis through CD271_ICD (Figure 7E). 436 

Moreover, the inhibition of pJNK in ex vivo melanoma slices rendered the treatment ineffective, as 437 

shown by the significant increase of Ki67-positive cells compared to Aβ
(25-35)

 alone (Figure 7F).  438 

To evaluate the induction of apoptosis, PARP cleavage and activation of p53 were also detected 439 

(Figure 7A). Surprisingly, p53 and PARP were activated in both wt and CD271 KO cells (Figure 440 

7A) as well as in the presence of DAPT (Figure S7D), suggesting the presence of a second 441 

apoptotic pathway. The same result was confirmed in CD271
low

 and KO cells (Figure S7E-F). In 442 

line with this assumption, caspase 3/7 activation revealed the existence of an alternative mechanism 443 

(Figure S7G). In addition, immunofluorescent staining showed that Aβ
(25-35)

 can enter the cells and 444 

accumulate preferentially in the cytoplasm of CD271
low

 cells, while it localizes at the membrane in 445 

the presence of the receptor (Figure 7G). 446 

It has been shown that Aβ impairs the mitochondrial redox activity leading to ROS formation and 447 

cell death [28 and 29]. Interestingly, mitochondrial ROS (mROS) strongly increased after CD271 448 

silencing in M121224 cells, while its overexpression in 1205Lu cells (FL) significantly reduced 449 

mROS levels compared to control cells (EV) (Figure 7H). The same result was observed in ECD 450 

transfected cells, revealing that CD271-mediated ROS inhibition does not require its ICD (Figure 451 

S7H). In addition, the treatment with doxycycline to transiently induce CD271 strongly reduced 452 

ROS levels compared to control (Figure S7I). These results led us to speculate that CD271
low

 453 

expressing cells could be more susceptible to ROS mediated apoptosis due to the higher intrinsic 454 

levels and that CD271 acts like a ROS scavenger, most likely through indirect mechanisms. 455 

To test this hypothesis, we measured mROS levels after treatment in wt and KO cells (Figure 7I). 456 

Interestingly, mROS was upregulated following Aβ
(25-35)

 in wt but not in CD271 KO cells and only 457 

after CD271 cleavage occurred (72 hours of treatment), revealing to be a CD271-dependent 458 

mechanism (Figure 7I-J).  Moreover,this induction was reverted in the presence of the scavenger N-459 

acetylcysteine (NAC) (Figure 7I). These results were also confirmed in 1205Lu cells (Figure S7K).  460 

The treatment with Aβ
(25-35)

 in combination with JNKi + NAC in M121224 melanoma cells 461 

significantly reduced the percentage of cell death, showing a synergistic effect and demonstrating 462 

the co-existence of two apoptotic pathway: 1)a pJNK-CD271 cleavage pathway and 2) a mROS 463 

pathway, both dependent of the presence of CD271 (Figure 7J).   464 

Interestingly, treatment with Aβ
(25-35)

, which we previously showed to induce CD271 upregulation 465 

(Figure 6B), was prevented in the presence of NAC revealing a cross-talk between the two 466 

pathways (Figure 7K). Taken together, these results showed that Aβ
(25-35)

-cell death is triggered by 467 
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the activation of the CD271-JNK-ROS pathway. Moreover, we discovered the presence of a 468 

feedback loop in which mROS are responsible for CD271 upregulation that in turn acts as a ROS 469 

scavenger (Figure 7L). 470 

 471 

 472 

Discussion 473 

Metastatic melanoma is a highly aggressive skin cancer with a poor outcome and is often refractory 474 

to the most advanced therapies. CD271 is one of the first genes upregulated after MAPK-treatment 475 

and is associated with tumor progression and metastasis [8 and 11].  476 

In this study, we observed a significant induction of CD271 following treatment with chemotherapy 477 

and MAPK-inhibitors. Since CD271 is upregulated by all chemical perturbations so far tested, it 478 

may act as a general stress response gene, which makes CD271 an attractive therapeutic target.  479 

Despite numerous data demonstrating a fundamental role for CD271 in melanoma, few studies go 480 

beyond merely describing it as a biomarker. The pathways modulated by CD271 in melanoma, and 481 

the possibility of activating CD271 with specific ligands has been poorly explored. 482 

Ngo and co-workers conjugated an anti-CD271 antibody with saporin (an inhibitor of ribosome 483 

assembly) to kill CD271-expressing cells [30]. The authors treated patient-derived melanoma 484 

xenografts with CD271-saporin alone or in combination with an antibody directed against CD47 485 

(i.e., the “don’t eat me signal” that is highly expressed on cancer cells), leading to the activation of 486 

innate immunity. While CD47 Ab alone or in combination with CD271-saporin in mice 487 

significantly reduced the volume of primary tumors, the treatment with CD271-saporin Ab alone 488 

was ineffective. However, it strongly reduced the percentage of metastases. These data highlight the 489 

necessity of activating CD271 to induce apoptosis. 490 

In contrast, other studies have attempted to block CD271 activity by inhibiting its upstream 491 

regulators. Mohammad and co-workers used vemurafenib in association with cJun/FAK/Scr 492 

inhibitors, thus preventing CD271 upregulation [31]. Similarly, Rambow and collaborators used a 493 

RXRγ antagonist, observing a significant reduction in CD271
high 

cell cluster accumulation [12]. One 494 

of the major challenges in preventing CD271 upregulation is the plasticity and heterogeneity of 495 

melanoma cells. Thus, inhibiting a single pathway may not be sufficient to re-sensitize the cells, 496 

leading to a partial response due to, for instance, compensatory escape mechanisms.  497 

In contrast to these approaches, we exploited the high CD271 levels induced by chemo- or targeted 498 

therapy to activate ligand-specific receptor cleavage and apoptosis. While neurotrophins bind 499 
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CD271 with a low affinity to induce either death or survival depending on the tissue, β-amyloid can 500 

bind CD271 with a high affinity and selectively activate apoptosis [16]. The binding of β-amyloid 501 

to CD271 has been indicated as one of the mechanisms underlying neuronal death in Alzheimer`s 502 

disease (AD) [19].  503 

In the present study, we used a 10-amino-acid β-amyloid (Aβ
(25-35)

) derived peptide to induce 504 

melanoma apoptosis in vitro, ex vivo, and in vivo.  To date, no study has used β-amyloid for the 505 

treatment of melanoma cells.  506 

We demonstrated that Aβ
(25-35)

 induced a significant reduction of melanoma cell proliferation and 507 

invasion, increased apoptosis, and reduced metastasis formation in vivo. Furthermore, we show that 508 

CD271 was necessary to mediate this effect, as shown by the reduction of efficacy in CD271
low

 or 509 

CD271_KO cells. Moreover, Aβ
(25-35)

 induced CD271 cleavage, releasing the ICD death domain, 510 

which mediates apoptosis. In fact, the use of a γ-secretase inhibitor to prevent CD271 cleavage, 511 

significantly rescued peptide-treated cells. This result highlights the fundamental role of the 512 

intracellular death domain in mediating the CD271 apoptotic pathway. Consistently, several studies 513 

showed that CD271 cleavage occurs exclusively after exposure to pro-apoptotic stimuli, leading to 514 

ICD release, NRIF translocation into the nucleus, and activation of the death pathway. Furthermore, 515 

mutations in the CD271 ICD were shown to prevent cell death [32]. 516 

It has recently been shown that the function of CD271 in melanoma strongly depends on the length 517 

of its proteolytic fragments. In fact, if the CD271 carboxyl-terminal fragment (CTF) promotes cell 518 

proliferation and drug resistance, the role of the full length CD271 is to positively regulate 519 

apoptosis by inhibiting NF-κB nuclear accumulation [33]. Similarly, we observed that the 520 

overexpression of full-length CD271 in negative cells significantly increases the percentage of cell 521 

death. 522 

After recruiting its cytosolic interactors, CD271 mediates c-Jun N-terminal kinase (JNK) 523 

phosphorylation, and its subsequent activation. pJNK in turn, induces the upregulation of the α-524 

secretase TACE/ADAM17, leading to CD271 cleavage [33 and 34]. Here, we demonstrate that JNK 525 

phosphorylation was necessary for the generation of the ICD and that CD271 and pJNK directly 526 

interact. In fact, pharmacological inhibition of JNK not only delayed CD271 cleavage, but also 527 

significantly reduced treatment efficacy in both in vitro and ex vivo models.  528 

The role of JNK in β-amyloid-induced death was also previously shown by Costantini and co-529 

workers in a neuroblastoma cell line engineered to express CD271 FL or ICD [34]. Specifically, β-530 

amyloid induced death of neuroblastoma cells by activating p38 and JNK kinases in an ICD 531 
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dependent manner. In contrast, inhibition of these kinases was no longer toxic for neuroblastoma 532 

cells [17]. The generation of the CD271 ICD entails a second JNK activation, which leads to p53 533 

induction, PARP1 cleavage, and cell death [17, 25 and 27].  The activation of p53, PARP1, as well 534 

as caspases 3/7 were detected after treatment with Aβ
(25-35)

. Interestingly, JNK was phosphorylated 535 

only in wild-type, but not in CD271_KO cells, demonstrating the pathway to be receptor-dependent. 536 

However, p53 activation and PARP1 cleavage were also observed in CD271_KO cells, suggesting 537 

the existence of an alternative Aβ-induced CD271 independent pathway.  538 

In vitro studies revealed that β-amyloid generates pores in the mitochondrial membrane, decreasing 539 

the respiratory states 3 and 4 and reducing the activity of Krebs cycle enzymes leading to 540 

cytochrome c release and induction of apoptotic signals [35]. Moreover, β-amyloid can directly 541 

inhibit ATP production, altering the enzymatic mitochondrial machinery and inducing a strong 542 

production of reactive oxygen species (ROS) [36].  543 

In the present work, modulation of CD271 revealed that the lack of the receptor was responsible of 544 

a 1000-fold increase in mitochondrial ROS production. Moreover, the pharmacological inhibition of 545 

both pathways (i.e., JNK and ROS), demonstrated a synergistic effect by rescuing the cells from 546 

apoptosis and demonstrating the presence of two different apoptotic pathways. 547 

These findings suggest a missing piece to the complex puzzle of therapy resistance mechanisms, 548 

and they highlight a possible role for CD271 in ROS inhibition to overcome drug-induced cellular 549 

stress.  Indeed, while CD271
low

 cells treated with a BRAFi upregulate mROS, CD271 550 

overexpression in the same cells prevents ROS induction (Figure S7L). Despite these promising 551 

results, further studies are needed to confirm the role of CD271 in ROS reduction and to what 552 

degree this can abrogate the cell killing effect of MAPK-inhibitors. 553 

In conclusion, we have revealed that ligand-specific mediated CD271 cleavage induces apoptosis in 554 

melanoma cells by releasing its ICD and preventing metastasis formation in vivo.  555 

Although further studies are necessary to translate our findings into a clinical application, recent 556 

work suggests that amyloids can be used in patients [37 and 38]. In fact, amyloid-peptides were 557 

conjugated with a cell penetrating peptide (CPP) sequence to induce the selective killing of cancer 558 

cells without toxicity in healthy cells [37]. In addition, previous studies propose the use of amyloids 559 

in the formulation of long-acting drugs as a stable source to guarantee a controlled release. This was 560 

tested together with a family of analogs of gonadotropin-releasing hormone (GnRH) revealing that 561 

amyloids can prolong the duration of their action [38]. Some drugs currently in phase III clinical 562 

trials are short amyloid peptides such as the amyloid-forming GnRH analogs Degarelix and 563 
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Antagon, for the treatment of prostate cancer and in assisted reproduction, respectively [38].   564 

Notably, both drugs showed a good safety margin. For this reason, understanding the interaction 565 

between the Aβ
(25-35) 

peptide and CD271 ECD could be of fundamental importance in developing a 566 

drug that mimics the effect of amyloid without observable toxicity. 567 
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 689 

Figure Legends 690 

Figure 1.  CD271 is upregulated by chemo- and MAPKi therapy  691 

(A) Melanoma cell line have been treated with carmustine (BCNU), cisplatin (CISP) and 692 

dacarbazine (DTIC) and CD271 expression was evaluated 48 h later by FACS (B) Melanoma 693 

patient derived cells have been treated with cisplatin, PLX4032 (BRAFi) and/or MEK162 (MEKi). 694 

CD271 levels were analysed by FACS 72 and 168 h later. (C) Paraffin blocks derived from 13 695 

patients were collected before and after treatment with BRAFi + MEKi and stained with S100 and 696 
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CD271 Abs. Scale bar = 100 µm (D) Quantification of melanoma CD271+ cells was performed by 697 

QuPath. The average of 10 areas was calculated and normalized to S100. Wilcoxon matched-pairs 698 

signed rank test was used. **p<0.01 (E) Melanoma cells were cultured in 3D for 72 h. Spheroids 699 

were treated with trypsin to obtain a single cell suspension and CD271 expression was evaluated by 700 

FACS. (F) BRAF (WM793B) and NRAS (M130425) mutated targeted-therapy sensitive (S) cell 701 

lines were cultured with increasing concentration of BRAFi or MEKi to make the cells resistant (R) 702 

in vitro. CD271 expression was evaluated by WB and FACS comparing resistant vs sensitive cells 703 

 704 

Figure 2. Aβ
(25-35)

 treatment induces cell death in melanoma 2D and 3D cultures                              705 

 (A, B) Eight melanoma cell lines with intrinsic CD271
high

 vs CD271
low

 levels were treated with 706 

Aβ
(25-35)

  (40μM) alone or in combination with cisplatin (30μM). (A) MTT assay was performed 24 707 

h later and (B) cell death (% subG1) was evaluated by PI staining 72 h after treatment **p<0.01; 708 

****p<0.00001. (C) M121224 3D spheroids were treated with BRAFi (PLX4032; 3μM), MEKi 709 

(MEK162; 200nM), Aβ
(25-35) 

+/- cisplatin and monitored over time. Scale bar = 30µm (D) 3 710 

spheroids/condition were used to measure the area with Image J at 96 h from treatment. 711 

****p<0.00001 (E) 3D spheroids were treated with Aβ
(25-35) 

+/- cisplatin/BRAFi/MEKi. 144 h later, 712 

spheroids were stained with PI for cell death analysis by FACS. The % of cell death was measured 713 

with Flow Jo. Data represent the mean ± S.D. of triplicate determinations. *p<0.05; **p<0.01; 714 

***p<0.001; ****p<0.00001 715 

 716 

Figure 3. Aβ(25-35) reduces viability and induces cell death in ex vivo patient cultures  717 

(A) Patients treatment history. (B) Tumour slices were cultured in the presence of different 718 

treatments for 5 days and stained by IHC. Scale bar = 100µm (C) QuPath was used to quantify the 719 

number of Ki67 positive cells. The average of 10 different areas was normalized to S100. One-way 720 

Anova was used for statistical analysis. *p<0.05; **p<0.01; ***p<0.001; ****p<0.00001 721 

  722 

Figure 4. Aβ
(25-35)

 reduces melanoma invasion and metastasis formation in vivo  723 

(A-B) M121224 and M980513 spheres were implanted into a matrix of collagen I and treated with 724 

Aβ
(25-35)

 40μM +/- cisplatin/BRAFi/MEKi. 168 h later, spheres were stained to evaluate the live 725 

(Calcein; green) /dead (Ethidium; red) cells. Scale bar = 30µm. (B) The live/dead ratio was 726 

analysed in 6 spheres/condition by Photoshop (C) Melanoma cells were stained with Vibrant Dye 727 

(red) and injected into the yolk of zebrafish larvae. 24 h later, zebrafish were treated with 728 

BRAFi/MEKi and Aβ
(25-35)

 was injected into the yolk the day after. Pictures were taken 4 days later 729 

and (D) the number of zebrafish with metastasis was evaluated by a blind investigator. Data 730 
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represent the mean ± S.D. of 2 independent experiments (tot = 660). One-way Anova was used for 731 

statistical analysis. *p<0.05; **p<0.01; ***p<0.001 (E) M000921 injected zebrafish were stained 732 

with S100, Ki67, Slug/Snail and Tunel. Scale bar = 500µm (5x) and 100µm (20x). (F) 500000 733 

M121224 cells were subcutaneously injected in 9 weeks old female nude mice. When tumor 734 

reached approximately 50mm^3, BSA or 15ug b-amyloid were intra-tumoral injected 3 times a 735 

week. Tumor growth was measured using an electronic caliper. Mice were sacrificed when control 736 

tumors reached 1000 m^3. Fold increase was calculated using each individual measure at day 7 to 737 

standardize. Representative image are shown. n=5-8 tumors / group. 2way-anova. *P ≤ 0.05; **P ≤ 738 

0.01; ***; P ≤ 0.001 ****; P ≤ 0.0001 (G) Caspase 3 staining was performed on 6 tumors/group 739 

and quantified by Qupath. Scale bar = 4mm (5x) and 100µm (20x).  740 

 741 

Figure 5. CD271
high

 cells display a greater susceptibility to Aβ
(25-35)

 induced death                   742 

 (A) CD271 silencing was confirmed by WB. (B) Melanoma cells were treated with Aβ
(25-35)

 40μM 743 

and stained 2 and 6 days later. The amount of dead cells was measured by FACS. (C) AnnexinV/PI 744 

assay was performed to evaluate the % of early and late apoptotic cells. (D) CMVTO EV and 745 

CMVTO CD271 transfected cells were treated with Doxycycline and proteins were collected to 746 

evaluate CD271 induction by WB. (E) Melanoma cells were treated with doxycycline for 48 h, 747 

followed by Aβ
(25-35)

 administration. PI staining was performed 24 h later and the % of dead cells 748 

was measured by FACS. (F) M121224 CD271+ and - cells, were seeded as spheroids and treated 749 

with Aβ
(25-35)

. 24 and 144 h later, bright field pictures were taken and (G) PI staining was 750 

performed. Data represent the mean ± S.D. of triplicate determinations. Two-way Anova was used 751 

for statistical analysis *p<0.05; **p<0.01; ***p<0.001; ****p<0.00001  (H) M130425 wt and 752 

CD271 KO cells were injected into the yolk of zebrafish larvae and treated with Aβ
(25-35)

 +/- MEKi. 753 

Pictures of wt are the same of Figure 4C. (I) The severity of metastasis was evaluated 4 days later.  754 

 755 

Figure 6. CD271 cleavage is required to activate Aβ(25-35)-induced apoptosis                                               756 

(A) Representation of CD271 cleavage sites and the inhibitors used (B) CD271 levels were 757 

evaluated by WB after treatment with Aβ
(25-35)

 at different time points  (C) M121224 cells were 758 

seeded in 6-well plates and treated with Aβ
(25-35)

 40μM +/- DAPT (200nM) for 16 and 72 h. Protein 759 

extracts were immunoblotted with CD271. (D) 1205Lu CD271 EV (empty vector) and FL (full 760 

length) cells were pre-treated with Aβ
(25-35)

 40μM for 23 h, then MG132 (20µM) + DAPT (300nM) 761 

were added for 1 h. CTF and ICD formation was evaluated by WB. (E) 1205Lu FL cells were 762 

treated for 1 h with DAPT (300nM), then Aβ
(25-35)

 40μM was added in the medium for 30 minutes 763 

and PI staining was performed (F-G) CD271 
+
 and 

–
 sorted cells were treated with Aβ

(25-35)
 +/- 764 
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DAPT (300nM) /MG132 (20µM) /TAPI2 (500nM). CD271 was evaluated by WB (H) Cell cycle by 765 

FACS. Two-way Anova was used for statistical analysis *p<0.05; **p<0.01; ***p<0.001; 766 

****p<0.00001 (I) CD271 FL and ECD structure. (J) 1205Lu wt, EV, FL and ECD lysates were 767 

immunoblotted for CD271 Ab. (K) Melanoma cells were treated for 1 h with Aβ
(25-35) 

40μM and 768 

stained with PI for cell cycle evaluation by FACS.  769 

 770 

Figure 7. Melanoma cell death is triggered by Aβ
(25-35) 

mediated activation of CD271-JNK 771 

pathway and mitochondrial ROS overproduction.  772 

(A) WB on melanoma cells were treated with Aβ
(25-35)

 40μM at different time points. (B-C) 773 

M121224 wt cells were treated with Aβ
(25-35)

 40µM +/- DAPT (200nM) or JNKi (SP600125; 774 

300nM) and WB was performed (D) M121224 wt and CD271 KO cells were treated for 48 h with 775 

Aβ
(25-35)

 40μM. Lysates were pulled-down with CD271 Ab and supernatant (Sup) and 776 

immunoprecipitates (IP) were immunoblotted with different Abs. (E) Melanoma cells were treated 777 

with Aβ
(25-35)

 40µM +/- JNKi (SP600125; 200nM) for 1 h and stained with PI. The % of cell death 778 

was evaluated by FACS. Two-way Anova was used for statistical analysis *p<0.05; **p<0.01; 779 

***p<0.001 (F) Tumor slices were treated for 5 days and stained with Ki67 and S100 Abs. Ki67+ 780 

cells were quantified by QuPath. The average of 10 areas was normalized to the total S100. Two-781 

way Anova was used for statistical analysis. *p<0.05; **p<0.01; ***p<0.001; ****p<0.00001 Scale 782 

bar = 100µm (G) CD271
high 

and CD271
low 

cells were treated with HiLyte Fluor 488-Aβ (green) for 783 

48 h. Cells were fixed and stained with CD271 Ab (red) and DAPI (blue). Scale bar = 50µm 784 

(H) Cells were stained with MitoSOX (5µM) and the levels of mROS were measured by FACS. 785 

Data represent the mean ± S.D. of triplicate determinations. One-way Anova was used for statistical 786 

analysis *p<0.05; **p<0.01; ***p<0.001 (I) Melanoma cells were treated with Aβ
(25-35)

 40μM) +/- 787 

NAC (5mM) for 72 h and mROS (MitoSOX) were measured by FACS. (J) M121224 were treated 788 

with Aβ
(25-35)

 alone or in combination with JNKi (200nM) +/- NAC (5mM). Cells were stained with 789 

PI and the % of cell death was evaluated by FACS. One-way Anova was used for statistical analysis 790 

*p<0.05; **p<0.01; ***p<0.001; ****p<0.00001 (K) M121224 CD271+ cells were treated with 791 

Aβ
(25-35)

 40μM +/- NAC (5mM) for 48 h. CD271 levels were evaluated by WB. (L) Graphical 792 

representation of CD271-JNK-ROS pathway induced following Aβ treatment.  793 

 794 

 795 
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