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ABSTRACT 
 
CD271 is a neurotrophin receptor variably expressed in melanoma. While contradictory data are 

reported on its role as a marker of tumor initiating cells, little is known on its function in tumor 

progression. CD271 expression was higher in spheroids derived from freshly isolated cells of 

primary melanomas and in primary WM115 and WM793-B cell lines, while it decreased during 

progression to advanced stages in cells isolated from metastatic melanomas and in metastatic 

WM266-4 and 1205Lu cell lines. Moreover, CD271 was scarcely detected in the highly invasive 

spheroids (SKMEL28 and 1205Lu). CD271, originally expressed in the epidermis of skin 
 
reconstructs, disappeared when melanoma started to invade the dermis. SKMEL8 CD271− cells 

showed greater proliferation and invasiveness in vitro, and were associated with a higher number 
 
of metastases in zebrafish, as compared to CD271+ cells. CD271 silencing in WM115 induced a 

more aggressive phenotype in vitro and in vivo. On the contrary, CD271 overexpression in 

SKMEL28 cells reduced invasion in vitro, and CD271 overexpressing 1205Lu cells was 

associated with a lower percentage of metastases in zebrafish. A reduced cell-cell adhesion was 

also observed in absence of CD271. Taken together, these results indicate that CD271 loss is 

critical for melanoma progression and metastasis. 

 
INTRODUCTION 
 
Melanoma is the deadliest type of skin cancer and its incidence is rising faster than any other 

solid tumour (Eggermont et al., 2014). While early melanomas can be cured by surgical excision, 

metastatic melanomas are generally fatal due to their resistance of current chemotherapies (Gray-

Shopfer et al., 2007) Melanoma arises from a precursor, enters in the radial growth phase (RGP) 

with cells proliferating in the epidermis, invades the dermis and start the vertical growth phase 

(VGP). We have previously shown that melanoma cells express neurotrophins (NTs) and their 

receptors, and play a role in tumor progression (Truzzi et al., 2008). NTs bind two classes of 
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receptors: the high affinity receptors (Trks) and the low affinity receptor (p75NTR or CD271). 

CD271 was firstly isolated from a melanoma cell line and is expressed on neural crest cells from 

which melanocytes are derived (Kruger et al., 2002). It belongs to the TNF receptor superfamily 

and mediates apoptosis in different cell settings via its own signaling pathway (Kraemer et al., 

2014; Truzzi et al., 2011; Blöchl and Blöch, 2007). The interaction of apoptosis related protein 

APR-1 with CD271 activate apoptosis in melanoma cells (Selimovic et al., 2012) . CD271 

activation mediates apoptosis in bladder and prostate cancer (Khwaja et al., 2004). In addition, 

CD271 is hardly detected in invasive cutaneous squamous cell carcinoma (Dallaglio et al., 2014). 

In the last few years, contradictory results concerning CD271 as a marker of melanoma initiating 

cells (MICs) have been pubblished. It has been recently proposed that CD271 is an “imperfect 
 
marker” for MICs, as fast growing/CD271+ cells exhibit poor tumorigenic ability (Cheli et al., 

2014). To better understand the role of this receptor in melanoma, we studied CD271 in vitro by 

using 3-dimensional (3D) multicellular spheroids and skin equivalents which closely mimick the 
 
behavior of solid tumors in vivo (Griffith and Swarz, 2006). We demonstrate the CD271- 
 
spheroids proliferate and invade more than CD271+ spheroids. CD271 silencing induces both cell 

migration and proliferation, which are reduced when CD271 is overexpressed. Moreover, using a 

zebrafish melanoma model, we provide evidence that lack of CD271 is critical for melanoma 

progression, being associated with a higher number of metastases. Finally, we show a reduced 
 
expression of β1-integrin and a decreased cell-cell adhesion in absence of CD271, resulting in a 
 
poor tumor cell adhesion and in a greater predisposition to invade the microenvironment. 
 
 

 
RESULTS 
 
CD271 inversely correlates with melanoma progression stage and invasiveness in 3D 
 
spheroids. 
 
We recently demonstrated that CD271 is markedly expressed in early stage melanomas, while it 

is progressively lost during tumor progression, showing an inverse correlation with hypoxia 
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inducible factor-1 (HIF-1α) (Marconi et al., 2015). Given this finding, we decided to study the 

role of CD271 in spheroids that mimic the 3D architecture and heterogeneity of melanoma 

(Beaumont et al., 2014). CD271 expression was evaluated in long-standing cell lines (WM115, 

WM266-4, SKMEL28, WM793-B and 1205Lu) derived from melanomas of different stages and 

in cells freshly isolated from a primary (PM) and a metastatic melanoma (MM). 
 
CD271 significantly decreases in MM, as compared to the primary melanoma (PM) derived from the 

same patient (Figure 1A). The same behaviour is observed in the long-standing cell lines: primary 

WM115 and WM793-B cells express higher levels of CD271 than their metastatic counterparts 

(WM266-4 and 1205Lu, respectively). CD271 levels in the primary tumors were highly variable 

(WM115, SKMEL28, WM793-B and PM), thus mirroring the great inter-patient heterogeneity of this 

tumor. The same heterogeneity was observed in the metastases (WM266-4, 1205Lu and MM). It 

should be noted that the levels of CD271 is significantly higher in WM266-4 cell line derived from a 

dermal metastasis, than in 1205Lu and MM cells that originate from lung metastasis. Furthermore, the 

percentage of the melanoma predictor of proliferation Ki67 is higher in cells expressing the lowest 

levels of CD271 (SKMEL28, 1205Lu and MM) (Figure 1B). To confirm the ability of spheroids to 

reflect the behaviour of tumor in vivo, cells isolated from primary melanomas were seeded and 

chatacterized in vitro. Markers of melanoma (HIF-1-α, CD271, ABCB5 and Oct4) are maintained in 

spheroids up to 168h and they are comparable to those observed in skin lesion and in cells freshly 

isolated from the same patient (Figure 1C and 1D). Finally, MM spheroids proliferate more than PM 

spheroids as shown by MTT (Figure 1E), replicating the growth of the tumor in vivo. Spheroids were 

then implanted into a matrix of collagen I which mimics the tumor microenvironment (Figure 1F). 

Areas occupied by the cells reveales greater invasion abilities in MM than in PM spheroids (Figure 

1G). Confocal microscopy confirmed that CD271 (green) is barely detectable in SKMEL28 and 

1205Lu spheroids (Figure 1H), as also shown by western blotting (Figure 1I). Indeed, survivin and 

Notch1, involved in 
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melanoma progression, are more expressed in SKMEL28, WM793-B and 1205Lu cells than in 

less aggressive cell lines. In addition, active caspase-3, which promotes migration and invasion of 

non apoptotic melanoma cells (Liu et al., 2013), is higher in SKMEL28 and 1205Lu than in the 

other spheroids. HIF-1α is higher in spheroids derived from advanced stage melanomas 

(WM266-4 and 1205Lu) (Figure 1I). In addition, metastatic WM266-4 and 1205Lu spheroids 

invade more than their primary counterparts (WM115 and WM793-B, respectively) (Figure 

1L,M), and spheroids expressing the lowest levels of CD271 (SKMEL28 ans 1205Lu), display 

the greatest invasive phenotype (Figure 1M). These data indicate that CD271 inversely correlates 

with melanoma progression and in vitro invasiveness. 

 
CD271 is associated with poor invasiveness in spheroids and skin equivalents 
 
To evaluate the role of CD271 in melanoma invasiveness, spheroids were transferred into 

collagen I, and CD271 expression was evaluated by immunohistochemistry. In all cell lines, the 
 
majority of CD271+ cells are non-invasive (Figure 2A). Consistently, cells expressing CD271 

remain mostly confined to the body of the sphere (Figure 2B). The majority of invading cells are 
 
CD271-, indicating a greater predisposition to invade the microenvironment (Figure 2C). To 

confirm these data in a model that better reflects the in vivo tissue architecture, cells were used to 

generate 3D skin equivalents. Melanoma reconstructs recapitulate tumor pathology, as shown by 

H&E and S100 staining (Figure 2D). WM115 and WM266-4 cells are confined to the epidermis, 

while SKMEL28, WM793-B and 1205Lu cells localize at the dermal-epidermal junction at 6 

days after plating. All melanoma cells invade the dermis at 12 days after seeding. At day 6, 

CD271 expression is detected only in WM115, WM266-4 and WM793-B derived reconstructs, 

while it decreases or disappeares during progression to 12 days in skin equivalents originated 

from the same cell lines. By contrast, CD271 is not expressed in reconstructs derived from 

SKMEL28 and 1205Lu cells either at 6 or 12 days (Figure 2D). Taken together, these data 

confirm an inverse correlation between CD271 receptor and melanoma invasiveness. 
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CD271- spheroids display increased proliferation and invasion abilities 
 
To better understand the role of CD271 in melanoma, we isolated SKMEL28 CD271+  and 
 
CD271- cells (Figure S1A, B) that were seeded as spheroids (Figure S2A).  CD271 + spheroids 
 
proliferate significantly less than CD271- spheroids from 72 up to 168 h (Figure 3A). Analysis of 
 
pictures (Figure 3B) revealed that the area of CD271- spheroids increases in a time -dependent 
 
manner, whereas it remains unchanged in CD271+ spheroids (Figure 3C). Given that CD271 is 
 
used as a marker of cancer stem cells, the possibility that CD271- cells exhaust earlier than 
 
CD271+  cells was also evaluated: spheroids were grown for 7 days, dissociated, counted and 
 
replated under the same conditions in a long-term assay. Despite both CD271-  and CD271+ 
 
spheroids propagate during serial passages, the number of cells derived from CD271- spheroids is 
 
always higher than those from CD271+  spheroids (Figure 3D). On the other hand, 30% of 
 
CD271+ spheroids express the pluripotency marker Oct4, while its expression is absent in 

CD271-spheroids (Figure 3E). WM793-B cells were also sorted (Figure S1C, D) and cultured as 

3D spheroids (Figure S2C). The calculation of areas (Figure S2D, E), MTT (Figure S2F), long 

term growth (Figure S2G) and Oct4 levels (Figure S2H) yielded the same findings. SKMEL28 
 
spheroids were then implanted into type I collagen and monitored (Figure S2B). CD271- 
 
spheroids invade significantly more than CD271+ spheroids. Factor shape and percentage of 
 
fragmentation, two values correlated with melanoma invasiveness, are higher in CD271- than in 
 
CD271+ spheroids (Figure 3F). In addition, CD271- spheroids occupy a greater area (Figure 3G) 

and display a higher number of invading cells (Figure 3H) than their positive counterpart. The 
 
calculation of the distance revealed that CD271- spheroids achieve greater distances than CD271+ 

cells in collagen at 96 and 120 h (Figure 3I). Consistently, the epithelial-mesenchymal transition 

factor Slug, that promotes melanoma invasion (Fenouille et al., 2012), is more expressed in 
 
CD271- cells. Results are confirmed in WM793-B cells (Figure S2I, L, M and N). 



ACCEPTED MANUSCRIPT 
 

7 
 
 
CD271 silencing enhances proliferation and invasiveness in melanoma spheroids 
 
To evaluate whether the absence of CD271 was responsible for a more aggressive phenotype in 

vitro, we silenced CD271 in WM115 cells, which express high level of the receptor (Figure 4A). 

Transfected cells were seeded to obtain spheroids (Figure S3A). First, following CD271 

silencing, survivin increases, as a function of increased aggressiveness (Figure 4A). Image 

analysis (Figure 4B) revealed higher areas in CD271 silenced spheroids up to 120 h, as compared 

to scramble cells (Figure 4C), indicating an increased proliferation, as confirmed by MTT (Figure 

4D). CD271 silencing yelded the same results in WM793-B cells (Figure S3B, C, D, F). 
 
24 h after implantation into collagen I, CD271 silencing induces a marked change in spheroids, 

that appear disgregated into single cells, as compared to scrambled cells (Figure 4E). This reflects 

a greater invasiveness, as shown by the increase in factor shape, percentage of fragmentation 

(Figure 4F) and total area (Figure 4G). Moreover, CD271 silencing results in a higher number of 

cells invading type I collagen (Figure 4H) and reaching higher distances than controls (Figure 4I). 

Taken together, these data suggest that lack of CD271 is associated with greater proliferation and 

invasion ability. 

 
CD271 overexpression decreases tumor proliferation and invasiveness in melanoma 
 
spheroids 
 
Because the absence of CD271 correlates with greater invasion and proliferation, we asked 

whether its overexpression could revert melanoma to a less aggressive phenotype. To this 

purpose, SKMEL28 were infected with a CD271 or mock viral vector, and spheroids were 

monitored (Figure S4A). First, CD271 overexpression causes a downregulation of the markers of 

invasion Slug and caspase-3 (Figure 5A). Pictures (Figure 5B) reveal a slight decrease in the total 

areas occupied by CD271 infected spheroids (Figure 5C). Moreover, CD271 overexpressing 

spheroids proliferate significantly less than mock cells (Figure 5D). Given that CD271 receptor 

mediates apoptosis in many cell settings, we evaluated whether the reduced viability was 
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associated with the activation of the apoptotic cascade. Yet, the percentage of apoptotic cells 

failed to increase in CD271 overexpressing cells (Figure 5E, F). CD271 overexpressing spheroids 

were then implanted into collagen I (Figure S4B), displaying a reduced invasiveness, as shown by 

the decrease in factor shape and percentage of fragmentation (Figure 5G). Consistently, the total 

area (Figure 5H) and the area of invasion are significantly reduced in CD271 overexpressing 

spheroids, as compared to control (Figure 5I). Finally, they reach a lower distance in collagen I 

than mock spheroids (Figure 5L). The same results were obtained by infecting 1205Lu cell line 

(Figure S4C, D, E, F, G, H, I). 

 
The lack of CD271 favours tumor metastasis in zebrafish and is associated with a reduced 
 
cell-cell adshesion 
 
The zebrafish model has recently contributed to major insights in the progression of melanoma 

(White et al., 2013; Kaufman et al., 2016). In order to definitely confirm the role of CD271 in 

melanoma, we evaluated the ability of zebrafish in mirroring the metastatic process. Primary 

WM115 and metastatic 1205Lu cells (red) were injected into transparent larvae and the spread of 

cells was evaluated 6 days later (Figure S5A,B). Larvae were xenotraplanted under three different 
 
conditions: 1) CD271+ and CD271- cells sorted from SKMEL28 cell lines (Figure 6A-D); 2) 

WM115 cells silenced for CD271 (Figure 6E-G) and 3) CD271 overexpressing 1205Lu cells 

(Figure 6H-L). At day 2, cells are confined to the site of injection (yolk), while at day 6/7 post 
 
injection (dpj), the number of metastases is markedly increased in SKMEL CD271- cells (Figure 6 
 
A,B) and in WM115 CD271 silenced cells (Figure 6E, F) as compared to CD271+ and control 
 
cells, respectively. The same result is observed when SKMEL28 CD271+ (green) and CD271- 
 
(red) cells where injected together (Figure 6D). On the contrary, the percentage of metastases 

decreases at 6 dpj of CD271 overexpressing 1205Lu (Figure 6H,I). A higher number of “full” 

(>10 cells) and “medium” (5-10 cells) metastases are observed in absence of CD271, while 
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zebrafish injected with SKMEL28 CD271+ (Figure 6C), WM115 scramble (Figure 6G), and 

CD271 infected 1205Lu cells (Figure 6L) display mostly “initial metastasis” (2-4 cells),. 
 
Finally, to better understand the mechanism underlying the role of CD271 in melanoma 

progression, we hypothesized a correlation between adhesion molecules and CD271 levels. The 

observation that CD271 silencing in WM115 spheroids (Figure 4) associates with a less compact 

shape, suggests that the lack of CD271 could be related to a decrease in cell-cell adhesion, thus 
 
increasing the predisposition to invade. We show that β1-integrin is reduced in the metastatic 
 
WM266-4 and 1205Lu cells (Figure 6M). In addition, CD271 silencing causes β1-integrin 
 
downregulation, while CD271 overexpression correlates with increased levels of the protein 

(Figure 6N). Finally, CD271 silenced WM115 cells display a reduced inter-cellular adhesion, as 

shown by the reduced number of adherent cells (red), while increased adhesion is observed in 

CD271 overexpressing 1205Lu cells (Figure 6O). These results demonstrate that the lack of 

CD271 favours tumor metastasis in vivo, and that CD271 is correlated with cell-cell adhesion. 

 
DISCUSSION 
 
The present study provides a number of data that shed light on the function of CD271 in 

melanoma progression. Using 3D spheroids, we demonstrate that CD271 is inversely correlated 

to the invasiveness and growth of the tumor. CD271 decreases during progression from primary 

to metastatic melanoma of the same patient. When spheroids are implanted into a matrix of 

collagen I, CD271 is highly expressed in cells confined to the body of the sphere, while it is 

almost absent in cells that detach from the sphere to invade. These results seem to be in contrast 

with previous publications reporting a role of NTs in mediating melanoma cell invasion and 

migration (Marchetti et al., 1998; Truzzi et al., 2008). Because early studies were carried out in 

2D cultures, we hypothesize that the conflicting results are due to the different systems. 

Multicellular spheroids mimic the 3D architecture and heterogeneity of melanoma by recreating 

the oxygen/nutrients gradient (Beaumont et al., 2014). Moreover, genomic profile of glioma is 
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preserved in spheroids but not in primary monolayer cultures (De Witt et al., 2009), while 3D 

models markedly affect gene expression in melanoma (Ghosh et al., 2005). Skin reconstructs are 

a good tool for studying tumor-microenvironment interactions (Vorsmann et al., 2013). Here, we 

show that CD271 is expressed in melanoma cells located in the epidermis of skin reconstructs, 
 
while it disappeares when melanoma invades the dermis. Consistently, HIF-1α is present at great 

levels in tumors invading the dermis, while CD271 is markedly expressed in early stage 

melanomas, and it is progressively lost during progression (Marconi et al., 2015). 
 

Contradictory results concerning CD271 and its use as a marker to isolate MICs have been 

recently published. Boiko (2010) demonstrated that MICs can be isolated as a highly enriched 

CD271 population. Moreover, CD271/Sox10-positive melanoma cells have been associated with 

higher metastatic potential (Civenni et al., 2011). On the contrary, melanoma can metastasize in 
 
mice irrespective of whether they derive from CD271+ or CD271- cells (Quintana et al., 2010). In 
 
the present paper, we demonstrate that CD271 + cells are slow-growing cells and display increased 
 
levels of the stemness gene Oct4. On the other hand, both CD271+ and CD271- spheroids display a 

long term growth. Moreover, CD271 is regulated by hypoxic and stringent culture conditions (Menon 

et al., 2015), and its detectability is affected by the tumor digestion protocol. Most studies were 

carried out in spheroids maintained in a stem cell medium that select a subpopulation with stemness 

proprierties (Ramgolam et al., 2011). Here, spheroids were obtained according to the liquid overlay 

method that preserves tumor heterogeneity. Finally, biopsies were processed with a protocol that 

avoids the damage of surface epitopes. In substance, although the current paper did not aim to fully 

address the correlation between CD271 and MICs, the high percentage 
 
of CD271+  cells in primary melanomas seems to rule out their stem nature. Whether a 
 
subpopulation of CD271+ cells could contain MICs remains to be determined. 
 

The inverse correlation between CD271 expression and melanoma progression was further 

confirmed by using a zebrafish model. The zebrafish has recently emerged as an important model 

in cancer research able to develop human tumors, with similar morphology and comparable 
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signaling pathways (Heilmann et al., 2015; Kaufman et al., 2016). In the present work, we 

demonstrate that the lack of CD271 is critical for melanoma progression in vivo. When injected 
 
into zebrafish, CD271 silenced WM115 cells, SKMEL28 CD271- cells and 1205Lu mock cells 

provoked a higher number of metastases as compared with cells expressing higher amounts of 

CD271. Consistently, spheroids acquire a more invasive phenotype in absence of CD271, as also 

demonstrated by the increase of Slug and Caspase 3 levels. Because SKMEL28 spheroids fail to 

undergo apoptosis after CD271 overexpression, the activation of caspase-3 is consistent with its 

ability to promote invasion (Liu et al., 2013; Donato et al., 2014). 
 

CD271  silencing  downregulates  β1-integrin  and  reduced  cell-cell  adhesion,  while  its 
 
overexpression in 1205Lu induces β1-integrin upregulation and an increase in cell-cell adhesion. 
 
It is known that α4β1-integrin inhibits metastases, and it is involved in the intercellular adhesion 
 
(Quian et al., 1994). Moreover, Slug is associated with loss of cell-cell adhesion mediated by E-

cadherin in melanoma (Shirley et al., 2012). This suggests that CD271 downregulation promotes 

melanoma progression and invasion at least in part because of the lack of cell-cell adhesion. 

However, further experiments are required to identify the molecules that take part in this process. 

In conclusion, we hypothesize that a melanoma subpopulation needs to turn off CD271 to acquire 

the ability to invade during early stages of melanoma progression. 

 
MATERIALS & METHODS 
 
Cell culture 
 
WM115, WM266-4, SKMEL28, WM793B and 1205Lu (ATCC, Manassas, VA, USA) were 

cultured as indicated by the manufacturer. MTT, liquid overlay method, invasion assay, picture 

analysis and long term were performed as indicated in Supplementary Materials. Melanoma 

biospies were processed as described in Supplementary materials. 

 
FACS 
 
Spheroids incubated with anti CD271 antibody (1:100 in PBS, Lab Vision Corporation, Thermo 

Fisher Scientific, Fremont, CA, USA) for 20 min at 4°C, were labeled with secondary antibody 
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Alexa Fluor anti-mouse 488 (1:50, Thermo Fisher Scientific) for 20 min at 4°C. Cells were 

analyzed with Epics XL flow cytometer (Beckman Coulter). 

 
Skin reconstructs 
 
Reconstructs were obtained by seeding human keratynocytes and melanoma cells on dermal 

equivalents generated by fibroblasts induced type I collagen contraction, as described in 

Supplementary Materials. 

 
Western Blotting 
 
Spheroids were harvested 48 or 72 h after seeding and WB was performed as previously 

described (Tiberio et al., 2002) and indicated in Supplementary Materials. 

 
Immunohistochemistry 
 
Skin reconstructs and skin lesions were stained with hematoxylin and eosin (H&E), S100 (1:400; 

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

Lab Vision Corporation), ABCB5 (1:100 in PBS, Thermo Scientific), Hif-1α (1:50 in PBS, 

Novus, Cambridge, UK) and Oct4 (1:100, Abcam, Cambridge, UK) as described in 

Supplementary Materials. Spheroids in collagen I were fixed in 4% formalin for 30 minutes 

before CD271 detection. Sorted cells were fixed and stained with Slug (1:100, Histo-Line 

Laboratories, Milano, Italy) and Oct4 (1.100, Abcam) as indicated in Supplementary materials. 

 
Cell sorting 
 
Cells were sorted for CD271 expression by Facs sorter as described in Supplementary Materials. 
 
 
Cells transfection 
 
Cells plated for 24 h in antibiotic-free medium were transfected with CD271 or scrambled siRNA 

(Dharmacon Inc, Lafayette, CO, USA) in antibiotic/FBS-free medium, supplemented with 0.1% 

BSA as previuosly described (Truzzi et al., 2011) and indicated in Supplementary Materials. 
 
Cells infection 
 
Spheroids were transduced by infection with viral supernatant generated by CD271-LNSN 

packaging cells or by empty vector packaging cells (kindly provided from F. Mavilio) as 

described in Supplementary Materials. 

 
Apoptosis evaluation 
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For Tunel assay, spheroids were fixed in paraformaldehyde 4% and cytospinned. Slides were 

stained with the “In situ cell death detection kit” (Roche Diagnostics, Basel, Switzerland) and 

analyzed by confocal laser microscopy as described in Supplementary Materials. Spheroids were 

trypsinized and stained with propidium iodide (Milano, Italy) at different time point, as indicated 

in Supplementary material. 

 
 
Zebrafish 
 
Larvae were injected at 2 days post fertilization with melanoma cells as indicated in 

Supplementary materials. 

 
Cell-Cell adhesion assay 
 
Cell adhesion assay was performed as previously described (Quian et al., 1994) and indicated in 

Supplementary materials. 

 
Statistical analysis 
 
The Student’s t-test was used, as indicated in Supplementary Materials. 
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FIGURE LEGENDS 
 
Figure 1. CD271 inversely correlates with melanoma progression stage and invasiveness in 
 
3D spheroids. (A) Melanoma cells obtained from spheroids were immunostained with anti-

CD271 MoAb and analyzed by flow cytometry. (B) Spheroids were harvested, cytospinned and 

immunohistochemical detection of Ki67 was performed by using Fast Red as cromogen. The 

number of positive cells was counted in six independent fields, and Ki67 level was calculated as 

the average percentage of positive cells. (C) Cells isolated from melanoma biopsies were used to 

obtain freshly isolated cells and spheroids grown up to 168 h. Cells were cytospinned and 

immunohistochemistry of different markers was performed. Scale bar = 50µm (D) the percentage 

of positive cells in spheroids and in freshly isolated cells was compared with the same skin lesion 
 
(E) Cells freshly isolated from a primary and a metastatic tumor were cultured as 3D spheroids 

and MTT assay was performed at different times. (F) Pictures of spheroids implanted into type I 

collagen were analyzed and (G) total areas were calculated by using ImageJ (see M&M). (H) 20 

spheroids for cell line were stained with anti-CD271 MoAb for 3D confocal analysis. Scale bar = 

100∝m (I) Proteins extracted from melanoma spheroids 168 h after seeding were immunoblotted 

with CD271, Survivin, HIF-1α, Notch1, Caspase-3 and β-Actin Ab. The band intensity was 

quantitatively determined using ImageJ software (Wayne Rasband, see graph and M&M). Protein 

levels’ intensity was normalized to β-actin expression. * 0.01<p<0.05; ** p<0.01. (L) Spheroids 

were implanted into a scaffold of type I collagen and (M) Pixel analysis was performed to 

calculate total area. Data represent the mean ± S.D. of triplicate determinations and T-Student 

was used for statistical analysis. 

 
Figure 2. CD271 is associated with poor invasiveness in spheroids and skin 
equivalents (A) Melanoma spheroids were implanted into type I collagen, and stained 72 h 

later with CD271 MoAb. Fast Red was used as cromogen. Cells were counted using ImageJ (see 

M&M) (B) Pictures were used to count CD271+ cells (red), and CD271- cells (arrows). Scale bars 

= 30∝m (right) and 120∝m (left, zoom). (C) “Invading cells” are all the cells outside the 

spheroid and embedded in collagen I. “Non invading cells” are those located within the body of 

the sphere. Among invasive cells, CD271+ and CD271- cells were counted. Data represent the 

mean ± S.D. of triplicate determinations, and T-Student was used for statistacal analysis. * 0.01 < 

p <0.05; ** p<0.01 (D) Skin reconstructs obtained as described in M&M, were paraffin-

embedded after either 6 or 12 days of submersion. Sections were stained with H&E, CD271 and 

S100 MoAb. Fast red for CD271 or DAB for S100 were used as cromogen. Scale bar = 100∝m. 
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Figure 3. CD271- spheroids display increased proliferation and invasion abilities (A) 

CD271+ and CD271- SKMEL28 subpopulations were cultured up to 168 h after seeding, and MTT 

assay was performed at different times. (B) Pictures of spheroids were converted to 8-bit, and (C) 

were analyzed with ImageJ for the calculation of total area (see M&M). (D) CD271+ and CD271- cells 

were grown for 7 days as spheroids, dissociated, counted and replated under the same conditions in a 

long-term assay. (E) CD271+ and CD271- cells were fixed and cytospinned immediatedly after cell 

sorting. Immunohistochemical detection of Oct4 was performed by using Fast Red as cromogen. The 
number of positive cells was counted in six independent fields, and Oct4 level was calculated as the 

average percentage of positive cells. (F) Pictures of CD271+ and CD271- 
 
SKMEL28 spheroids implanted into type I collagen were analyzed up to 120h, and factor shape, 

percentage of fragmentation and (G) total areas were calculated by using ImageJ (see M&M). (H) 

Total number of invading cells was counted with the ImageJ “Cell Counter” (see M&M). (I) 

Distances reached by the cells in type I collagen was evaluated by using Photoshop, considering 

cells migrated in the directions of the four cardinal points. The average distance was calculated 

and the number of pixels were converted into micron (see M&M). (L) Immunoistochemical 

detection of Slug was performed after cell sorting. The percentage of positive cells was calculated 

by counting six independent fields. Data represent the mean of triplicate determinations. T-

Student was used for statistacal analysis. * 0.01 < p <0.05; ** p<0.01 

 
Figure 4. CD271 silencing enhances proliferation and invasiveness in melanoma spheroids. 
 
(A) WM115 cells were transfected with 50nM CD271 siRNA, and protein extracts were 

immunoblotted with CD271 and survivin MoAb. The band intensity was quantitatively 

determined using ImageJ software (Wayne Rasband, see graph and M&M). Protein levels’ 

intensity was normalized to β-actin expression. * 0.01<p<0.05; ** p<0.01. (B, C) Pictures of 

spheroids were converted in 8-bit and (C) pixel analysis was performed with ImageJ to calculate 

total area (see M&M). (D) MTT assay at different times. (E) WM115 cells were transfected with 

scramble and CD271siRNA and seeded as spheroids. 72 h after, spheroids were implanted into 

type I collagen and pictures were taken at different times. (F) Factor shape and the percentage of 

fragmentation were calculated (see M&M). (G) Pixel analysis was performed to calculate total 

area (see M&M). (H) Invading cells were counted with ImageJ (see M&M). (I) Distances reached 

by cells in type I collagen were evaluated (see M&M). Data represent the mean ± S.D. of 

triplicate determinations. T-Student was used for statistical analysis. * 0.01 < p <0.05; ** p<0.01. 
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Figure  5.  CD271  overexpression  decreases  tumor  proliferation  and  invasiveness  in 
 
melanoma spheroids (A) SKMEL28 were infected with mock or CD271 retroviral vector, and cell 

lysates were immunoblotted. The band intensity was quantitatively determined using ImageJ software 

(Wayne Rasband, see graph and M&M). Protein levels’ intensity was normalized to β-actin 

expression. * 0.01<p<0.05; ** p<0.01. (B) SKMEL28 spheroids pictures were converted with ImageJ. 

(C) Pixel analysis was performed to calculate total areas (see M&M) . (D) MTT assay. (E, F) 

Apoptotic cells of SKMEL28 mock and CD271 infected spheroids was evaluated by Tunel and PI 

assay. (G) CD271 infected and mock treated spheroids were implanted into a scaffold of type I 

collagen. Factor shape, percentage of fragmentation, (H) total area and (I) invasion area were 

calculated (see M&M). (L) Distances reached by SKMEL28 cells into type I collagen. The average 

distance was calculated (see M&M). Data represent the mean ± S.D. of triplicate determinations. T-

Student was used for statistical analysis. * 0.01 < p <0.05; ** p<0.01. 

 
Figure 6. The lack of CD271 favours tumor metastasis in zebrafish and is associated with a 
 
reduced cell-cell adshesion. (A) CD271+ and CD271- SKMEL28 subpopulations were stained 

with Vybrant Cell Labeling Solution (red), injected into the yolk of transparent zebrafish larvae at 

2days post fertilization (2dpf) and monitored. (B) The number of embryos with metastasis was 

counted at 1day and 6days post injection (1dpi and 6dpi). (C) The percentage of zebrafish with “Full 

metastasis” (>10 cells), “medium metastasis” (5-10 cells) and “initial metastasis” (2-4 cells) was 

calculated; (D) SKMEL28 CD271+ (green, stained with CFSE) and CD271- (red, stained with 

Vybrant-Cell Labeling Solution) cells were injected together in zebrafish larvae and pictures were 

taken at 2dpi and 7dpi; (E) WM115 scramble and CD271 siRNA cells (red) were injected into 

zebrafish at 2dpf and (F) the number and (G) the severity of metastasis were calculated at 2dpi and 

7dpi; (H) 1205Lu mock and CD271 infected cells (red) were injected into transparent larvae. (I) The 

percentage of metastasis was calculated at 1dpi and 6 dpi. (L) “Full”, “medium” and “initial” 

metastasis were evaluated. (M, N) Proteins extracted from melanoma spheroids 168h after seeding 

were immunoblotted with β1-integrin and β-actin. The band intensity was quantitatively determined 

using ImageJ software (Wayne Rasband, see graph and M&M). Protein levels’ intensity was 

normalized to β-actin expression. * 0.01<p<0.05; ** p<0.01. (O) For the cell-cell adhesion assay, the 

same cells were stained with Vybrant-Cell Labeling Solution (red) and CFSE (green). WM115 

scramble and CD271 siRNA cells stained with CFSE (green) were grown as monolayer. WM115 

scramble and CD271 siRNA cells stained with Vybrant-Cell Labeling Solution (red) were plated on 

the corresponding monolayer and incubated for 40 minutes at 37o C. After washing the unbound cells, 

the number of red cells/mm2 were counted 
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(see M&M). The same experiment was performed for 1205Lu mock and CD271 infected cells. 

Scale bar = 20µm 
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