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Abstract 

Background Cutaneous squamous cell carcinoma (cSCC) is the second most prevalent form of skin cancer, showing 
a rapid increasing incidence worldwide. Although most cSCC can be cured by surgery, a sizeable number of cases 
are diagnosed at advanced stages, with local invasion and distant metastatic lesions. In the skin, neurotrophins (NTs) 
and their receptors (CD271 and Trk) form a complex network regulating epidermal homeostasis. Recently, several 
works suggested a significant implication of NT receptors in cancer. However, CD271 functions in epithelial tumors are 
controversial and its precise role in cSCC is still to be defined.

Methods Spheroids from cSCC patients with low-risk (In situ or Well-Differentiated cSCC) or high-risk tumors (Mod-
erately/Poorly Differentiated cSCC), were established to explore histological features, proliferation, invasion abilities, 
and molecular pathways modulated in response to CD271 overexpression or activation in vitro. The effect of CD271 
activities on the response to therapeutics was also investigated. The impact on the metastatic process and inflamma-
tion was explored in vivo and in vitro, by using zebrafish xenograft and 2D/3D models.

Results Our data proved that CD271 is upregulated in Well-Differentiated tumors as compared to the more aggres-
sive Moderately/Poorly Differentiated cSCC, both in vivo and in vitro. We demonstrated that CD271 activities reduce 
proliferation and malignancy marker expression in patient-derived cSCC spheroids at each tumor grade, by increas-
ing neoplastic cell differentiation. CD271 overexpression significantly increases cSCC spheroid mass density, while it 
reduces their weight and diameter, and promotes a major fold-enrichment in differentiation and keratinization 
genes. Moreover, both CD271 overexpression and activation decrease cSCC cell invasiveness in vitro. A significant 
inhibition of the metastatic process by CD271 was observed in a newly established zebrafish cSCC model. We found 
that the recruitment of leucocytes by CD271-overexpressing cells directly correlates with tumor killing and this find-
ing was further highlighted by monocyte infiltration in a THP-1-SCC13 3D model. Finally, CD271 activity synergizes 
with Trk receptor inhibition, by reducing spheroid viability, and significantly improves the outcome of photodynamic 
therapy (PTD) or chemotherapy in spheroids and zebrafish.

Conclusion Our study provides evidence that CD271 could prevent the switch between low to high-risk cSCC 
tumors. Because CD271 contributes to maintaining active differentiative paths and favors the response to therapies, it 
might be a promising target for future pharmaceutical development.

*Correspondence:
Elisabetta Palazzo
elisabetta.palazzo@unimore.it
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13046-023-02737-7&domain=pdf
http://orcid.org/0000-0002-0812-5524


Page 2 of 19Quadri et al. J Exp Clin Cancer Res          (2023) 42:167 

Keywords Cutaneous squamous cell carcinoma, CD271, Trk receptors, 3D models, Zebrafish

Background
Cutaneous Squamous Cell Carcinoma (cSCC) represents 
the second most frequent type of skin cancer, compris-
ing about 20% of all skin malignancies, with a rapidly 
increasing incidence worldwide [1, 2]. cSCC typically 
includes a spectrum of progressively advanced malignan-
cies, ranging from the precursor actinic keratosis (AK) to 
in  situ, invasive and metastatic tumor. According to the 
new American Joint Committee on Cancer (AJCC), the 
degree of cSCC differentiation determines, along with 
several other factors, the grade of severity of the disease, 
which increases from Well-Differentiated (WD) to Mod-
erately and Poorly Differentiated (MD-PD) tumors [3, 
4]. Although most cSCC can be cured by surgical exci-
sion, a considerable number of cases are diagnosed at 
advanced stages with local invasion and distant metasta-
ses. Despite chemo- and radiotherapy, cSCC can be quite 
aggressive, leading to the death of affected individuals [5]. 
cSCC pathogenesis is very complex and partly unknown, 
involving several interconnected pathways, with a high 
number of mutations [6, 7]. A better understanding of 
the mechanisms underlying the development of cSCC 
would allow the discovery of potential targets for novel 
treatments.

Neurotrophins (NTs) and their receptors, the tyrosine 
kinase high-affinity receptors Trk and the low-affinity 
neurotrophin receptor CD271 (also called p75NTR), 
have been shown to form a complex network implicated 
in several physio-pathological functions at the skin level 
[8–11]. In fact, while Trk receptors are preferentially 
expressed by keratinocyte stem cells (KSC), thus contrib-
uting to cell proliferation and survival, CD271 may work 
as Trk-co-receptor. Recently, we have demonstrated that 
CD271 characterizes a population of an “early” transit-
amplifying (TA) keratinocyte, which represents the first 
KSC progenitor, and its expression controls the “switch” 
towards the early epidermal differentiation [11, 12].

In tumors, the alterations of Trk receptor signal-
ing pathways have been associated to the pathogenesis 
of different types of cancer [13], leading to the clinical 
development of a new class of compounds targeting the 
NTRK (Neurotrophic Tyrosine Kinase receptor) fusion 
protein [14, 15]. Head and neck tumors (HNSCC) appear 
to express higher levels of TrkA localized throughout 
the entire tumor area, as compared to TrkB and TrkC 
[16]. On the other hand, there are contradictory data 
on the localization and function of CD271 in SCC. We 
have recently shown that CD271 is scarcely detectable 
in cSCC [17, 18], while it is preferentially detected in the 

basal layer of esophageal (ESCC) and oral SCC (OSCC), 
identifying a population of stem cells [19, 20]. Moreo-
ver, CD271 proteolytic cleavage is responsible for a pro-
survival activity in breast cancer cells [21], whereas the 
induction of CD271 stimulates apoptosis in prostate and 
bladder cancer cells [22, 23]. Moreover, we demonstrated 
the existence of a feedback loop between CD271 and the 
transcription factors DLX3, which seems to be neces-
sary for the maintenance of the epidermal homeostasis. 
Its absence appears to be involved in the pathological 
alterations, leading to epithelial cancer development [17], 
opening the question if CD271 could be a key player in 
the development and progression of cSCC.

With these heterogeneous findings and lack of consist-
ent data, we reasoned that a clear evaluation of the role 
of CD271 in cSCC was strongly needed. Here, we dem-
onstrate that CD271 is definitely involved in the patho-
genesis of cSCC. In fact, CD271 is more expressed in WD 
tumors as compared to more aggressive MD/PD tumors. 
CD271 activation is linked with reduced cSCC prolifera-
tion and invasion ability, by promoting differentiation, in 
patient or cell line-derived spheroids. CD271 expression 
or activation reduces cSCC metastasis in zebrafish and 
promotes innate immunity in both in  vivo and in  vitro 
models. Finally, we present evidence that CD271 over-
expression and activation significantly improve the out-
come of photodynamic therapy (PTD), chemotherapy or 
the effect of Trk receptors inhibition in tumor spheroids.

Methods
Clinical sample recruitment, ethics approval and biopsy 
processing
cSCC biopsies were provided by the Dermatological 
Clinic of the hospital of Modena and the diagnosis was 
confirmed by the pathologists of the Department of Diag-
nostic, Clinic and Public Health Medicine of the Uni-
versity of Modena and Reggio Emilia. The use of cSCC 
biopsies was approved by the Ethical Committee of Area 
Vasta Emilia Nord (Protocol n. 184/10 and n. 353/2017) 
(Modena, Italy). Biopsy digestion and patient-derived 
cSCC cell culture methods are described in Supplemen-
tary Information. Moreover, paraffin-embedded cSCC 
biopsies of different stages were collected to perform his-
tology and immunofluorescence analysis.

Cell and spheroid cultures and treatments
SCC13 spheroids were maintained in the SCC medium, 
as previously described [17]. Treatment or chemical con-
centrations are reported in Supplementary Information. 
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Patient-derived cells were maintained on a 3T3 feeder-
layer in DMEM/HAM’SF12 complete medium and then 
seeded on a collagen IV coated plate in KGM medium 
(Lonza, Basel, Switzerland); more details in Supplemen-
tary Information.

cSCC spheroids were transduced by viral superna-
tant infection and/or transfected with CD271 or scram-
bled siRNA (Dharmacon Inc, Lafayette, CO, USA) and 
treated with chemotherapy, photodynamic therapy 
(PDT), and Trk inhibitors, as described in Supplementary 
Information.

THP-1 cells were grown in RPMI 1640 with 10% FBS, 
2% L-Glutamine, and 1% PSA and then maintained in 
DMEM with 10% FBS, 2% L-Glutamine, and 1% PSA for 
the experiments.

Cutaneous SCC Skin equivalent
SCC reconstructs were obtained by seeding SCC13 cell 
lines on dermal equivalents, generated by human primary 
dermal fibroblasts induced type I collagen contraction, as 
previously reported [12]. Briefly, for dermal reconstructs, 
0.5  ml of a cell-free collagen solution was added to tis-
sue culture inserts (Transwell, Costar, Cambridge, MA) 
in 12-well plates. This precoated layer was overlaid with 
fibroblasts mixed with collagen type I solution (15 ×  104 
cells/ml). After 4  days of incubation at 37  °C, 25 ×  104 
of SCC13 mock or CD271 cells were seeded on dermal 
reconstructs and maintained in the submerged condi-
tions in the SCC medium for 4 days. Finally, skin recon-
structs were maintained in air-exposed conditions for 
12 days before being processed for subsequent analysis.

Real‑time PCR and Western blotting
Total RNA was extracted by PureLink RNeasy Mini Kit 
(Invitrogen, Carlsbad, CA, USA) as indicated by the 
manufacturer’s instruction. 1 µg of total RNA was retro-
transcribed and cDNA was used for qPCR, as previously 
reported [24]. Primer sequences are reported in Supple-
mentary Table 1.

Total proteins were run on SDS–PAGE gel, transferred 
onto a nitrocellulose membrane, and incubated with pri-
mary antibodies, listed in Supplementary Table 2. Mem-
branes were incubated with secondary antibodies, goat 
anti-mouse or goat anti-rabbit (1:3000; Bio-Rad Labora-
tories, Hercules, CA, USA). Bands were visualized with 
a chemiluminescence detection system (Amersham Bio-
sciences UK Limited, Little Chalfont Buckinghamshire, 
UK).

MTT Assay
cSCC spheroids were incubated with 0.5% MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide, Sigma-Aldrich, St. Louis, Missouri, USA) prior 

the end of the specific time point. Reaction is indicated in 
Supplementary Information.

Histology, immunofluorescence, 
and immunohistochemistry
Paraffin-embedded SCC biopsies were provided from the 
pathological unit of the Department of Diagnostic, Clinic 
and Public Health Medicine of the University of Mod-
ena and Reggio Emilia. cSCC spheroids were fixed with 
4% paraformaldehyde (PFA) for 30’ at RT and embedded 
in paraffin cSCC tissue or spheroids or skin reconstruct 
histology and staining (immunohistochemistry or immu-
nofluorescence) were performed as previously described 
[12]. For all experiments, primary antibodies are indi-
cated in Supplementary Table 2. Micrographs were taken 
on a Confocal Scanning Laser Microscopy (Leica TCS4D, 
Leica, Exton, PA, USA).

FACS analysis
For CD271 evaluation by FACS analysis, SCC13 cells 
were treated with cisplatin (5 μg/ml) or DMSO. At 24 h, 
cells were detached and labeled as previously described 
[25]. Cells were analyzed using an Epics XL flow cytom-
eter (Beckman Coulter). Primary antibodies are indicated 
in Supplementary Table 2.

Live/dead assay and propidium iodide assay
Mock or CD271 transduced SCC13 spheroids were 
incubated for 30’ with a solution of Calcein AM/Ethid-
ium Bromide (Thermo-Fisher Waltham, Massachusetts, 
USA). Micrographs were taken on a Confocal Scanning 
Laser Microscopy (Leica TCS4D, Leica, Exton, PA, USA).

SCC spheroids were washed twice in PBS and incu-
bated for 20’ at RT with a solution of Propidium Iodide 
(PI, 10 mg/ml; diluted 1:100 in PBS; Sigma-Aldrich, Mis-
souri, USA), as previously reported [24].

Expression profiling, computational analysis, and accession 
number
RNA sequencing was performed on CD271 and mock 
SCC13 spheroids at the NIAMS Genome Core Facility at 
the NIH (USA), as indicated in Supplementary informa-
tion. Raw data have been deposited in the Gene Expres-
sion Omnibus (GEO) site with the accession number 
GSE178845.

Measurement of weight, diameter, and mass density 
of spheroids with W8™

Mock or CD271 SCC13 spheroids were analyzed with W8 
by CellDynamics (Bologna, Italy). The physical cytometer 
tracks the sample during its free-falling motion through-
out the vertical analysis channel of the core W8 chip, 
with the flow at rest [26]. Leveraging on Stokes’ law, the 
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system measures the sample terminal velocity during its 
free-fall to extract mass density and weight values. More 
details in Supplementary Information.

Collagen I invasion assay
SCC spheroids were implanted in a matrix of human 
dermal fibroblasts-collagen type I solution, as previously 
indicated [24]. Cell spreading after treatment was moni-
tored according to the specific experiment, as indicated 
in Supplementary Information.

Spheroids pictures analysis
Spheroid analysis Pictures of SCC spheroids were ana-
lyzed using ImageJ software (Wayne Rasband, NIH, 
Bethesda, MD, USA), as previously reported [25, 26].

Zebrafish xenotransplant, whole mount in situ 
hybridization and immune system ablation
Zebrafish embryos were obtained from natural spawn-
ing of the nacre (mitfaw2/w2) fish line, Tg(mpeg1:mCherry)
g123 or Tg(lysC:DsRed2)nz50 transgenic strains, under 
local Ethics Committee approval (Aut n. 407/2015-PR). 
SCC13 cells were stained with Vybrant Cell-Labeling 
Solution (Thermo-Fisher Waltham, Massachusetts, 
USA), as previously reported [24, 27]. Metastases were 
quantified as previously reported [24, 27]. Briefly, ani-
mals were monitored and observed under a fluorescent 
dissecting microscope by an expert in zebrafish anatomy. 
Animals were then classified based on the metastatic sta-
tus as follows: 1) in place, animals where cells were con-
fined to the site of injection; 2) initial metastases, cells 
spread from the yolk to near organs (heart, swim blad-
der and pharynx); 3) full metastases, animals with cell in 
distant organs, such as brain, skeletal muscle, and tail. 
Imaging was performed by Leica MZFLIII dissecting 
microscope equipped with a Leica DFC7000T camera.

For cisplatin and/or β-Amyloid treatments, cisplatin 
(5 μg/ml) was added directly to the fish water 1 day after 
SCC13 cell injection (1 dpi; 1  day post-injection), while 
β-Amyloid was injected in the zebrafish yolk at 2 dpi.

For mpeg1.1 whole mount in  situ hybridization, 
zebrafish were fixed in 4% PFA and the experiments were 
performed as previously reported [28]. To generate the 
mpeg1.1 digoxigenin antisense riboprobes we used the 
following primers: mpeg1.1-F: 5’-CGG CGC TAA CTT 
CTT TGA CA-3’ and mpeg1.1-R: 5’-GAA CGG TGG AAG 
ACG AAC TG-3’.

Macrophage ablation was obtained by injecting 
L-Leucyl L-Leucine methyl esther compound (L-LME; 
20  mM L1002, Sigma-Aldrich), as previously reported 
[29]. L-LME was injected twice: immediately after cell 
injection (at 2 dpf ), and 2 dpi/4 dpf.

Generation of spheroid‑monocyte co‑culture
SCC13 cells were stained with Vybrant DIO Cell-Labe-
ling Solution (green) (Thermo-Fisher Waltham, Massa-
chusetts, USA) and seeded to generate spheroids. cSCC 
spheroids were transduced by infection with Mock or 
CD271 viral vectors as described above. After 72  h, 
THP-1 cells were stained with Vybrant Cell-Labeling 
Solution (red) (Thermo-Fisher Waltham, Massachusetts, 
USA) and co-cultured with cSCC spheroids (THP-1 was 
seeded at density of 10.000 cells/well). Pictures were 
made after 24 and 72 h from the THP-1 seeding. THP-1 
infiltrating area/SCC13 spheroid area ratio was measured 
by ImageJ software.

Statistical analysis
Multiparametric T-test or two-way ANOVA was per-
formed by GraphPad Prism 9 (GraphPad Software, La 
Jolla, California, USA,  www. graph pad. com was used). 
Significant p-values are indicated with * for 0.01 < p < 0.05, 
** for 0.001 < p < 0.01, *** for 0.0001 < p < 0.001, or **** for 
p < 0.0001.

Results
CD271 is more expressed in less aggressive 
and well‑differentiated cSCC
CD271 and TrkA have been recently shown to be mark-
edly co-expressed in HNSCC, being predictive of a worse 
outcome in perineural invasion [30]. We have previously 
defined CD271 expression in different cell lines from 
cutaneous and oral SCC, such as SCC12B, SCC13, and 
SCC15, showing that its expression correlates with SCC 
spheroid cohesiveness [17]. However, a clear evaluation 
of the expression and function of the NT receptors, spe-
cifically of CD271, in cSCC is still missing.

Our analysis of the previously published dataset 
GSE45216 [31], aimed at identifying key differences 
between actinic keratosis (AK) and WD or MD/PD 
cSCC sample biopsies. Analysis by GEO2R revealed that 
CD271 mRNA expression decreases with tumor progres-
sion, with CD271 lowest mRNA level found in MD/PD 
tumors (Fig. S1a).

To validate these results and correlate CD271 expres-
sion with the tumor stage, we evaluated CD271 protein 
expression in human biopsies of AK or in  situ, WD or 
MD/PD cSCC, together with differentiation (Keratin 1 
– KRT1) [32] and proliferative and aggressiveness mark-
ers (Cyclin D1, Keratin 13 – KRT13, and TrkA) [30, 33, 
34] (Fig.  1a). The patients’clinical features are listed in 
Supplementary Table  3. As expected, KRT1 expression 
decreases in MD/PD cSCC compared to less aggressive 
and more differentiated tumors, while MD/PD cSCC dis-
played the highest levels of Cyclin D1, TrkA, and KRT13 

http://www.graphpad.com
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(Fig. 1b and Fig. S1b). Moreover, as compared to AK and 
in  situ cSCC, WD and MD/PD tumors showed a pro-
gressively higher KRT13/KRT1 ratio, which indicates a 
more aggressive phenotype [35], with MD/PD being the 

most malignant cSCC (Fig.  1c). CD271 is more highly 
expressed in WD tumors, while it is not detectable in 
MD/PD cSCCs (Fig.  1b and Fig.  S1b). Detailed exami-
nation showed that CD271 is not expressed in the more 

Fig. 1 CD271 expression in cSCC biopsies and spheroids a Hematoxylin and Eosin (H&E) staining of AK, in situ, WD and MD/PD cSCC biopsies. 
CD271, Cyclin D1, TrkA, KRT1 and KRT13 expression evaluated by immunohistochemistry or immunofluorescence. Scale bar 100 µm. b 
Immunohistochemistry and immunofluorescence staining scored as follow: 0 (no cells; positivity to 20% of cells positivity), 0.1–0.75 (30–50% of cells 
positivity; 1–1.5 (60% to 100% of cells positivity). c Graphical representation of the KRT13/KRT1 intensity ratio. d Representative pictures of in situ, 
WD, and MD/PD spheroids. Scale bar = 100 μm. e Spheroid total area measured by ImageJ software and f spheroid viability evaluated by MTT assay. 
g Expression of E-cadherin, KRT13, and KRT10 evaluated in patient-derived spheroids by western blotting. β-actin was used as control. h Graphical 
representation of KRT13 and KRT10 relative protein expression ratio. i NTs and NTRs mRNA expression evaluated in patient-derived spheroids 
by qPCR. Heatmap created by Prism Graph pad software. β-actin was used as a housekeeping gene. For all experiments, the results are shown 
as mean ± SD of three independent experiments. Statistical analysis was performed using the two-way ANOVA. *0.01 < p < 0.05, ***0.0001 < p < 0.001, 
****p < 0.0001
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proliferative and aggressive cells that show the highest 
levels of Cyclin D1, KRT13 and TrkA (Fig. 1a).

In order to provide a functional analysis of these find-
ings, we optimized and generated patient-derived cSCC 
human spheroids of different stages, classified, and here-
after indicated, as in  situ, WD and MD/PD (Fig.  1d). 
Tumor features were assessed by the evaluation of sphe-
roid’s growth and proliferative ability in  vitro, and the 
expression of E-Cadherin, a negative marker of the Epi-
thelial to Mesenchymal Transition (EMT) [36], KRT13, 
and the differentiation marker Keratin 10 (KRT10). As 
expected, MD/PD spheroids have more proliferative 
capacity than in  situ and WD spheroids, indicating a 
more aggressive phenotype (Fig. 1e-f ). MD/PD spheroids 
also express higher levels of KRT13, while the KRT13-
KRT1 ratio is significantly higher in MD/PD than in the 
other cSCC. Noteworthy, in MD/PD cSCC E-Cadherin 
is barely detectable (Fig. 1g-h and Fig. S1c). These results 
confirm that our model maintained the characteristics of 
the tumor in vivo.

NTs and NT receptors (NTRs) were also evaluated in 
patient-derived spheroids. NTs and NTRs mRNA are 
variably expressed in patient-cSCC spheroids of different 
stages. In particular, TrkA (NTRK1) and TrkB (NTRK2) 
receptor mRNAs are markedly expressed in MD/PD 
cSCC, while CD271 mRNA (NGFR) is slightly detectable 
in WD tumors and barely detectable in MD/PD cSCC, 
that in turn display high levels of Survivin (BIRC5), which 
is predictive of a poor outcome in epithelial tumors [37], 
and of the chemokine CXCL-8, whose expression is asso-
ciated with cancer progression [38] (Fig. 1i).

These data demonstrate that the modulation of the NT 
network may influence cSCC development, and, more 
importantly, suggests that CD271 could play a preven-
tive role against the de-differentiation stage during cSCC 
progression.

CD271 overexpression decreases cSCC spheroid 
proliferation and viability by triggering differentiation
Because CD271 modulates cell proliferation and survival 
in different cellular contexts [39], and promotes human 
keratinocyte differentiation [12], we investigated the 
effect of CD271 overexpression on patient-derived cSCC 
spheroids of different stages of aggressiveness (Fig.  2a-
b). CD271 overexpression significantly reduces the area 
and viability of patient-derived spheroids, particularly in 
MD/PD spheroids (Fig. 2c-d). Interestingly, CD271-over-
expressing spheroids exhibit increased protein amounts 
of E-Cadherin and KRT10, as compared to mock cells. 
On the other hand, CD271 overexpression significantly 
reduces the expression of the invasion marker Slug [40], 
suggesting that CD271 overexpression potentially reverts 

the aggressive phenotype of the cSCC cells (Fig.  2e and 
Fig. S2a).

Given the high challenge of obtaining cSCC biopsies, 
the subsequent functional experiments were performed 
on SCC cell lines of different sources, such as the cutane-
ous SCC13 and SCC12B cell lines and the mucous SCC15 
cell lines, which have been shown to be efficient models 
for SCC [27]. Therefore, we assessed NTs and NT recep-
tors (NTRs) mRNA expression in SCC cell lines derived 
spheroids, confirming that the neurotrophin network is 
operational in this tumoral setting (Fig. S2b).

Subsequently, CD271 was overexpressed or silenced 
in SCC13 spheroids (Fig.  2f ). We observed a signifi-
cantly reduced cell growth in CD271-overexpressed 
spheroids vs control (mock), while CD271 silencing sig-
nificant increase spheroids area and viability (Fig.  2g-
h). We supported the same results by using SCC12B 
and SCC15-derived spheroids (Fig.  S2c-d). This data 
was subsequently confirmed by analyzing the expres-
sion of several proliferation, aggressiveness, and differ-
entiation-associated proteins (Fig.  2i and Fig.  S3a). We 
found an increase of the proliferative (pERK1/2, pERK/
ERK ratio) and aggressiveness markers (Slug) in CD271-
silenced vs scramble spheroids, while they were reverted 
by CD271 overexpression. Conversely, the expression 
of E-Cadherin and KRT10 significantly increase after 
CD271 overexpression, while it was significantly lower 
in CD271-silenced spheroids vs scramble. The altered 
differentiation state of CD271-overexpressing spheroids 
was also confirmed by RNAseq analysis, which revealed 
a significant Fold-enrichment of genes involved in Epi-
dermal-cell-differentiation and Keratinization Biological-
Processes (Figs. 2j and 3b).

To further support our findings, we performed a his-
tological evaluation of CD271-overexpressing spheroids 
(Fig.  3a). With respect to CD271-overexpressing sphe-
roids, control spheroid shows a greater cell density, as 
indicated by the high number of nuclei (Fig.  3b). Using 
the W8 Physical Cytometry, which allows the detection of 
the terminal velocity of a free-falling spheroid into a flow-
channel [26], we evaluated spheroid mass density, weight, 
and size. CD271-overexpressing spheroids are more com-
pact, with a smaller size and weight, as compared to con-
trols. Moreover, they display a greater density, potentially 
due to the increase in extracellular components, rather 
than in cell number (Fig. 3c), as previously shown by his-
tological evaluation (Fig. 3a). Moreover, the expression of 
TrkA and Ki67, markers of proliferation and aggressive-
ness that correlate with poor patients’ prognosis [16, 41], 
are substantially reduced in CD271-overexpressing sphe-
roids (Fig. 3d and Fig. S4a). On the other hand, CD271-
overexpressing spheroids exhibited higher levels of KRT1, 
indicating increased differentiation (Fig. 3d and Fig. S4a). 
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To evaluate if CD271 overexpression also influences cell 
death, we performed Calcein-AM/Ethidium homodi-
mer test on SCC13-derived spheroids, after transduction 
with CD271 or an empty vector. The number of apoptotic 

cells is increased in CD271-transduced SCC-spheroids 
(Fig.  3e), proving that a higher level of CD271 could 
potentially induce apoptosis by favoring the NT receptor 
balance towards a CD271-dependent signal, as previously 

Fig. 2 CD271 modulation affects cSCC spheroid phenotype a Representative picture of in situ, WD, or MD/PD patient-derived CD271-transduced 
or mock spheroids. Scale bar = 100 μm b CD271 expression by qPCR. β-actin was used as housekeeping gene. c Spheroid total area measured 
by ImageJ software. d Spheroid viability evaluated by MTT assay. e E-cadherin, KRT10, and Slug expression evaluated in patient-derived 
spheroids by western blotting. Tubulin was used as loading control. f Representative picture of SCC13 spheroids treated as described. Scale 
bar = 100 μm g Spheroid total area measured by ImageJ software. h Spheroid viability evaluated by MTT assay. i CD271, E-cadherin, KRT10, 
ERK1/2, pERK1/2, and Slug expression evaluated in CD271-overexpressing or silenced SCC13 spheroids by western blotting. pERK1/2/ERK1/2 
expression ratio analyzed by ImageJ software. β-actin was used as loading control. j GO Biological Process term fold-Enrichment of RNA-seq 
data of CD271-transduced SCC13 spheroids vs mock determined by PANTHER Tools (a triplicate for n = 80 mock or CD271 spheroids). For all 
experiments, the results are shown as mean ± SD of three independent experiments. Statistical analysis was performed using the two-way ANOVA 
or multiparametric T-test. *0.01 < p < 0.05, **0.001 < p < 0.01, ***0.0001 < p < 0.001, ****p < 0.0001
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indicated by the decrease of TrkA receptor expression in 
CD271-overexpressing spheroids (Fig. 3d and Fig. S4a).

To demonstrate the effect of CD271 on the aggres-
siveness of cSCC cells, we evaluated SCC13 cell inva-
sion ability within a human dermal fibroblasts-collagen 
I matrix [42]. CD271 overexpression reduces the degree 

of invasion and spreading and improves circularity and 
compactness of spheroids. In detail, CD271-overexpress-
ing spheroids display a lower percentage of fragmenta-
tion (% frag), which is linked to cell spreading, and a 
smaller invasion area that is evident at 24  h and clearly 
marked after 1 week (Fig. 3f ).

Fig. 3 CD271 overexpression promotes cSCC differentiation a CD271 and mock spheroids were fixed with 4% PFA and embedded in paraffin. 
Spheroid histology was evaluated by Hematoxylin and Eosin (H&E) staining (scale bar = 50 μm) and b the number of nuclei was measured 
by ImageJ software. c Density, Weight, and Diameter of SCC13-Spheroids measured by W8™. A minimum of 10 single spheroids was analyzed 
for each test condition and values were extrapolated from at least 10 repetitions. d The expression of CD271, TrkA, KRT1 and Ki67 were 
evaluated in mock vs CD271-overexpressing SCC13-spheroids by immunofluorescence. Nuclei were stained with DAPI. e Left panel: Viability 
and apoptosis were measured in CD271 vs mock spheroids by LIVE/DEAD® assay (Calcein: Green, Ethidium Bromide Red). Right panel: percentage 
of Ethidium Bromide positive cells determined by ImageJ software analysis of micrographs. Scale bar = 50 μm f CD271 and mock spheroids 
implanted into collagen I and dermal fibroblast matrix and monitored for 2 weeks (scale bar = 100 μm). % of fragmentation and invasion area 
was determined by ImageJ software analysis. g H&E and CD271, KRT10, and KRT15 expression evaluated by immunofluorescence of mock 
and CD271-overexpressing SCC13-derived skin reconstruct. Nuclei were stained with DAPI. Statistical analysis was performed using the two-way 
ANOVA and multiparametric T-test. *0.01 < p < 0.05, **0.001 < p < 0.01, ***0.0001 < p < 0.001, ****p < 0.0001. Scale bar = 50 µm
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Finally, by using SCC13 skin reconstruct, CD271-
overexpression significantly reduces epidermal thick-
ness, promotes the upregulation of KRT10, and the 
downregulation of Keratin-15 (KRT15), which is usu-
ally associated with proliferative keratinocytes in 
healthy skin [43] (Fig. 3g and Fig. S4b).

Overall, these data indicate that CD271 prevents 
cSCC progression, by inducing proliferation break and 
differentiation in cancer keratinocytes.

CD271 overexpression abolishes cSCC metastasis 
in the zebrafish model
The zebrafish (Danio rerio) model has recently emerged 
as a new tool for cancer research [27, 44]. We defined 
for the first time its use for cSCC, with the aim of elu-
cidating the role of CD271. Fluorescent CD271-over-
expressing or silenced SCC13 cells were injected into 
transparent zebrafish larvae and cell spreading was 
evaluated according to the scheme in Fig. S5a. No dif-
ferences in fish viability are observed in zebrafish 
injected with CD271-overexpressing or silenced cells, 
as compared to control (Fig.  S5b). CD271 overexpres-
sion abolishes full metastases and reduces the ini-
tial metastases, while increasing the percentage of “in 
place” cells (Fig. 4a and Fig. S5c). To verify if there had 
also been a reduction of the cells mass, fluorescence 
intensity, emitted by labeled cells, was measured by 
ImageJ software. Fluorescence intensity in zebrafish 
injected with CD271-overexpressing cells is signifi-
cantly reduced as compared to mock cells, suggesting a 
CD271-induced decrease in cell proliferation (Fig. 4b). 
In addition, we evaluated by western blot the character-
istics of the cells injected in zebrafish, confirming the 
same features of the 3D model (Fig. 2i). CD271-overex-
pressing cells injected in zebrafish express significantly 
decreased levels of pERK1/2 and p-p38 as well as of 
Slug and Snail, usually associated with cell proliferation 
[44, 45], and EMT [46], respectively. Conversely, CD271 
overexpression significantly increases the expression of 
E-Cadherin (Fig. 4c and Fig. S5d).

On the other hand, the injection of CD271-silenced 
cells lead to the development of full metastases as com-
pared to controls (Fig. 4d and Fig. S5c) and an increase 
in cell fluorescent intensity (Fig.  4e), suggesting a high 
proliferation rate in CD271-silenced cells, as compared 
to scramble cells. This finding is corroborated by the 
increase of pERK1/2, p-p38, Slug, and Snail expression 
and the decrease in E-Cadherin in CD271-silenced cells 
(Fig. 4f and Fig. S5d).

Altogether, these results strongly support that the 
upregulation of CD271 is instrumental in inhibiting the 
invasiveness of cSCC cells in vivo.

CD271 overexpression improves PDT or chemotherapy 
outcome in cSCC
Although surgical resection is the usual standard of care 
for cSCC, in more advanced cases, radiation, chemother-
apy and immunotherapy are required. In non-invasive 
forms of cSCC, when surgery is not feasible, cryotherapy, 
local chemotherapy (5-Fluorouracil; 5FU) and photody-
namic therapy (PDT) are used [3, 6]. In particular, PDT 
represents one of the first therapeutic options in all spec-
trums of cSCC, consisting in the application of a photo-
sensitizer that will be activated by light exposure, thus 
generating toxic reactive oxygen species [45].

To evaluate the effect of CD271 on cSCC therapeutic 
response, CD271-overexpressing spheroids were treated 
with PDT or 5-FU. For PDT, spheroids were treated with 
aminolevunic acid (Metvix®) for 15 min, 1 or 3 h before 
exposure to Aktilite CL128 lamp (Fig. 5a). CD271 over-
expression significantly reduces cell viability in PDT-
treated SCC spheroids, as compared to mock spheroids, 
at 24  h (Fig.  5b-c). Additionally, CD271-overexpressing 
spheroids were treated with 5-FU for 48 h. CD271 over-
expression combined with exposure to 5-FU induces 
higher dose-dependent cell death as compared to mock 
spheroids (Fig.  5d-e). These results indicate that CD271 
activation improves the outcome of topical treatment in 
cSCC.

CD271 activation induces apoptosis, reduces 
invasion, and synergizes with the Trk inhibition effect 
in cSCC‑derived spheroids
CD271 inhibits proliferation and stimulates differen-
tiation in cSCC cells, pointing to a critical role of the 
receptor in blocking SCC development. To gain further 
insights into the mechanisms underlying CD271-depend-
ent inhibition of proliferation in cSCC, we directly acti-
vated CD271 via its natural ligand β-Amyloid [46]. 
CD271 activation decreases cSCC cell viability and size of 
cSCC spheroids in a dose-dependent manner (Fig. 6a,b). 
Moreover, the amount of Propidium Iodide (PI) positive 
cells in SCC spheroids is increased by β-Amyloid treat-
ment and exacerbated by combining β-Amyloid with 
CD271-overexpression (Fig.  6c). The same results were 
obtained in SCC12B spheroids (Fig. S6a-c). Furthermore, 
β-Amyloid treatment significantly reduces the expres-
sion of Survivin (BIRC5), which is further decreased by 
combination with CD271-overexpression. In addition, 
CD271 activation reduces the levels of CXCL8, associ-
ated with cancer progression, thus also interfering with 
SCC-derived tumor spheroid invasiveness (Fig. 6d).

To evaluate the impact of CD271 activation on sphe-
roids invasion, SCC13 spheroids implanted in the col-
lagen matrix I were further treated with β-Amyloid 
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Fig.4 CD271 expression abolishes cSCC metastasis in zebrafish a Above panel: Zebrafish injected with mock or CD271-overexpressing fluorescent 
stained SCC13 cells (red; about 50 cells/embryo) at 5 dpi (day post-injection). Scale bar = 500 µm. Bottom panel: Metastases were quantified 
and classified as Full metastases, Initial metastases, and In place. b Above panel: Representative detail of fluorescent cSCC cells (red) and ImageJ 
mask. Bottom panel: Quantification of the red fluorescent intensity of cell mass in zebrafish by ImageJ software. c Expression of CD271, E-Cadherin, 
ERK1/2, pERK1/2, p-p38, Slug and Snail in cell injected into zebrafish. βactin was used as loading control. d Above panel: Zebrafish injected 
with scramble or CD271-silenced fluorescent stained SCC13 cells (red; about 50 cells/embryo) at 5 dpi (day post-injection). Scale bar = 500 µm. 
Bottom panel: Metastasis quantification as in (a). e Above panel: Representative detail of fluorescent cSCC cells in red and ImageJ mask. Bottom 
panel: quantification of the red fluorescent intensity of cell mass in zebrafish by ImageJ software. f Expression of CD271, E-Cadherin, ERK1/2, 
pERK1/2, p-p38, Slug and Snail in cell injected into zebrafish. βactin was used as loading control. Results are shown as the mean percentage 
of three independent experiments and a minimum of 20 injected zebrafish for each condition was used. Statistical analysis was performed using 
the two-way ANOVA and multiparametric T-test. *0.01 < p < 0.05, ***0.0001 < p < 0.001, ****p < 0.0001
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(Fig. 6e). The treatment reduces both spheroid total and 
invasion areas starting from 144 h up to 2 weeks. Moreo-
ver, a significantly lower % fragmentation was observed in 
spheroids treated with β-Amyloid, as compared to con-
trols (Fig. 6e and Fig. S6d). Taken together, these results 
indicate that CD271 activation reduces the ability of can-
cer cells to disseminate within the tumor microenviron-
ment and is potentially correlated with a lower metastatic 
potential.

Given the opposing effect of Trk receptors and CD271 
in different cell settings [10, 47], we evaluated the effect 
of the combination treatment of CD271 activation and 
the alkaloid K252a, that specifically inhibits Trk phos-
phorylation, or the TrkA/Fc chimera, a soluble receptor 

that prevents binding of the NT to its receptor [48]. 
K252a significantly reduces the size of CD271-overex-
pressing spheroids to a higher degree as compared to 
mock spheroids (Fig. S6e). This was confirmed by the sig-
nificant increment of apoptosis when CD271 is overex-
pressed and Trk signaling is inhibited (Fig. 6f ). TrkA/Fc 
treatment is able to significantly reduce SCC13 spheroid 
growth and its effect synergizes with β-Amyloid treat-
ment (Fig. 5g). These data reveal that modulating Trk and 
CD271 receptors results in an effective strategy for inhib-
iting cSCC cell viability.

Fig. 5 CD271 modulation improves PDT or chemotherapy efficiency a Schematic representation of photodynamic therapy (PDT) on SCC spheroids. 
b Cell viability evaluated at 24 h in mock vs CD271-overexpressing SCC13-derived spheroids treated with PDT for 15 min, 1 h or 3 h (n = 3). c Left 
panel: Spheroids total area, corresponding to 3 h PDT treatment, evaluated at 24 h. Right panel: representative brightfield images and ImageJ mask 
of mock and CD271-overexpressing spheroids d Representative images for PI staining (red)/brightfield of mock vs CD271 spheroids after treatment 
with 5FU (1, 10 and 50 μg/ml) or DMSO (control) at 48 h. Scale bar = 100 μm e Histogram representing PI staining/total spheroid area ratio (for 
each condition, n = 3). Results are shown as mean ± SD. Statistical analysis was performed using the two-way ANOVA and multiparametric t-test. 
*0.01 < p < 0.05, ***0.0001 < p < 0.001, ****p < 0.0001
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CD271 activation improves chemotherapy outcome 
and promotes macrophage recruitment in zebrafish
Previous works have shown that several stimuli, such 

as proinflammatory or chemotherapeutic agents, as 
well as stress-responsive elements, lead to increased 
CD271 expression [22, 49–51]. Accordingly, SCC13 cells 

Fig. 6 Effects of CD271 activation on cSCC spheroid viability and invasion a Cell viability (MTT assay) and b total area of SCC13 spheroids (n≥6) 
after β-Amyloid (40 μM and 60 μM) treatment as compared to control (PBS). c Left panel: Propidium Iodide (PI) staining (red)/brightfield on mock 
vs CD271-overexpressing SCC13 spheroids after β-Amyloid treatment as compared to control (PBS) at 48 h. Right: Bar chart representing PI-stained 
area (Pixel) (n = 3). Scale bar = 50 μm d NGFR, BIRC5 and CXCL8 mRNA levels (n = 8). e Left panel: Representative images of SCC13-derived implanted 
spheroid treated with β-Amyloid or PBS (control) and monitored for 2 weeks (scale bar = 50 μm). Middle panel: total invasion area. Right panel: 
percentage of fragmentation. f Left panel: PI staining/brightfield of CD271 and mock SCC13 spheroids treated with K252 (200 nM) or DMSO at 48 h. 
Right panel: Quantification of the PI staining/Total area ratio. Scale bar = 50 μm g Total area of SCC13 spheroids treated with TrkA/Fc (2 µg/ml), 
βAmyloid (40 μM) or the combinations TrkA/FC/βAmyloid (n = 3). Results are shown as mean ± SD of three independent experiments. Statistical 
analysis was performed using the two-way ANOVA and multiparametric T-test. *0.01 < p < 0.05, **0.001 < p < 0.01, ***0.0001 < p < 0.001, ****p < 0.0001
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express higher amounts of CD271 when treated with cis-
platin (Fig.  7a). Therefore, SCC13 cells were injected in 
zebrafish yolk and treated as reported in Fig.  S7a. Spe-
cifically, cisplatin was added to fish water at 24  h from 
SCC13 cell injection, while β-Amyloid was injected at 2 
dpi (day post-injection) (Fig.  S7a). No significant differ-
ences in zebrafish viability are observed between treated 
animals and controls, suggesting that the treatment is not 
toxic at the concentration used (Fig. S7b). The combined 
treatment of cisplatin and β-Amyloid results in a marked 
reduction of initial metastases and the absence of full 
metastases, as compared to controls. In fact, more than 
95% of cells remained in place. However, β-Amyloid was 
also effective in reducing metastases, by promoting up to 
80% of zebrafish with in place cell conditions and a sig-
nificant decrease of the initial metastasis (Fig.  7b-c and 
Fig. S7c). Moreover, a significant decrease in cell fluores-
cence intensity is observed in zebrafish treated with the 
combination of cisplatin and β-Amyloid (Fig. 7d-e).

A crosstalk between the nervous and the immune sys-
tem has been previously described [52]. CD271 displays 
a pro-inflammatory role in chronic conditions [52, 53]. 
However, its function within the tumor microenviron-
ment needs to be addressed. Macrophages represent 
the first line of defense in zebrafish larvae [54] and the 
analysis of the macrophage-specific marker Macrophage-
expressed gene (Mpeg)1 (mpeg1.1 in zebrafish) [55] allows 
to explore the immune response in the zebrafish xeno-
graft models. The mpeg1.1 has been visualized by in situ 
hybridization [28] or by using the newly developed mpe
g1.1:GFP  and  mpeg1.1:mCherry  reporter fish [56]. Here, 
we used the Tg(mpeg1:mCherry)g123 transgenic line and 
mpeg1 in  situ hybridization to analyze the macrophage 
recruitment following the injection of CD271-over-
expressing cells or mock cells or with cisplatin and/or 
β-Amyloid treatment, as summarized in Fig.  7f. CD271 
overexpression, cisplatin, β-Amyloid or combined treat-
ment produced a significant increase of the mpeg1-
positive cells at the site of injection when compared to 
controls (Fig. 7g-h and Fig. S8, S9). Interestingly, mpeg1-
positive cell recruitment was higher at 3 dpi for cisplatin-
β-Amyloid combined treatment compared to single 
treatments (Fig.  7h). These results suggest that CD271 
exerts a protective effect against cSCC, by favoring innate 
immune response.

CD271 expression correlates with innate immune cell 
recruitment in vivo and in vitro
To confirm our previous findings and define the involve-
ment of CD271 in the recruitment of immune cells 
within the tumoral microenvironment, we performed 
mock or CD271-overexpressing cSCC cells injection into 
zebrafish larvae with or without immune cells ablation. 

Both Wild-Type (WT) or Tg(lysC:DsRed2)nz50 zebrafish 
strain was used, and cSCC cells were injected with or 
without the simultaneous treatment with the L-Leucyl 
L-Leucine methyl esther compound (L-LME), a lysoso-
motropic compound known to be selectively toxic to 
macrophage, NK cells, cytotoxic T lymphocytes and 
skin mast cells [57, 58] (Fig.  8a). The immune cell abla-
tion induced a significant increase in the percentage of 
zebrafish with initial and full metastases (Fig. 8b-c), sug-
gesting that the zebrafish immune system is important 
in preventing cSCC cell metastasis. In particular, the 
block of cell spreading observed in zebrafish injected 
with CD271-overexpressing cells was partially reversed 
after leucocyte ablation with L-LME, suggesting that 
the expression of CD271 promotes the involvement of 
the immune cells in reducing the cSCC cell metastatic 
capacity (Fig.  8a-c). Furthermore, confirming our previ-
ous result (Fig. 7g, h), the number of LysC-positive cells 
within the tumor area was increased by injecting CD271-
overexpressing cells (Fig. 8d).

To introduce human myeloid immune cells in our 
cSCC models, we set up several 2D/3D co-culture assays 
to determine the ability of cSCC to induce monocyte 
infiltration or invasion according to the expression level 
of CD271 (Fig.  8 and Fig.  S10). THP-1 cells, a human 
monocyte cell line [59], were used for these purposes. 
We found that THP-1 cells increase their infiltrating 
capacity in Matrigel when stimulated by CD271-derived 
supernatants or co-cultured with CD271-overexpress-
ing cSCC cells. This effect was significantly exacerbated 
when THP-1 cells were cultured with CD271-overex-
pressing cells and stimulated with CD271 conditional 
media (Fig.  S10a-b). Moreover, THP-1 cells increased 
their capacity to migrate in a scratch assay wound when 
cultured in the presence of CD271-derived supernatant 
as compared to mock. Interestingly, THP-1 cells differen-
tiated into macrophages by TPA (Fig. S11a) and treated 
with CD271-derived supernatants showed a modifica-
tion in their morphology, from a round shape to a more 
mesenchymal one (Fig. S11b). Finally, we set up a new 3D 
spheroidal model, where mock and CD271-overexpress-
ing cSCC spheroids were co-cultured with THP-1 cells. 
Surprisingly, we found a significant decrease in THP-1 
infiltrating area/cSCC spheroid area ratio in CD271-over-
expressing spheroids as compared to mock, which means 
that CD271-overexpressing cells can recruit THP-1 cells 
more efficacy than mock cells (Fig. 8e-f ). All these results 
confirmed that CD271 exerts a role in the recruitment 
of immune cells in the tumor microenvironment, which 
could have a role in inhibiting tumor aggressiveness. 
However, more studies are necessary to understand the 
precise role of CD271 in immune cell recruitment and 
macrophage polarization.
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Fig. 7 CD271 activation increases response to chemotherapy and promotes macrophage recruitment in zebrafish a CD271 expression in SCC13 
cells treated with Cisplatin (5μg/mL) vs control by FACS. b Representative images of SCC13 cells (red) injected into zebrafish at 7dpi after treatments 
as described. Scale bar = 500µm. c cSCC metastasis quantified and classified as Full metastases, Initial metastases, or In place. d‑e Quantification 
of the red fluorescence intensity of tumor mass in zebrafish by ImageJ software and ImageJ mask. f Left images: schematic representation 
of mpeg1 positive cells (red) in zebrafish injected with mock or CD271-overexpressing cells (green) within the analyzed area (blue). Right images: 
schematic representation of treatments. g Quantification of mpeg1-positive cells in zebrafish injected with mock or CD271-overexpressing 
cells and h in zebrafish injected with SCC13 cells after treatments as described, by whole-mount in situ hybridization. PBS was used as a control 
(n = 3, 3 independent evaluations). Results are shown as the mean percentage of three independent experiments (minimum of 20 injected 
zebrafish/condition). Statistical analysis was performed using the two-way ANOVA and multiparametric T-test. *0.01 < p < 0.05, **0.001 < p < 0.01, 
***0.0001 < p < 0.001, ****p < 0.0001
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Fig. 8 CD271 expression increases the immune cell recruitment in vivo and in vitro a Representative images of mock and CD271-overexpressing 
SCC13 cells (green) injected into WT (indicated as WT/SCC13 in the figure) or Tg(lysC:DcRed)nz50 (indicated as LysC/SCC13) zebrafish with or without 
the simultaneous treatment with the L-LME. In the Tg(lysC:DcRed2)nz50 zebrafish, leucocytes possess a red fluorescence. Scale bar = 500 µm. b 
and c cSCC metastases quantified and classified as Full metastases, Initial metastases, or In place. d Quantification of LysC-positive cells in zebrafish 
injected with mock or CD271-overexpressing cells e SCC13 cells were stained with Vybrant DIO Cell-Labeling Solution (green) and seeded 
in a 96-well plate coated with 1,5% of agar. cSCC spheroids were transduced by infection with mock or CD271 viral vectors. After 72 h, THP-1 
cells were stained with Vybrant DII Cell-Labeling Solution (red) and co-cultured with cSCC spheroids. Pictures were made after 24 and 72 h 
from the THP-1 seeding. Scale bar = 100µm. f The invasion area of THP-1 was measured by ImageJ software. Results are shown as the mean 
percentage of three independent experiments (minimum of 20 injected zebrafish/condition). Statistical analysis was performed using the two-way 
ANOVA and multiparametric T-test. **0.001 < p < 0.01, ****p < 0.0001
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Discussion
In recent years, significant progress has been made in 
dissecting the molecular mechanisms underlying cSCC 
development. In particular, loss of differentiation is 
widely accepted as a critical event, becoming the point 
of no return toward cSCC progression [60]. In this con-
text, the NT network has a key function in modulating 
the physiological balance between proliferation and dif-
ferentiation of the epidermal cells and a role for CD271 in 
early keratinocyte differentiation has been reported [11, 
12]. Nevertheless, the role of CD271 in cSCC remains to 
be defined. CD271/proBDNF signaling mediates apop-
tosis in basal cell carcinoma [61], thus possibly prevent-
ing cancer proliferation and development. On the other 
hand, CD271 has been proposed as a marker of tumor-
initiating-cells in oral human and murine SCC cells, and 
CD271 activation by NGF results in a more invasive 
phenotype [62], most likely involving Trk-CD271 heter-
odimer signaling. Because CD271 plays a critical role in 
early differentiation from KSC [11], where the cutaneous 
SCC originates [63], we focused on determining its func-
tional role in cSCC. Herein, we present unprecedented 
data showing that CD271 plays a protective role in cSCC, 
by preventing progression and invasion.

While the precise role of CD271 in the early events related 
to the origin of cSCC remains to be elucidated, the recep-
tor might be involved in the molecular alterations leading 
to cSCC progression. In fact, CD271 is detectable in WD 
cSCC tumors, as compared to the more aggressive MD/PD 
cSCCs. Independently of the tumor grade, the exogenous 
expression of CD271 is able to reduce cSCC cell prolif-
eration and the level of several markers associated with an 
aggressive phenotype in patient-derived cSCC spheroids, by 
increasing differentiation. Similarly, CD271 overexpression 
in the WD SCC cell line-derived spheroids reduces invasive-
ness, while its silencing increases viability, thus validating 
the data obtained with the primary tumors. The prognostic 
classification for primary cSCC, initially based on the TNM 
system of UICC (Union for International Cancer Control) 
and AJCC (American Joint Committee on Cancer), and 
further revisited [3], indicates the poorly differentiated his-
topathological characteristics as determinants for the risk of 
recurrence and distant metastases. Therefore, the activation 
of CD271-dependent activities might result in a key factor 
that could avoid the rearrangement of the neoplastic signa-
ture in favor of a high-risk lesion, ameliorating the efficacy 
of the curative intervention.

Furthermore, by combining H&E staining with the 
recently developed physical cytometry [26], we were able 
to demonstrate for the first time the deep structural organ-
ization of the tumor mass. CD271-overexpressing sphe-
roids are more compact and smaller in size and weight as 
compared to controls. They also display a greater density, 

which is accounted for by the low cell number with respect 
to extracellular components, suggesting that CD271 could 
regulate the keratinization of cSCC cells, as indicated by 
the RNA-sequencing, and in agreement with its prodiffer-
entiative role in healthy skin [11].

Topical treatments, such as PDT, 5-FU, or Imiquimod 
[64–66] are often taken into consideration in cSCC pre-
cursor lesions such as AK, in cSCC in situ, or in elderly or 
unhealthy patients when surgery could be risky. Moreo-
ver, this is an option for tumors in cosmetically sensitive 
areas where surgery may cause a disfiguring scar. CD271 
overexpression significantly reduces cell viability induced 
in tumor spheroids by PDT or chemotherapy, indicating 
that CD271 expression improves the outcome of PDT 
and 5-FU in vitro and in vivo.

It is of great clinical relevance that activating the 
CD271 receptor in cancer cells by a ligand could poten-
tially open the field to new therapeutic strategies for 
cSCC. β-Amyloid, the natural CD271 ligand, adminis-
tered as peptide correspondent to 25–35 residues of the 
full protein, reduces the size and the invasion area of 
spheroids while increasing apoptosis induced by CD271 
overexpression. Therefore, by using a commercially avail-
able peptide, we provide evidence of an anti-tumoral 
effect produced by the activation of CD271 through a 
small molecule. This result could represent the starting 
point for novel pharmacological development targeting 
the neurotrophin receptor without blocking its own sign-
aling, as recently discussed for other types of epithelial or 
non-epithelial cancer [67, 68].

While zebrafish is being widely used in cancer [44], 
we have first adapted the model for cSCC. Injection of 
CD271-overexpressing cSCC cells determines a marked 
reduction of metastases in zebrafish larvae, confirmed 
by the decrease in the expression of proliferative and 
invasiveness markers. The same effect was obtained by 
the addition of β-Amyloid or cisplatin, which upregu-
lates CD271 expression, and by their combination. 
These data clearly show that CD271 expression or acti-
vation can revert the aggressive phenotype in cSCC. 
The increased CD271 expression due to chemothera-
peutics, where the induction of CD271 mostly occurred 
because of p53 activation [69] or anti-inflammatory 
drugs [70] has recently been evaluated. Therefore, our 
data indicate that the specific activation of CD271 
within the context of a clinical protocol involving the 
use of platinum-based or 5-FU therapeutics [71, 72] 
could determine a higher sensitivity of cSCC cancer 
cells to differentiation and cell death, especially for the 
advanced conditions.

Given the clinical development of a new class of com-
pounds targeting the NTRK (Neurotrophic Tyrosine 
Kinase receptor) fusion protein [14, 15], we evaluated 
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the effect in the combination treatment of CD271 acti-
vation and Trk inhibition. Both the alkaloid K252a, 
which specifically inhibits Trk-receptor signaling 
[48] and the addition of TrkA/Fc chimera resulted in 
decreased viability, confirming the dependence of cSCC 
cells from the autocrine NTs, as also demonstrated in 
other types of cancers [73].

Little is known about the correlation between CD271 
and the immune system in the context of cancer. Tumor 
metastatic behavior is modified by immune cells that, in 
the early stages of tumorigenesis, present neoantigens 
to CD8 + T cells to destroy the tumor [74]. To define the 
role of CD271 in the immune response against cSCC, we 
took advantage of the well-known model of innate immu-
nity involving macrophages in zebrafish [28]. We show 
the essential role that CD271 plays in the innate immune 
response against cSCC in  vivo, by recruiting mpeg1-
positive cells. Moreover, the increasing amount of initial 
metastasis in leucocyte-depleted zebrafish, injected with 
CD271-overexpressing cells, sustains a potential role for 
CD271-dependent macrophage activation in promoting a 
significative reduction of the cSCC tumor mass. Further-
more, by using both 2D and 3D human models of cSCC 
and monocyte cell interplay, we provide evidence of 
CD271-related immune cell differentiation and activation 
in response to cancer cell signals. However, the function 
of CD271 in relation to the immune microenvironment 
in cSCC needs further investigation, this finding strongly 
suggests the tumor suppressor activity of the receptor.

Conclusion
In conclusion, our findings strongly support a tumor 
suppression function for CD271 in cSCC, through the 
inhibition of cancer cell viability and dissemination. This 
activity could be exploited alone, in combination with the 
available topical treatments or with the recently devel-
oped Trk inhibitors, to obtain a more effective clinical 
response in cSCC.
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