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1  |  INTRODUC TION

Kaposi's sarcoma (KS) is a multifocal angio- proliferative neoplasm 
frequently affecting immunosuppressed patients, which incidence 
is greatly increased in renal transplant recipients compared with 
the general population, with particular prevalence in certain ethnic 

groups where it can occur in up to 5% of transplant recipients.1– 3 
The increased incidence of KS in transplant populations may, in part, 
be attributed to the choice of immunosuppressive regimen with cal-
cineurin inhibitor (CNI)- based immunosuppression being associated 
with the development of the tumour.4,5 On the contrary, literature 
evidence reports that mammalian target of rapamycin inhibitors 
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Abstract
The mammalian target of rapamycin inhibitor (mTOR- I) Rapamycin, a drug widely 
used in kidney transplantation, exerts important anti- cancer effects, particularly in 
Kaposi's Sarcoma (KS), through several biological interactions. In this in vivo and in 
vitro study, we explored whether the activation of the autophagic pathway through 
the low- affinity receptor for nerve growth factor, p75NTR, may have a pivotal role in 
the anti- cancer effect exerted by Rapamycin in S. Our Kimmunohistochemistry re-
sults revealed a significant hyper- activation of the autophagic pathway in KS lesions. 
In vitro experiments on KS cell lines showed that Rapamycin exposure reduced cell 
viability by increasing the autophagic process, in the absence of apoptosis, through 
the transcriptional activation of p75NTR via EGR1. Interestingly, p75NTR gene silencing 
prevented the increase of the autophagic process and the reduction of cell viability. 
Moreover, p75NTR activation promoted the upregulation of phosphatase and tensin 
homolog (PTEN), a tumour suppressor that modulates the PI3K/Akt/mTOR path-
way. In conclusion, our in vitro data demonstrated, for the first time, that in Kaposi's 
sarcoma, autophagy triggered by Rapamycin through p75NTR represented a major 
mechanism by which mTOR inhibitors may induce tumour regression. Additionally, 
it suggested that p75NTR protein analysis could be proposed as a new potential bio-
marker to predict response to Rapamycin in kidney transplant recipients affected by 
Kaposi's sarcoma.
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(mTOR- Is) may have curative effects, as clinical studies have demon-
strated that conversion to mTOR- Is along with the concomitant 
withdrawal of CNIs may lead to a rapid resolution of cutaneous 
Kaposi's lesion.6,7

The aforementioned mTOR- Is anti- proliferative effects seem to 
be related to their ability to inhibit the PI3K/Akt/mTOR pathway, an 
intracellular signalling pathway regulating cell cycle, proliferation, 
survival, mobility and angiogenesis of tumour cells. Additionally, 
as recently reported, mTOR- I- induced autophagy may potentiate 
these effects.8

Autophagy is a lysosomal catabolic process that maintains cel-
lular homeostasis by degrading damaged intracellular organelles 
and cytoplasmic components; such degradation is critical for cell 
survival under unfavourable growth conditions, such as energy 
deprivation.9 However, in cancer, this process can be considered 
“a double edge sword,” since it can either counteract or promote 
cell death, depending on the different cancer cell types and condi-
tions.10,11 Despite the proven efficacy of Rapamycin in promoting 
autophagy in cancer, the underlying molecular mechanism is not yet 
well understood.

Recently, we reported that in tubular renal cells exposed to al-
bumin overload, Rapamycin treatment activates the autophagic flux 
through the transcriptional activation of the p75NTR,12 a low- affinity 
receptor for nerve growth factor. The biological effects of p75NTR are 
cell- type dependent and include survival, apoptosis, migration, dif-
ferentiation, (pro)- neurotrophin binding, interacting transmembrane 
coreceptor expression, intracellular adaptor molecule availability 
and post- translational modifications.13 Interestingly, in the last few 
years, exciting reports have emerged regarding the role of p75NTR in 
many cancer types, demonstrating that its activation elicits various 
biological responses by triggering quite different pathways.14

Therefore, to assess whether, similarly to other cancers, 
Rapamycin exerted antineoplastic effects in KS through the activa-
tion of autophagy via p75NTR, we performed in vitro experiments, 
employing several laboratory techniques.

2  |  METHODS

2.1  |  Skin biopsies specimens

Skin biopsies of KS lesions and normal- appearing perilesional 
skin were performed by a trained dermatologist of the University 
Hospital of Verona using local anaesthesia with lidocaine 1% and 
then sent to the Pathology Department for histological evaluations. 
Biopsy specimens were fixed in 4% formaldehyde and embedded in 
paraffin according to standard procedures. Paraffin- embedded skin 
specimens were used for conventional histologic staining.

At the time of cute biopsy, all patients gave their informed con-
sent to use remaining portions of biopsy specimens for research 
purpose after their primary use for routine histologic staining. 
Therefore, no formal ethical approval was required for processing 
archival cute biopsies for our study.

2.2  |  Immunohistochemistry

After antigen retrieval, paraffin- embedded skin sections were per-
meabilized with Triton (0.25%) for 5 min and then blocked with 
Protein Block Solution (Dako Cytomation, Glostrup, Denmark) for 
10 min. Incubation was performed with an antibody against p75NTR 
(Santa Cruz Biotechnologies, Santa Cruz, CA) and detected by the 
peroxidase/DAB Dako Real EnVision Detection System (Dako). The 
peroxidase reaction was shown by a brown precipitate, counter-
stained with Mayer's hematoxylin (blue). Images were scanned by 
the Aperio ScanScope CS2 device (Aperio Technologies, Vista, CA).

2.3  |  Confocal laser scanning microscopy

Paraffin- embedded skin sections, obtained by typical cutane-
ous lesions of KS and normal perilesional skin, were used for 
morphologic analyses by hematoxylin and eosin staining and im-
munohistochemical analyses for BCN1, LC3B and SQSTM1 (Santa 
Cruz Biotechnologies, Santa Cruz, CA) and subsequently analysed by 
confocal microscopy. After blocking, the slides were incubated with 
the primary antibodies overnight at 4°C. Negative controls were ob-
tained by incubation with a control irrelevant antibody. The immune 
complex was then identified with the secondary antibody (Alexa 
Fluor 488, Molecular Probes, Eugene, OR). All sections were coun-
terstained with DAPI (Molecular Probes). The specific fluorescence 
was analysed using the Leica TCS SP8 (Leica, Wetzlar, Germany) 
confocal laser- scanning microscope. Specific immunostaining was 
quantified using Image J software and expressed as % of positive 
area as previously described.15

2.4  |  Cell culture and treatments

Human immortalized Kaposi Sarcoma- Immortal (KS) cells, a HHV8 
negative KS cell line16 were kindly provided by Dr. A. Albini (Istituto 
Nazionale per la Ricerca sul Cancro, Genoa, Italy) and were cultured 
as described in Stallone et al.17 The cells were treated as follows: 
Rapamycin (Rapa— from 0.1 to 150 ng/ml; Sigma Aldrich, Missouri, 
USA); Bafilomycin A1 (BAF, 25 nM; Sigma Aldrich, Missouri, USA); 
Mithramycin A (100 nM), PD98059 (10 mM; Sigma Aldrich, Missouri, 
USA). In all experiments, the control was treated with DMSO (un-
treated, −).

2.5  |  MTT assay

KS cells (5 × 103 cells/well) grown in 96 well plates were exposed to 
treatments as indicated. MTT assay has been performed as previ-
ously described.18

The values for 50% inhibitory concentration (IC50) were calcu-
lated using the GraphPad software (GraphPad Software Inc., San 
Diego, CA).
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2.6  |  Soft agar assay

KS cells (2 × 104) were plated in 2 ml of 0.35% agarose with 5% FBS 
in phenol red- free media, in a 0.7% agarose base in 12- well plates. 
Two days after plating, media containing treatments were added 
to the top layer, and the media were replaced every 2 days. After 
14 days, 150 µl of MTT (2 mg ml−1) was added to each well and al-
lowed to incubate at 37°C for 4 h. Plates were then placed at 4°C 
overnight and colonies >50 mm diameter from triplicate assays were 
counted.

2.7  |  Immunoblot analysis and 
immunoprecipitations

KS cells were grown in 6- cm dishes to 70– 80% confluence and 
exposed to treatments as indicated. The cells were harvested in 
cold phosphate- buffered saline (PBS) and then subjected to total/
nuclear/cytoplasmic proteins extraction as previously described.19 
An equal amount of proteins was separated by SDS/PAGE elec-
trophoresis and immunoblotted with primary antibodies directed 
against Caspase 3, PARP1, BCN1, LC3B, SQSTM1, p- Bcl- 2, Bcl- 
2, p75NTR, EGR1, GR, SP1, AP2α, NF1, PI3K, p- AKT, tot- AKT, p- 
mTOR, tot- mTOR, p70S6K, p- ERK1/2, tot- ERK1/2, p- JNK, tot- JNK, 
PTEN, GAPDH and Lamin B (Santa Cruz Biotechnology, Santa Cruz, 
CA). All antibodies were detected with horseradish peroxidase- 
conjugated goat anti- rabbit, anti- mouse or anti- goat antibodies 
(Santa Cruz Biotechnology, Santa Cruz, CA). GAPDH and Lamin B 
were used as loading controls for cytosolic and nuclear extracts, 
respectively. LC3B- II was normalized with respect to LC3B- I and 
GAPDH. Phosphorylated proteins were normalized to respective 
totals and GAPDH.

For co- immunoprecipitation experiments, it has been used 
1mg of extracts protein and 2 mg of BCN1 antibody overnight, fol-
lowed by protein A/G precipitation. Equal amounts of cell extracts 
and coimmunoprecipitated protein were subjected to SDS poly-
acrylamide gel electrophoresis, as described earlier.19 Membranes 
were probed with anti- BCN1 and anti- Bcl- 2 antibodies. The bands 
of interest were quantified by Image J densitometry scanning 
program.

2.8  |  Flow cytometric cell cycle analysis

To determine cell cycle distribution analysis, KS cells were har-
vested by trypsinization, fixed and stained with propidium iodide 
(100 µg/ml) after treatment with RNase A (20 µg/ml). The DNA 
content was measured using a FACScan flow cytometer (Becton 
Dickinson, Mountain View, CA, USA) and the data acquired using 
CellQuest software. Cell cycle profiles were determined using 
Mod- Fit LT.

2.9  |  Immunofluorescence assay

For immunofluorescence assay (IF), KS cells, grown on glass cover-
slips, were treated with Rapa and/or BAF. After treatment, cells were 
fixed in 4% paraformaldehyde for 20 min. Subsequently, cells were 
permeabilized with 0.2% Triton X- 100, blocked with 0.5% BSA, and 
then incubated overnight with antibody anti- SQSTM1(Santa Cruz 
Biotechnology, Santa Cruz, CA). The next day, the slides were in-
cubated with secondary antibody anti- mouse IgG FITC- conjugated 
(Invitrogen, Carlsbad, CA, USA) for 1h at RT in the dark. The nuclei 
were counterstained with DAPI. Negative cells were incubated re-
placing the anti- SQSTM1 antibodies with normal mouse IgG utilized 
as the negative control (NC). The cellular localization of protein was 
visualized using a fluorescence microscope with ×20 magnification.

2.10  |  Transfection assay

KS cells were transfected using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA), according to manufacturer's instructions, in a 
complete medium without penicillin/streptomycin with 100 nM of 
Validated Stealth p75NTR targeted for the human p75NTR mRNA se-
quence RNAi (Invitrogen, ID:1299001), or with a negative control 
RNAi (Invitrogen, 452001) that does not match with any currently 
known human mRNA (scrambled siRNA). The efficiency of knock- 
down for each gene and the negative control was determined by 
Western blot analyses (data not shown). After 24h with the respec-
tive siRNA complexes, the cells were treated as indicated.

Functional studies were performed in KS cells transfected for 
24 h with wild- type p75NTR promoter (p75NTR−900 + 100, WT) 
and its deletion constructs (p75NTR−164 + 100, p75NTR−315 + 100, 
p75NTR−41 + 100), concomitant with 5 ng of pRLCMV (Promega, 
Madison, Wisconsin, USA), which expresses Renilla luciferase en-
zymatically distinguishable from firefly luciferase by the strong 
cytomegalovirus enhancer/promoter, using the Fugen 6 reagent 
(Promega, Madison, Wisconsin, USA). Then, KS cells were treated 
as reported. Firefly and Renilla luciferase activities were measured 
using a dual- luciferase kit (Promega, Madison, Wisconsin, USA). The 
firefly luciferase values for each sample were normalized based on 
the transfection efficiency measured by Renilla luciferase activity.

2.11  |  Real- time RT- PCR assay

KS cells were grown in 10 cm dishes to 70%– 80% confluence and 
exposed to treatments as indicated. Total cellular RNA was ex-
tracted using TRIZOL reagent (Invitrogen, Carlsbad, CA, USA) as 
suggested by the manufacturer. The purity and integrity of the RNA 
were confirmed both spectroscopically and electrophoretically. 
RNA (1µg/sample) was reverse transcribed to give complementary 
DNA (cDNA) using the High capacity cDNA Archive Kit (Applied 
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Biosystems, Milan, Italy). Analysis of p75NTR, BCN1, LC3B and 
GAPDH gene expression was performed by qRT- PCR using prim-
ers as previously described.12 Each sample was normalized on its 
GAPDH mRNA content.

2.12  |  Chromatin immunoprecipitation (ChIP) assay

For the ChIP assay, KS cells were treated with Rapa for 6h or pre-
incubated with Mithramycin A (100 nM) for 1h where required. 
Thereafter, the cells were subjected to the ChIP assay as described 
previously.12 Chromatin was immunoprecipitated with anti- EGR1 or 
anti- RNA PolII antibodies (Santa Cruz Biotechnology, Santa Cruz, 
CA). Purified DNA (0.5 ml) was used as a template for real- time PCR 
detection using primers flanking the EGR1 site sequence present in 
the human p75NTR promoter: Fw: 5′- GGACCGAGCTGGAAGTCG- 3′ 
and Rv: 5′- GCTAACACTCACCCCCAGAA- 3′. The results were nor-
malized in comparison with the input DNA.

2.13  |  Statistical analysis

All experiments were performed in at least triplicate per treat-
ment and repeated in three independent experiments, we showed 
the results as mean ± SD. Data were analysed by Student's t test 
using the GraphPad Prism 4 software program. Data from the 
Immunohistochemistry and Confocal Laser Scanning Microscopy 
were expressed as the mean ± SD and differences between groups 
were analysed by paired t test analysis. A p- value < 0.05 was consid-
ered statistically significant.

3  |  RESULTS

3.1  |  Cutaneous KS lesions express high levels of 
autophagic markers

To evaluate the activation of autophagy in KS, we measured, by im-
munofluorescence analysis, the expression level of major autophagic 
markers (BCN1, LC3B and SQSTM1) on both skin biopsies of normal 
perilesional skin (controls) and histologically confirmed KS lesions. 
Interestingly, BCN1 and LC3B resulted upregulated, while SQSTM1 
was downregulated in KS lesions compared to the dermis area of 
the normal skin, indicating an activation of the autophagic process 
(Figure 1A- C).

3.2  |  Rapamycin affects proliferation of KS cells by 
increasing the autophagic process

To assess whether Rapa was able to affect KS cells’ proliferation, 
we measured cell viability, by using MTT assay, after 48h treatment 

with increasing doses of Rapa (0.1– 1– 5– 10– 20– 50– 75– 100– 125– 1
50 ng/ml). Results showed that Rapa- induced anti- proliferative ef-
fects in a dose- dependent manner (Figure 2A). The half- maximal in-
hibitory concentration (IC50) was 41.1 ng/ml; this dose was used for 
all subsequent experiments. Subsequently, to evaluate the impact of 
Rapa on KS cell growth, we performed the soft agar assay in which 
KS cells were exposed to Rapa for 14 days. After this period, the 
number of colonies >50mm diameter were counted. As expected, 
Rapa significantly reduced the number of colonies (Figure 2B).

To better investigate the mechanism by which Rapa reduced 
KS cell viability, we evaluated, by Western blotting, the level of 
protein expression of some pro- apoptotic biomarkers. Results 
of protein analysis revealed that PARP1 and Caspase 3 cleavage 
were not changed by treatment for 48 h with Rapa (Figure 2C). 
Moreover, flow cytometric cell cycle analysis in KS cells treated as 
above reported, revealed that 18h exposure to Rapa was able to 
induce a cell cycle arrest in the G0/G1 phase, concomitantly with a 
low percentage of cells in the G1/S phase (Figure S1 upper panel). 
As expected, the percentage of apoptotic cells was not significant. 
Comparable results were observed in cells treated with Rapa for 
48h, confirming the absence of apoptotic events also in the long- 
term experimental treatment (Figure S1 lower panel). Altogether 
these data underlined that in our experimental model, Rapa ex-
erts its inhibitory effect on KS cell viability without influencing 
apoptosis.

To explore whether the inhibitory effects of Rapa on cellular vi-
ability was due to an enhancement of the autophagic process, we 
measured the level of several pro- autophagic proteins by Western 
blot analysis in KS cells exposed to Rapa for 6 h. As showed in 
Figure 2D (left panel), Rapa upregulated BCN1, enhanced the con-
version of LC3B- I in the active cleaved form LC3B- II and reduced the 
content of SQSTM1, underlying the positive effect of Rapa on the 
autophagic flux. All the above- mentioned effects were abrogated 
in cells pretreated for 1h with BAF, a classical autophagy inhibitor 
(Figure 2D right panel). Upon BAF pretreatment, we did not observe 
a significant amount in LC3- II levels. This could be due to drawbacks 
in Western blot method used for measuring endogenous LC3- II and 
because when cells are treated with unsaturating concentrations of 
Chloroquine or BAF, LC3 lipidation would be insufficiently blocked, 
leading to a lack of increase of LC3- II levels.20,21

Furthermore, MTT data, performed in cells treated with Rapa 
and BAF for 48h, showed that the Rapa- induced reduction of cellular 
viability was reversed when autophagy was abrogated (Figure 2E), 
suggesting that the anti- proliferative effects exerted by Rapa in KS 
cells occurred by increasing the autophagic process. Interestingly, 
our results showed that Rapa exposure, in addition to the upregula-
tion of BCN1 levels, promoted Bcl- 2 phosphorylation, enhancing the 
autophagic process (Figure S2 left panel). To further confirm the au-
tophagy activation, we performed a co- immunoprecipitation assay 
using a primary antibody direct against BCN1 protein, demonstrat-
ing that in cells treated with Rapa for 6h, the complex BCN1/Bcl- 2 
resulted significantly reduced (Figure S2 right panel).
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F I G U R E  1  Autophagic markers expression on KS lesions: (A) Representative images of haematoxylin and eosin and (B) 
immunofluorescence analysis of BCN1, LC3B and SQSTM1 on normal perilesional skin (Control) and KS lesions. NC (negative control). (C) 
Quantification of specific staining for BCN1, LC3B and SQSTM1. *p < 0.05.
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3.3  |  Rapamycin exposure promotes autophagy via 
p75NTR receptor in KS cells

As immunohistochemistry revealed a higher expression of 
the p75NTR in KS tissue compared to normal perilesional skin 
(Figure 3A), we investigated whether the in vitro administration 
of Rapa was able to modulate this receptor in KS cell lines. Firstly, 
we demonstrated that Rapa exposure significantly increased 
p75NTR protein and mRNA expression compared to untreated cells 
(Figure 3B– C). Interestingly, we observed that in KS cells trans-
fected with siRNA p75NTR for 48 h (Figure 3D), Rapa exposure 
for 6 h did not promote any change in the protein level of BCN1, 
SQSTM1 and the LC3B- I to LC3B- II conversion (Figure 3E). These 
data strongly suggested a pivotal role of p75NTR in mediating Rapa- 
induced autophagy.

3.4  |  Rapamycin transactivates p75NTR promoter 
via EGR1, promoting autophagy in KS cells

To explore whether the upregulation of p75NTR following Rapa treat-
ment relayed on transcriptional mechanisms, we used a luciferase 
reporter plasmid containing the wild- type p75NTR promoter region 
(from −900 to +100 base pairs), and with its deletion constructs 
(p75NTR −164 + 100, p75NTR −315 + 100, p75NTR −41 + 100), each 
one lacking multiple consensus sites (Figure S3 A). After 24 h, trans-
fected cells were treated as reported and then luciferase activity 
was measured. Results showed that Rapa activated p75NTR promoter 
(Figure 4A) and the responsiveness to this agent was still maintained 
using the p75NTR −41 + 100 (Figure S3B), suggesting that one of the 
five consensus sites contained in the last construct (EGR1, GR, SP1, 
AP2α and NF1) was involved in the transactivation of the p75NTR 

F I G U R E  2  Rapamycin reduces KS cells 
proliferation via autophagy activation: 
(A) MTT assays of KS cells untreated (−) 
or treated with increasing doses of Rapa. 
(B) Soft- agar growth assay in KS cells 
untreated (−) or treated with Rapa. (C) 
Representative immunoblot of Caspase 
3 and PARP1; (D) Protein expression of 
BCN1, SQSTM1, LC3B and (E) MTT assay, 
in KS cells untreated (−) or treated with 
Rapa with or without pretreatment with 
BAF. *p < 0.05 vs untreated cells (−)
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promoter. Therefore, we explored the cytosolic and nuclear modula-
tion of the above- mentioned transcription factors in KS cells treated 
for 6h with Rapa. As showed in Figure 4B, the high nuclear content 
of EGR1 was evident upon treatment; conversely, the modulation of 
the other four transcription factors resulted not significant (data not 
shown). Interestingly, we observed that the nuclear translocation of 
EGR1 induced by Rapa was reversed in cells knocked down for the 
p75NTR gene (Figure 4B left panel).

To confirm the involvement of EGR1 in the transcriptional ac-
tivation of p75NTR promoter, we performed a ChIP assay. Protein- 
chromatin complexes obtained from KS cells treated or untreated 
with Rapa for 6h were immunoprecipitated using specific antibodies 

against EGR1 and RNA polymerase II proteins. The precipitated DNA 
was then quantified using real- time PCR with primers flanking the 
EGR1 binding elements in the p75NTR promoter region. As showed in 
Figure 4B (left panel), Rapa increased the recruitment of EGR1 on its 
responsive element sited on p75NTR promoter concomitantly with a 
higher association of RNA polymerase II (Figure 4B right panel). As 
reported in Figure 4B, the increased recruitment of EGR1 and RNA 
polymerase II observed upon Rapa treatment was abrogated in KS 
cells pretreated for 30’ with Mithramycin A, a GC- rich inhibitor that 
displaces EGR1 binding to DNA. Taken together, our results revealed 
a potential role of EGR1 as a candidate transcriptional regulator of 
autophagy via p75NTR in KS cells after mTOR- I treatment.

F I G U R E  3  Rapamycin enhances 
autophagy via p75NTR (A) 
Immunohistochemistry of p75NTR on 
normal perilesional skin (Control), KS 
lesions and Negative Control. (B) Protein 
and (C) mRNA expression of p75NTR 
of KS cells untreated (−) or treated with 
Rapa. (D) p75NTR protein level from KS 
cells transfected for 48h with scramble 
siRNA and p75NTR siRNA (E) Protein 
levels of BCN1, SQSTM1 and LC3B in 
KS cells transfected with scrambled or 
p75NTR siRNA and then treated with 
Rapa. *p < 0.05 vs untreated cells (−)
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3.5  |  In KS cells exposed to RAPA, p75NTR 
downstream signalling activation modulates 
PTEN/PI3K/Akt/mTOR pathway, via EGR1

As expected, time course assay performed in KS cells shortly ex-
posed to Rapa, showed a downregulation of the PI3K/Akt/mTOR 
axis, as well as of the ribosomal protein P70S6 kinase; in the same 
experimental conditions, by evaluating the downstream signalling 
of p75NTR, we observed increased phosphorylation of ERK1/2; con-
versely, the JNK pathway was not activated (Figure S4A). Of inter-
est, the nuclear translocation of EGR1 was not observed in cells 
pretreated for 1h with the ERK1/2 inhibitor PD98059 (Figure S4B), 
suggesting that the enhanced p- ERK1/2 leads to an increased nu-
clear content of EGR1 (Figure 4D). Finally, based on data that sup-
port that PTEN has a major role in regulating the PI3K/Akt/mTOR 
signalling pathway and it plays an essential role in the development 
and progression of human cancers, including KS,22,23 we measured 
its level in KS cells after short- time exposure to Rapa, as reported. 
Interestingly, we observed an upregulation of PTEN expression 
(Figure 4E left panel) which was reversed in p75NTR knock- down cells 
(Figure 4E right panel), as well as in cells pretreated with PD98059 
(Figure 4F), highlighting the role of p75NTR as a modulator of PTEN 
via ERK1/2 pathway activation Rapa- induced.

4  |  DISCUSSION

Our study, using several biomolecular methodologies, showed that 
Rapa was able to hence autophagy in KS cells, leading to cancer cell 
death. This finding, although already demonstrated in other can-
cer cell types,24 has been not reported in this common postkidney 
transplant malignancy yet and it may contribute to better elucidate 
the antineoplastic mechanisms exerted by Rapa in KS. Indeed, many 
authors demonstrated that in kidney renal recipients the switch 
from calcineurin- inhibitors to the mTOR inhibitors, as Rapa, can re-
duce the risk of skin cancer and promote the clinical remission of 
KS lesions.6,7 The recent multicentre retrospective cohort study 
conducted by Deylon J et al. confirmed that a reduction of immu-
nosuppression associated with conversion to mTORi was effective 
to control KS in most patients (responses at 6 months to first- line 
treatment, classified as complete response or partial response, of 
approximately 80%).25 In this large clinical study, there were no data 
regarding mTOR inhibitors systemic side effects which occurred 
in the cohort of KS patients. However, as other immunosuppres-
sive drugs, mTORi may induce the development of several adverse 

effects (eg pulmonary toxicity, haematological disorders, dismetabo-
lism and lymphedema) that need to be early diagnosed and treated 
to avoid severe illness in renal transplant patients. All these side ef-
fects are most of the time reversible and dose related.26

The role of autophagy in cancer progression is very debated, as 
it can either counteract or promote cell death, depending on the dif-
ferent cancer cell types and conditions.10,11 In agreement with the 
report by White et al.,27 our immunofluorescence assays revealed an 
increased expression of the main autophagic markers in skin biopsies 
of KS lesions, suggesting that in this cancer the higher basal autoph-
agy may have a role in KS cell survival.

Interestingly, our in vitro results demonstrated that in KS cells, 
Rapa promotes autophagy cell death in absence of apoptosis and 
that the inhibition of autophagy abrogates the reduction of cell vi-
ability, suggesting that the increase of basal autophagic flux may 
represent the key anti- proliferative mechanism of Rapa. These find-
ings are consistent with the recently proposed requirements for the 
definition of autophagy cell death, that is increased autophagic flux, 
cell death without the evident involvement of apoptosis and no cell 
death following inhibition of autophagy.28

Concomitantly, immunoprecipitation studies showed that Rapa 
exposure significantly reduced the complex BCN1/Bcl- 2, sustain-
ing the autophagy induction. The latter finding emphasized the 
apoptosis- autophagy interaction, which has been deeply described, 
although their relationship is not well understood. Interestingly, 
it has been proposed that the functional and physical interaction 
between the antiapoptotic protein Bcl- 2 and BCN1, is responsi-
ble for the switch between these two cell death mechanisms, as 
the dissociation of BCN1 from Bcl- 2 is essential for its autophagic 
activity.28– 31

The most interesting finding emerging from our results is the 
central role of p75NTR in the Rapa- induced autophagic process. This 
neurotrophic receptor is a part of the tumour necrosis factor recep-
tor superfamily, which is expressed by KS cells, even if its role in 
this cancer is not been elucidated yet.32 Some authors reported that 
p75NTR activation promotes pro- apoptotic or autophagic events, in 
neuronal and non- neuronal cells.12,33,34 Besides, accumulating in 
vitro and in vivo studies reported that p75NTR plays an important 
role in cancer cells, as promoting tumour cell survival and invasion or 
decreasing cell survival.35– 38

In our cellular model, we observed that the upregulation of 
the main autophagic markers Rapa- induced resulted abrogated in 
p75NTR knocked- down cells and that the activation of p75NTR oc-
curred in a transcriptional dependent manner, via the transcription 
factor EGR1.

F I G U R E  4  EGR1 transcriptionally activates p75NTR and its downstream signalling, promoting autophagy and PTEN/PI3K/Akt/mTOR 
pathway modulation: (A) Luciferase activity of KS cells transfected with WT p75NTR promoter in KS cells untreated (−) or treated with Rapa. 
(B) Cytosolic and nuclear translocation of EGR1 in KS transfected with scrambled and p75NTR siRNA and then treated with Rapa (C) Real- 
time PCR from KS cells treated with Rapa and Mithramycin A alone or in combination and then subjected to ChIP assay as indicated. 
The precleared chromatin was immunoprecipitated with anti- EGR1 and anti- POLR2A, antibodies. (D) EGR1 nuclear content in KS cells 
untreated (−) or treated with Rapa for 6h, with or without pretreatment with PD98059 (E) Protein levels of PTEN in KS cells transfected with 
scrambled or p75NTR siRNA or (F) with or without pretreatment with PD98059 and then treated with Rapa, for 30' and 60'. *p < 0.05 vs 
untreated cells (−)
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EGR1 is involved in many cellular functions, including apoptosis, 
proliferation, angiogenesis, migration, and cell differentiation,39 which 
antineoplastic effects are poorly described, but, as recently demon-
strated by Dai et al, EGR1 hyper- expression in Kaposi's sarcoma- 
associated herpesvirus (HHV8) may promote autophagy, through the 
regulation of LC3B expression, and it was required for Sphingosine 
Kinase 2 Inhibitor- induced autophagic tumoral cells death.40 Sustained 
expression of EGR1 by recombinant adenoviruses in endothelial cells 
leads to a specific induction of compelling feedback inhibitory mech-
anisms, including strong upregulation of transcriptional repressors, 
negative cell cycle check- point effectors and several pro- apoptotic 
genes.41 However, in other cellular models, EGR1 exerted opposite 
effects. In particular, as recently reported by Yoon YJ et al, its acti-
vation in endothelial cells was involved in the angiogenic activity of 
colorectal cancer cell- derived extracellular vesicles.42

Additionally, we found that the activation Rapa- induced of 
p75NTR downstream signalling, p- ERK1/2, promotes the upregu-
lation of PTEN, the tumour suppressor that modulates PI3K/Akt/
mTOR pathway, crucial signalling that, when inhibited by Rapa, may 
reduce KS tumour growth.43 Interestingly, we observed that in cells 
p75NTR knocked- down or pretreated with ERK pathway inhibitor, 
the upregulation of both EGR1 and PTEN resulted abrogated. These 
findings could reflect the ability of the “mutual modulation” between 
p75NTR and EGR1 induced by Rapa treatment to modulate PTEN, in-
ducing cell growth- suppressing effect and sustaining the autophagic 
cell death.44,45

Collectively, our data suggest that the increase of the autophagic 
flux promoted by Rapa in KS cells, leading to tumour regression, oc-
curs through the p75NTR pathway activation which, in turn, triggers 
a feedback positive loop with EGR1, further sustaining the auto-
phagic cell death.

However, future studies should be performed to confirm our as-
sumptions and to validate p75NTR as a new predictive biomarker of 
the response of Kaposi's Sarcoma to mTOR inhibitors treatment in 
kidney transplant recipients.
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FIGURE S1. Cell cycle analysis in KS cells untreated (−) or treated 
with Rapa
FIGURE S2. (A) Immunoblots of BCN1, p- Bcl- 2, and Bcl- 2 of KS cells 
untreated (−) or treated with Rapa. (B) Protein extracts of KS cells 
untreated (−) or treated with Rapa immunoprecipitated using anti- 
BCN1 (IP: BCN1) antibody. *p < 0.05 vs untreated cells (−).
FIGURE S3. (A) Schematic representation of the WT human p75NTR 
and its deletion constructs (B) Luciferase activity of KS cells trans-
fected with WT p75NTR promoter deletion constructs and treated or 
not with Rapa. *p < 0.05 vs untreated cells (−).
FIGURE S4. (A) Levels of phosphorylated and total Akt, mTOR, 
ERK1/2, and JNK, PI3K and P70S6K in KS cells untreated (−) or 
treated with Rapa for 30’ and 60’. (B) Levels of p- ERK1/2 in KS cells 
untreated (−) or treated with Rapa for 30’ and 60’, with or without 
pretreatment with PD98059. *p < 0.05 vs untreated cells (−).
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