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Abstract Electrochemotherapy (ECT) represents an
effective local treatment for skin unresectable melanoma
metastases with high overall objective response rate. ECT
is based on the combination of anti-neoplastic drugs
administration and cancer cells electroporation. Whether
ECT can also activate the immune system is a matter of
debate, however a significant recruitment of dendritic cells
in melanoma treated metastases has been described. Herein
we investigated immediate and late effects of ECT treat-
ment on T cell subsets in ECT-treated lesions by fluores-
cent immunohistochemistry. Biopsies from melanoma
patients (n = 10) were taken before ECT (t0), at d1 and
d14 from treatment. At t0, CD3TCD4™" T cells were the
most represented T cells, well detected in the perilesional
dermis, particularly at tumour margin, while CD3"CD8" T
cells were less represented. CD4"FOXP3" T regulatory
(Treg) cells were present in the perilesional dermis and
within the lesion. ECT induced a significant decrease of
CD4+"FOXP3* Treg cells percentage in the perilesional
dermis, observed at d1 and at d14 (p < 0.001). CD3*CD8"
T cells frequency significantly increased at d14 from
treatment in the perilesional dermis (p < 0.001). Further-
more calreticulin translocation to the plasma membrane, a
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hallmark of immunogenic cell death, was observed in
metastatic cells after ECT. The data reported here confirm
that ECT induces a local response, with a lymphoid infil-
trate characterized by CD4"FOXP3™ Treg cells decrease
and CD3"CD8" T cells recruitment in the treated lesions.
These results might contribute to design novel combina-
tional therapeutic approaches with ECT and immunother-
apy in order to generate a systemic long-lasting anti-
melanoma immunity.
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Abbreviations

CRT Calreticulin

DCs Dendritic cells

ECT Electrochemotherapy
HE Haematoxylin/eosin
ICD Immunogenic cell death

MART-1  Melanoma antigen recognized by T-cells
pDCs Plasmacyotid DCs

TAA Tumour associated antigens

TILs Tumour infiltrating lymphocytes

Treg cells T regulatory cells

Introduction

In the last few years electrochemotherapy (ECT) has
become a valid and effective technique for local treatment
of skin metastasis [1-3]. This novel therapy is based on the
administration of anti-neoplastic drugs, such as bleomycin
or cisplatin, followed by skin metastasis electroporation
[4]. The electric currents, increasing cell membrane per-
meability, promote the intracellular concentration of the
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drug thus augmenting its cytotoxicity [3, 5]. Among human
cancers, ECT is particularly used for recurrent or in-transit
unresectable melanoma metastases [1, 2, 6-8]. Although
ECT induces a massive cancer cell death and a clinical
response, with 80-90 % overall objective response rate
[1, 8, 9], it is generally believed that ECT has only local
effects, therefore nowadays it is used as a local palliative
treatment.

Beside ECT clinical efficacy, the biological and
immunological changes induced by this novel therapy on
skin metastases are still to be elucidated. Preliminary
investigations in mouse models have described numerous
mononuclear cells in mouse ECT-treated metastatic lesions
[10], characterized by CD11ct DCs and CD8" T cells
increase, with no variation of CD4" T cells [11]. Recently,
it has been reported that in murine colon cancer cells ECT
is able to induce the immunogenic cell death (ICD) in vitro
[12]. ICD is a type of apoptosis characterized by the
presence of endoplasmic reticulum chaperonine calretic-
ulin (CRT) in the plasma membrane; extracellular ATP
release and high mobility group box 1 (HMGB1) protein 1
liberation [13]. ICD then elicits immune responses against
cancer dead-cell antigens, by promoting DCs recruitment
and activation, and dead cell-associated antigens presen-
tation to CD8V T cells, along with the secretion of IL-1b
[13, 14].

In humans, different DCs subsets are present in the
cellular infiltrate of ECT-treated melanoma metastasis
[15], supporting the hypothesis that ECT might induce an
increase of melanoma tumour associated antigens (TAA)
release, which could become available for immunity acti-
vation [16]. Although DCs recruitment in ECT-treated
lesions, regression of untreated distant metastases have
never been reported, suggesting that perilesional DCs
might be defective or that other cells might be involved in
the maintenance of a tolerogenic milieu, promoting mela-
noma survival and escape [17, 18]. For these reasons, the
full characterization of the lymphoid infiltrate and the
possible presence of ICD, before and after ECT treatment,
will allow to deeply understand the biological mechanisms
underlying ECT local effects and give the opportunity to
potentiate this promising treatment, in order to achieve a
systemic anti-tumour response [16].

In line with previous reports in mouse models [10, 11],
we observed numerous cells in the inflammatory infiltrate
of treated lesions, detected by the nuclear blue fluores-
cence, which did not express HLA-DR antigen, therefore
not belonging to the antigen presenting cells family [15].
Intriguingly, due to the peculiar round morphology of the
nucleus, these cells resembled T cells, but their charac-
terization has not been performed yet. Among T cells, T
regulatory (Treg) cells, responsible of peripheral tolerance
to self-antigens and characterized by FOXP3 transcription
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factor expression [19-21], have recently been reported to
be involved also in tumour tolerance [22].

Since DCs, observed in the cellular infiltrate within the
local response of ECT-treated skin melanoma metastases
[15], are able to initiate primary immune responses, their
presence suggests a possible involvement of other immune
cells, particularly T cells [16]. In this study, we aimed to
investigate the main T cells subsets (CD37CD4" and
CD3*CD8™ T cells, and CD4TFOXP3" Treg cells) and the
surface expression of CRT, as hallmark of ICD [13, 23], at
the site of the lesion, before and after ECT, in order to
explore the nature of the local immune response following
ECT treatment.

Methods
Patients and human tissues

Melanoma patients (n = 10) with histological confirmed
skin metastasis undergoing ECT with bleomycin were
enrolled in the study after obtaining informed written
consents. The study was conducted according to the 1964
Helsinki declaration, and its later amendments or compa-
rable ethical standards, and Local Institutional Ethics
Committee approval. Enrolled patients had cutaneous and/
or subcutaneous melanoma metastases located in the limbs
and were not eligible for other traditional therapies. Tumor
assessment was performed according to ESOPE study,
after 14 days (d14) and 1-3-6-12 months after treatment.
According to a recent report [24], number and size of
lesions were also collected to correlate with clinical
response.

Skin melanoma metastases were treated using Clinipo-
rator ™ device (IGEA Ltd, Modena, Italy), as previously
reported [15]. Electric pulses were applied with the
appropriate type of electrodes (IGEA Ltd), based on
metastasis dimensions: by needle electrodes (Type II and
IIT) to deeper seated metastasis and by plate electrodes
(Type I) to superficial metastasis. Bleomycin was admin-
istered intravenously (15,000 UI/m? body surface area) in a
time frame of 60 s and electrical pulses (variable amplitude
with 1-5000 Hz delivery frequencies) were applied
between 8 and 28 min after bleomycin infusion, according
to previous standardized procedure [1, 5]. Skin biopsies
were obtained from different lesions and at different time
points: before ECT, indicated as “t0 pre ECT”; and after
treatment, at 1 and 14 days post ECT, indicated as “d1 and
d14 post ECT”. Skin biopsies, performed at skin metastasis
margin to include fragments of lesion and apparently
healthy perilesional tissue, were embedded in OCT-like
medium (Killik, Bio-Optika), snap-frozen in liquid nitro-
gen and stored at —80 °C; cryostat section (10 pm) were
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fixed for 10 min in cold acetone (Sigma-Aldrich) at 4 °C,
air dried at room temperature and stored at —20 °C, as
previously described [15]. Skin biopsies were also fixed in
10 % formalin and paraffin embedded for routine histology
and stained with haematoxylin/eosin (HE) and immuno-
histochemistry (Ventana automated systems).

Antibodies

The following anti human antibodies (Abs) were used for
immunohistochemistry both on acetone fixed-cryostat
sections, revealed with specific fluorochromes conjugated
secondary Abs (see below), and on formalin fixed-paraffin
embedded sections, revealed with horseradish peroxidase-
DAB substrate (Ventana automated systems): CD3 (clone
2GV6, rabbit IgG), CD4 (clone SP35, rabbit), CD8 (clone
SP57, rabbit), MART-1/Melan A (melanoma antigen rec-
ognized by T-cells; clone A103, mouse IgG1), melanosome
(clone HMB45, mouse IgGl), from Ventana Medical
System, Inc.; CD3-FITC conjugated (clone HIT3a) and
FOXP3 (236A/E7, mouse IgGl), from eBioscience, Inc.;
Calreticulin (CRT; ab39897, rabbit) and ERp57 (ab11421,
rabbit; used as internal control of CRT translocation) were
from Abcam. The following secondary goat Abs, all from
Life Technology (Thermo Fisher Scientific Inc.), were
used: anti mouse and anti rabbit, either conjugated with
Alexa Fluor (AF) 488 (green fluorescence) and with AF594
(red fluorescence); fluorescein signal was amplified with
anti FITC-AF488 conjugated Abs. Isotype-matched Abs
were used as negative controls.

Fluorescent immunohistochemistry

To investigate the main T cells subsets (helper, cytotoxic
and regulatory T cells), double fluorescent immunohisto-
chemistry analyses were performed at room temperature
unless otherwise indicated. Before primary Abs incuba-
tions, sections were treated 2 h with 20 mg/ml BSA
(Sigma-Aldrich) in PBS (EuroClone), to block Abs
unspecific binding. Section were then stained with primary
Abs for 2 or 1 h at 37 °C, according to manufacturer’s
instruction, revealed with specific secondary antibodies
(either conjugated with AF488 or AF594), for 1 h. Fluo-
rescein signal of FITC-conjugated Abs was amplified with
anti FITC-AF488 conjugated Abs for 90 min. For FOXP3
labelling, section were pre-treated for 10 min with 0.2 %
Triton X-100 (Sigma-Fluka) in PBS, and after treatment
with 20 mg/ml BSA (see above), anti human FOXP3 Abs
was incubated overnight at 4 °C. As substitute of HE
staining, anatomical compartments were identified by
Hoechst nuclear blue fluorescent dye (20 pg/ml, Sigma-
Aldrich) [15]. Slides were mounted with Prolong antiFade
(Life Technology) and observed with Leica DMLB

microscope equipped for epifluorescence (Leica Microsys-
tems GmbH).

Image acquisition and analysis

Images were acquired at 4.25, 1.20, 0.529 and 0.265 pum per
pixel resolution, corresponding to x25, 100, 200 and 400
original magnifications respectively, using Leica DFC200310
FX microscope digital colour camera and LAS software with
overlay module (Leica Microsystems GmbH). For each
specimen, n = 5 microscopic non-consecutive fields were
acquired at x200, examined for quantitative analyses by two
independent observers (P.D.G. and G.G.), and the average
number of positive cells was determined [15]. Then the mean
number of positive cells from all the melanoma samples
(n = 10), at different time-points (t0, d1, d14), was calcu-
lated. Quantitative analyses were first performed by counting
T cells as CD3" cells. Then, T cells subsets quantitative
analyses were performed by using specific monoclonal anti-
bodies and double immuno-labelling strategies: helper T cells
were analysed as CD3 CD4 ™ cells; cytotoxic T cells, as
CD31CDS8™ cells; and regulatory T cells (indicated as Treg),
as CD4*"FOXP3" cells. Adobe Photoshop CS2 software
(Adobe Systems Incorporated, WA) was used for image
processing and figure creating.

Statistical analysis

The values reported throughout the text are expressed as
mean £+ SD and represent the mean number of positive
cells from all the patients (n = 10), at different time-points
(t0, d1, d14). Statistical evaluation was performed using
two-sided Student’s T test with p < 0.05 adopted as sig-
nificance level.

Results

We investigated ECT response by fluorescent immuno-
histochemistry analyses in skin biopsies from ten patients
(n = 10; 5 men and 5 women; median age 79 years; range
49-100) with skin melanoma metastases located in the
limbs (see Table 1 for details). The number of lesions
varied among patients, being less than 10 in six patients
and more than 10 in four patients (ranges 3-9 and 12-34,
respectively). Lesion size diameter was less than 2 cm
(even <1 cm) in four patients and between 1 and 2 cm or
more than 2 cm in six patients. All patients enrolled in this
study underwent radical surgery; one patient underwent
isolated limb infusion while two of them underwent iso-
lated limb perfusion and even ECT (of note, for patients
already treated with ECT, skin biopsies were always taken
from new lesions).
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Table 1 Patients’ characteristics

Patients Sex Age (years) Nodules number Nodules diameter (cm) Lesions position® Response rate® Surgery Other treatments
ECT-M5 F 100 7 <1 (7) C CR Yes No
ECT-M4 M 83 9 <1 (9) C CR Yes No
ECT-M6 F 76 12 <1 (12) SC CR Yes ECT
ECT-M3 F 49 18 <1 (18) SC CR Yes Perfusion
ECT-M7 F 89 3 <1 (1); SC PR (new lesions) Yes ECT
>1 <2 (1);
>2 (1)
ECT-M1 M 78 6 <1 (3); SC PR Yes Perfusion; ECT
>1 <2 (1);
>2 (2)
ECT-M8 M 70 6 <1 (4); C PR (new lesions) Yes ECT
>2 (2)
ECT-M9 F 88 7 <1 (3); SC CR (new lesions) Yes No
>2 (4)
ECT- M 84 15 <1 (10); C CR (new lesions) Yes Infusion; ECT
M10 >1<2 (4);
>2 (1)
ECT-M2 M 77 34 <1 (31); C PR Yes ECT
>1 <2 (2);
>2 (1)

% CR complete response, PR partial response (both at 12 months)

b
C cutaneous, SC subcutaneous

Despite clinical differences among patients, a clinical
response was observed in all treated lesions at least at
12 months. As reported in Table 1, six patients displayed a
complete response (CR) of treated lesions and four patients
displayed partial response (PR). However, four patients
exhibited new lesions beside the CR/PR of the treated lesions.

Before ECT treatment, metastatic melanoma lesions
appeared as well-delimited nodules, localized immediately
below the epidermis (Fig. 1a) or in the subcutaneous dermis,
identified by the expression of MART-1 (Fig. 1c), as previ-
ously reported [15]. Notably we observed the presence of
small cells, with a round morphology, which expressed CD3
by enzymatic and fluorescent immunohistochemistry, there-
fore confirming the presence of resident CD3" T cells before
ECT, with a predominant focal distribution in the tissue
(Fig. 1a, c). Few days after ECT treatment, all treated lesions
were characterized by the well-known clinical signs of
inflammation, i.e., rubor, tumor, calor and dolor, as already
shown [15], which augmented until d14 after treatment. In
parallel with the regression of the lesions, we observed the
increase of small cells infiltrate (Fig. 1b, d). Atd14 after ECT
treatment, the cellular infiltrate was characterized by CD3'T
cells, which displayed a diffuse distribution, particularly in the
perilesional dermis and within the lesion burden (Fig. 1b, d).
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Of note, the lesion, highly reduced in size after 14 days, did
not appear as a well circumscribed mass but it was composed
by fragmented nodules or scattered cells (Fig. 1b, d). Quan-
titative analyses showed that CD3™ T cells frequency in the
perilesional dermis at d1 post treatment was similar to the
number observed before ECT (t0) (65.33 £ 9.78 and
63.91 + 10.47, respectively; p = 0.74), while it significantly
increased at d14 (84.38 £ 15.76), as compared both to t0 and
dl (p < 0.001 and p < 0.01, respectively) (Fig. le).

Different T cells subsets in metastatic melanoma
lesion before ECT

Among CD3™ T cells, we observed helper and cytotoxic T
cells, identified by the co-expression of CD3 with CD4 or
CD8 antigens, respectively (Fig. 2a, b). Before ECT,
CD3"CD4" T cells were well detected in the perilesional
dermis (Fig. 2a, c), but less numerous within the lesion
(Fig. 2e), although their frequency was higher at tumour
border than deeply in the tumour mass. Among CD3""
CD41 T cells, we observed the presence of Treg cells,
characterized by the nuclear expression of the transcription
factor FOXP3; Treg cells were always observed both at
tumour border and within the melanoma mass (Fig. 2c, e).
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Fig. 1 CD3" T cells in metastatic melanoma lesions before and after
ECT. Enzymatic and double fluorescent immunohistochemistry
analyses of skin melanoma metastases (n = 10) were performed
before ECT (t0) and after 14 days from treatment (d14 post) with the
indicated antibodies. Details from representative images are shown. a,
b CD3" T cells, analysed by immunohistochemistry on paraffin-
embedded sections and revealed with horseradish peroxidase-DAB
substrate (brown), were observed before ECT (a), with predominantly
a focal distribution, and they significantly increased after d14 from
ECT (b), displaying also a diffuse distribution (Original magnification
x25). ¢, d CD3" T cells were analysed within the MART-1"
melanoma metastases by double fluorescent immunohistochemistry

CD3"CD8" T cells were detected in the perilesional der-
mis (Fig. 2b, d), but they were rare at tumour border and
within the lesion (Fig. 2f). Of note, we did not observe
CDS8YFOXP3™ Treg cells in the samples analysed.

Treg decrease in the perilesional dermis after ECT

After ECT treatment, a marked reduction of the nuclear
FOXP3 expression was observed among CD4 " Treg cells,

d1 post d14 post

CD3 MART-1

on frozen sections, revealed with Alexa Fluor 594 (red) and 488
(green) respectively. Nuclei were labelled with Hoechst dye (blue).
CD3™" T cells were present in the perilesional dermis before ECT (),
and sometime also in the lesion. At d14 from ECT, CD3" T
lymphocytes significantly increased (d) (Original magnification
%x200). e For quantitative analyses, the number of perilesional
CD3" cells for each specimen was assessed by calculating the
average cell number counted in n =5 different fields. Values
represent the mean number of positive cells from n = 10 melanoma
samples. ** and *** indicate p < 0.01 and p < 0.001, respectively.
CD3™" T cells showed a significant increase at d14 as compared both
to t0 (dark asterisks) and d1 (gray asterisks). (Color figure online)

particularly in the perilesional dermis and in the lesion
(Fig. 3a, b, d). CD4*FOXP3" Treg cells significantly
decreased at d1 from treatment, as compared to the number
observed before ECT in the perilesional dermis
(2.50 & 2.38 and 12.07 £ 3.93, respectively; p < 0.001)
(Fig. 3a, b). Treg cells further decreased in the perilesional
dermis after d14 from treatment, as compared to the
number observed before ECT (1.73 £ 1.96, p < 0.001)
(Fig. 3b, d).
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Perilesional dermis (t0)

b

FOXP3 CD4
Melanoma metastasis (t0)

FOXP3 CD8

Perilesional CD3"CD4" T cells did not vary
after ECT

CD3"CD4" T cells frequency in the perilesional dermis

after treatment, both at d1 and d14 after ECT (Fig. 3a, c—e),
was similar to that observed before treatment (tO:
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«Fig. 2 T cells subsets before ECT treatment (t0). Double fluorescent

immunohistochemistry analyses on frozen sections of melanoma
metastases before ECT (n = 10) were performed with the indicated
antibodies as described in Fig. 1 legend. Details from representative
images are shown. a, b CD3"CD4™" (a) and CD3TCD8™ (b) T cells
were found in the perilesional dermis before ECT, indicated by CD3
(green) and CD4/CD8 (red) co-expression (yellow/orange). Of note,
the frequency of CD37CD4* T cells was higher than CD37CD8" T
cells number, especially at tumour burden (Original magnification
x200). ¢, d Among perilesional CD4" T cells (green), FOXP3* cells
(red) were also observed (c), with nuclear FOXP3 staining,
representing Treg cells; no CD8' FOXP3" cells were observed
(d) (Original magnification x200). e, f In the lesion, CD4" T cells
(green) were present (e) and a high number of CD4" FOXP3™ Treg
cells (green and red) were observed with nuclear FOXP3 staining;
cells with cytoplasmic FOXP3 staining were rare. Within the lesion,
only few CD8" T cells (green) were observed (f) (Original magni-
fication x400). (Color figure online)

36.07 £ 6.57; d1: 35.98 + 6.85; and d14: 41.65 + 8.86;
p = 0.97 and p = 0.07, respectively).

CD3"CD8™ T cells increase in the perilesional
dermis after ECT

Unlike CD37CD4™" T cells, CD3"CD8™ T cells frequency
in the perilesional dermis significant increased after d14
treatment (Fig. 4a—d), as compared to t0 (42.73 £ 9.05 and
27.83 4+ 4.86, respectively; p <0.001) and to dl
(29.36 + 3.86; p < 0.01), while no significance difference
was found between t0 and d1 (p = 0.44).

Calreticulin translocation to the plasma membrane
after ECT

In order to establish whether ECT treatment was able to
induce ICD, we investigated the presence on the plasma
membrane of two endoplasmic reticulum chaperonines:
calreticulin (CRT; Fig. 5) and ERp57 (as internal control,
data not shown). The staining protocol was performed
without the permeabilization step, to detect only CRT and
ERp57 out of the endoplasmic reticulum. CRT surface
expression was not observed in metastatic cells before ECT
(Fig. 5a), but CRT" cells were found after treatment (d1
and d14), displaying at d1 the typical “dotted” membrane
staining (Fig. 5b) [23], while at d14 CRT surface expres-
sion was weaker (Fig. 5c¢).

Discussion

The aim of this study was to further investigate the
immunobiological features of local response induced by
ECT in patients with skin melanoma metastases. We
described the presence of the main T cells subsets
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Fig. 3 Treg cells decreased in
the perilesional dermis after
ECT, while CD37CD4* T cells
number did not differ. Double
fluorescent
immunohistochemistry analyses
on frozen sections of melanoma
metastases (n = 10), after 1 and
14 days from treatment (d1 and
d14), were performed with the
indicated antibodies as
described in Fig. 1 legend.
Details from representative
images are shown. a, d In the
perilesional dermis, FOXP3
expression (red) significantly
decreased at d1 and d14, while
the number of CD4" T cells
(green) did not vary (Original
magnification x200). b,

¢ Quantitative analyses were
performed as reported in Fig. 1
legend. Values represent the
mean number of Treg cells

(b) and CD37CD4* T cells

(d) from n = 10 melanoma
samples per digital image;
asterisks (**%*) indicate

p < 0.001. e At d14 after
treatment, beside CD3TCD4™ T d
cells (yellow-orange), numerous

CD3"CD4~ cells (green) were

observed with different size and

morphology, where the small

and round ones likely

represented CD3CD8™" T cells.

(Original magnification x200).

(Color figure online)

FOXP3

(CD3*CD4" and CD3TCD8™ T cells and CD4TFOXP3*
Treg cells) in the perilesional dermis of melanoma
metastases, in both cutaneous and subcutaneous lesions
before and after ECT. Furthermore we reported the pres-
ence of CRT, an hallmark of ICD, on the plasma membrane
of metastatic cells after ECT. Despite the -clinical

CD4

Perilesional dermis (d1)

b
100 FOXP3+ T cells
%0
3 80
C
[}
3
o
o
&
K]
3
’_ - dedeke dededke
t0 pre d1 post d14 post
CD4+ T cells
t0 pre d1 post d14 post

Perilesional dermis (d14)

heterogeneity between patients enrolled in the study, a
clinical response was observed in all treated lesions at least
at 12 months, confirming therapeutic advantages induced
by ECT for patients with skin melanoma metastases.
Before ECT treatment (t0), CD37CD4™ T cells were the
most represented T cells subset in the perilesional dermis,
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Fig. 4 CD37CD8™" T cells
increased in the perilesional
dermis at d14 from ECT.
Double fluorescent
immunohistochemistry analyses
on frozen sections of melanoma
metastases (n = 10), after 1 and
14 days from treatment (d1 and
d14), were performed with the
indicated antibodies as
described in legend for Fig. 1.
Details from representative
images are shown. a, ¢ In the
perilesional dermis, the number
of CD8™ T cells (green)
increased both at d1 (a), and at
d14 (c¢) (Original magnification
%x200). b Quantitative analyses
were performed as described in
legend for Fig. 1; values
represented the mean frequency
of CD3*CD8™ T cells from

n = 10 melanoma samples per
digital image. ** and ***
indicate p < 0.01 and

p < 0.001, respectively.
CD3"CD8™ T cells showed a
significant increase at d14 as
compared both to tO (dark
asterisks) and d1 (gray
asterisks). d At d14 after
treatment, beside CD3YCD8" T
cells (yellow-orange), some
CD3"CD8™ cells (green) were
observed, likely representing
CD3"CD4™" T cells, although
few of them appeared bigger
than T cells (Original
magnification x200). (Color
figure online)

FOXP3

FOXP3

often located at the tumour border, while CD3TCD8" T
cells were less frequent. CD4*FOXP3™ Treg cells were
present both in the perilesional dermis and tumour margin,
and always observed within the lesion burden as scattered
cells. These results are in line with previous analyses of
tumour infiltrating lymphocytes (TILs) in human
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melanoma metastases before ECT, characterized by the
presence of CD3", CD4", CD8" and FOXP3™" cells [25].
Notably the Authors reported that a “brisk” pattern of
CD8™ T cells within the infiltrate before ECT is associated
with a higher clinical response rate [25]. Although there are
still few evidences supporting a possible ECT role in
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Melanoma metastasis

PRE ECT (t0)
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Fig. 5 Calreticulin translocation to the plasma membrane after ECT.
Fluorescent immunohistochemistry analyses on frozen sections from
skin melanoma metastases (n = 4) were performed before ECT (t0)
and after 1 and 14 days from treatment (d1 and d14) with the anti
calreticulin (CRT) antibody, revealed with Alexa Fluor 488 (green);
nuclei were labelled with Hoechst dye (blue). Details from

eliciting systemic effects due to immune cells activation,
these data suggest an involvement of the immune system
and support the concept that the combination of ECT with
immune modifiers could improve ECT clinical activity
[21]. Indeed it has been reported that the combination of
ECT with IL-2 induces anti-cancer systemic immunity with
the generation of specific cytotoxic T cells responses
[26, 27].

Interestingly, the ECT treatment induced a significant
modification of the original T cells infiltrate. Treg cells
were particularly affected by ECT as a significant decrease
in the number of CD4"FOXP3™ T cells was detected as
soon as dl after treatment, both in the perilesional dermis
and in the lesion burden. Treg cells further decreased until
d14 from treatment. CD37CD4" T cells seemed to be
unaltered by ECT, as their frequency did not vary after the
treatment. On the contrary, CD3YCD8" T cells resulted
particularly influenced by ECT as they significantly
increased in the perilesional dermis at d14 after treatment.
Unexpectedly in some patients this increase was observed
already at d1 after ECT. These results are in line with
previous data observed in mouse melanoma models where
no variations were observed in the number of CD4* cells in
the ECT-treated lesions, while CD8% cells strongly
increased [11]. In addiction we described the CRT
translocation to the plasma membrane in metastatic cells
after ECT treatment, according to a recent report in murine
cancer cells in vitro [12]. All together these data suggest
that ECT is able to induce a local immune response, since
the presence of CRT surface expression indicates the
induction of ICD [13, 14], which then explains the
recruitment of different DCs subsets [15] and the increase
of CD37CD8™ T cells at d14 after ECT.

POST ECT (d1)

POST ECT (d14)

c

CRT

representative images are shown. a Before ECT, CRT expression
was not detected among metastatic cells. b, ¢ After ECT treatment,
few CRT™ cells were observed among metastatic cells, displaying at
d1 the typical “dotted” membrane staining (b, and inset for detail),
while at d14 CRT expression was weaker (c) (Original magnification
%x400). (Color figure online)

Surprisingly, we did not observe any differences in T
cell subsets distribution and behaviour between treated
patients, both at d1 and d14 from treatment, suggesting that
at least after 2 weeks, ECT effects seem to be predominant
over melanoma escape mechanisms, but not sufficient to
achieve anti-melanoma immunity (some patients devel-
oped new lesions beside the treated ones). Notably, patients
with less than 10 lesions and less than 2 cm diameter
(n = 2) displayed CR at 12 months, without developing
new lesions, as patients with more than 10 lesions but less
than 2 cm diameter (n = 2). In contrast, patients with
increased lesion size (more than 2 cm diameter; n = 6)
displayed CR/PR at least at 12 months, but four of them
developed new lesions. Our observations, although in a
small group of patients, are in line with a previous report
where, among treated patients, the probability to achieve a
CR was significantly correlated with number of nodules
less than 10 and lesion size less than 2 cm diameter [24].

Despite the local presence of DCs and T cells in ECT-
treated lesions, this event is not sufficient to generate
systemic anti-melanoma immunity [1, 2, 5], although the
clinical efficacy of ECT is well-established towards elec-
troporation and bleomycin administration alone, as previ-
ously reported in mouse melanoma models [10, 11]. Indeed
the induction of ICD appear to be only a partial event
because we found only few CRT" cells in metastatic
lesions and CRT surface expression was weaker at d14 as
compared to that at d1 after treatment, suggesting that ECT
alone is not able to induce a complete immune response, as
already reported in the mouse [11, 12]. Probably melanoma
stem cells might be involved in the generation of new
nodules after ECT, confirming once again the local efficacy
of this treatment. Although melanoma immune responses,
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achieved by melanoma-specific T cells activation, have
been reported [28], ex vivo TILs analyses revealed T cells
anergy particularly among the CD8% T cells subset
[29, 30]. It is worth to mention that the presence of
immunosuppressive factors and tolerogenic cells in the
melanoma milieu might impair effector T cells functions
[31]. Notably melanoma cells are able to secrete
immunosuppressive factors and cytokines, like TGF-beta
and IL-10 [32], and immunosuppressive cells have been
observed in the melanoma microenvironment, represented
by tumour associated macrophages, myeloid derived sup-
pressive cells, immature DCs and Treg cells [33].

Particularly Treg cells, responsible of peripheral toler-
ance to self-antigens [19, 34], are thought to be involved
also in tumour tolerance [22], since tumour antigens are
often self-antigens [35]. Recently it has been reported that
melanoma cells are able to recruit Treg cells in the per-
ilesional milieu and to stimulate their proliferation and
expansion, due to the release of immunosuppressive
cytokines [18]. This might explain the presence of
numerous Treg in the infiltrate of melanoma metastases
that we documented before ECT. Importantly, it has been
reported that inflammatory cytokines are able to down-
regulate FOXP3 expression, thus blocking Treg cells
immunosuppressive functions and potentiating effector T
cells [36]. Since a local response is induced by ECT, this
could explain the early CD4"FOXP31 T cells decrease
observed in our treated lesions. Moreover, the presence of
plasmacytoid DCs (pDCs) in the cellular infiltrate [15]
might contribute to FOXP3 down-regulation thanks to the
production of type I IFN [37, 38]. Notably, pDCs are
known to stimulate cytotoxic T cells responses by priming
melanoma specific CD8' T cells [39] and in the ECT
treated lesions they might also play a role in the stimulation
of the CD3"CD8™ T cells increase at d14.

Although ECT treatment might modify the melanoma-
induced immunosuppressive microenvironment, the pres-
ence of Treg cells and only few CD83" DCs at d14 from
treatment [15], along with the weak CRT surface expression,
confirm once again the hypothesis that ECT alone is not
sufficient to induce a systemic immune response [16, 25]. In
order to stimulate a long-lasting anti-melanoma immunity,
ECT treatment should be combined with the administration
of immune-adjuvants, such as TLRs agonists (CPG-ODNs
and imiquimod) or pro-inflammatory cytokines, such as GM-
CSF, which are able to potentiate DCs activation [11, 40, 41].
In particular, the association of ECT and TLRY agonists
CPG-ODN is able to achieve anti-tumour effects on distant
untreated lesions in two mouse melanoma models [11],
probably due to increased tumour immunogenicity or at least
reduced tumour immunosuppression.

Recently, innovative immunological strategies have been
introduced in melanoma therapy, through immune

@ Springer

checkpoints blockade by the use of anti PD-1/PDL-1 and
CTLA-4 antibodies, which “inhibits the inhibitors”, in
order to potentiate patient’s immune cells [42—46]. For these
reasons, the characterization of the different immune cells
and their variations in the cellular infiltrate of ECT-treated
melanoma metastases, and the detection of ICD, might help
clinicians to choose the proper immunotherapy to be asso-
ciated with ECT [47], to propose new combining therapeutic
approaches in metastatic melanoma patients, in order to
achieve a systemic lifelong anti-melanoma immunity.
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