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In recent decades, the incidence of melanoma has been
steadily raising, even if it is still considered to be a rare
cancer. In contrast with what is observed in other solid
tumors, melanomas principally affect young and middle-
aged individuals who are often still in the prime of their
carriers and are involved in raising a family. Surgery is the
first-line treatment, in particular for early-stage melanomas;
unfortunately, patients often develop metastasis, and the
presence of a first tumor increases the chance to develop a
second melanoma (1).

Immunotherapy is one of most promising approach for
the treatment of this kind of tumor (in addition to targeted-,
chemo- and radio-therapy). Principally, it is based on the
use of immunomodulatory cytokines (2) or of checkpoint
inhibitors (proteins present on immune cells that can switch
on or off the cascade of events and processes that culminate
in the immune response) (3). Candidate immunotherapy
protocols also envision the administration of ex vivo
activated immune cells, such as dendritic cells (DCs) or
T lymphocytes (4). Immunotherapeutic approaches were
shown to be promising; this premise notwithstanding, the
efficacy and feasibility of this type of therapy need to be
improved.

In this context, the paper entitled “A melanin-mediated
cancer immunotherapy patch” analyzes the use of intradermal
injection of melanin and tumor antigens, in combination
with near-infrared light irradiation, as a therapeutic vaccine
approach finalized at activating and improving the specific
immune response against melanoma (5). The strategy
reported in the paper is based on the filling of a silicone
mold with an array of 15x15 microneedles (MIN) with GM-
CSF (granulocyte-macrophage colony-stimulating factor) in
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the presence of whole melanoma tumor lysate (Figure I).

The release of GM-CSF after dermal positioning of
the patch facilitates the uptake of the tumor antigens
contained in the lysate and their presentation by DCs, the
professional antigen presenting cells (APCs) principally
involved in anti-tumor immune responses (6). GM-CSF
release and the homing of activated DC in lymph nodes are
fundamental steps in the activation of anti-tumoral immune
responses. These processes are impaired in patients and are
not corrected by cell-based immunotherapies, leading to
the unsatisfactory results that still beset these therapies (7).
Notably, since melanoma is due to the deregulated growth of
melanocytes, tumor lysate contains high level of melanin (8),
a natural pigment of the skin that converts the light energy
in heat. The presence of melanin induces a darkening of
the patch, increasing the absorption of light, when it is
irradiated with near infra-red (NIR) light (at 800 nm).
This results in an increase of the local temperatures (up to
42 °C), leading to a better presentation of antigens as an
effect of the activation of heat shock proteins. This protocol
also enhances the immunogenicity of tumor lysate, that form
HSP-antigen complexes with MHC-class I molecules (9),
and stimulates the release of inflammatory cytokines, which
in turn amplify the recruitment of other immune cells (10).
Finally, the mild increase of local temperature contributes
to heighten the local blood and lymphatic fluxes, facilitating
again the migration of DCs, T cells, and other immune
cells, such as natural killer cells (NK) (11).

This MN-based immunotherapy was tested on mice.
On day 0, GM-CSF and tumor lysate loaded MN patches
were applied on the skin of healthy mice, and half of them
underwent NIR irradiation for 5 consecutive days. After 10
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Figure 1 Schematic representation of the described transdermal
administration. Microneedle array penetrates the outermost layer
of the skin, overcoming mostly the stratum corneum, the first
less permeable layer of the skin, arriving in the dermis, where
are located dendritic cells. In general, they do not stimulate the
nerve endings present in the dermis, as instead often happens
with classical syringe for transdermal injection, decreasing the
pain associated with this route of administration. GM-CSF,
granulocyte-macrophage colony-stimulating factor; NIR, near

infra-red.

days, mice were subcutaneously inoculated with the B16F10
melanoma cell line. Mice receiving MNs without NIR
irradiation showed 13% of protection respect to control
group (that were sacrificed within 25 days), whereas mice
that receive combined treatment (MN + NIR) showed
long-term protection, with complete tumor rejection in
87% of cases. Notably, a 6-fold increase in the number of
DC present in the treated skin section, a 10-fold increase
of CD8+ T cells, an 8-fold increase of Ig titers, and
prolonged immune response, were also observed in the
MN + NIR mice. Very importantly, the immune response
observed in the MN + NIR animals prevented the growth
of tumor masses located far from the MN patch; conferred
resistance to a secondary tumor challenge; and prevented
the formation of metastases, suggesting that this protocol
results on the elicitation of potent and persistent systemic
immune responses. The specificity of the immune response
that was stimulated in MN + NIR mice was confirmed by
the observation that when these mice were inoculated with
a different (non-melanoma) tumor, no protective effects
were observed.

Previously, the same group tested in mice a MN patch
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for the delivery of programmed death-1 (PD1)-specific
antibodies. Also in this case, the use of MN for intradermal
administration of the drug resulted in a higher survival
time and was associated with an increase of CD4 and CD8
tumor-infiltrating lymphocytes into the tumor mass (12).
Taken together these results seem to suggest that the use of
MNs could be considered to be a simple and fast technique
to increase cancer immunogenicity.

In fact, transdermal drug delivery is endowed with
noticeable potential advantages, as this methodology allows
the drug to be released locally, thus greatly reducing side
effects, as well as eliminating pre-systemic first-pass effect
(Figure 1). A number of problems nevertheless need to be
addressed including the type and dose of therapeutics that
can be delivered through transdermal administration, skin
irritation and biocompatibility of used materials, microbial
contamination, mechanical strength and accidental use and
abuse due to the apparent safety of the patch (13,14).

MNs were principally tested in the clinical setting for
vaccine delivery (NCT02621112 HBV, NCT01518478
Fluzone®, NCT01813604 anti-polio, NCT00558649
FLUARIX®). Since vaccines are delivered by the intradermal/
intramuscular route, this seems to be the natural evolution
of this kind of administration. Notably, results obtained
within this setting showed that a strong activation of adaptive
immunity and, in particular, of T lymphocytes (thanks to the
activation of NF-kB-driven inflammation, IFNy response
and TNF and CD40 signaling) can be achieved by using
MNGs (15,16).

In oncology, promising results were generated in a recent
clinical trial in patients suffering from actinic keratosis
(NCT02594644) (17,18), a pre-cancerous lesion of skin that
could develop into a skin cancer. Thus, the application of a
MN patch containing Aminolevulinic acid (ALA) followed
by blue light irradiation for 20 minutes resulted in actinic
keratosis clearance in 76% of cases, with 3 patients achieving
complete remission. The clearance rate was similar to that
observed in the conventional 1-hour ALA and irradiation
treatment, but use of the MN patch was associated with
a faster time therapeutic protocol, a higher absorption of
ALA and a strong reduction of pain during light exposure.
Notably, a phase I-trial is currently ongoing for the
delivery of doxorubicin through MNs for the treatment
of ccutaneous T-cell lymphoma (NCT02192021) (18)
to evaluate the therapeutic dose, and its efficacy and safety.

The use of melanin to generate heat to promote antigen
uptake in the context of intradermal injection has been
analyzed in other experimental models, and in particular
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Figure 2 Schematic representation of the absorption spectrum of

Melanin.

in tumors that do not contain melanin (e.g., triple negative
breast cancer, including tumors derived from 4T1 cell line);
in this case synthetic melanin was loaded into the patches.
Also in this setting, a positive hyperthermic effect following
irradiation with NIR light was observed (5). In fact, authors
reported that vaccination with MNs and NIR irradiation
resulted in an 87% rejection rate of 4T'1 tumors, with 37%
of complete remission being detected in mice undergoing
combined therapy. Notably, this was associated with a 4-fold
increase of HSP70, higher levels of pro-inflammatory
cytokines and DC activation (5).

Melanin is characterized by a broad spectrum of light
absorption, that is located in the ultraviolet and visible
range. Normally, the pigments present in the skin, such as
carotene and hemoglobin, are characterized by a clear peak
of absorption, whereas melanin shows an unusual broadband
spectrum of absorption (Figure 2): that decreases in a quite
linear way towards higher wavelengths, characterized by
photon with low energy. Probably, this is due to the photo-
protective role of melanin against UV and light damage:
in fact, a spectrum characterized by a well-defined peak
of absorption allows photons of other wavelengths to be
transmitted, with possible consequent cell damage. These
peculiarities allow the use a huge range of wavelengths
to stimulate melanin. The authors used light in the NIR
window, probably due to the low energy of these photons
which do not induce cell damage. Notably, the fine-tuning
of this approach will likely allow in the near future, the
guided-release of drugs loaded in the MN patch (19,20).

In conclusion, the study published by Ye et /. show
that, in the animal model, patches with microneedles for
transdermal delivery of tumor antigens and cytokines
can be used to optimally trigger tumor-specific immune
responses as an effect of their ability to potently activate
DC. Interestingly, the use of Melanin and NIR irradiation
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further increased the potency of immune responses via
the activation of heat-shock protein and an enhanced
recruitment of immune cells due to heat-driven increase of
blood flux. These initial promising results pave the way for
the development of more efficient immune-based therapy
for the management of oncologic disease.
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