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How to Face Skin Cancer with Nanomaterials: A Review
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Abstract: Nanotechnology is one of the most attractive disciplines ranging from materials science to
biomedicine. It is one of the most prominent areas of research for targeting skin melanoma and other
diseases. The application of nanomaterials in the field of skin has increased interest in topical targeting
to increase the permeation and retention and reduce its side effects. Different types of nanomaterials
have been used for the application of skin diseases and cancer. These nanomaterials include carbonnanotubes, liposomes, nanoemulsion, nano micelles, etc. In the United States and globally, the
prevalence of melanoma has had a growing rise throughout the last 50 years. This review seeks to
discuss various types of treatment and diagnosis of early-stage skin cancer. There are many skin cancer
biomarkers for early detection of this type of cancer. Diagnosis of skin cancer forms a way of traditional
approaches, and their weaknesses are discussed. Electrochemical and optical biosensors for the
diagnosis and monitoring of skin cancer are also was described. After all, some issues should be
addressed and overcome regarding the competition of new techniques in cost and convenience of use.
Keywords: nanomaterials; skin; cancer; nanoparticles; diagnosis; treatment.
© 2020 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction
Skin cancer is a broad term that describes a large number of different malignant lesions
of the skin. It can be further categorized into two most common tumors: keratinocyte cancer
(also recognized as non-melanoma skin cancer) and melanoma skin cancer. Among these, nonmelanoma skin cancer is a widely detected type of cancer globally. In contrast, melanoma skin
cancer results in the highest percentage of deaths [1]. The skin's rarer tumors, like cutaneous
lymphoma, Kaposi sarcoma, and Merkel Cell Carcinoma, have also been described [2]. Recent
epidemiological data revealed the diagnosis of over 5.4 million cases of skin cancer in the
United States in 2012 [3]. In the U.S., skin cancer frequency has dramatically increased
(>300%) between 1994 and 2014. In 2018, the highest incidence of skin cancer was reported
in Australia, affecting approximately 300/100,000 people [4]. Therefore, skin cancer
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characterizes an extensive global health burden with huge psychosocial effects and necessitates
significant attention in terms of technologies and treatments.
Various choices, including surgery, radiotherapy, and chemotherapy, are available to
treat skin cancer. Surgical procedures for treating skin cancers include simple excision of tumor
cells from the skin, shave-excision (abnormal skin area is removed with a small blade), Mohs
surgery (excision of a thin layer of skin from the tumor region followed by viewing under a
microscope to inspect the presence/absence of tumor cells), cryosurgery (freezing of localized
affected tissue and excision by surgery), and curettage and desiccation (treatment to remove
affected skin surface with a curette) [5]. Radiation therapy can be classified into conventional
external radiation therapy, superficial x-ray therapy, and brachytherapy. Volumetric modulated
arc therapy is the latest and novel radiation modality that ensures the continuous delivery of
radiation dose to targeted tumor tissue while circumventing or minimizing the dose to healthy
tissue around the tumor microenvironment [6]. Nevertheless, the lack of histological clearance,
the evolution of undesirable phenotypes in recurrent tumors, and elevated costs are significant
drawbacks associated with the radiation technique [7]. Chemotherapy implicates the use of
potent chemicals in the body to destroy cells proliferated in an unprecedented way. This method
is most widely applied for cancer treatment because the tumor cells multiply and grow faster
than normal body cells. Numerous chemotherapy drugs, including imiquimod, carboplatin, 5fluorouracil, sonidegib, trametinib, vemurafenib, vismodegib, dabrafenib, temozolomide,
cobimetinib, dacarbazine, imatinib, binimetinib, selumetinib, nilotinib, nitrourea, and taxanes
are available for the treatment of skin cancer. The drugs contain both topical and can be
administered orally in the form of capsules or tablets, which exert a widespread systemic effect
due to distribution in various body parts via the bloodstream. However, these remedies are not
effective in the complete abatement of cancer. They are associated with many adverse impacts
causing discomfort to the patients. The lack of specificity to cancerous cells often results in
damaging effects on the healthy cells [5].
Given current advances in cancer therapy, nanosystems' application has gained
incredible interest as a promising approach for transporting therapeutic molecules and drugs
[8, 9]; [10]. These nanosystems can be designed for overcoming biological barriers and targeted
delivery of chemotherapeutic drugs to the tumor microenvironment, thus permitting the use of
minimum doses, improving treatment efficiency, and circumventing the extent of side effects
[11, 12]; [13]; [8]. Nanoparticles as drug carriers provide impressive developments in skin
cancer's therapeutic treatment by effective delivery, bioavailability, enhanced cellular
specificity, ability to endure against multi-drug resistance, and improved therapeutic efficiency
[14-16]. In addition, nanoparticle-driven drug transport can increase drug retention along with
tunable release at the targeted affected region inside the skin. The nanoparticulate system has
been employed in many applications, such as drug delivery, tumor targeting, cell imaging, and
image-directed tumor ablation [17-19]. Nanoparticles can penetrate through the skin, reaching
the specific tumor site for directed drug delivery by surface modification. In recent years,
extensive research has been executed to develop useful and novel nanoparticles with promising
drug delivery efficiency to treat skin cancer. Despite the apparent advantages of
nanotherapeutics for cancer treatment, most nanotechnology-based approaches are at the
development stage. However, some of the nanoformulations have entered clinical practice and
already available in the market. For example, doxorubicin containing PEGylated liposome,
Doxil®, is being used for ovarian and breast cancer, Kaposi sarcoma, and multiple myeloma
[13]. Abraxane®, albumin-bound paclitaxel nanoparticles, is another nanoformulation that has
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been approved by the FDA in 2005. It is used to treat various cancers, particularly non-smallcell lung cancer and metastatic breast carcinoma [11, 12].
Regarding skin cancer, a large number of nanostructured materials, including
nanotubes, quantum dots, liposomes, dendrimers, nano micelles, polymersomes, gold NPs,
nanogels, silica nanoparticles, polymeric nanoparticles, nanospheres, magnetic NPs,
nanostructured lipid carriers, and solid lipid nanoparticles have been successfully fabricated
and characterized for treating brain cancers proficiently [5]. These nanomodalities have also
been enormously involved in detecting skin cancer with superior sensitivity, cost-effectiveness,
minimal underdiagnosis, and overdiagnosis of cancer [20]. In this paper, we studied the recent
reports on applying various nanomaterials to treat and diagnose skin cancer. Therefore, our
review spotlights an up-to-date and comprehensive outlook of the various types of
nanomaterials that have been tested in the delivery of drugs for skin cancers—the information
presented to attract the attention of all those interested in the NPs-skin cancer association.
So with this in mind, in continuation of our group's efforts related to the synthesis of
nanomaterials and investigation about their potential bioapplications [9, 20-47], in the current
work, we reviewed different nanomaterials applied to diagnosis and treatment of skin cancer.
2. Nanomaterials for Targeting Skin Melanoma (Cancer)
The treatment of skin diseases is the most feasible approach compared to the other
invasive routes like parenteral or oral drug administration. Nanosized particles increase focus
for skin targeting for diseases related to the skin to enhance compounds' permeation to reduce
their adverse reactions. Several different types of nanomaterials are understudy for the
treatment of skin diseases and melanoma. These include dendrimers, liposomes, carbon derived
nanoparticles, protein-based, and inorganic nanoformulation. Applications of drugs or active
pharmaceutical ingredients (API) to the skin surface avoid major shifts in the plasma levels
typical for the frequent intervention of fast eliminating drug compounds. While it also allows
API to avoid the first-pass metabolism through the liver after absorption into the intestine.
Transdermal drug delivery route has gained significant importance for systemic treatment, e.g.,
by using drugs such as estrogen or glyceryl trinitrate for chronic suppression of pain [48, 49].
The skin application of various drugs cannot target the API for skin melanoma and
several other diseases and for anti-rheumatic therapy to avoid nonsteroidal anti-inflammatory
drug’s side effects. Researchers are also making significant contributions over the last decades
to kill the malignant cells through specific targeting. Nanodermatology has been applied for
both the treatment and diagnosis of skin cancer. The implementation of nanoparticles to
provide targeted delivery in skin melanoma is widely expected to change cancer therapeutics'
landscape in the foreseeable future. These nanoparticles can bind the polymer into a
malignancy cell membrane or to cytoplasmic or nuclear receptor sites to enhance the
concentration at the target site and reduce its toxicity. The skin application mode has been used
by physicians, not only by dermatologists, that are trying to quantify the amount of API
circulates within the entire organism. The drug carriers responsible for overcoming the stratum
corneum's barrier feature are the main issue of current research [50-52].
2.1. Lipid nanoparticles.

Lipid nanoparticles are among the most biocompatible form of nanoparticles studied
for the skin. Nanoemulsion, liposomes, solid lipid nanoparticles, nanostructured lipid cargos
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are major types of nanoparticles evaluated in skin permeation studies. The other common types
of lipid nanoformulation used for skin delivery, either topical or transdermal delivery,
mentioned in literature are cubosomes, nanodispersion, and niosomes. These drug delivery
systems have been used because of their advantageous properties like occlusive properties,
alteration in release pattern, and enhanced skin perforation linked with fewer side effects[53].
One new type of liposome called elastic type can modulate the capillaries flow via tiny pores
of the skin. It is stated that this lipid formulation can penetrate and take the compound into
deep down layers of the skin. For acute and chronic dermatitis treatment, liposomes
encapsulated with dipotassium glycyrrhizinate have been used as an anti-inflammatory agent
to target the disease. In the dermatological field, liposomes were used as a lubricating and
moisturizing agent. Active substances such as retinoids, glucocorticosteroids encapsulated into
liposomes showed enhanced efficacy and decreased their side effects. The topical liposomes
are superior to conventional ones in some skin diseases such as atopic eczema [54]. Figure 1
showed a list of nanomaterials for skin diseases and skin cancer.

Figure 1. Application of Nanodermatology in treatment of skin diseases and melanoma.

Jain et al. define enhanced delivery of minoxidil encapsulated into neutral liposomes
into hair follicles compared to other formulations. The other drugs like finasteride for treating
alopecia androgenetica treatment. Anti-androgens, including RU 68841 myristate encapsulated
solid lipid nanoparticles reported to enhance the permeation and delivery of the active
pharmaceutical compounds. The liposomal formulations of cyclosporine A stimulated the
reproduction of hairs in rats and demonstrating a significant approach for topical administration
of alopecia areata in humans [55]. The topically applied solid lipid nanoparticles (SLNs) were
considered to lose the skin pores structure. This modification can decrease the skin barrier
attribute and can occlude the skin surface. The topically delivered hyaluronic acid comprising
nano-sized particles can easily permeate via the skin surface. Nano-structured lipid carrier
encapsulated with an active pharmaceutical ingredient for sustained release [56].
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Anup Jose et al. studied the effectiveness of co-encapsulated curcumin and anti-STAT3
siRNA using cationic charged liposomes against skin melanoma. The liposomes were
characterized for measuring the encapsulation efficiency, zeta potential, particle size. The cell
line studies on B16F10 viability studies on mouse melanoma cells showed that both drugs' coencapsulation inhibited the cancer cell growth compared to other formulations. The positive
liposomes loaded with curcumin could breach the skin up to specified depth after using the
iontophoretic technique. The in vivo studies were conducted in the melanoma skin cancer cell
model in mice. The loading of curcumin and genetic material (STAT3 siRNA) by utilizing the
liposomes stops tumor proliferation as calculated by tumor weight and volume with either
curcumin or liposomal STAT3 siRNA.
Moreover, the curcumin encapsulated liposomes-siRNA complex demonstrates the
effectiveness parallel to inhibiting the tumor proliferation and STAT3 protein compared to
intervention intratumorally given. It is concluded that positively charged liposomes can be
applied topically via iontophoretic co-encapsulation of small molecule and siRNA to efficiently
treat skin diseases [57]. Carla Caddeo et al. investigated the fabrication of liposomes for the
co-administration of natural polyphenols, including resveratrol and quercetin.
The
polyphenols, when co-loaded into liposomes, demonstrated higher cellular uptake rather than
a single agent. This study resulted in a higher capability to scavenge ROS in fibroblast. The
efficacy of polyphenols loaded into liposomes was measured in a mouse model of skin
eruption.
The liposomal topical administration leads to a tremendous improvement in tissue
impairment by reducing leukocyte infiltration and edema. Hence, the following study
concluded that the polyphenol encapsulation into liposomes helps treat oxidative stress or
inflammation linked with malignant skin lesions [58]. Raquek Petrilli et al., the SCC
(squamous cell carcinoma) is a type of tumor in which epidermal growth factor receptor is
highly expressed because of malignancy. For the treatment of SCC, cetuximab (an anti-EGFR
antibody) is administrated in addition to the chemotherapeutic drug for enhanced efficacy. In
this work, the EGRF targeted immuno-liposomes encapsulated with 5-fluorouracil (5-FU) were
developed to target the SCC cells. The subcutaneous injections were topically applied. For 5FU-loaded immunoliposomes, iontophoresis was employed in the SCC xenograft animal
model to analyze the intervention route's influence on therapeutic efficacy. The cellular uptake
studies of immunoliposomes loaded with cetuximab by EGFR positive SCC cells was 3.5 times
greater than the uptake of liposomes given to the control group. The skin permeation studies
results showed that immune liposomes iontophoresis twice the 5-FU permeation into the
epidermis compared to the same treatment with control liposomes administered to the control
group. In the in vivo studies, the subcutaneous injection of immune-liposomes decreases the
tumor volume up to or greater than 60% compared to the negative control. The 50% decrease
in tumor volume compared with control and 5-FU solution that control liposomes treatment.
This study concluded that the immuno-liposomes encapsulated 5-FU topical administration
using iontophoresis is a more convenient approach for SCC targeted treatment[59].
2.2. Polymeric nanoparticles.

Polymeric nanoparticles have great importance in skin application due to their greater
stability and controlled release and permeation via polymeric matrix to permeate the skin.
These polymeric nanoparticles maintain the design for an extended period of time [60]. For
example, hydrogel encapsulated dexamethasone has greater efficacy to be applied to treat
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psoriasis as a controlled delivery product [61]. Polymeric nanoparticles encapsulated with
siRNA (small inhibitor ribonucleic acid) may specifically inactivate the gene expression.
Nano-encapsulation of siRNA has been applied to treat the pachyonychia congenital and
targeted delivery to inhibit a test gene expression in melanoma in human trials. Polymeric
Nano-capsules are NPs smaller than 1 µm comprised of lipid core and covered with ultrathin
polymeric outer surface stabilized by surfactant.
Thermo-sensitive polymers load the drugs solubilize to release along with having a low
value of critical temperature. These are being applied for drug delivery at the targeted delivery
where external heat stimulus is applied or at the site of inflammation [60]. The application of
methotrexate-loaded thermo-sensitive polymer was used as a basis for the treatment of
psoriasis. The pharmaceutical use of proteins and peptides elaborated in the present years
includes autoimmune disease, infection, and other anti-aging treatments. The encapsulation of
hair growth compounds in PLGA nanoparticles will be enhanced their permeation within hair
follicles up to two times in the case of the control solutions. The loading of minoxidil in poly(ecaprolactone) block polyethylene glycol NPs enhanced the hair follicles' permeation [62].
The natural polymeric NPs, like chitosan, gelatin, albumin, alginate, are most
frequently is used for topical skin delivery and targeting skin melanoma.
The chitosan, the de-acetylated derivative of chitin, is a biodegradable polymer comprises
mainly of glucosamine units. The anti-microbial, anti-oxidant, and anti-inflammatory
properties make chitosan a suitable carrier for targeting therapeutics to treat skin disorders.
However, at normal pH, the amine groups of chitosan are protonated, and therefore chitosan is
positively charged. The cationic charge could be used for NPs in solution through crosslinking
with polyanions to more efficaciously incorporate the anionic drugs via electrostatic interaction
and promote the cellular internalization of drug encapsulated chitosan NPs [63].
Hasanovic et al. showed that the encapsulation of acyclovir (anti-viral drug into
chitosan-TPP) NPs resulted in enhanced drug permeation, low photo-degradation, increase
drug permeation via porcine skin [64]. Ozbas Turan et al. demonstrated that the antisense
oligonucleotide-loaded chitosan NPs at a dose of 15-90 µg showed greater inhibition of β-gal
expression after 6 days post-transfection in rats [65]. Marina Franca Dias et al., the antineoplastic agent imiquimod (Imq) is utilized to treat skin cancer. However, the greater number
of local and systemic adverse effects related to the use of less skin penetration could impair the
therapeutic efficacy. The following study aims to evaluate the anti-angiogenic effect and antitumoral efficacy of polymeric nanoparticles encapsulated with Imq. The anti-angiogenic
efficacy of the fabricated formulation was evaluated in chorioallantoic embryo in chicken.
Also, its chemopreventive potential was evaluated in the carcinogenesis model in mice. It
concluded that the formulated delivery system could be used as an alternative route to treat the
diseases relevant to the vessel formation and enhance skin efficacy and penetration of less
soluble drugs to target skin diseases, including skin melanoma [66].
Gamal-Eldeen et al. worked to encapsulate the indocyanine green (ICG) dye in
polymeric nanoparticles to enhance loaded ICG components' aqueous stability. This study
evaluated the PDT effectiveness of anti-EGFR conjugate and free ICG-PEEBBLE. The
findings of the following study clearly showed that the COX-2 (cyclooxygenase-2), TNF-α
(tumor necrosis factor), 5-LOX (5-lipoxygenase) were decreased. And the apoptosis, caspase3, and histone acetylation were generated in transgenic mice after PDT using both types of
formulation. It is concluded for the following study that conjugation of indocyanine greenhttps://biointerfaceresearch.com/
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PEBBLE to anti-EGFR was very efficient in blocking the VEGF and also enhance the caspase3 in comparison to free ICG-PEBBLE [67].
Pandey et al. studied atopic dermatitis while fabricating the chitosan nanoparticles for
dermal targeting and increasing the subcutaneous tissue. The developed nanoparticles were
investigated for polydispersity index (PDI), zeta potential, particle size, morphology, etc. The
results indicated that the optimized formulation showed optimum results. In vitro release study
revealed that release under simulated skin conditions. Permeation study of BMV
(Betamethasone valerate) was more significant via BMV-CS-NPs; however, the quantity of
drug into epidermis and dermis was greater HA-BMVCS-NPs, when compared to BMV-CSNPs. It is stated that HABMV-CS is an efficient delivery system for more targeted delivery
and enhanced anti-AD efficacy[68]. Figure 2 describes the penetration of CS-BMV-NPs for
the treatment of atopic dermatitis.

Figure 2. A comparative study of atopic dermatitis treatment through hyaluronic acid-coated BMV
encapsulated CS-nanoparticles and without hyaluronic acid coating CS-BMV-NPs.

Bhatnagar et al. developed the bromelain encapsulated poly (lactic-co-glycolic acid)
and studied the anti-tumor effects in the skin tumorigenesis mice model. The following study
results revealed the increased anti-neoplastic effect of NPs in skin cancer model stage II. The
decline in the number of the tumor cells, a decrease in percent tumorigenesis, and percent
mortality in mice were seen in NPs loaded BL compared to free BL. These effects were also
supported by histopathological evaluations. The results demonstrated that the NPs were
fabricated to enhance chemotherapy's efficiency against skin melanoma at small doses[69].
Samaneh Bayat et al. studied the bromelain encapsulated chitosan nanofibers for burn injuries
in laboratory animal models. Chitosan nanofibers loaded with bromelain developed by
electrospinning technique. The physiochemical characteristics of nanofibers were analyzed.
Cytotoxicity analysis was also performed using Alamar blue. The healing process of chitosan
nanofibers was studied in rats for 21 days. The study analysis showed that 2% chitosan w/v
bromelain encapsulated nanofiber was efficient to repair the skin burn [70].
2.3. Nanoemulsions.

Nanoemulsions are stable systems with a clear appearance and carrying special
rheological characteristics. It is a most used delivery system for the sustained release of APIs
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into a deep layer of skin. The nano-emulsion advantage over others is that it can decrease
transepidermal water loss (TEWL) by hydrating the skin and are more permeable to APIs. The
greater solubilization and kinetic stability make them an attractive formulation.
Severino et al. worked on squamous cell carcinoma and basal cell carcinoma, which
were reported to be among the most common malignancies. Chemotherapeutics used under
similar conditions showed nonselective targeting along with severe side effects. These types of
nanoparticles showed sustained release and stability of encapsulated drugs from chemical
degradation. The following technique is very useful for increasing the intracellular quantity of
drugs and decreasing the cytotoxicity [50].
Primo et al. worked on the development of a novel delivery system consisting of
surfactants with magnetic fluid (obtained from maghemite) citrate derivative. The in vitro
studies showed that the formulation presents a significant potential for synergetic application
in the topical release of photosensitivity drugs and shown potential tissues targeting properties
in the photodynamic therapy. In vitro studies revealed that tape stripping could be used to
analyze drugs in the stratum corneum and dermis+epidermis skin layers. The following nanoemulsion were applied on the pigskin surface in the Franz diffusion cell. The results concluded
that the magnetic nano-emulsion would enhance the drug release on the skin layers deep down
compared to traditional formulation having no magnetic nanoparticles. This is all related to
enhancing the biocompatibility of nanoformulation because of enhancing efficacy for the
extracellular matrix in the skin and enhancing the drug-loaded inside the corneocytes wall [71].
Primo et al. developed the magnetic nanoemulsion to apply in magnetic hyperthermia and
photodynamic treatment. It is concluded that after the intervention of a very little amount of
drug, the tumor inhibition gets enhanced [72].
Giacone et al. studied aimed to fabricate and evaluate nano-emulsion for topical skin
delivery of the cytotoxic agent piplartine. The cytotoxicity study was approximately 2.8 fold
higher when the drug was loaded in chitosan nanoemulsion for targeting the melanoma cells.
The efficacy of this nano-system on melanoma tissues was concentration relevant. The results
supported the significant application of the chitosan modified nanoemulsion loaded with
piplartine to manage skin cancer [73].
Falamas et al. proposed the study to fabricate the ex vivo and in vivo surface-enhanced
signal from mice's skin and then used it against various skin pathologies, including skin cancer.
The chemopreventive activity of natural compound betulin was studied in skin carcinoma in
mice models. The study of various skin pathologies' differentiation was done by performing K
means clustering and components analysis. The efficiency of nanoemulsion loaded with botulin
validated by histological study and the chemometrics techniques showed the direct SERS
differentiation link among the botulin and cancerous nanoemulsion treated skin [74].
Yousef et al. developed curcumin-loaded nanoemulsion against several skin diseases,
including melanoma and psoriasis. To optimize skin delivery formulation, the curcumin QbD
(Quality by Design) approach is utilized to enhance the skin targeting of curcumin. It is
concluded that the efficacy of nanoemulsion for skin targeting of the curcumin, and showed
the mechanism of enhanced permeation. The results concluded that curcumin loaded
nanoemulsion has significant potential to target psoriasis and skin melanoma [75].
2.4. Carbon nanotubes.

The CNTs (carbon nanotubes) are the most stable compounds with good cytoprotective
and anti-oxidant effects. The CNTs conductivity was applied to develop a very good biomarker
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sensor for skin melanoma diagnosis and infections at its early stage[76]. Anna Shvedova et al.
evaluated and screened the effects of carbon nanotubes by utilizing immortalized keratinocytes'
cell culture. The longer exposure of single-wall carbon nanotube (SWCNT), cellular toxicity,
and oxidative stress were analyzed by loss of cell viability, free radicals formation, and
aggregation of per-oxidative products. SWCNT exposure also results in morphological and
ultra-structural modifications in cultured skin cells. It is concluded that skin exposure to
unrefined SWCNT may take to skin toxicity because of accelerated oxidative stress in workers'
skin [77].
Ding et al. use nanotechnology to evaluate the significance of toxic effects on the
environment and people. To evaluate the complete genomic expression analysis and enhanced
phenotypic measurement on human skin, the dermal fibroblast cell populations were exposed
to MWCNTs. The results showed the exposing cells to both types of nanotubes at cytotoxic
doses induced cell cycle arrest that enhances the necrosis. Moreover, these nanotubes' exposure
stimulates the genes involved in cellular transport, metabolism and cell regulation, etc.
Microarray analysis of the promotor analysis showed that p38/ERK-MAPK and interferon
cascades are critical pathway components in the signal transduction, participating in the more
adverse effects observed upon nanotubes exposure[78].
Hasebi et al., the development of stable anticancer drugs and CNTs has been under
investigation. The nanotubes loaded with two drugs, aminolevulinic acid and tretinoin,
evaluated for their stability of the composites. The results showed that tretinoin encapsulated
nanotube is more stable than nanotube-aminolevulinic acid [79].
Moon et al. evaluated the photothermal therapy using nanomaterials as an efficacy
technique for cancer targeting. SWNT is a potential and efficacious candidate as a
photothermal agent. This study demonstrated in vivo obliteration of malignant tumors by
targeting the SWNTs and NIR irradiation. The photo-thermally targeted mice showed a
complete cure of tumor without recurrence phase for 6 months. Most of the SWNTs that
intervene were removed out from the mice in about 2 months. The results concluded that
SWNTs serve as an efficient photothermal agent and a step towards future cancer therapeutics
[80].
Nanda Gopal Sahoo et al. fabricated multiwalled carbon nanotubes and graphene oxide
functionalized by highly biocompatible and hydrophilic for loading and targeting an anticancer compound CPT camptothecin. The MWCNT-PVA and GO-PVA were encapsulated
via pi-pi interactions and showed the potential to kill the breast and skin cancer cells [81].
2.5. Nanomicelles.

The nano-micelles have been used for drugs targeting the skin. These nano-carriers
have few limitations in that they are only deposited in the hair follicles. They might not reach
into the skin layer deep down [82, 83]. Emine Kahraman et al. developed the nano-micelles
loaded with terpenes to meet the challenges and evaluate skin delivery potential. The drug
accumulation and permeation were evaluated in the skin by the tape stripping method. The data
showed that nano-micelles loaded with terpinolene may cause the aggregation of more
concentration of drug in the striped skin as compare to the commercial product and micelles
without terpene. The loading of terpinolene into nanomicelles can be a more feasible approach
for drug delivery [82].
Wang et al. develop and design nano-carriers from polymers for targeting the siRNA
to skin melanoma for transdermal application. Encapsulated siRNA reproduces the efficacy in
https://biointerfaceresearch.com/
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inhibiting the proliferation of skin cancer. The study showed that cationic micelles are effective
as gene delivery nanoplatforms for melanoma therapy [84].
Yang et al. developed in situ gel for controlled drug delivery, encapsulated with
curcumin-loaded micelles, and suitable for skin repair. Studies suggested that curcumin loaded
nanomicelles exhibited good tissue stickiness that can release curcumin for a long time.
Moreover, full-thickness excision models and linear incision models were applied to analyze
wounds' in vivo healing. Histopathologic examination showed that curcumin load nanomicelles
could enhance cutaneous wound repair. It is concluded that biodegradable curcumin
encapsulated nanomicelles have significant potential for wound healing [85].
Xu et al., paclitaxel-loaded micelles were developed, and hydrogel was formulated
while loading these nanoparticles for skin melanoma treatment. Skin penetration and retention
study were performed for the following formulation. The cell lines studied showed more
cellular uptake in B16 melanoma cell lines, and in vivo studies in B16 cells showed preferable
anticancer activity than free taxol [86].
Rosa Juliana et al. develop a new approach for gene therapy for various skin diseases.
The RNA interferences used for gene therapy has been considered as the most novel techniques
for individualized therapy. In several skin diseases, siRNA application was established against
skin cancer, psoriasis, dermatitis, and leprosy. The following approach used siRNA
encapsulated nanomicelles for topical delivery. It acted via inhibition of expression of the
transcript that has potential for gene suppression [87].
Bingxin et al. developed oridonin (ORI) encapsulated nanomicelles by utilizing
monomethoxy poly(ethylene glycol)-poly(ԑ-caprolactone). The study revealed that ORI was
encapsulated into the core-shell structure of micelles that retained its anti-cancer activity. The
ORI could be released from the nanomicelles in a sustained way for in vitro study. The results
concluded that ORI encapsulated micelles showed potential for intravenous and transdermal
drug delivery in cancer therapy [88]. Anup Jose et al. developed cationic liposomes
encapsulated with curcumin and complexed with STAT3 siRNA. The results concluded that
the liposome-siRNA encapsulated with curcumin was taken up by clathrin modulated
endocytosis.
The co-encapsulation of STAT3 siRNA along with curcumin have a higher potential
for cancer cell apoptosis and inhibition with STAT3 siRNA and free curcumin. It is concluded
that cationic liposomes are non-invasive iontophoretic delivery of both co-encapsulated
substances to target the skin malignant cells [89].
2.6. Gold nanoparticles.

Gold nanoparticles (AuNPs) are the most used and applied platforms for treating,
diagnosing, and monitoring skin disease, including skin tumors [90]. Limon et al. developed
gold nanoparticles (GNP) coated with thiolates that highly solubilize in water. The uptake and
internalization of fluorophore coated AuNPs in keratinocytes of human was elaborated using
confocal fluorescence microscopy.
The functionalized nanoparticles inhibited intracellular KLK5 and HaCaT activity and
diminished the IL-8 secretion stimulated by TLR-2 ligands. The following study showed that
GNPs have a significant ability for new intracellular delivery of drugs and antibodies in treating
skin cancer other diseases, including Rosacea [91]. Preet et al. demonstrated the development
of nisin gold nanoparticles loaded with doxorubicin for murine skin cancer treatment. The
results indicate a substantial reduction in tumor volume when calculated at the termination of
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therapy. Therefore, the potential decline in the serum values of all evaluated cytokines NF- κβ,
TNF-α, TNF-β, IL-10. And a potential increase in tissue ROS (reactive oxygen species) levels
and lipid peroxides, and superoxide dismutase in various treatment groups. The following study
showed that the AuNPs assisted co-delivery of nisin doxorubicin for murine cancer cells and
DMBA cells in cultured cells in the lab [92].
Nirmala et al. developed the AuNPs considered for apoptosis and anti-malignant
efficacy at the minimum inhibitory concentration. The cytotoxicity of the gold nanoparticles
can synergize the effects of the phenolic compound of the V.vinifera and the efficacy of the
conjugated AuNPs that causes necrosis and tumor cell death in following cell lines studies [93].

Figure 3. Gold nanoparticles obtained from vinifera peel induce antiproliferative, apoptosis, and necrosis in
melanoma cell lines.

Fratoddi et al. developed the functionalized gold nanoparticles encapsulated with MTX
(methotrexate) to treat moderate to severe inflammatory diseases. The efficacy of the AuNPs
of the gold nanoparticles was loaded with MTX topically administered on the skin and checked
on skin models in vivo and in vitro in the psoriasis mice model. The cell proliferation rate,
inflammation, and epidermal thickness were also evaluated—the K6CD3, Ki67, and CD8 used
for immunochemistry evaluation showed reduced staining in AuNPs. Blood analysis showed
no distinctive differences in blood cell count level and ALT, AST levels at the start, and
treatment termination. Topical gold nanoparticles therapy can stimulate the decrease in
epidermal thickness, reduction in keratinocyte multiplications, and inflammatory infiltration in
the psoriasis mice model [94].
2.7. Mesoporous silica nanoparticles.

Mesoporous silica nanoparticles (MeSNPs) are a wide range of functionalities and are
modular as they can be modified to fit almost any setting. These nanoparticles have a greater
surface to volume ratio that increased the functionalization while maintaining the porosity that
allows the inorganic platform to an appreciable amount of carrier without destabilization of
silica framework. The recent advancement in nano-medicines helps to develop mesoporous
silica nanoparticles at a large scale. There are several studies that showed the use of MeSNPs
in skin carcinoma [95].
Hirai et al. evaluated the efficiency of nSPs (amorphous silica nanoparticles), one of
the broadly used nanomaterials that can induce the targeted effect by penetrating the skin. The
mice having atopic dermatitis (AD) (via dermal injection antigen Dermatophagoides
pteronyssinus) [96]. It is evaluated that amorphous silica nanoparticles can produce immunemodulating effects that can penetrate the skin. However, nSPs could produce a risk for
augmentation of immune diseases related to skin. Histopathological results showed that Dp and
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silica particles produce augmentation of AD. Moreover, the results are related to skin infections
induce by thymic lymphopoietin and IL-18 [96].
Lio et al., interfering RNA (siRNA) encapsulated mesoporous silica nanoparticles
applied to treat skin diseases that include SCC (squamous cell carcinoma). To study the effects
of silica nanoparticles topically to the SCC in a mouse model. MeSNPs encapsulated with
TGFβR-1 siRNA show a two-fold suppression of TGFβR-1 [97]. Xing Ma et al. developed 5aminolevulinic acid (5-ALA) encapsulated MeSNPs were produced to transport 5-ALA for
(PDT) photodynamic therapy against skin cancer cell lines B16F10. The folic acid attached to
the surface of 5-ALA encapsulated HMeSNPs enabled the endocytosis of NPs in cancer cell
lines. Figure 4 describe the targeting of skin cancer cell via mesoporous nanoparticles [98].

Figure 4. 5-aminolevulinic acid (5-ALA) encapsulated mesoporous silica nanoparticles for Photodynamic
therapy against skin cancer cells (B16F10).

P.Scodeller et al. developed silica nanoparticles (SiNPs) via self-assembly layer
methodology. The NPs were analyzed as adjuvant of carboplatin, intervene in A375 cell lines
of human skin cancer having mice and compared with another enzyme (inactivated). It is stated
that the volume of the tumor with SiNPs inactivated hyal was potentially increased in
comparison to the inactivated one. The matrix distorting enzymes are inactivated on SiNPs and
are a more efficient cancer drug aid than the inactivated enzyme [99].
Rosenholm et al. developed the MeSNPs and highlighted the new drug delivery way.
In vivo and in vitro, the therapeutic benefit of these systems for in vivo use has been studied.
Moreover, the results showed that the cellular studies could be replicated along with targeting
and safety issues in cancer therapy [100]. Fiorenza Rancan et al. evaluated the skin permeation
and uptake of SiNPs. The topical application of nanoparticles was linked with dendritic and
epidermis cells independent of their functionalization. The results concluded that, in patients
with eczema and atopic dermatitis, skin layers' analysis is highly significant to assess the
penetration of nanoparticles [101].
2.8. Iron oxide nanoparticles.

The superparamagnetic iron-oxide NPs (SPION) for drug targeting and other
biomedical implementation have been evaluated because of greater drug encapsulating
capacity, intense magnetic responsiveness, and greater targeted delivery efficiency. Literature
suggested that skin composition and structure will not approve the materials greater than 600
Da (>600 Da) to pass through the skin layers. The recent advances in nanomedicines have made
it easy to develop different types of MNPs (magnetic NPs) with few nanometers. Many studies
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demonstrated that these types of special nanomaterials help to permeate the stratum corneum
and hair follicles via the epidermis [102].
Rao et al. developed the EPI-SPION (epirubicin encapsulated iron oxide NPs) to target
skin carcinoma via transdermal route. The modifications of the SPION results in a drug carrier
that applied magnetism for chemotherapy of skin cancer. The cell lines study of skin cancer in
WM266 and HaCaT keratinocyte cells showed that SPION has good compatibility. The in vitro
study evaluated that the EPI loaded SPION can permeate the skin. The study concluded that
the potential of iron oxide NPs for easy transdermal delivery in skin melanoma [103].
Cengelli et al. studied the interactions of biocompatible cationic amino ultra-small
superparamagnetic iron oxide nanoparticles (USPIONs) with human cells in different
dimension cultures (2D and 3D) using electron microscopy and biochemical techniques. The
results showed internalization of the amino-SPIONs by human melanoma cells. The uptake
pathway was clathrin modulated and localized in the lysosome, which induces the stimulation
and decreases the expression of the cathepsin D and transferrin receptors in skin fibroblasts
under evaluation of skin melanoma [104].
Choi et al. studied the photon-activated therapy for skin melanoma and the potential of
the sensitizing effect of iron oxide NPs. X-rays photon stimulated therapy was evaluated by
targeting the CT26 tumor-bearing mice. The decrease in viability and damage was seen in the
FeO-NPs treated cell lines. The results concluded that iron oxide nanoparticles would enhance
the therapeutic effect with a low concentration that may have potential and significant treatment
for the skin's malignancies [105].
Musazzi et al. developed the semi-solid formulation with iron oxide NPs for human
skin penetration to target different skin diseases. The in vitro penetration of IONs aggregates
was evaluated by utilizing isolated stratum corneum (SC) or humans' epidermis. The semisolid
preparation of different FeO-NPs permeation as compared to the aqueous suspension. The Cet
cream formulation enhances the penetration, and low retention amount compared to the cold
cream and favored the accumulation into the skin membrane. The results concluded that the
skin semi-solid formulation could be used to deliver the FeO-NPs without disturbing the
permeation pattern on the skin surface [106].
3. Results and Discussion
When normal cells transform and spread out of control, cancer starts and creates a
tumor. Skin cancer is diagnosed for 3 million Americans each year, making this cancer one of
the most common cancer kinds in this country and also in the world. If skin cancer is detected
early, topical treatments, procedures performed in a dermatologist's office, or ambulatory
surgery may typically be used to treat it [107]. Skin cancer usually kills 1 percent of all cancer
types in the world. Skin cancer can be more severe in some situations and needs treatment by
a multi-modal approach that needs dermatologists and oncologists experts together [108]. Skin
cancer usually showed 4 types of cancer that include squamous, basal, Merkel, and melanoma
cell carcinoma [109]. Melanoma began with melanocytes and was reported as the most deadly
skin cancer. There are some drawbacks to conventional methods. The advancement of new
strategies for the detection of skin cancer is vital [110]. The nanosensor is an analytical
instrument used for the identification of a biological substance. Nanomedicine is playing an
increasingly significant role in the production of nanosensors. The biosensor or nano biosensor
science is widely used to detect biomarkers in skin cancer [111]. It can be claimed that with
the emergence of Nanomedicine and its effect on the production of ultrasensitive instruments,
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it is possibly one of the most promising solutions to fix some of the problems related to the
growing need to create an extremely sensitive, quick, and economical method of a skin cancer
diagnosis. Different electrochemical and optical biosensors have been developed for skin
cancer detection that will be discussed below.
3.1. Biomarkers in skin cancer.

The identification of biomarkers associated with skin cancer has provided new insights
into the area of theranostics cancer. One of the earliest prognostic biomarkers of melanoma is
lactate dehydrogenase (LDH) [112]. Another prognostic biomarker in metastatic skin cancer
patients is serum S100B levels [113]. The BRAF V600 can be the best biomarker for metastatic
melanoma. Recognition of tyrosinase (TYR) mRNAs in serum or blood is another biomarker
for metastatic melanoma [114]. In inflammatory problems, over-expression of
cyclooxygenase-2 is a promising biomarker for tumor inflammogenesis, metastasis, and
angiogenesis [115]. Microsomal prostaglandin E2 synthase-1 was reported in some studies as
a predictor of melanoma or skin cancer [116]. A key role in melanoma progression has been
documented to be played by matrix metalloproteinases ( MMPs) [117].
Many cancers, including malignant melanoma, calcium-binding proteins of S100 group
such as S100B, S100A9, and S100A4, have attracted considerable interest as novel biomarkers
[118]. It is often undetectable in the early stages of melanoma. In contrast, late-stage melanoma
displays substantial circulating tumor DNA (ctDNA) levels [119]. The potential biomarkers of
melanoma and other pathologies can be microRNAs or long noncoding RNAs [120]. The
exosomes of patients with metastatic melanoma were extracted from miRNA19a, miRNA21,
miRNA149, miRNA17, and miRNA126 [121].
Collectively, the discovery of biomarkers derived from liquid biopsies is not as fast as
in comparison to genomics and genomics biomarkers. Also, many proposed biomarkers in the
clinical application may not have adequate validity. Among the factors that limit the use of
ideal biomarkers in POC, applications are the absence of repeatability, optimization
procedures, and process duration. Previous to marketing, biomarkers must meet strict laws by
regulatory authorities.
3.2. Traditional approaches to the diagnosis of skin cancer.

Dermoscopy, self-skin examination, optical coherence tomography, and
ultrasonography are traditional skin cancer detection [122]. A Skin Self-Exam (SSE) is a skin
examination that you do on your own. It is a method to detect any alterations in the skin or
irregular areas. SSE is a simple method of detecting skin cancer with a 6-50% prevalence of
self-diagnosed skin cancer incidence [123]. In dermoscopy, optical magnification (*10) and
fluid immersion were used to view skin lesions as a non-invasive imaging process. From mild
to malignant melanoma, dermoscopy illustrates the development of skin lesions. Compared to
a naked eye examination, dermoscopy improves the susceptibility and precision of detecting
melanoma to around 20 and 10%, respectively [124].
Another traditional technique that microscopically evaluates melanoma at the papillary
dermis level and epidermis is reflectance confocal microscopy or RCM [125]. Different
reflectance indexes of skin cells and their anatomical structure generate contrasts of the final
image in the resulted photograph. For melanin and keratin, the maximum contrast is with a
reflection index of 1.7 and 1.5, respectively. High-frequency ultrasonography has created highhttps://biointerfaceresearch.com/
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resolution images to distinguish different forms of skin cancer. This high resolution
(frequencies up to 100 MHz) helps the system to picture the cutaneous components, epidermis
and dermis, and vessels to the diagnosis of skin cancer [124]. In ultrasound tests, the
appearance of a healthy, hypoechogenic, and thick tissue suggests the existence of skin cancer.
In diagnosing skin cancer, infrared light was applied in optical coherence tomography to create
a no invasive process. In cases of misunderstanding with ultrasonography, OCT is appropriate.
OCT, though, only investigates tumor lesions below 1 mm [126].
In the diagnosis of skin cancer, these conventional techniques have been developed, but
significant disadvantages have restricted their clinical application. Many of these approaches
are time-consuming, costly, and need an experienced expert.
3.3. Electrochemical nanosensors.

Biosensors are commonly used instruments for electrochemical biomarker detection
and can theoretically be used to establish cancer diagnostic with point-of-care checks [127].
An efficient and low-cost detection technique for melanoma cancer diagnosis is the
electrochemical identification of functional melanoma biomarkers, which significantly
optimizes sensitivity and specificity [128]. Immunosensors are effective for cancer detection
and are produced using electrochemical transducer-anchored antibodies. A significant part of
the creation of electrochemical immunosensors is expected to be the manufacturing of
responsive and stable materials by immobilizing biomolecules. The use of nanoparticles in an
immunosensor also enables biological macromolecules with high biological stability and
activity to be effectively immobilized due to their high adsorption ability and wide surface area
[129, 130]. Seenivasan et al. developed a new immunosensor based on SiO2 NPs and
polypyrrole nanocomposite for early detection of melanoma cancer [131].
The particular strategy was based on the attachment between the anti-MC1R antibody
and the melanocortin 1 receptor antigen on the cell's surface. The suggested immunosensor was
particularly sensitive with a sensitivity of 20 cells/mL, accurate and repeatable, and the readyto-use electrode loaded with Ab was lasted for 14 days. In another study, Xiang et al. mentioned
a combined nano-mesoporous Co3O4 sheet (Au/Co3O4) and aminated graphene (GS-NH2)
immunosensor based on Au NPs for melanoma adhesion molecule antigen (CD146)
identification [132]. With a LOD of 3.4 pg/mL and S/N of 3, the nano sensor-operated over a
line range of 0.01-15 ng/mL.
Wearable sensors have gained tremendous interest in recent years. Different wearable
electrochemical or optical sensors have been developed to monitor body fluids such as saliva
or sweat in real-time [133].
For the rapid screening of skin melanoma, Bianca et al. developed a portable bendable
nanosensor and a non-invasive micro-needle sensor [134]. The wearable electrochemical
sensors were able to identify the existence of tyrosinase (TYR as skin cancer biomarker). The
elastic sensor showed strong mechanical deformation resistance, whereas the hollow microneedle unit was filled with carbon paste coated with catechol to measure the low levels of TYR
in tissue. Pretty biased measurement was obtained by adsorbing the TYR enzyme marker’s
CAT substrate and amperometrically measuring the BQ reaction product at a low-potential of
-0.25 V. The resultant epidermal bandage and wearable microneedle sensors showed good
analytical efficiency and provided significant promise to monitor the TYR biomarker on both
the skin surface and inside the skin.
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Electric cell-substrate impedance sensing (ECIS) and Electrochemical impedance
spectroscopy (EIS) are the common methods currently available for characterizing single cells
based on a specific frequency range of cellular electrical answers and long-term cell
physiological answers [135]. The EIS system has been commonly reported to detect skin
cancer. It includes a disposable electrode probe that differentiates between abnormal and
normal skin lesions using electrical impendence variations [136]. In this regard, A highly
sensitive electrochemical impedance spectroscopy (EIS) approach has been documented by
Prathap et al., useful in identifying melanoma cells precisely and quickly using anti-MC1R
antibody attached PANI-NFs [137]. A perfect linear correlation was obtained between the
current and the target cell (density of 15 to 7000 cells/5mL and LOD of 1 cell/mL).
Silicon nanowire functionalized with antibody field-effect transistors demonstrated
high specificity to analyte identification, allowing analyte concentrations to be sensed at levels
not easily available by other tools [138]. Identifying serum melanoma biomarkers, such as the
newly found tumor necrosis factor receptor superfamily participant TROY (TNFRSF19), is at
low amounts, is an important factor. The identification of TROY in the buffer with various
concentrations and silicon nanowires was reported by Maedler et al. The sensitivity of
nanosensors was evaluated by comparing the signal with that acquired from BSA in the buffer
solution [139]. To differentiate the two signals, both the signal size and the reaction kinetics
were applied. They obtained the dissociation and interaction constants for the reaction of
TROY and antibody by their reaction models.
Despite the benefits of using electrochemical approaches, skin cancer identification at
its early phases needs to study human body fluid with deficient concentrations. To enhance the
therapeutic potential and diagnostic precision, the combination of multimodal imaging and
therapeutic features within a nanoplatform is essential. Integrating electrochemical approaches
with recently designed electro-active complexes and electrochemical sensing nanoparticles can
further increase the limits of detection and susceptibility for new biomarkers. Even more
developments in nanoscience, bioengineering, molecular biology, and computational biology
are expected to open the path to producing accurate electrochemical biosensors to enhance
customized treatment strategies for some diseases.
3.4. Optical nanosensors.

As novel disease biosensors, optical techniques have received considerable attention in
recent years [140]. As a symptom of dermatological diseases, including melanoma, increased
tyrosinase activation is a marker. In melanin biosynthesis, tyrosinase (TYR) is an important
biomarker for detecting actinic injury, vitiligo, and melanoma [141]. Hu et al. published a
simple fluorescent experiment-based carbon quantum dots attached with dopamine (CQDsDopa) for TYR activation [142]. Two wide linear regions were identified by the experiment
(711.1-2925.4 U/L and 44.4-711.1 U/L) and LOD of 17.7 U/L. In blood serum, the suggested
fluorescent analysis was used to test TYR activity.
In other studies, Li et al. developed an oligonucleotide fluorescent probe with pyrene
alteration and in-situ integration of nucleoside phosphoramidites (T-C-A-G) with phosphorus
modification of pyrene at the internal phosphate backbone [143]. They demonstrated that the
inclusion of exactly aligned analytes caused the fluorescence intensity to increase quickly (less
than 20 s) and significantly (up to 23.5 times), whereas analytes with a single mismatch on
both sides of pyrene attached phosphate showed a steady fluorescence intensity level similar
to that of the background. As a practical optical imaging tool, fluorescent-labeled antibodies
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have been applied in the diagnosis of microscopic melanoma. In another study, Larissa et al.
showed that antiangiogenic therapy's addition increases the absorption of monoclonal
antibodies labeled fluorescently within melanoma tumors [144].
One of the favorite new investigations that have drawn great interest from researchers
because of its economical price and good sensitivity is the photoelectrochemical (PEC)
biosensing technique [145]. In this light, a high sensitive photoelectrochemical nanosensor was
reported by Erhu et al. for DNA detection. The nanosensor was based on cascade signal
amplification (hybridization chain reaction, catalytic hairpin assembly, and alkaline
phosphatase) [146]. The T-DNA was detected with LOD of 0.052 fM and linear response range
of 0.1 fM-100 pM. The suggested PEC biosensor demonstrated excellent analytical efficiency.
In another analysis, Lopes et al. prepared biocompatible Au NPs covered with oleic acid and
hyaluronic acid and used in a melanoma cell line (B16F10), keratinocytes, and also
Saccharomyces cerevisiae [147]. Au NPs showed a near-infrared absorption in 750-1400 nm.
The covered Au NPs also demonstrated a spherical shape with an average diameter of 297 nm
without toxic effect on the yeast and cell lines tested. Nonetheless, the viability of the B16F10
cell line was decreased down to 20% after laser application. This study showed promising
results for melanoma treatment and diagnosis.
4. Conclusions and Future Prospectives
Nano dermatology is a novel area of research having applications in the field of
medicines. Many nanomaterials have been implemented in modern society. Updated versions
are developed at a phenomenal rate as some inorganic nanomaterials coupled to label as
antibodies and have proven efficacy for visualizing various skin diseases and skin tumors.
Skin cancer is fast-growing cancer that some vital consideration is required for quick
and precise diagnostic tools. However, despite the outstanding role of conventional methods in
reducing melanoma's mortality rate, the limitations of these methods for clinical use and recent
rapid advancement in optical and electrochemical nanosensors have led to innovative
approaches for detecting melanoma in trial applications.
Effective clinical implementation of the methods of detection demands that they be
incorporated with POC instruments. The important obstacle for electrochemical melanoma
detection is that no biomarker has been showing a perfect signal. Some bio-markers appear to
have low selectivity, raising the likelihood of erroneous results.
Assimilating electrochemical methods with recently created electro-active compounds
and electrochemical biosensors would expand the limits of detection and sensitivity for newer
biomarkers. Furthermore, nanomaterials tend to have a synergistic effect between bioactivity,
permeability, and catalytic potential to improve the final signal. Further advances in medical
technology, genetic engineering, computational biology, and molecular biology are expected
to open the door to the production of effective electrochemical biosensors to enhance
customized treatment strategies for some diseases.
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