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Abstract  

Skin cancer is among the most widespread and challenging forms of cancer, with high death 

rates globally, the seventeenth most prevalent cancer in the world. Conventional treatment 

options for skin cancer, including surgical procedures, immunotherapy, radiation therapy, 

chemical peels, photodynamic therapy, chemotherapy, topical therapy, curettage and 

electrodesiccation, and cryotherapy, have many limitations which could be surpassed by the 

use of nanoparticle-based drug delivery systems. In addition to providing targeted treatment 

for skin cancer, nanoparticle-based drug carriers have the ability to improve the bioavailability, 

specificity, and therapeutic effectiveness of anti-cancer drugs and increase patient adherence. 

The present review summarizes the potential of different categories of nanoparticles that are 

currently being explored in order to treat and diagnose skin cancer. A brief introduction about 

the different types of skin cancer has also been included, followed by the application of 

nanoparticles-based therapy for the treatment of these different types of skin cancer. In the end, 

the challenges related to the formulation and development of nanoparticles for skin cancer and 

the current progress of use of this specialized drug delivery system have been highlighted with 

a direction towards ways to overcome these challenges.  

Keywords: Nanoparticle; Skin cancer; Nanotechnology; Melanoma  
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Chapter 1 

The Introduction 

1.1 Background 

Skin malignancies are among the most widespread and challenging types of cancer, with 

extremely high death rates globally. Skin melanoma is the seventeenth most common cancer. 

(Skin Cancer Statistics, 2020) According to the most recent WHO data published in 2020, there 

were 853 skin cancer deaths in Bangladesh, or 0.12% of all deaths. In 2020, there were more 

than 150,000 new instances of cutaneous melanoma worldwide. Radiation exposure, drugs 

used to suppress the immune system following organ donation, infection with human 

papillomavirus, exposure to polychlorinated biphenyls, genetics and family history, and skin 

pigmentation are all linked with a high risk of skin cancer. Arsenic in drinking water raises the 

risk of lung cancer, bladder cancer, and skin cancer (Skin Cancer Statistics, 2022). Arsenic is 

a very well-known carcinogen that has been linked to skin cancer and a variety of internal 

tumors (Tondel et al., 1999). Approximately 100 million individuals are exposed to arsenic 

globally, most notably in Bangladesh, China, India, Chile, Taiwan, Mexico, and the United 

States of America (Yu et al., 2018). Epidemiologic research indicates that the elevated cancer 

risk associated with prolonged arsenic exposure may remain for many years after the source of 

exposure has ceased (Argos et al., 2013). Chemotherapy, surgery, and radiation are only a few 

current skin cancer (SC) therapies. Generally, the treatment choices for SC are determined by 

the patient's health as well as the form of carcinoma. SC therapy's success is still limited due 

to the poor penetration of drugs into the lesions or stratum corneum, its ineffectiveness, and 

the requirement for a more significant quantity of active pharmaceutical ingredient (API) to 

provide a therapeutic impact (R. Jain et al., 2020). Apart from limited bioavailability at the 

action site, the greater amount of dose needed results in skin irritation, which considerably 
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impairs the absorption of drugs into the skin. In this context, the use of nanocarriers could 

circumvent the limitations of traditional anticancer drug delivery methods. Nanotechnology-

based therapy has demonstrated significant potential in treating and diagnosing skin cancer, 

and it may be utilized to increase the efficiency of drug delivery systems for cancer treatment. 

(R. Jain et al., 2020).  

1.2 Rationale  

Conventional methods of skin cancer treatment include surgery, photodynamic therapy, 

radiation therapy, chemical peeling, immunotherapy, chemotherapy, and cryotherapy. Simple 

excision, shave excision, Mohs micrographic surgery, dermabrasion, laser surgery, curettage, 

and electrodesiccation are all invasive treatments that might result in secondary infection and 

scarring. On the other hand, chemotherapy, radiation therapy, and immunotherapy, do not 

provide targeted treatment, resulting in higher toxicity. Nanotechnology has transformed the 

administration of drugs via topical, oral, and systemic routes. Nanoparticles based drug 

mediators can boost drugs' bioavailability, therapeutic effectiveness, and specificity and 

increases compliance of the patient (Krishnan & Mitragotri, 2020). In this context, 

nanoparticles (NPs) based therapy have the potential to treat SC by avoiding first-pass 

metabolism, enhancing absorption via skin, providing targeted drug delivery to the action site 

while lowering unwanted adverse effects. 

1.3 Aims of the review 

The review focuses on the potential of nanoparticles (NPs) to treat skin cancer along with the 

challenges associated in development of nanoparticles for the treatment of skin cancer. The 

different types of NPs currently explored for diagnostic and therapeutic purposes of skin cancer 

treatment has been discussed with a direction towards future application of NPs in the field of 

skin cancer. 
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Chapter 2 

Literature Search 

A thorough review of the current literature on use of nanoparticles-based technology on skin 

cancer diagnosis and treatment was undertaken using PubMed, Google Scholar, Elsevier, 

Science Direct, Springer, and Cancer Registry webpages. The key words/phrases to search the 

papers used were skin cancer, nanoparticles, melanoma skin cancer, non-melanoma skin 

cancer, squamous cell carcinoma, basal cell carcinoma diagnosis, cancer prevention, and skin 

cancer therapy. Approximately 50 papers were selected for the review, to include pertinent data 

and information, with appropriate citation using Mendeley Library to present a comprehensive 

review on nanoparticle for skin cancer therapy. The review provides information on the current 

scenario of the use of nanoparticles (NPs) and therapeutic implications of NPs in the 

management of SC. 
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Chapter 3 

The Skin and Skin Cancer 

3.1 Anatomy and Physiology of the Skin 

The largest organ in the body is the skin, accounting for roughly 16% of total body mass. The 

epidermis and dermis are the skin's two major layers composed of epithelial, mesenchymal, 

glandular, and neurovascular components (Simões et al., 2015).  

The epidermis, which originates from ectodermal cells, is the outermost layer that comes into 

touch with the outside world, acting as a physical and chemical impediment to environmental 

stresses such as infections, chemicals, as well as ultraviolet radiation. This film, thus serves as 

the body's defense mechanism (Simões et al., 2015). Different types of cells are present in 

epidermis such as keratinocytes, defined by their cytokeratin expression and their proximity to 

one another via desmosomes and tight junctions. As epidermal keratinocytes migrate outwards 

through the skin's surface, they undergo planned differentiation, eventually creating 

corneocytes, densely linked deceased yet undamaged cells that constitute the epidermis's main 

barrier (Madison, 2003; Proksch et al., 2008).  

Dermis originates from mesoderm and holds cutaneous structures such as hair follicles, sweat 

glands, sebaceous glands, and nerves. Additionally, the dermis anchors many cells of the 

immune system and fibroblasts, which are involved in various physiologic reactions of the skin 

(D’Orazio et al., 2013; Proksch et al., 2008).  
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3.2 Skin Cancer 

3.2.1 Epidemiology of skin cancer 

3.2.1.1 Skin cancer in Bangladesh 

Arsenic (As) exposure is a significant public health issue in Bangladesh (Argos et al., 2013). 

Bangladesh happens to be one of the worst impacted places with widespread As poisoning: in 

41 out of 64 districts, 30–70 million people may have been drinking arsenic-contaminated 

water having more than 50µg/L As (the present drinking water limit of As in a number of 

countries) for a long time as the polluted water in the ground is the country’s key water source 

for drinking (Argos et al., 2013; Tondel et al., 1999). Skin Cancer Fatalities in Bangladesh 

reached 301 in 2018, accounting for 0.04 percent of total deaths, according to the most recent 

WHO statistics published in 2018. Long-term As exposure impairs the immune system of some 

vulnerable people. Skin lesions (malignant and non-malignant) are the most often reported 

adverse health rigorousness of prolonged As exposure in humans (Yu et al., 2018). The 

incidence and complexity of arsenic-induced physiological problems of the skin are dependent 

on the amount of As in drinking water and also the usage length. Additionally, starvation 

increases the toxicity of As (Maharjan et al., 2007; Mitra et al., 2004). In South Asia, 

underground water supplies the majority of drinking water, and subsequently skin lesions have 

been observed in Bangladesh, Myanmar, Nepal and India, due to As-contaminated 

groundwater (Chakraborti et al., 2003; Guha Mazumder et al., 1998). Numerous 

epidemiological investigations in humans have established that arsenic in municipal water 

supplies and air is carcinogenic, causing skin conditions, melanoma, and lung cancer (Y. Chen 

& Ahsan, 2004; Ferreccio et al., 2000; Rahman et al., 2006). While efforts to limit the arsenic 

exposure by contaminated water are continuing, research for finding ways to minimize the 
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health implications of this tragedy requires immediate attention and resources (Argos et al., 

2013).  

3.2.1.2 Skin Cancer Worldwide  

Globally, skin malignancies have increased dramatically (Apalla, Lallas, et al., 2017; Katalinic 

et al., 2003; Leiter et al., 2014; Lomas et al., 2012; Rogers et al., 2015). Over the last three 

decades, the global incidence of squamous cell carcinoma (SCC) has increased by 3-10% a 

year. Over the similar time, basal cell carcinoma (BCC) has mounted by between 20% and 

80% in the United States (Wadhera et al., 2006). SCC is geographically specific, with a greater 

prevalence rate in tropical locations (Qureshi, 2008). Additionally, there seems to be a link 

between SC and immunology since individuals who have had organ transplantation at an early 

age have a higher frequency of non-melanoma skin cancer (NMSC) (Moloney et al., 2006).  

Ninety-nine percent of all NMSCs are BCC or cutaneous squamous cell carcinoma (cSCC). 

Historically, cSCCs accounted for 20 percent of all skin malignancies, with BCCs accounting 

for the remainder. However, recent research assessed the anticoincidence ratio between BCC 

and SCC in the Medicare fee-for-service group to be 1:1 (Rogers et al., 2015). Additionally, a 

total rise of 263 percent in the prevalence rate of cSCC was seen between 1976-1984 as well 

as 2000-2010 (Muzic et al., 2017). Such an increase is linked to the aging population and 

advancements in diagnostic technologies (Kosmadaki, 2002). Skin lymphomas, Merkel cell 

carcinoma, Kaposi's sarcoma, dermatofibrosarcoma, and skin carcinosarcoma are less 

prevalent variants of NMSCs (Losquadro, 2017). In general, NMSCs are treatable. However, 

since their prevalence has grown globally and healthcare costs have skyrocketed, NMSCs have 

become a significant public health alarm (Guy et al., 2015; Krishnan & Mitragotri, 2020; Lewis 

& Weinstock, 2004). In the United States alone, around 70,000 new instances of melanoma 

(which accounts for the majority of skin cancer-related death) are recorded each year, and 1–
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2% of the population will experience wounds that are chronic (those that do not heal by 12 

weeks) over their entire life (Gottrup, 2004). 

Owing to its ability to begin, develop, and accelerate the growth of skin cancer in humans, 

ultraviolet radiation is a lethal carcinogen. Parts of the skin excessively exposed to high levels 

of ultraviolet radiation, whether early in childhood or overtime as an accumulating dosage, may 

be predisposed to the establishment of skin cancer due to genetic changes in exposed skin 

(Jemec et al., 2010).  In skin pigmentation illnesses such as vitiligo and albinism, the lack of 

functioning melanocytes leads to an increased vulnerability to the adverse action of ultraviolet 

light (Slominski et al., 2004). 

3.2.2 Types of Skin Cancer 

Skin cancer is a broad phrase that refers to various malignant skin tumors. It is classified into 

the two most prevalent types of skin cancer: keratinocyte cancer (non-melanoma skin 

cancer/NMSC) and melanoma skin cancer (MSC). Among them, the most frequently spotted 

kind of cancer globally is NMSC. By comparison, melanoma skin cancer is the deadliest kind 

(Esteva et al., 2017; Sabir et al., 2021).  Types of skin cancers are discussed below: 

3.2.2.1 Melanoma Skin Cancer 

Melanomas are the most aggressive cancer type. Melanocytes cause symptoms such as a mole 

with altered size, shape, color, uneven borders, and occasionally itchiness or bleeding. Skin 

cancer has the potential to spread through tissues, lymphatic systems, and the bloodstream 

(NIH). Malignant melanomas are highly hazardous, and they are notoriously difficult to cure. 

Certain infectious organisms, such as viruses, bacteria, and parasites, have the potential to 

cause cancer or increase one's risk of acquiring it. MCPyV (Merkel Cell Polyomavirus) has the 

ability to cause Merkel cell carcinoma, a unique kind of SC transmitted among people by blood 

or other bodily fluids (Thanaraj et al., 2020). Melanoma, the most lethal type of SC, begins in 
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melanocytes (A. J. Miller & Mihm, 2006). Melanocytes are pigment cells that provide color to 

the skin and hair, and are located in the epidermis's stratum basale and hair follicles (Slominski 

et al., 2004). Healthy melanocytes produce melanin, which triggers the tanning response by 

absorbing UV radiation, and protects against skin cancer (Gray-Schopfer et al., 2007b). 

Suppressed immune system, sensitivity to sun, and UV ray exposure in the presence of a 

genetic susceptibility all affect the process of melanoma formation (A. J. ; M. M. C. Miller, 

2006). Melanoma risk factors involve periodic solar radiation, fair skin tone, and geographical 

region. However, one kind, acral lentiginous melanoma, develops on the feet and hands of 

people of color (Dasari et al., 2020).   

3.2.2.2 Nonmelanoma (keratinocyte cancer) 

NMSC vastly exceed melanomas in occurrence, nevertheless most of them are far more 

treatable and have a significantly better prognosis. The SCC and BCC, the two primary types, 

are produced from keratinocytes on the epidermis. They are much less lethal than melanoma 

mostly because they tend to remain restricted to the site of infection, which simplifies therapy 

significantly. (Simões et al., 2015).  

3.2.2.2.1 Basal Cell Carcinoma (BCC) 

Although basal-cell cancer develops slowly and may cause harm to surrounding tissue, it is 

less capable of spreading to distant locations or causing mortality. It frequently presents as a 

painless elevated region of skin that is glossy and has several trivial veins running through it or 

as an inflamed elevated area (Thanaraj et al., 2020). BCC can destroy local tissues and 

frequently reappears following partial excision. It hardly ever keeps spreading, which is 

beneficial. The major modifiable risk factor for BCC formation is ultraviolet ray exposure from 

natural sources and tanning parlors. This explains why males with outdoor vocations and 
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elderly individuals have a greater prevalence of this malignancy. Genetic predispositions may 

also be involved (Apalla, Nashan, et al., 2017). 

3.2.2.2.2 Squamous Cell Carcinoma (SCC) 

SCC has a greater predisposition for metastasis. It often takes the form of a hard mass with a 

crusty surface, although it can potentially develop into an ulcer (Thanaraj et al., 2020). The 

second most frequent kind of skin cancer is SCC, having more than doubled occurrence during 

the last 30 years (Rogers et al., 2010). Chromosomal abnormalities, both quantitative and 

morphological, in epithelial keratinocytes are generated by UV exposure and play a role to the 

start of SCC. Additionally, chemical exposure, smoking tobacco, and infection with the human 

papillomavirus are risk factors (Dasari et al., 2020). Premalignant keratinocytes exposed to UV 

undergo clonal proliferation and evolve into actinic keratosis (AK) (Care et al., 2001).  
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Chapter 4  

Conventional Therapies for Skin Cancer  

Early identification and treatment of malignancy can dramatically enhance the survivability of 

melanoma patients. Cancer can be treated in various ways, including surgery, chemotherapy, 

radiation treatment, immunotherapy, photodynamic therapy, targeted therapy, and chemical 

peels (Thanaraj et al., 2020). The most crucial factor affecting skin cancer (SC) prognosis is 

early diagnosis and treatment. Treatment options for precancerous and cancerous skin lesions 

include surgical and non-surgical procedures (Amini et al., 2010; Fahradyan et al., 2017). 

Treatment for NMSCs is mainly determined by the number, thickness, and location of lesions 

and the patient's medical history and reappearance. Additionally, patient choice is addressed, 

particularly accessibility, tolerability, and insurance coverage (Goldenberg & Perl, 2014). 

When tumors are widespread, and the treatment area is big, non-surgical techniques are often 

explored for patients who are ineligible for surgery. Field-directed treatment has the potential 

to remove both medically visible and preclinical lesions and prevent their development in 

distant areas in certain instances (Goldenberg & Perl, 2014). This category comprises radiation 

treatment, topical chemotherapeutic or immune modulator medications, and photodynamic 

therapy, which are employed independently or with other techniques (Bray et al., 2016). The 

best treatment approach for SC is determined by the tumor's size, location, and developmental 

stage. Excision, radiation therapy or Mohs surgery are standard treatments for bigger SCs, 

whereas curettage and electrodesiccation, cryotherapy, laser therapy, or photodynamic therapy 

(PDT) are adequate for smaller SCs (Martinez & Otley, 2001).  

4.1 Surgery  

The surgical treatments used to treat BCC, SCC or actinic keratosis, are simple excision, 

curettage, electrodesiccation, Mohs micrographic surgery, and cryotherapy (Thanaraj et al., 
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2020). These surgical methods are successful for single and visible lesions only. The benefits 

of surgical treatment are histological confirmation of tumor margins, fast healing, and an 

aesthetically acceptable bruise in most patients. Unfortunately, these invasive treatment 

procedures come with significant disadvantages such as the possibility of hematoma, seroma, 

infection, and dehiscence of the wound (Alam & Ratner, 2001), as well as discomfort, severe 

disfigurement, edema, gastrointestinal bleeding, development of persistent ulcers, 

hypopigmentation, blisters, hair loss, and scarring and also radiodermatitis with nonhealing 

ulcerations (Bray et al., 2016; Fahradyan et al., 2017; Garcia-Serra et al., 2003; Kimyai-Asadi 

et al., 2005).  

4.2 Radiation Therapy 

This treatment is employed to destroy or slow down the development of tumor cells by using 

X-rays of high energy or some other kinds of radiation (Thanaraj et al., 2020). Radiation 

treatment is used to treat older adults with bulky, hostile, or recurring SC who are unable to 

undergo surgery or in areas where surgery is unfeasible (Drake et al., 1993). It is frequently 

used in addition to alternative methods of therapy. Radiotherapy has several downsides, 

including high treatment costs, the requirement for several sessions, and the possibility of 

returning aggressive (Cook & Zitelli, 1998).  

4.3 Photodynamic Therapy (PDT) 

This procedure begins with the application to the skin of a photosensitizing 

compound (aminolevulinic acid (ALA) or methyl aminolevulinate (MAL), accompanied by the 

activation of the compound with a particular wavelength, generating cytotoxic reactive oxygen 

species (ROS) capable of oxidizing the tumor's organelles. PDT offers considerably greater 

therapy and aesthetic benefits to skin cancer excision methods (Peng et al., 1997; Soler et al., 

2001). The active component - hematoporphyrin ether – absorbs light, forming singlet oxygen 



12 
 

and toxic properties (Sacchini et al., 1987). In combination with other topical treatments, PDT 

is helpful in the treatment of superficial SCs (Kessel, 1982). Unfortunately, when a laser beam 

is shone on the skin, the medicine is activated and begins killing cancer cells while inflicting 

mild harm to healthy tissues (Thanaraj et al., 2020). At the moment, this is not a feasible therapy 

option due to more established alternatives (Jemec et al., 2010) 

4.4 Immunotherapy 

Immunotherapy is used to combat cancer by harnessing the patient's immune system. 

Substances synthesized in the body or in the laboratory are used to supplement, control, or 

reestablish the anti-cancer defense system of the body (Thanaraj et al., 2020). The most often 

utilized adjuvant immunotherapies for advanced melanoma include interleukin (IL)-2, 

carmustine, interferon (INF), paclitaxel (taxol), dacarbazine, cisplatin, and temozolomide (A. 

J. Miller & Mihm, 2006). As specific therapeutics for SC patients, ipilimumab as well as 

MAPK inhibitors trametinib, dabrafenib, and vemurafenib are available (Gray-Schopfer et al., 

2007a). Ipilimumab is a medicine that has been licensed by the Food and Drug Administration 

(FDA) for people of age with metastatic melanoma. It functions as an immunoglobulin against 

cytotoxic T-lymphocyte antigen-4 (CTLA-4). It inhibits CTLA-4, permitting the suitable T 

cells to be activated. These mechanisms reestablish T-cell multiplication whilst simultaneously 

increasing the patient's potential of survival due to the anticancer immune reaction (Olszanski, 

2014). Recent investigations have established that epidermal growth factor receptor (EGFR) 

inhibitors commonly cause cutaneous medication responses that impair life expectancy and 

necessitate treatment termination (Lupu et al., 2015). Additionally, it is observed that treatment 

for more extensive BCC lesions is less fruitful since the concentration on surface sections of 

the tumor masked the presence of a deeper component (Marzuka & Book, 2015). 
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4.5 Chemotherapy 

Chemotherapy is a systemic treatment. This implies it circulates throughout the body via the 

bloodstream. Chemotherapy can harm normal tissue when they go through its natural cell cycle 

since it travels throughout the body. As a result, chemotherapy can induce adverse effects such 

as hair loss and nausea (What Is Chemotherapy, 2022). Chemotherapy is advantageous for 

avoiding and curing various superficial lesions, including superficial BCC and SCC in situ. 

Even, systemic chemotherapy might be necessary to treat more widespread and bigger tumors 

(Chakrabarty & Geisse, 2004). By triggering apoptosis, retinoids like 13-cis retinoic acid have 

exhibited favorable outcomes when applied regularly to superficial BCC and actinic keratoses 

(Niles, 2000). Cytotoxic retinoids inhibit tumor cells’ proliferation and development (Lippman 

et al., 1987). Additionally, they increase the magnitude of gap junctions among tumor cells by 

doubling it and reduce desmosome density by 35% (S. J. Miller, 1991). Chemotherapy that is 

not aimed at advanced SC is related with various organ toxicity. This paved the way for 

innovative targeted medicines to be developed (Dasari et al., 2020). Traditionally to treat skin 

cancer, the drug which is used intravenously is paclitaxel (PTX). However, because PTX was 

unable to distinguish between cancerous and healthy cells, it caused a number of undesired side 

effects, including death in some cases. To limit cytotoxicity and side effects, it is necessary to 

design a method for delivering PTX to malignant cells while avoiding healthy cells (Ta et al., 

2008). In this context, nanoparticles-based drug delivery system serves as promising option to 

deliver anti-cancer drugs for skin cancer treatment and also for diagnostic purposes of skin 

cancer.  
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Chapter 5 

Nanoparticles and their Potential Therapeutic Applications in Skin 

Cancer 

5.1 Nanoparticles and their advantages in the topical treatment of skin 

cancer 

Considering the unpleasant effects generated by traditional treatments in individuals with 

melanoma, a new area of study, vehicle-based drug delivery systems, has evolved which targets 

the malignant cells without affecting the normal, healthy cells and circumvents the unwanted 

adverse effects (Bajpai, 2012; Dragu et al., 2015). Drug carriers such as nanoparticles (Cho et 

al., 2008), dendrimers (GILLIES & FRECHET, 2005), cyclodextrins (Challa et al., 2005), 

liposomes (Schmid & Korting, 1994), and hydrogels (Hoare & Kohane, 2008) are used in these 

sorts of drug delivery systems which include the bioactive anticancer drug within the 

core/pocket/scaffold. The practice of using nanoparticles in order to deliver drugs to specific 

areas in skin melanoma is generally predicted to alter the landscape of cancer therapies shortly. 

These nanoparticles can attach the polymer to the membrane of a malignant cell or nuclear or 

cytoplasmic receptor sites, increasing the concentration of the polymer at the targeted region 

while decreasing the cytotoxicity of the polymer (Sabir et al., 2021). Nanoparticle-delivered 

medications might have a longer biological half-life because of package protection. They might 

have a greater concentration at the cancer site because of the EPR (Enhanced Permeability and 

Retention) consequence (Prabhakar et al., 2013). The leakiness and insufficient lymphatic 

drainage of tumor vasculature induces EPR (Gabizon et al., 1994). As a result, nanotechnology 

improves therapy efficacy while minimizing adverse effects. Secondly, as nanoparticles can 

encompass numerous medications, it enables combination treatment. It is well established that 

combining immunotherapy with chemotherapy or targeted therapy results in significantly 
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improved treatment outcomes (Bei et al., 2010). Thirdly, nanoparticles can shield medications 

consisting of delicate siRNA (small interfering RNA) or proteins from a biochemical 

breakdown in the body because they possess stealth-like properties (Moghimi & Hunter, 2001). 

Finally, nanoparticles continuously discharge the medications they contain. Additionally, 

nanoparticles may be engineered to perform various roles, such as cancer cell targeting and 

image contrast (Prabhu & Patravale, 2012). Numerous nanoparticles, including liposomes, 

polymersomes, dendrimers, inorganic nanoparticles, carbon and protein based nanoparticles 

have been explored to treat melanoma  (Bei et al., 2010; Liao et al., 2012; Sharifi et al., 2012).   

Drugs applied to the surface of the skin prevent the significant changes in plasma levels 

associated with the frequent administration of rapidly disappearing pharmacological 

components. Additionally, it enables API to evade the liver's first-pass metabolism following 

intestinal absorption.  

There are various advantages in employing encapsulated anticancer medicines, including 

higher solubility of drug, increased bioavailability and stability, controlled release of drug, 

longer half-life, targeted distribution in the tissues or organs, with decreased dosage needed. 

All of the advantages described work in conjunction to help avoid unwanted side effects 

(Dikmen, 2011; R. Singh & Lillard, 2009).  

Nanoparticles are particularly advantageous for skin-related disorders, enhancing chemical 

penetration and minimizing unwanted responses. Topical medication delivery via the skin 

enables the drug to be localized on the skin for targeted therapy while bypassing the first-pass 

metabolism after oral administration (Palmer & DeLouise, 2016). Additionally, topical 

medications are advantageous for treating clinical and sub-clinical lesions that cover a 

considerable portion of the body's surface area (Costa et al., 2015; Micali et al., 2014). 

Nanotechnology has transformed the administration of drugs via topical, oral, and parenteral 

routes. Nanoparticles based drug carriers can boost drugs' bioavailability, specificity, and 
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therapeutic effectiveness and increases compliance of the patient (Krishnan & Mitragotri, 

2020). These nanostructures can overcome biological barriers and transport chemotherapeutic 

medications specifically to the tumor microenvironment, enabling to overcome biological 

barriers and transport chemotherapeutic medications specifically to the microenvironment of 

the tumor using a low dose thus avoiding adverse effects associated with high doses resulting 

in increased treatment effectiveness (Bilal & Iqbal, 2020; Sparreboom et al., 2005; R. Wang et 

al., 2013; M. Zhao et al., 2017). Nanoparticles provide significant advancements in skin cancer 

treatment through efficient transport, better cellular specificity, bioavailability, higher 

therapeutic effectiveness and opposition to multi-drug (Anselmo & Mitragotri, 2016; Nguyen 

et al., 2016; Z. Zhao et al., 2019). Furthermore, drug delivery by nanoparticles can boost drug 

absorption and customizable release at the intended affected region within the skin. Many 

applications have made use of nanoparticulate technology, including drug delivery, 

bioimaging, tumor targeting, and image-directed tumor elimination (Ain et al., 2020; Munir et 

al., 2020; Rasheed et al., 2019). Nanoparticles can pass through the skin and deliver drugs to 

particular tumor sites via surface modification. Numerous studies have been conducted to 

obtain better and new NPs with potential drug delivery efficiency to address skin cancer in 

recent years. Apart from the obvious benefits of nanoparticles for cancer therapy, majority of 

nanotechnology-based treatments are still in the early stages of research. However, certain 

nanoformulations have already entered clinical trials and are on the market to treat different 

types of cancer. Doxil® (Janssen Biotech, Horsham, PA, USA), a formulation of Dox 

(doxorubicin) within liposomes containing PEG (polyethylene glycol), is used in the treatment 

of ovarian and breast cancer, Kaposi sarcoma, and multiple myeloma (M. Zhao et al., 2017). 

Doxil® possesses 100 times longer half-life in the blood and a 7 times reduction in 

cardiocytotoxicity compared to free Dox (Gabizon et al., 1994). Another nanoformulation 

authorized by the FDA in the year of 2005 is Abraxane®, an albumin-bound paclitaxel 
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nanoparticle. It is utilized to treat a wide range of malignancies, most notably lung cancer and 

metastatic breast cancer (Sabir et al., 2021; Sparreboom et al., 2005; R. Wang et al., 2013).  

Nanotechnology is a burgeoning field for maintaining skin health and diagnosing and treating 

cutaneous illnesses. Nanotechnology is based on subatomic interactions with skin tissue (Gupta 

et al., 2013). By prolonging the stability of active compounds on the skin, it is possible to 

modify drug permeation/penetration (Hadgraft, 2001) and contact the stratum corneum and 

skin appendages directly (Guterres et al., 2007), and safeguard the medication against chemical 

or physical deterioration. NPs give therapeutic alternatives with significant efficacy, precision, 

and cost-effectiveness (Gupta et al., 2013). The scientific proof based on recent advancements 

in the domains of drug delivery via improved penetration via skin by NPs is quite intriguing 

(Knorr et al., 2009). Therapeutic applications of nanoparticles to treat and diagnos skin cancer 

is discussed in the next section.   

5.3 Types of Nanoparticles Used for Skin Cancer Treatment  

5.3.1 Lipid Nanoparticles 

Lipid NPs are one of the greatest compatible NPs researched to use on the skin. These drug 

delivery methods have been adopted due to their favorable qualities, such as occlusive 

properties, improved skin perforation, and changes in release pattern associated with less 

adverse effects (Huber et al., 2015). One novel form of a liposome, known as the elastic type 

can control capillary flow via microscopic skin pores. This lipid formulation is capable of 

deeply penetrating and transporting the substance into the skin (Sabir et al., 2021).  

Anup Jose et al. investigated the anti-melanoma efficacy of co-encapsulated curcumin and anti-

STAT3 siRNA utilizing positive liposomes (Jose et al., 2018). The zeta potential, encapsulation 

efficiency, and particle size of the liposomes were measured. Cell line tests using viability 

assays on mouse melanoma cells revealed that co-encapsulation of both medicines suppressed 
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melanoma cell proliferation in comparison to alternative formulations. Using the iontophoretic 

approach, cationic liposomes containing curcumin were able to penetrate the skin to a certain 

depth. In mice, the in vivo investigations were carried out using the melanoma skin cancer cell 

model. Incorporating curcumin as well as STAT3 siRNA into liposomes inhibit tumor growth 

as shown by measuring tumor volume and weight with either curcumin or STAT3 siRNA. 

Furthermore, the curcumin-encapsulated liposomes-siRNA combination outperforms the 

intratumorally administered intervention to reduce cancer growth and STAT3 protein. It is 

suggested that cationic liposomes can be used topically to treat skin problems by iontophoretic 

co-encapsulation of small molecules and siRNA (Jose et al., 2018). 

Carla Caddeo et al. examined liposome manufacturing to co-administrate natural polyphenols 

such as quercetin and resveratrol. When polyphenols were incorporated into liposomes, they 

displayed a much more efficient cellular absorption than a single drug. This study showed that 

fibroblasts had a greater capacity to remove ROS. Polyphenols incorporated into liposomes 

were tested for effectiveness in a model of mouse of cutaneous eruption. Topical treatment 

using liposomes significantly improves tissue damage by lowering edema and infiltration of 

leukocyte. As a result, the study indicated that encapsulation of polyphenol in liposomes aids 

the treatment of oxidative stress or inflammation associated with cancerous skin lesions 

(Caddeo et al., 2016).  

According to Raquel Petrilli et al., SCC is a form of the tumor where the epidermal growth 

factor receptor (EGFR) is overexpressed (Petrilli et al., 2018). Cetuximab (an anti-EGFR 

antibody) is given in conjunction with chemotherapeutic medication to improve effectiveness 

in treating SCC. To target SCC cells, EGRF-targeted immuno-liposomes encapsulated with 5-

fluorouracil (5-FU) were produced. Iontophoresis used in the SCC xenograft animal model for 

5-FU-loaded immunoliposomes was to look into the impact of the intervention method on 

treatment effectiveness. The absorption of immunoliposomes containing cetuximab by EGFR 
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positive SCC cells was 3.5 times larger than the controlled uptake. According to the findings 

of this investigation, immuno-liposomes encapsulated 5-FU topical delivery through 

iontophoresis is practical for the targeted treatment of SCC (Petrilli et al., 2018). Overall, lipid 

nanoparticles are incredibly tolerable, stable, and preserve drugs from deterioration and allows 

extended drug release (Krishnan & Mitragotri, 2020). 

5.3.1.1 Solid-Lipid Nanoparticles (SLNs) 

A very extensively investigated NPs for topical medicine administration are solid-lipid NPs 

(SLNs) and polymeric NPs made of poly (lactic-co-glycolic acid) (PLGA), poly (D-lactic acid), 

and polycaprolactone (Rancan et al., 2009). Topical use of solid-lipid and polymeric 

nanoparticles increases continuous drug release and protects from worsening, resulting in 

distribution of drugs with precision (Dianzani et al., 2014). Application of drugs (doxorubicin) 

(Tupal et al., 2016), natural compounds (sesamol and resveratrol) (Geetha et al., 2015; Rigon 

et al., 2016), and photosensitizer (PS) (aluminum chloride phthalocyanine) (Goto et al., 2017) 

loaded with SLNs proves latent for the progress of effective treatments for SC (Dasari et al., 

2020). SLNs are colloidal systems with diameters with a range of 50 to 1000 nm (H. Muller et 

al., 2011). They are synthesized using a high-pressure homogenization process from 

biocompatible and biodegradable solid lipids, emulsifiers, as well as water. Glycerides, 

triglycerides, waxes, and fatty acids are frequently utilized lipids (Mukherjee et al., 2009). 

SLNs can be used to encapsulate pharmaceuticals with high solubility in their lipid matrix. The 

drug is integrated within a solid lipophilic matrix, inhibiting early release and quick 

deterioration as well as a highly adaptive structure (Bhaskar et al., 2009; Y. Zhang et al., 2014). 

SLNs form a single layer on the skin that increases water retention within the skin resulting in 

enhanced absorption into the skin (S. Jain et al., 2017; Wissing & Müller, 2003). They are 

pretty straightforward to expand during manufacturing and sterilization while remaining cost-

efficient and repeatable (Mukherjee et al., 2009). 
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5.3.2 Polymeric Nanoparticles 

Polymeric Nano-capsules are NPs with a lipid center and an extremely thin polymeric external 

surface stabilized by a surfactant. Natural polymeric NPs such as albumin, chitosan, alginate, 

and gelatin are commonly employed for topical skin administration and targeting skin 

melanoma (Sabir et al., 2021).  

Polymeric NPs enclosed with siRNA (small inhibitor ribonucleic acid) have the potential to 

precisely suppress expression of genes. Nano-encapsulation of siRNA has been used in human 

studies for the treatment of congenital pachyonychia and targeted administration to decrease 

the activation of a test gene in cancer (Sabir et al., 2021; Tan et al., 2011).  

Bhatnagar et al. created a bromelain-encapsulated poly (lactic-co-glycolic acid) and 

investigated its anticancer properties in a skin tumorigenesis mouse model. The study findings 

indicated that NPs had a more significant antineoplastic impact in a skin cancer model stage II. 

When NPs loaded with BL was compared to free BL, tumor cells decreased, as did the % 

tumorigenesis and mortality. Histopathological examinations backed these findings. The 

evidence showed that the NPs were created to incease the efficacy of chemotherapy against 

cutaneous melanoma at low dosages (Bhatnagar et al., 2015).  

Self-assembly of polymer chains can result in the formation of particles resembling micellar 

structures with a non-polar center and a polar exterior. The hydrophobic center can be utilized 

to include less soluble or insoluble medicines to boost bioavailability, while the outer polar 

exterior helps to stabilize the center in its hydrophilic environment (Torchilin, 2006). 

Additionally, the corona protects the drug from causing adverse effects on healthy cells and 

quick disintegration (Krishnan & Mitragotri, 2020). 
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5.3.3 Nanoemulsions (NE) 

Nanoemulsions (NEs) are nanoscale thermodynamically stable emulsions of water in oil (w/o) 

or oil in water (o/w) that become stable via a surfactant interfacial film (W. Liu et al., 2006; 

Shakeel et al., 2007). They have a transparent appearance and distinct rheological properties. 

It is a frequently utilized delivery technique for the continuous release of APIs into the skin’s 

deep layer. The benefit of nanoemulsions over other alternatives is that they are able to reduce 

transepidermal water loss (TEWL) by moisturizing the skin and thus are more permeable to 

APIs. They are an appealing formulation because of their higher solubilization and kinetic 

stability (Sabir et al., 2021).  

Severino et al. studied SCC and BCC, two of the most frequent types of cancer. 

Chemotherapeutics employed demonstrated non-specific targeting and serious adverse effects, 

whereas dacarbazine nanoemulsions demonstrated sustained release and ensured chemical 

stability of encapsulated medicines. Nanoemulsion helps elevate drug intracellular 

concentrations while reducing toxicity (Severino et al., 2013).  

NEs have an excellent capability for solubilizing hydrophobic drugs and transporting them with 

hydrophilic substances. As a result of its large surface area, it can form a tight occlusive contact 

with the skin, which aids in the permeation and delivery of medications into the skin’s deep 

layers. The absorption of NEs into the skin is further boosted by surfactants and oil (e.g., oleic 

acid or eucalyptol), which alter the stratum corneum (Bouchemal et al., 2004; SOLANS et al., 

2005).  

5.3.4 Carbon Nanotubes (CNTs) 

Carbon nanotubes (CNTs) are long carbon tubes that are capable of acting as biopermanent 

fibers (de Jong, 2008). CNTs like diamond, graphite, fullerenes, nanotubes, nanowires, 

graphene, and nanoribbons are the most persistent molecules with anti-oxidant and 
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cytoprotective properties. Initially, the conductivity of CNTs was used to build an effective 

biomarker sensor for skin melanoma detection and infections (Sabir et al., 2021).  

According to Hanabi et al., the synthesis of antitumor drugs as well as CNTs has been studied. 

These CNTs containing the medicines, aminolevulinic acid and tretinoin, were tested for the 

composites' stability. CNTs encapsulated in tretinoin are more stable than nanotubes 

encapsulated in aminolevulinic acid as suggested by the findings (Hesabi & Hesabi, 2013). 

One of the primary advantages of carbon nanotubes is their ability to transport API directly to 

melanoma cells: various investigations in vitro and in vivo have been conducted recently, 

employing antibody-functionalized carbon nanotubes loaded with antineoplastic drugs for the 

treatment of SC (Simões et al., 2015).  

5.3.5 Hydrogels 

Among the several drug delivery techniques, creating hydrogels using naturally derived as well 

as manmade polymers in the form of drug mediators has garnered particular interest. These 

biomaterials provide a promising prospect for developing novel cancer treatment techniques 

(Vishnubhakthula et al., 2017). 

Hydrogel NPs—also known as polymeric nanogels or macromolecular micelles—are gaining 

traction as therapeutic drug carriers (Gonçalves et al., 2010). Hydrogels are three-dimensional 

polymeric networks that are hydrophilic and can absorb vast volumes of biological fluids, 

water, or chemicals (Caló & Khutoryanskiy, 2015).  The capacity of hydrogels to expand and 

dissolve in water is another critical characteristic (Yahia, 2015).  These systems exhibit unique 

features that enhance the drugs' efficiency while minimizing side effects (Phan et al., 2016). 

Topical and transdermal use of anticancer drugs using a drug delivery system can help to 

minimize adverse impacts while increasing the drug's effectiveness (Bharadwaj et al., 2016). 

The skin is a frequently targeted tissue for hydrogel applications (Wiraja et al., 2020).  
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However, since these nanocarriers are solely deposited in hair follicles, they have certain 

limitations as they may not penetrate far into the skin layer. Emine Kahraman et al. produced 

nano-micelles containing terpenes to address these issues and examine the possibility of skin 

delivery. The tape stripping technique determined the drug's buildup and penetration into the 

skin. The results indicated that nano-micelles containing terpinolene might result in a higher 

degree of drug aggregation in the skin that is striped than the commercial product and micelles 

devoid of a terpene. Terpinolene incorporated into nanomicelles may be a more viable method 

of medication delivery (Kahraman et al., 2018). 

Xu et al. created paclitaxel-loaded micelles and hydrogels to treat cutaneous melanoma. The 

composition was studied for skin penetration and absorption. Cell lines 

investigations demonstrated increased absorption by B16 melanoma cells, and in vivo 

experiments in B16 cells showed preferred antitumor efficacy to free taxol (H. Xu et al., 2020). 

Several delivery mechanisms or vehicles for topical application have been devised, including 

aerosols, powders, creams, and emulsions. Nevertheless, hydrogels have several benefits over 

more traditional kinds of treatment. This is because of modifiable/tunable hydrogels, which 

allow for precise control of hydrogel features like degradation rate, long-term release, and pore 

size management (Tsou et al., 2016). Due to hydrogels' long-term viability based on the 

features listed above, it is beneficial to do extensive research to identify optimal hydrogel 

compositions with particular properties for treating skin cancer (Vishnubhakthula et al., 2017). 

Traditional pharmacology had to adjust to some drawbacks of anticancer drugs, including low 

hydrophobicity. Significant attempts have been made in this domain to address this issue 

through hydrogels. Curcumin (Cur), for example, is a hydrophobic polyphenol that has 

antineoplastic and antiproliferative properties. However, its low solubility in water and 

photochemical instability have been significant impediments to its formation. Cur has been 

encapsulated in in-situ-forming hydrogels supported by hydroxypropyl—cyclodextrin. Cur's 
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therapeutic impact on melanoma has been examined in vitro. By incorporating Cur in hydrogel 

scaffolds, stability under light, the solubility, in vitro release, erosion, cytotoxicity, and 

transdermal permeability efficiency of Cur inclusion complexes were enhanced. Thus, Cur 

encapsulated in a hydrogel is a potential solution to treat melanoma (Sun et al., 2014). 

Recent investigations have been conducted to determine the efficacy of doxorubicin (DOX) 

release using a hydrogel preparation. Several research papers have conducted in-depth 

examinations of chemotherapy for melanoma. These experiments combined a natural silk 

protein called sericin with dextran to create hydrogels and then added DOX to develop a drug 

delivery system. Subcutaneous injection of a hydrogel containing DOX dramatically inhibited 

tumor development in male mice in an a vivo melanoma model. Additionally, this hydrogel is 

biocompatible and biodegradable (J. Liu et al., 2016). 

Matricardi et al. featured a novel anticancer therapeutic technique based on enzymes. The 

researchers in this investigation used bovine serum amine oxidase (BSAO). BSAO transforms 

overexpressed polyamines in cancer cells into H2O2 and aldehyde(s), resulting in a significant 

level of cytotoxicity in malignant cells. To boost the efficiency of drug delivery, they devised 

a formulation in which the enzyme is immobilized in injectable nano hydrogels based on 

cholesterol-graft-hyaluronic acid (HA-CH). In aqueous solutions, this biocompatible conjugate 

instantly self-assembles. (Montanari et al., 2013). Agostinelli et al. presented a "novel BSAO 

delivery method" in which the enzyme is immobilized on other hydrogel polymers, namely 

alginate/chitosan. Although the findings of this specific technique were highly encouraging, 

further investigation is necessary before it can be a functional therapeutic for cancer 

(Agostinelli et al., 2010). 

5.3.6 Metallic nanoparticles 

Typically, metallic NPs are composed of silver, gold, and metallic oxides. They have been 

widely employed in a variety of skincare products. Drugs are either integrated into the metallic 
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NPs' core or bonded to their surface. (Krishnan & Mitragotri, 2020) Metallic nanoparticles have 

been demonstrated to collect externally or within the skin, based on the qualities of the 

substance on the surface. Adding skin-penetrating proteins to these technologies might be an 

extra benefit (Y. Chen et al., 2017; Leite-Silva et al., 2016; Mahmoud et al., 2019; Niu et al., 

2017; Safwat et al., 2018; D. Zheng et al., 2012). 

5.3.6.1 Gold Nanoparticles  

A very widely utilized platform to diagnose, treat, and monitor skin disorders, including skin 

cancers, is gold nanoparticles (AuNPs). Limon et al. created AuNPs covered with thiolates that 

are very hydrophilic. Confocal fluorescence microscopy investigated the internalization and 

absorption of fluorophore-coated AuNPs in human keratinocytes (Sabir et al., 2021). The 

functionalized NPs suppressed intracellular activity of KLK5 and HaCaT and decreased IL-8 

production in response to TLR-2 ligand stimulation. The following study showed that AuNPs 

had a substantial ability to transport medications and antibodies intracellularly to treat skin 

cancer and other disorders, including Rosacea (Limón et al., 2018). 

5.3.6.2 Silver Nanoparticles 

Due to their antibacterial characteristics, silver nanoparticles (AgNPs) are the most extensively 

utilized NPs (Burdușel et al., 2018). AgNPs have a wide range of possible therapeutic uses, as 

evidenced by research on their potential medicinal implications. AgNPs are extensively 

employed in the healthcare business, medical equipment, paints, the food industries, cosmetics, 

feminine hygiene products, sunscreen, clothes, biosensors, and electronics (J. Liu & Jiang, 

2015). The cytotoxicity of AgNPs has been investigated experimentally in a range of various 

cancers such as cervical, lung, breast, hepatocellular, nasopharyngeal, colorectal 

adenocarcinoma, glioblastoma, and prostate carcinoma (L. Xu et al., 2020). AgNPs are mostly 

ingested by endocytosis via lysosomes (He et al., 2012). When AgNPs are exposed to the 
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lysosomes’ low pH environment, they dissolve into Ag ions, generating hydroxyl radicals (T. 

Zhang et al., 2014). Internalized AgNPs compromise the cell membrane's stability, resulting in 

the enlargement of lysosomes and collapse of the membrane (Yang et al., 2012). Ag ions 

released into the mitochondrion’s inner membranes, cell membrane, and, cytoplasm react with 

superoxide dismutase and reduced glutathione-S-transferase impairing membrane integrity. 

Additionally, mitochondrial dysfunction affects electron transport, slows ATP production, and 

induces oxidative stress via lipid peroxidation (Arora et al., 2008). AgNPs cause cell death via 

mitochondrial, intrinsic, and orp53-mediated mechanisms (Foldbjerg et al., 2011). These 

activities suppress cell development by interfering with the G2/M phase of the cell cycle 

(AshaRani et al., 2009). AgNP-induced phosphorylation of histone proteins stimulates the c-

Jun N-terminal kinase (JNK) pathway (X. Zhao et al., 2017). Transmission electron imaging 

and elemental mapping of single cells have indicated that AgNPs may diffuse to the nucleus 

and induce mutations associated with DNA damage (T. Zhang et al., 2014). Effective therapy 

is dependent on the duration of exposure dosage, dosage, the size and form of the AgNP. 

Surface charge, shape, coating, dissolving rate, agglomeration, and LSPR are all 

physicochemical features of AgNPs  (Wei et al., 2015) which significantly control their 

electromagnetic, optical, and catalytic characteristics. Their measurements, structure, and 

dispersion can frequently be altered by modifying the synthesis procedures, reducing agents, 

and stabilizing agents (Abou El-Nour et al., 2010). Cytotoxicity of AgNP is influenced by the 

charge and size of the molecule. The higher surface area of smaller particles generates more 

significant toxicity (Johnston et al., 2010). The charge of AgNPs’ coatings influence how NPs 

interact with specific biomolecules at the site of action (Powers et al., 2011). Polymer-drug 

conjugates have the potential to decrease undesirable side effects while specifically targeting 

sick tissue (Capanema et al., 2019). 
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Due to AgNPs' toxicity to non-target organs, green production of AgNP has been presented as 

a viable strategy for SC treatment (Gurunathan et al., 2009). The environmentally friendly 

synthesis of AgNPs utilizes bacteria, fungus, algae, plant extracts, or yeasts as reducing agents 

and stabilizers (Akter et al., 2018). SC has made use of various AgNPs biosynthesized utilizing 

microbes and natural sources. This approach to generating environmentally friendly NPs 

minimizes harmful byproducts and the use of hazardous chemicals. NP biosynthesis has several 

advantages, including more straightforward techniques of processing, faster manufacturing 

periods, low toxicity, biocompatibility, and high yield (Kalimuthu, 2010). Numerous 

researches have been conducted to determine the anticarcinogenic impact of green AgNPs on 

SC. Globular AgNPs were lethal to Mus musculus cutaneous melanoma cells after being 

synthesized in a one-step synthesis using Carpesium cernuum entire plant extract and reduced 

Ag ions (Ahn et al., 2019). AgNPs of various forms biosynthesized from Moringa oleifera 

(leaves), Cucurbita maxima (petals), and Acorus calamus (rhizome) extracts have shown 

antitumor efficacy against cutaneous carcinoma (Nayak et al., 2015). 

5.3.7 Liposomes 

Liposomes are amongst the most extensively investigated nanocarriers for cancer therapy 

(Dianzani et al., 2014). They are tiny, rounded synthetic packets composed of cholesterol and 

harmless naturally occuring phospholipids. Due of their size and lipophilic and polar 

properties, liposomes are excellent vehicles for the delivery of drug (Akbarzadeh et al., 2013). 

A liposome is a bilayer of lipids enclosing an aqueous center for hydrophilic drugs (Prabhu & 

Patravale, 2012). Between the two layers, hydrophobic medicines can be retained. Liposomes 

were initially employed in treatment more than 50 years ago and were the first nanoparticles to 

be developed (BANGHAM, 1961). A liposome is formed by sonicating a lipid, an 

emulsification process. A 0.2 M membrane can be used to filter homogeneous nanosized 

liposomes (J. Chen et al., 2013). Additionally, particular ligands directed against cancer 
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antigens can be added to the surface of liposome, allowing the NPs to precisely aim tumor cells 

(Al-Jamal et al., 2008; Sawant & Torchilin, 2012). Liposomes are used to deliver anti-cancer 

drugs, immune cytokines, and siRNA to improve melanoma therapy effectiveness (Bei et al., 

2010).  

Liposomes containing doxorubicin (Barenholz, 2001; Lukyanov et al., 2004), cisplatin 

(Krieger et al., 2010; Lasic, 2019), oxaliplatin (Abu Lila et al., 2010), and camptothecin 

(Watanabe et al., 2008) have been employed systemically to maximize drug cytotoxicity with 

the fewest possible adverse consequences. Combinations of topical medications including 

tretinoin and diclofenac-loaded liposomes have exhibited increased drug penetration into the 

skin compared to non-liposomal formulations (el Zaafarany et al., 2010; Kitagawa & Yuasa, 

2006).  

5.3.8 Magnetic NP 

Magnetic nanoparticles are advantageous for theranostics (the combination of therapeutic and 

diagnostic technologies) (Shubayev et al., 2009). Magnetic nanocomposite spheres filled with 

albumin and 5-FU have been utilized to treat NMSC (Misak et al., 2013). This increases the 

absorption of 5-FU and lowers the adverse effects associated with traditional topical medicines. 

Additionally, in vitro investigations on magnetic nanoemulsions containing zinc 

phthalocyanine showed significant SC therapy synergistic potential. (Primo et al., 2008). 

Thermosensitive liposomes coated with Cetuximab containing magnetic nanoparticles and 

doxorubicin have been evaluated for their effectiveness as an EGFR NP-liposome drug 

delivery system in breast cancer cells (Dorjsuren et al., 2020) 

5.3.9 Quantum Dots 

Quantum dots (QDs) are fluorescent colloidal semiconductor nanocrystals. They have a wide 

range of absorption and asymmetric, narrow range of emission, generally visible to near-
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infrared (NIR) in wavelength (Idris et al., 2012). The center of QDs is typically made of 

elements from 2nd to 6th groups of the periodic table (for example: cadmium, zinc, tellurium, 

and selenium) or 3rd to 5th groups of the periodic table (such as arsenic and phosphorus) (Y. 

Wang & Chen, 2011), which are "overcoated" with a zinc sulfide layer. Quantum dots are 

photostable; hence, their optical features make them ideal for applications requiring high 

sensitivity, long-term imaging, and multitarget imaging (Alivisatos, 1996; H.-C. Huang et al., 

2011). 

 

 

 

 

 

 

 

 

 

 

 



30 
 

Chapter 6 

Diagnostic Applications of Nanoparticles for Skin Cancer 

Nanoparticles are being explored to determine the presence of melanoma and its stage of 

development. Early detection is crucial for melanoma patients to have a reasonable survival 

probability. Besides naked eye inspection and histological examination, several novel 

diagnostic methods have been developed, including dermoscopy, whole-body photography, 

multispectral digital image analysis, reflectance confocal microscopy, and RNA microarray 

(Ahlgrimm-Siess et al., 2012; Ferris & Harris, 2012). In metastatic melanoma, molecular 

markers may be used to develop an effective therapy regimen. This is critical because 

molecular changes are connected with changes in intracellular signaling pathways, clinical 

characteristics, and responses to various therapy regimens. Molecular diagnostics may soon be 

included in regular melanoma diagnosis (Cooper et al., 2012). A growing number of recently 

discovered tools, including tissue arrays, proteomics, and DNA sequencing, are being applied 

in the melanoma molecular diagnosis (Joyce et al., 2012). Appropriate judgment is required 

during melanoma therapy to determine whether the technique taken is suitable and whether 

there is a more effective technique to boost the responsiveness of the patient to therapy. This 

diagnosis is made through imaging to identify the tumor’s mass and structure (Joyce et al., 

2012).  

Nanotechnology has been demonstrated to be a beneficial technique in improving melanoma 

diagnosis. Quantum Dots (QDs) are employed for cancer detection at an early stage (Kim et 

al., 2012; Michalet et al., 2005). QDs can be coupled with compounds including folic acid or 

antibodies against overexpressed tumor cell antigens (Morosini et al., 2011). Zheng et al. 

detected CD146 overexpressed cancer cells in cultured and fixed cells using PEG-COOH 

capped greatly fluorescent CdSe/ZnS core/shell QDs linked with antibodies against CD146 (H. 

Zheng et al., 2010). Positive cells were shown to have a high level of brightness, photostability, 
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and specificity using flow cytometry and confocal imaging. Kim et al. established a coculture 

system combining cancer cells as well as healthy skin cells to examine QDs coupled with anti-

melanoma antibodies (ab732 or Ab733) (Kim et al., 2012). Melanoma cells were demonstrated 

to be distinct from melanocytes. 

Dendrimers have been used to monitor melanoma that has metastasized. A recent work sought 

to synthesize a dendrimer using arginine-glycine-aspartic acid along with fluorescence 

(Boswell et al., n.d.). The nanoparticle was supposed to aggregate within the lump and 

consequently be analyzed using fluorescence or nuclear magnetic resonance (NMR) 

spectroscopy to determine the vascular structure and size of the tumor. The particles, however, 

collected in the kidney and reticuloendothelial system, as previously reported. Additional 

research is necessary to accomplish the objective of employing dendrimers to diagnose 

metastatic melanoma. 

NPs are activated by a halogen lamp's white light. Simultaneously, a darkfield condenser 

supplies and concentrates the light on the sample's top, creating a picture of a bright item 

against a dark backdrop with dazzling color depending on the particle's form and size. The 

nonspecific adsorption of NPs with antibodies significantly scatters signals, allowing for the 

identification of aberrant growth in the presence of a weak signal from normal tissue (X. Huang 

& El-Sayed, 2010).  

Gold nanorods might potentially be employed as image contrast agents in conjunction with a 

standard optical microscope for cancer diagnosis. Due to the large scattering cross-sections and 

higher photostability of gold (Au) nanoparticles, anti-EGFR coupled AuNPs attach particularly 

to melanoma cells due to their overexpression on the malignant cells' cytoplasmic membrane 

(X. Huang et al., 2006; Sokolov et al., 2003). The nanoshell structure coated with AgNP is 
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utilized in cancer imaging and photothermal treatment for absorbing and destroying light via 

the photothermal effect (Loo et al., 2005).  
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Chapter 7 

Challenges in development of nanoparticles for skin cancer 

Utilizing metallic nanoparticles, nanomedicine is among the most rapidly growing and 

effective ways of combating cancer. Traditional cancer treatments, including chemotherapy 

and radiation therapy, have drawbacks because of unforeseen drug-related adverse effects, 

lower drug concentrations' lack of selectivity at the tumor specified location, and the emergence 

of resistance against drugs (Fanciullino et al., 2013; S. Singh et al., 2012). NP-mediated therapy 

is the optimal as well as innovative cancer treatment method. NPs are capable of targeting 

specific cancer cells or tissues passively or actively, and they've been utilized as drug delivery 

systems (Wicki et al., 2015). Even though the fact that numerous NP-mediated techniques have 

been established, the the tumor's complexity and associated stroma poses a substantial obstacle 

for nanotechnologists and doctors attempting to build formulations that specifically target 

individual cancerous cells. Using novel nanoparticles in system techniques to transcend the 

limits of traditional chemotherapy and achieve more specificity, reduced toxicity, 

biocompatibility, safety, and improved efficacy is another issue in cancer therapy. However, 

the problems and limits of employing NPs for cancer therapy must be addressed. These include 

physiological hurdles, confined loading capacity, EPR, nanoparticle diversity, and regulatory 

and production issues (Wicki et al., 2015). 

Specifically targeting molecular alterations or immunological characteristics, new drugs 

against SC and melanoma cells are considerably better than traditional chemotherapy, but the 

greater toxicity as well as the development of resistance are the key constraints to their usage. 

Therefore, it is therapeutically important to create techniques that can improve drug efficacy, 

circumvent resistance, and lower adverse effects. In this respect, nanomedicine has provided a 

number of cues for enhancing drug delivery and release, as well as reducing therapeutic doses. 

Recently, nanotechnology has achieved noteworthy strides in the development of appropriate 
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targeted medicines as well as diagnostic markers. Several studies have indicated that few 

nanomaterials used to create NPs are therapeutically inactive; nevertheless, the loading of 

agents and ligands may alter the harmfulness of the particles. In addition, despite the fact that 

passive targeting based on the EPR effect promotes the concentration and retention of the NPs 

at the cancer site, physical characteristics such as mass, dimentions, and charge can influence 

their pharmacokinetic as well as pharmacodynamic profiles. Most NPs injected into the body 

eventually appear in liver, kidney, and spleen, despite the EPR effect (Bae & Park, 2011). This 

implies that every NP should undergo organ toxicity testing (Pizzimenti et al., 2016) 

Another challenge is the absence of common guidelines for measuring the potent cytotoxicity 

of NPs as well as surfactants. Before the commercialization of NP, this problem is inevitable 

and must be considered. For the successful introduction of NPs into practices in the clinics, 

biodistribution, pharmacokinetics, metabolism, long-term toxicity, and degradation must be 

taken into account. Despite the need for additional research, nanotechnology may play an 

important function in the future of personalised medicine (Pizzimenti et al., 2016). 

Numerous hurdles are linked with topical administration, such as the tight connection within 

the stratum corneum and the high turnover rate of tissue fluids in the eye, nose, and vagina. 

These barriers restrict the entrance of a drug to its target site, shorten the residence time, or 

lead to a quick washing of the formulation from its application site (Singh Malik et al., 2016). 
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Chapter 8 

Current progress of Nanoparticles 

Nanoparticle-based systems have not yet been authorized to treat skin malignancies on a topical 

basis. In 2007, the FDA approved a liposomal lotion composed of T4N5 (a bacterial DNA 

repair enzyme) for the treatment of photosensitivity in individuals with xeroderma 

pigmentosum. When administered topically for a year, the lotion reduced the emergence of 

new AK lesions in clinical studies (Yarosh et al., 2001). NB-001 (Nanobio Corporation) is a 

new topical antiviral emulsion now undergoing clinical investigation to treat recurring cold 

sores and Herpes Labialis (Kircik et al., 2012). BF-200 ALA (Ameluz®), a nanoparticle 

formulation of 5-aminolevulinic acid (5-ALA), is now undergoing clinical studies in 

combination with PDT to prevent AK and cure superficial BCC (Reinhold, 2017). 

Additionally, a clinical investigation is underway to determine the tolerability, safety, and 

effectiveness of a NP-based Paclitaxel formulation (NanoPac; Nanotax; SOR 007) for the 

topical treatment of NMSC. 
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Chapter 9 

Conclusion and Future Directions 

Drug delivery using nanoparticles serves to be a feasible technique to increase the efficacy of 

melanoma treatment as it offers various benefits over other drug delivery technologies and 

traditional therapy (Sabir et al., 2021). Nanotechnology provides an opportunity on a molecular 

level by explicitly interacting with and inhibiting the activity of cancer cells. In addition, it is 

non-invasive and provides targeted drug delivery while minimizing adverse side effects 

associated with conventional skin cancer treatment (Vishnubhakthula et al., 2017). SC is the 

most frequent kind of cancer in human populations and is associated with a high morbidity and 

death rate. Numerous nanoparticles based formulations have already found their path in the 

field of medicine and have established themselves as the gold standard of treatment of different 

kinds of SC (Simões et al., 2015b) and therefore nanoparticles are an attractive option for 

treatment of skin cancer.  Although a number of oral as well as systemic NP-based drug 

delivery systems are used to treat skin cancer, topical based nanoparticles have not yet been 

used to treat skin malignancies and are currently undergoing different stages of clinical trials.  

Knowledge and information acquired from recent advances in the formulation science can 

serve as a guide for future topical nanoparticle-based medication delivery as it has the potential 

to push the frontiers of this fast-advancing technology well beyond imagination. It is important 

to select the correct drug (i,e., the specific anti-cancer drug for the specific type of skin cancer), 

carrier (e.g., the NP), and the formulation for cutaneous distribution based on the indication. 

Nanoparticles' capacity to aggregate inside hair follicles and the skin may be utilized to treat 

SC for topical treatment (Krishnan & Mitragotri, 2020). However, a few issues like the 

nanoformulation's toxicity, dosage determination, and cost-effectiveness needs to be resolved 

as it poses a barrier from bench to bedside translation. Nano-formulations have been approved 

for oral and parenteral routes, and it is envisaged that topical nanoformulations will be 
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marketed effectively in the future for skin cancer treatment and may prove to be cost-effective. 

To summarise, NP based drug delivery systems hold a great potential for treatment and 

diagnosis of SC.  

  



38 
 

References 

Abou El-Nour, K. M. M., Eftaiha, A., Al-Warthan, A., & Ammar, R. A. A. (2010). Synthesis 

and applications of silver nanoparticles. Arabian Journal of Chemistry, 3(3), 135–140. 

https://doi.org/10.1016/j.arabjc.2010.04.008 

Abu Lila, A. S., Doi, Y., Nakamura, K., Ishida, T., & Kiwada, H. (2010). Sequential 

administration with oxaliplatin-containing PEG-coated cationic liposomes promotes a 

significant delivery of subsequent dose into murine solid tumor. Journal of Controlled 

Release, 142(2), 167–173. https://doi.org/10.1016/j.jconrel.2009.10.020 

Agostinelli, E., Tempera, G., Viceconte, N., Saccoccio, S., Battaglia, V., Grancara, S., 

Toninello, A., & Stevanato, R. (2010). Potential anticancer application of polyamine 

oxidation products formed by amine oxidase: A new therapeutic approach. Amino Acids, 

38(2), 353–368. https://doi.org/10.1007/s00726-009-0431-8 

Ahlgrimm-Siess, V., Laimer, M., Arzberger, E., & Hofmann-Wellenhof, R. (2012). New 

diagnostics for melanoma detection: from artificial intelligence to RNA microarrays. 

Future Oncology (London, England), 8(7), 819–827. https://doi.org/10.2217/fon.12.84 

Ahn, E.-Y., Jin, H., & Park, Y. (2019). Green synthesis and biological activities of silver 

nanoparticles prepared by Carpesium cernuum extract. Archives of Pharmacal Research, 

42(10), 926–934. https://doi.org/10.1007/s12272-019-01152-x 

Ain, Q., Munir, H., Jelani, F., Anjum, F., & Bilal, M. (2020). Antibacterial potential of 

biomaterial derived nanoparticles for drug delivery application. Materials Research 

Express, 6(12), 125426. https://doi.org/10.1088/2053-1591/ab715d 

Akbarzadeh, A., Rezaei-Sadabady, R., Davaran, S., Joo, S. W., Zarghami, N., Hanifehpour, Y., 

Samiei, M., Kouhi, M., & Nejati-Koshki, K. (2013). Liposome: classification, 



39 
 

preparation, and applications. Nanoscale Research Letters, 8(1), 102. 

https://doi.org/10.1186/1556-276X-8-102 

Akter, M., Sikder, Md. T., Rahman, Md. M., Ullah, A. K. M. A., Hossain, K. F. B., Banik, S., 

Hosokawa, T., Saito, T., & Kurasaki, M. (2018). A systematic review on silver 

nanoparticles-induced cytotoxicity: Physicochemical properties and perspectives. Journal 

of Advanced Research, 9, 1–16. https://doi.org/10.1016/j.jare.2017.10.008 

Alam, M., & Ratner, D. (2001). Cutaneous Squamous-Cell Carcinoma. New England Journal 

of Medicine, 344(13), 975–983. https://doi.org/10.1056/NEJM200103293441306 

Alivisatos, A. P. (1996). Semiconductor Clusters, Nanocrystals, and Quantum Dots. Science, 

271(5251), 933–937. https://doi.org/10.1126/science.271.5251.933 

Al-Jamal, W. T., Al-Jamal, K. T., Bomans, P. H., Frederik, P. M., & Kostarelos, K. (2008). 

Functionalized-quantum-dot-liposome hybrids as multimodal nanoparticles for cancer. 

Small (Weinheim an Der Bergstrasse, Germany), 4(9), 1406–1415. 

https://doi.org/10.1002/smll.200701043 

Amini, S., Viera, M. H., Valins, W., & Berman, B. (2010). Nonsurgical innovations in the 

treatment of nonmelanoma skin cancer. The Journal of Clinical and Aesthetic 

Dermatology, 3(6), 20–34. 

Anselmo, A. C., & Mitragotri, S. (2016). Nanoparticles in the clinic. Bioengineering & 

Translational Medicine, 1(1), 10–29. https://doi.org/10.1002/btm2.10003 

Apalla, Z., Lallas, A., Sotiriou, E., Lazaridou, E., & Ioannides, D. (2017). Epidemiological 

trends in skin cancer. Dermatology Practical & Conceptual, 7(2). 

https://doi.org/10.5826/dpc.0702a01 



40 
 

Apalla, Z., Nashan, D., Weller, R. B., & Castellsagué, X. (2017). Skin Cancer: Epidemiology, 

Disease Burden, Pathophysiology, Diagnosis, and Therapeutic Approaches. In 

Dermatology and Therapy (Vol. 7, pp. 5–19). Springer Healthcare. 

https://doi.org/10.1007/s13555-016-0165-y 

Argos, M., Rahman, M., Parvez, F., Dignam, J., Islam, T., Quasem, I., K. Hore, S., T. Haider, 

A., Hossain, Z., I. Patwary, T., Rakibuz-Zaman, M., Sarwar, G., la Porte, P., Harjes, J., 

Anton, K., Kibriya, M. G., Jasmine, F., Khan, R., Kamal, M., … Ahsan, H. (2013). 

Baseline comorbidities in a skin cancer prevention trial in Bangladesh. European Journal 

of Clinical Investigation, 43(6), 579–588. https://doi.org/10.1111/eci.12085 

Arora, S., Jain, J., Rajwade, J. M., & Paknikar, K. M. (2008). Cellular responses induced by 

silver nanoparticles: In vitro studies. Toxicology Letters, 179(2), 93–100. 

https://doi.org/10.1016/j.toxlet.2008.04.009 

AshaRani, P. v., Low Kah Mun, G., Hande, M. P., & Valiyaveettil, S. (2009). Cytotoxicity and 

Genotoxicity of Silver Nanoparticles in Human Cells. ACS Nano, 3(2), 279–290. 

https://doi.org/10.1021/nn800596w 

Bae, Y. H., & Park, K. (2011). Targeted drug delivery to tumors: Myths, reality and possibility. 

Journal of Controlled Release, 153(3), 198–205. 

https://doi.org/10.1016/j.jconrel.2011.06.001 

Bajpai. (2012). Strategies of Targeting Tumors and Cancers. Journal of Cancer Research 

Updates. https://doi.org/10.6000/1929-2279.2012.01.01.19 

BANGHAM, A. D. (1961). A Correlation between Surface Charge and Coagulant Action of 

Phospholipids. Nature, 192(4808), 1197–1198. https://doi.org/10.1038/1921197a0 



41 
 

Barenholz, Y. (2001). Liposome application: problems and prospects. Current Opinion in 

Colloid & Interface Science, 6(1), 66–77. https://doi.org/10.1016/S1359-0294(00)00090-

X 

Bei, D., Meng, J., & Youan, B.-B. C. (2010). Engineering nanomedicines for improved 

melanoma therapy: progress and promises. Nanomedicine (London, England), 5(9), 

1385–1399. https://doi.org/10.2217/nnm.10.117 

Bharadwaj, R., Das, P. J., Pal, P., & Mazumder, B. (2016). Topical delivery of paclitaxel for 

treatment of skin cancer. Drug Development and Industrial Pharmacy, 42(9), 1482–1494. 

https://doi.org/10.3109/03639045.2016.1151028 

Bhaskar, K., Anbu, J., Ravichandiran, V., Venkateswarlu, V., & Rao, Y. (2009). Lipid 

nanoparticles for transdermal delivery of flurbiprofen: formulation, in vitro, ex vivo and 

in vivo studies. Lipids in Health and Disease, 8(1), 6. https://doi.org/10.1186/1476-511X-

8-6 

Bhatnagar, P., Pant, A. B., Shukla, Y., Chaudhari, B., Kumar, P., & Gupta, K. C. (2015). 

Bromelain nanoparticles protect against 7,12-dimethylbenz[a]anthracene induced skin 

carcinogenesis in mouse model. European Journal of Pharmaceutics and 

Biopharmaceutics, 91(January), 35–46. https://doi.org/10.1016/j.ejpb.2015.01.015 

Bilal, M., & Iqbal, H. M. N. (2020). New Insights on Unique Features and Role of 

Nanostructured Materials in Cosmetics. Cosmetics, 7(2), 24. 

https://doi.org/10.3390/cosmetics7020024 

Boswell, C. A., Eck, P. K., Regino, C. A. S., Bernardo, M., Wong, K. J., Milenic, D. E., 

Choyke, P. L., & Brechbiel, M. W. (n.d.). Synthesis, characterization, and biological 

evaluation of integrin alphavbeta3-targeted PAMAM dendrimers. Molecular 

Pharmaceutics, 5(4), 527–539. https://doi.org/10.1021/mp800022a 



42 
 

Bouchemal, K., Briançon, S., Perrier, E., & Fessi, H. (2004). Nano-emulsion formulation using 

spontaneous emulsification: solvent, oil and surfactant optimisation. International 

Journal of Pharmaceutics, 280(1–2), 241–251. 

https://doi.org/10.1016/j.ijpharm.2004.05.016 

Bray, F. N., Simmons, B. J., Wolfson, A. H., & Nouri, K. (2016). Acute and Chronic Cutaneous 

Reactions to Ionizing Radiation Therapy. Dermatology and Therapy, 6(2), 185–206. 

https://doi.org/10.1007/s13555-016-0120-y 

Burdușel, A.-C., Gherasim, O., Grumezescu, A. M., Mogoantă, L., Ficai, A., & Andronescu, 

E. (2018). Biomedical Applications of Silver Nanoparticles: An Up-to-Date Overview. 

Nanomaterials, 8(9), 681. https://doi.org/10.3390/nano8090681 

Caddeo, C., Nacher, A., Vassallo, A., Armentano, M. F., Pons, R., Fernàndez-Busquets, X., 

Carbone, C., Valenti, D., Fadda, A. M., & Manconi, M. (2016). Effect of quercetin and 

resveratrol co-incorporated in liposomes against inflammatory/oxidative response 

associated with skin cancer. International Journal of Pharmaceutics, 513(1–2), 153–163. 

https://doi.org/10.1016/j.ijpharm.2016.09.014 

Caló, E., & Khutoryanskiy, V. v. (2015). Biomedical applications of hydrogels: A review of 

patents and commercial products. In European Polymer Journal (Vol. 65, pp. 252–267). 

Elsevier Ltd. https://doi.org/10.1016/j.eurpolymj.2014.11.024 

Capanema, N. S. v., Carvalho, I. C., Mansur, A. A. P., Carvalho, S. M., Lage, A. P., & Mansur, 

H. S. (2019). Hybrid Hydrogel Composed of Carboxymethylcellulose–Silver 

Nanoparticles–Doxorubicin for Anticancer and Antibacterial Therapies against 

Melanoma Skin Cancer Cells. ACS Applied Nano Materials, 2(11), 7393–7408. 

https://doi.org/10.1021/acsanm.9b01924 



43 
 

Care, P. Y., Urad, M., Lam, A., Ésirée, D., & Atner, R. (2001). Review Articles Primary Care. 

In N Engl J Med (Vol. 344, Issue 13). www.nejm.org 

Chakrabarty, A., & Geisse, J. K. (2004). Medical therapies for non-melanoma skin cancer. 

Clinics in Dermatology, 22(3), 183–188. 

https://doi.org/10.1016/j.clindermatol.2003.12.005 

Chakraborti, D., Mukherjee, S. C., Pati, S., Sengupta, M. K., Rahman, M. M., Chowdhury, U. 

K., Lodh, D., Chanda, C. R., Chakraborti, A. K., & Basu, G. K. (2003). Arsenic 

groundwater contamination in Middle Ganga Plain, Bihar, India: a future danger? 

Environmental Health Perspectives, 111(9), 1194–1201. 

https://doi.org/10.1289/ehp.5966 

Challa, R., Ahuja, A., Ali, J., & Khar, R. K. (2005). Cyclodextrins in drug delivery: An updated 

review. AAPS PharmSciTech, 6(2), E329–E357. https://doi.org/10.1208/pt060243 

Chen, J., Shao, R., Zhang, X. D., & Chen, C. (2013). Applications of nanotechnology for 

melanoma treatment, diagnosis, and theranostics. In International Journal of 

Nanomedicine (Vol. 8, pp. 2677–2688). https://doi.org/10.2147/IJN.S45429 

Chen, Y., & Ahsan, H. (2004). Cancer Burden From Arsenic in Drinking Water in Bangladesh. 

American Journal of Public Health, 94(5), 741–744. 

https://doi.org/10.2105/AJPH.94.5.741 

Chen, Y., Wu, Y., Gao, J., Zhang, Z., Wang, L., Chen, X., Mi, J., Yao, Y., Guan, D., Chen, B., 

& Dai, J. (2017). Transdermal Vascular Endothelial Growth Factor Delivery with Surface 

Engineered Gold Nanoparticles. ACS Applied Materials & Interfaces, 9(6), 5173–5180. 

https://doi.org/10.1021/acsami.6b15914 



44 
 

Cho, K., Wang, X., Nie, S., Chen, Z. (Georgia), & Shin, D. M. (2008). Therapeutic 

Nanoparticles for Drug Delivery in Cancer. Clinical Cancer Research, 14(5), 1310–1316. 

https://doi.org/10.1158/1078-0432.CCR-07-1441 

Cook, J., & Zitelli, J. A. (1998). Mohs micrographic surgery: A cost analysis. Journal of the 

American Academy of Dermatology, 39(5), 698–703. https://doi.org/10.1016/S0190-

9622(98)70041-6 

Cooper, C., Sorrell, J., & Gerami, P. (2012). Update in molecular diagnostics in melanocytic 

neoplasms. Advances in Anatomic Pathology, 19(6), 410–416. 

https://doi.org/10.1097/PAP.0b013e318271a5cb 

Costa, C., Scalvenzi, M., Ayala, F., Fabbrocini, G., & Monfrecola, G. (2015). How to treat 

actinic keratosis? An update. Journal of Dermatological Case Reports, 9(2), 29–35. 

https://doi.org/10.3315/jdcr.2015.1199 

Dasari, S., Yedjou, C. G., Brodell, R. T., Cruse, A. R., & Tchounwou, P. B. (2020). Therapeutic 

strategies and potential implications of silver nanoparticles in the management of skin 

cancer. Nanotechnology Reviews, 9(1), 1500–1521. https://doi.org/10.1515/ntrev-2020-

0117 

de Jong. (2008). Drug delivery and nanoparticles: Applications and hazards. International 

Journal of Nanomedicine, 133. https://doi.org/10.2147/IJN.S596 

Dianzani, C., Zara, G. P., Maina, G., Pettazzoni, P., Pizzimenti, S., Rossi, F., Gigliotti, C. L., 

Ciamporcero, E. S., Daga, M., & Barrera, G. (2014). Drug Delivery Nanoparticles in Skin 

Cancers. BioMed Research International, 2014, 1–13. 

https://doi.org/10.1155/2014/895986 



45 
 

Dikmen, G. , G. L. , & G. G. (2011). Advantage and disadvantage in drug delivery systems. 

Journal of Materials Science and Engineering, 5(4), 468. 

D’Orazio, J., Jarrett, S., Amaro-Ortiz, A., & Scott, T. (2013). UV Radiation and the Skin. 

International Journal of Molecular Sciences, 14(6), 12222–12248. 

https://doi.org/10.3390/ijms140612222 

Dorjsuren, B., Chaurasiya, B., Ye, Z., Liu, Y., Li, W., Wang, C., Shi, D., Evans, C. E., Webster, 

T. J., & Shen, Y. (2020). <p>Cetuximab-Coated Thermo-Sensitive Liposomes Loaded 

with Magnetic Nanoparticles and Doxorubicin for Targeted EGFR-Expressing Breast 

Cancer Combined Therapy</p>. International Journal of Nanomedicine, Volume 15, 

8201–8215. https://doi.org/10.2147/IJN.S261671 

Dragu, D. L., Necula, L. G., Bleotu, C., Diaconu, C. C., & Chivu-Economescu, M. (2015). 

Therapies targeting cancer stem cells: Current trends and future challenges. World Journal 

of Stem Cells, 7(9), 1185–1201. https://doi.org/10.4252/wjsc.v7.i9.1185 

Drake, L. A., Ceilley, R. I., Cornelison, R. L., Dobes, W. A., Dorner, W., Goltz, R. W., Lewis, 

C. W., Salasche, S. J., Chanco Turner, M. L., Salasche, S., Dinehart, S. M., Pollack, S. v., 

& Skouge, J. W. (1993). Guidelines of care for cutaneous squamous cell carcinoma. 

Journal of the American Academy of Dermatology, 28(4), 628–631. 

https://doi.org/10.1016/S0190-9622(08)81782-3 

el Zaafarany, G. M., Awad, G. A. S., Holayel, S. M., & Mortada, N. D. (2010). Role of edge 

activators and surface charge in developing ultradeformable vesicles with enhanced skin 

delivery. International Journal of Pharmaceutics, 397(1–2), 164–172. 

https://doi.org/10.1016/j.ijpharm.2010.06.034 



46 
 

Esteva, A., Kuprel, B., Novoa, R. A., Ko, J., Swetter, S. M., Blau, H. M., & Thrun, S. (2017). 

Dermatologist-level classification of skin cancer with deep neural networks. Nature, 

542(7639), 115–118. https://doi.org/10.1038/nature21056 

Fahradyan, A., Howell, A. C., Wolfswinkel, E. M., Tsuha, M., Sheth, P., & Wong, A. K. 

(2017). Updates on the Management of Non-Melanoma Skin Cancer (NMSC). Healthcare 

(Basel, Switzerland), 5(4). https://doi.org/10.3390/healthcare5040082 

Fanciullino, R., Ciccolini, J., & Milano, G. (2013). Challenges, expectations and limits for 

nanoparticles-based therapeutics in cancer: a focus on nano-albumin-bound drugs. 

Critical Reviews in Oncology/Hematology, 88(3), 504–513. 

https://doi.org/10.1016/j.critrevonc.2013.06.010 

Ferreccio, C., González, C., Milosavjlevic, V., Marshall, G., Sancha, A. M., & Smith, A. H. 

(2000). Lung cancer and arsenic concentrations in drinking water in Chile. Epidemiology 

(Cambridge, Mass.), 11(6), 673–679. https://doi.org/10.1097/00001648-200011000-

00010 

Ferris, L. K., & Harris, R. J. (2012). New diagnostic aids for melanoma. Dermatologic Clinics, 

30(3), 535–545. https://doi.org/10.1016/j.det.2012.04.012 

Foldbjerg, R., Dang, D. A., & Autrup, H. (2011). Cytotoxicity and genotoxicity of silver 

nanoparticles in the human lung cancer cell line, A549. Archives of Toxicology, 85(7), 

743–750. https://doi.org/10.1007/s00204-010-0545-5 

Gabizon, A., Catane, R., Uziely, B., Kaufman, B., Safra, T., Cohen, R., Martin, F., Huang, A., 

& Barenholz, Y. (1994). Prolonged circulation time and enhanced accumulation in 

malignant exudates of doxorubicin encapsulated in polyethylene-glycol coated liposomes. 

Cancer Research, 54(4), 987–992. 



47 
 

Garcia-Serra, A., Hinerman, R. W., Mendenhall, W. M., Amdur, R. J., Morris, C. G., Williams, 

L. S., & Mancuso, A. A. (2003). Carcinoma of the skin with perineural invasion. Head & 

Neck, 25(12), 1027–1033. https://doi.org/10.1002/hed.10334 

Geetha, T., Kapila, M., Prakash, O., Deol, P. K., Kakkar, V., & Kaur, I. P. (2015). Sesamol-

loaded solid lipid nanoparticles for treatment of skin cancer. Journal of Drug Targeting, 

23(2), 159–169. https://doi.org/10.3109/1061186X.2014.965717 

GILLIES, E., & FRECHET, J. (2005). Dendrimers and dendritic polymers in drug delivery. 

Drug Discovery Today, 10(1), 35–43. https://doi.org/10.1016/S1359-6446(04)03276-3 

Goldenberg, G., & Perl, M. (2014). Actinic keratosis: update on field therapy. The Journal of 

Clinical and Aesthetic Dermatology, 7(10), 28–31. 

Gonçalves, C., Pereira, P., & Gama, M. (2010). Self-Assembled Hydrogel Nanoparticles for 

Drug Delivery Applications. Materials, 3(2), 1420–1460. 

https://doi.org/10.3390/ma3021420 

Goto, P. L., Siqueira-Moura, M. P., & Tedesco, A. C. (2017). Application of aluminum 

chloride phthalocyanine-loaded solid lipid nanoparticles for photodynamic inactivation of 

melanoma cells. International Journal of Pharmaceutics, 518(1–2), 228–241. 

https://doi.org/10.1016/j.ijpharm.2017.01.004 

Gottrup, F. (2004). A specialized wound-healing center concept: Importance of a 

multidisciplinary department structure and surgical treatment facilities in the treatment of 

chronic wounds. American Journal of Surgery, 187(5 SUPPL. 1), S38–S43. 

https://doi.org/10.1016/S0002-9610(03)00303-9 

Gray-Schopfer, V., Wellbrock, C., & Marais, R. (2007a). Melanoma biology and new targeted 

therapy. Nature, 445(7130), 851–857. https://doi.org/10.1038/nature05661 



48 
 

Gray-Schopfer, V., Wellbrock, C., & Marais, R. (2007b). Melanoma biology and new targeted 

therapy. In Nature (Vol. 445, Issue 7130, pp. 851–857). Nature Publishing Group. 

https://doi.org/10.1038/nature05661 

Guha Mazumder, D. N., Haque, R., Ghosh, N., De, B. K., Santra, A., Chakraborty, D., & Smith, 

A. H. (1998). Arsenic levels in drinking water and the prevalence of skin lesions in West 

Bengal, India. International Journal of Epidemiology, 27(5), 871–877. 

https://doi.org/10.1093/ije/27.5.871 

Gupta, S., Gupta, S., Jindal, N., Jindal, A., & Bansal, R. (2013). Nanocarriers and nanoparticles 

for skin care and dermatological treatments. Indian Dermatology Online Journal, 4(4), 

267. https://doi.org/10.4103/2229-5178.120635 

Gurunathan, S., Kalishwaralal, K., Vaidyanathan, R., Venkataraman, D., Pandian, S. R. K., 

Muniyandi, J., Hariharan, N., & Eom, S. H. (2009). Biosynthesis, purification and 

characterization of silver nanoparticles using Escherichia coli. Colloids and Surfaces B: 

Biointerfaces, 74(1), 328–335. https://doi.org/10.1016/j.colsurfb.2009.07.048 

Guterres, S. S., Alves, M. P., & Pohlmann, A. R. (2007). Polymeric Nanoparticles, 

Nanospheres and Nanocapsules, for Cutaneous Applications. Drug Target Insights, 2, 

117739280700200. https://doi.org/10.1177/117739280700200002 

Guy, G. P., Machlin, S. R., Ekwueme, D. U., & Yabroff, K. R. (2015). Prevalence and Costs 

of Skin Cancer Treatment in the U.S., 2002−2006 and 2007−2011. American Journal of 

Preventive Medicine, 48(2), 183–187. https://doi.org/10.1016/j.amepre.2014.08.036 

H. Muller, R., Shegokar, R., & M. Keck, C. (2011). 20 Years of Lipid Nanoparticles (SLN & 

NLC): Present State of Development & Industrial Applications. Current Drug Discovery 

Technologies, 8(3), 207–227. https://doi.org/10.2174/157016311796799062 



49 
 

Hadgraft, J. (2001). Skin, the final frontier. International Journal of Pharmaceutics, 224(1–2), 

1–18. https://doi.org/10.1016/S0378-5173(01)00731-1 

He, W., Zhou, Y.-T., Wamer, W. G., Boudreau, M. D., & Yin, J.-J. (2012). Mechanisms of the 

pH dependent generation of hydroxyl radicals and oxygen induced by Ag nanoparticles. 

Biomaterials, 33(30), 7547–7555. https://doi.org/10.1016/j.biomaterials.2012.06.076 

Hesabi, M., & Hesabi, M. (2013). The interaction between carbon nanotube and skin anti-

cancer drugs: a DFT and NBO approach. Journal of Nanostructure in Chemistry, 3(1), 1–

6. https://doi.org/10.1186/2193-8865-3-22 

Hoare, T. R., & Kohane, D. S. (2008). Hydrogels in drug delivery: Progress and challenges. 

Polymer, 49(8), 1993–2007. https://doi.org/10.1016/j.polymer.2008.01.027 

Huang, H.-C., Barua, S., Sharma, G., Dey, S. K., & Rege, K. (2011). Inorganic nanoparticles 

for cancer imaging and therapy. Journal of Controlled Release, 155(3), 344–357. 

https://doi.org/10.1016/j.jconrel.2011.06.004 

Huang, X., El-Sayed, I. H., Qian, W., & El-Sayed, M. A. (2006). Cancer Cell Imaging and 

Photothermal Therapy in the Near-Infrared Region by Using Gold Nanorods. Journal of 

the American Chemical Society, 128(6), 2115–2120. https://doi.org/10.1021/ja057254a 

Huang, X., & El-Sayed, M. A. (2010). Gold nanoparticles: Optical properties and 

implementations in cancer diagnosis and photothermal therapy. Journal of Advanced 

Research, 1(1), 13–28. https://doi.org/10.1016/j.jare.2010.02.002 

Huber, L. A., Pereira, T. A., Ramos, D. N., Rezende, L. C. D., Emery, F. S., Sobral, L. M., 

Leopoldino, A. M., & Lopez, R. F. V. (2015). Topical Skin Cancer Therapy Using 

Doxorubicin-Loaded Cationic Lipid Nanoparticles and Iontophoresis. Journal of 

Biomedical Nanotechnology, 11(11), 1975–1988. https://doi.org/10.1166/jbn.2015.2139 



50 
 

Idris, N. M., Gnanasammandhan, M. K., Zhang, J., Ho, P. C., Mahendran, R., & Zhang, Y. 

(2012). In vivo photodynamic therapy using upconversion nanoparticles as remote-

controlled nanotransducers. Nature Medicine, 18(10), 1580–1585. 

https://doi.org/10.1038/nm.2933 

Jain, R., Sarode, I., Singhvi, G., & Dubey, S. K. (2020). Nanocarrier Based Topical Drug 

Delivery- A Promising Strategy for Treatment of Skin Cancer. Current Pharmaceutical 

Design, 26(36), 4615–4623. https://doi.org/10.2174/1381612826666200826140448 

Jain, S., Patel, N., Shah, M. K., Khatri, P., & Vora, N. (2017). Recent Advances in Lipid-Based 

Vesicles and Particulate Carriers for Topical and Transdermal Application. Journal of 

Pharmaceutical Sciences, 106(2), 423–445. https://doi.org/10.1016/j.xphs.2016.10.001 

Jemec, G. B. E., Kemény, L., & Miech, D. J. (2010). Non-surgical treatment of keratinocyte 

skin cancer. In Non-Surgical Treatment of Keratinocyte Skin Cancer. 

https://doi.org/10.1007/978-3-540-79341-0 

Johnston, H. J., Hutchison, G., Christensen, F. M., Peters, S., Hankin, S., & Stone, V. (2010). 

A review of the in vivo and in vitro toxicity of silver and gold particulates: Particle 

attributes and biological mechanisms responsible for the observed toxicity. Critical 

Reviews in Toxicology, 40(4), 328–346. https://doi.org/10.3109/10408440903453074 

Jose, A., Labala, S., Ninave, K. M., Gade, S. K., & Venuganti, V. V. K. (2018). Effective Skin 

Cancer Treatment by Topical Co-delivery of Curcumin and STAT3 siRNA Using 

Cationic Liposomes. AAPS PharmSciTech, 19(1), 166–175. 

https://doi.org/10.1208/s12249-017-0833-y 

Joyce, C. W., Murphy, I. G., Rafferty, M., Ryan, D., McDermott, E. W., & Gallagher, W. M. 

(2012). Tumor profiling using protein biomarker panels in malignant melanoma: 



51 
 

application of tissue microarrays and beyond. Expert Review of Proteomics, 9(4), 415–

423. https://doi.org/10.1586/epr.12.5 

Kahraman, E., Neşetoğlu, N., Güngör, S., Ünal, D. Ş., & Özsoy, Y. (2018). The combination 

of nanomicelles with terpenes for enhancement of skin drug delivery. International 

Journal of Pharmaceutics, 551(1–2), 133–140. 

https://doi.org/10.1016/j.ijpharm.2018.08.053 

Kalimuthu, K. ; V. S. ; S. R. (2010). Antimicrobial activity of the biodiesel plant, Jatropha 

curcas L. International Journal of Pharma and Bio Sciences, 1. 

Katalinic, A., Kunze, U., & Schafer, T. (2003). Epidemiology of cutaneous melanoma and non-

melanoma skin cancer in Schleswig-Holstein, Germany: incidence, clinical subtypes, 

tumour stages and localization (epidemiology of skin cancer). British Journal of 

Dermatology, 149(6), 1200–1206. https://doi.org/10.1111/j.1365-2133.2003.05554.x 

Kessel, D. (1982). Components of hematoporphyrin derivatives and their tumor-localizing 

capacity. Cancer Research, 42(5), 1703–1706. 

Kim, M. J., Lee, J. Y., Nehrbass, U., Song, R., & Choi, Y. (2012). Detection of melanoma 

using antibody-conjugated quantum dots in a coculture model for high-throughput 

screening system. The Analyst, 137(6), 1440–1445. https://doi.org/10.1039/c2an16013g 

Kimyai-Asadi, A., Goldberg, L. H., Peterson, S. R., Silapint, S., & Jih, M. H. (2005). The 

incidence of major complications from Mohs micrographic surgery performed in office-

based and hospital-based settings. Journal of the American Academy of Dermatology, 

53(4), 628–634. https://doi.org/10.1016/j.jaad.2005.03.023 

Kircik, L., Jones, T. M., Jarratt, M., Flack, M. R., Ijzerman, M., Ciotti, S., Sutcliffe, J., Boivin, 

G., Stanberry, L. R., Baker, J. R., & NB-001 Study Group. (2012). Treatment with a novel 



52 
 

topical nanoemulsion (NB-001) speeds time to healing of recurrent cold sores. Journal of 

Drugs in Dermatology : JDD, 11(8), 970–977. 

Kitagawa, K., & Yuasa, S. (2006). Combustion Characteristics of a Swirling LOX Type Hybrid 

Rocket Engine. JOURNAL OF THE JAPAN SOCIETY FOR AERONAUTICAL AND 

SPACE SCIENCES, 54(629), 242–249. https://doi.org/10.2322/jjsass.54.242 

Knorr, F., Lademann, J., Patzelt, A., Sterry, W., Blume-Peytavi, U., & Vogt, A. (2009). 

Follicular transport route – Research progress and future perspectives. European Journal 

of Pharmaceutics and Biopharmaceutics, 71(2), 173–180. 

https://doi.org/10.1016/j.ejpb.2008.11.001 

Kosmadaki, M. G. (2002). The Demographics of Aging in the United States: Implications for 

Dermatology. Archives of Dermatology, 138(11), 1427-a-1428. 

https://doi.org/10.1001/archderm.138.11.1427-a 

Krieger, M. L., Eckstein, N., Schneider, V., Koch, M., Royer, H.-D., Jaehde, U., & Bendas, G. 

(2010). Overcoming cisplatin resistance of ovarian cancer cells by targeted liposomes in 

vitro. International Journal of Pharmaceutics, 389(1–2), 10–17. 

https://doi.org/10.1016/j.ijpharm.2009.12.061 

Krishnan, V., & Mitragotri, S. (2020). Nanoparticles for topical drug delivery: Potential for 

skin cancer treatment. Advanced Drug Delivery Reviews, 153, 87–108. 

https://doi.org/10.1016/j.addr.2020.05.011 

Lasic, D. D. (2019). LIPOSOMES in GENE DELIVERY. CRC Press. 

https://doi.org/10.1201/9780138748807 



53 
 

Lee, S., & Jun, B.-H. (2019). Silver Nanoparticles: Synthesis and Application for 

Nanomedicine. International Journal of Molecular Sciences, 20(4), 865. 

https://doi.org/10.3390/ijms20040865 

Leiter, U., Eigentler, T., & Garbe, C. (2014). Epidemiology of Skin Cancer. In Sunlight, 

Vitamin D and Skin Cancer (pp. 120–140). Springer New York. 

https://doi.org/10.1007/978-1-4939-0437-2_7 

Leite-Silva, V. R., Sanchez, W. Y., Studier, H., Liu, D. C., Mohammed, Y. H., Holmes, A. M., 

Ryan, E. M., Haridass, I. N., Chandrasekaran, N. C., Becker, W., Grice, J. E., Benson, H. 

A. E., & Roberts, M. S. (2016). Human skin penetration and local effects of topical nano 

zinc oxide after occlusion and barrier impairment. European Journal of Pharmaceutics 

and Biopharmaceutics, 104, 140–147. https://doi.org/10.1016/j.ejpb.2016.04.022 

Lewis, K. G., & Weinstock, M. A. (2004). Nonmelanoma Skin Cancer Mortality (1988-2000). 

Archives of Dermatology, 140(7). https://doi.org/10.1001/archderm.140.7.837 

Liao, J., Wang, C., Wang, Y., Luo, F., & Qian, Z. (2012). Recent advances in formation, 

properties, and applications of polymersomes. Current Pharmaceutical Design, 18(23), 

3432–3441. https://doi.org/10.2174/138161212801227050 

Limón, D., Fábrega, M. J., Calpena, A. C., Badia, J., Baldomà, L., & Pérez-García, L. (2018). 

Multifunctional Serine Protease Inhibitor-Coated Water-Soluble Gold Nanoparticles as a 

Novel Targeted Approach for the Treatment of Inflammatory Skin Diseases. Bioconjugate 

Chemistry, 29(4), 1060–1072. https://doi.org/10.1021/acs.bioconjchem.7b00717 

Lippman, S. M., Kessler, J. F., & Meyskens, F. L. (1987). Retinoids as preventive and 

therapeutic anticancer agents (Part I). Cancer Treatment Reports, 71(4), 391–405. 



54 
 

Liu, J., & Jiang, G. (Eds.). (2015). Silver Nanoparticles in the Environment. Springer Berlin 

Heidelberg. https://doi.org/10.1007/978-3-662-46070-2 

Liu, J., Qi, C., Tao, K., Zhang, J., Zhang, J., Xu, L., Jiang, X., Zhang, Y., Huang, L., Li, Q., 

Xie, H., Gao, J., Shuai, X., Wang, G., Wang, Z., & Wang, L. (2016). Sericin/Dextran 

Injectable Hydrogel as an Optically Trackable Drug Delivery System for Malignant 

Melanoma Treatment. ACS Applied Materials and Interfaces, 8(10), 6411–6422. 

https://doi.org/10.1021/acsami.6b00959 

Liu, W., Sun, D., Li, C., Liu, Q., & Xu, J. (2006). Formation and stability of paraffin oil-in-

water nano-emulsions prepared by the emulsion inversion point method. Journal of 

Colloid and Interface Science, 303(2), 557–563. 

https://doi.org/10.1016/j.jcis.2006.07.055 

Lomas, A., Leonardi‐Bee, J., & Bath‐Hextall, F. (2012). A systematic review of worldwide 

incidence of nonmelanoma skin cancer. British Journal of Dermatology, 166(5), 1069–

1080. https://doi.org/10.1111/j.1365-2133.2012.10830.x 

Loo, C., Lowery, A., Halas, N., West, J., & Drezek, R. (2005). Immunotargeted Nanoshells for 

Integrated Cancer Imaging and Therapy. Nano Letters, 5(4), 709–711. 

https://doi.org/10.1021/nl050127s 

Losquadro, W. D. (2017). Anatomy of the Skin and the Pathogenesis of Nonmelanoma Skin 

Cancer. Facial Plastic Surgery Clinics of North America, 25(3), 283–289. 

https://doi.org/10.1016/j.fsc.2017.03.001 

Lukyanov, A. N., Elbayoumi, T. A., Chakilam, A. R., & Torchilin, V. P. (2004). Tumor-

targeted liposomes: doxorubicin-loaded long-circulating liposomes modified with anti-

cancer antibody. Journal of Controlled Release, 100(1), 135–144. 

https://doi.org/10.1016/j.jconrel.2004.08.007 



55 
 

Lupu, I., Voiculescu, V. M., Bacalbasa, N., Prie, B. E., Cojocaru, I., & Giurcaneanu, C. (2015). 

Cutaneous adverse reactions specific to epidermal growth factor receptor inhibitors. 

Journal of Medicine and Life, 8 Spec Issue, 57–61. 

Madison, K. C. (2003). Barrier Function of the Skin: “La Raison d’Être” of the Epidermis. 

Journal of Investigative Dermatology, 121(2), 231–241. https://doi.org/10.1046/j.1523-

1747.2003.12359.x 

Maharjan, M., Watanabe, C., Ahmad, S. A., Umezaki, M., & Ohtsuka, R. (2007). Mutual 

interaction between nutritional status and chronic arsenic toxicity due to groundwater 

contamination in an area of Terai, lowland Nepal. Journal of Epidemiology & Community 

Health, 61(5), 389–394. https://doi.org/10.1136/jech.2005.045062 

Mahmoud, N. N., Alhusban, A. A., Ali, J. I., Al-Bakri, A. G., Hamed, R., & Khalil, E. A. 

(2019). Preferential Accumulation of Phospholipid-PEG and Cholesterol-PEG Decorated 

Gold Nanorods into Human Skin Layers and Their Photothermal-Based Antibacterial 

Activity. Scientific Reports, 9(1), 5796. https://doi.org/10.1038/s41598-019-42047-7 

Martinez, J.-C., & Otley, C. C. (2001). The Management of Melanoma and Nonmelanoma Skin 

Cancer: A Review for the Primary Care Physician. Mayo Clinic Proceedings, 76(12), 

1253–1265. https://doi.org/10.4065/76.12.1253 

Marzuka, A. G., & Book, S. E. (2015). Basal cell carcinoma: pathogenesis, epidemiology, 

clinical features, diagnosis, histopathology, and management. The Yale Journal of Biology 

and Medicine, 88(2), 167–179. 

Micali, G., Lacarrubba, F., Nasca, M. R., & Schwartz, R. A. (2014). Topical pharmacotherapy 

for skin cancer. Journal of the American Academy of Dermatology, 70(6), 965.e1-965.e12. 

https://doi.org/10.1016/j.jaad.2013.12.045 



56 
 

Michalet, X., Pinaud, F. F., Bentolila, L. A., Tsay, J. M., Doose, S., Li, J. J., Sundaresan, G., 

Wu, A. M., Gambhir, S. S., & Weiss, S. (2005). Quantum dots for live cells, in vivo 

imaging, and diagnostics. Science (New York, N.Y.), 307(5709), 538–544. 

https://doi.org/10.1126/science.1104274 

Miller, A. J. ; M. M. C. (2006). Melanoma. New England Journal of Medicine, 355(1), 51–65. 

https://doi.org/10.1056/NEJMra052166 

Miller, A. J., & Mihm, M. C. (2006). Melanoma. New England Journal of Medicine, 355(1), 

51–65. https://doi.org/10.1056/NEJMra052166 

Miller, S. J. (1991). Biology of basal cell carcinoma (Part II). Journal of the American Academy 

of Dermatology, 24(2), 161–175. https://doi.org/10.1016/0190-9622(91)70022-T 

Misak, H., Zacharias, N., Song, Z., Hwang, S., Man, K.-P., Asmatulu, R., & Yang, S.-Y. 

(2013). Skin cancer treatment by albumin/5-Fu loaded magnetic nanocomposite spheres 

in a mouse model. Journal of Biotechnology, 164(1), 130–136. 

https://doi.org/10.1016/j.jbiotec.2013.01.003 

Mitra, S. R., Mazumder, D. N. G., Basu, A., Block, G., Haque, R., Samanta, S., Ghosh, N., 

Smith, M. M. H., von Ehrenstein, O. S., & Smith, A. H. (2004). Nutritional factors and 

susceptibility to arsenic-caused skin lesions in West Bengal, India. Environmental Health 

Perspectives, 112(10), 1104–1109. https://doi.org/10.1289/ehp.6841 

Moghimi, S. M., & Hunter, A. C. (2001). Capture of stealth nanoparticles by the body’s 

defences. Critical Reviews in Therapeutic Drug Carrier Systems, 18(6), 527–550. 

Moloney, F. J., Comber, H., O’Lorcain, P., O’Kelly, P., Conlon, P. J., & Murphy, G. M. (2006). 

A population-based study of skin cancer incidence and prevalence in renal transplant 



57 
 

recipients. British Journal of Dermatology, 154(3), 498–504. 

https://doi.org/10.1111/j.1365-2133.2005.07021.x 

Montanari, E., Capece, S., di Meo, C., Meringolo, M., Coviello, T., Agostinelli, E., & 

Matricardi, P. (2013). Hyaluronic Acid Nanohydrogels as a Useful Tool for BSAO 

Immobilization in the Treatment of Melanoma Cancer Cells. Macromolecular Bioscience, 

13(9), 1185–1194. https://doi.org/10.1002/mabi.201300114 

Morosini, V., Bastogne, T., Frochot, C., Schneider, R., François, A., Guillemin, F., & Barberi-

Heyob, M. (2011). Quantum dot-folic acid conjugates as potential photosensitizers in 

photodynamic therapy of cancer. Photochemical & Photobiological Sciences : Official 

Journal of the European Photochemistry Association and the European Society for 

Photobiology, 10(5), 842–851. https://doi.org/10.1039/c0pp00380h 

Mukherjee, S., Ray, S., & Thakur, R. (2009). Solid lipid nanoparticles: A modern formulation 

approach in drug delivery system. Indian Journal of Pharmaceutical Sciences, 71(4), 349. 

https://doi.org/10.4103/0250-474X.57282 

Munir, S., Shah, A. A., Rahman, H., Bilal, M., Rajoka, M. S. R., Khan, A. A., & Khurshid, M. 

(2020). Nanozymes for medical biotechnology and its potential applications in biosensing 

and nanotherapeutics. Biotechnology Letters, 42(3), 357–373. 

https://doi.org/10.1007/s10529-020-02795-3 

Muzic, J. G., Schmitt, A. R., Wright, A. C., Alniemi, D. T., Zubair, A. S., Olazagasti Lourido, 

J. M., Sosa Seda, I. M., Weaver, A. L., & Baum, C. L. (2017). Incidence and Trends of 

Basal Cell Carcinoma and Cutaneous Squamous Cell Carcinoma. Mayo Clinic 

Proceedings, 92(6), 890–898. https://doi.org/10.1016/j.mayocp.2017.02.015 

Nayak, D., Pradhan, S., Ashe, S., Rauta, P. R., & Nayak, B. (2015). Biologically synthesised 

silver nanoparticles from three diverse family of plant extracts and their anticancer activity 



58 
 

against epidermoid A431 carcinoma. Journal of Colloid and Interface Science, 457, 329–

338. https://doi.org/10.1016/j.jcis.2015.07.012 

Nguyen, T. X., Huang, L., Gauthier, M., Yang, G., & Wang, Q. (2016). Recent advances in 

liposome surface modification for oral drug delivery. Nanomedicine, 11(9), 1169–1185. 

https://doi.org/10.2217/nnm.16.9 

Niles, R. M. (2000). Recent advances in the use of vitamin A (retinoids) in the prevention and 

treatment of cancer. Nutrition, 16(11–12), 1084–1089. https://doi.org/10.1016/S0899-

9007(00)00436-6 

Niu, J., Chu, Y., Huang, Y.-F., Chong, Y.-S., Jiang, Z.-H., Mao, Z.-W., Peng, L.-H., & Gao, 

J.-Q. (2017). Transdermal Gene Delivery by Functional Peptide-Conjugated Cationic 

Gold Nanoparticle Reverses the Progression and Metastasis of Cutaneous Melanoma. 

ACS Applied Materials & Interfaces, 9(11), 9388–9401. 

https://doi.org/10.1021/acsami.6b16378 

Olszanski, A. J. (2014). Current and Future Roles of Targeted Therapy and Immunotherapy in 

Advanced Melanoma. Journal of Managed Care Pharmacy, 20(4), 346–356. 

https://doi.org/10.18553/jmcp.2014.20.4.346 

Palmer, B., & DeLouise, L. (2016). Nanoparticle-Enabled Transdermal Drug Delivery Systems 

for Enhanced Dose Control and Tissue Targeting. Molecules, 21(12), 1719. 

https://doi.org/10.3390/molecules21121719 

Peng, Q., Warloe, T., Berg, K., Moan, J., Kongshaug, M., Giercksky, K. E., & Nesland, J. M. 

(1997). 5-Aminolevulinic acid-based photodynamic therapy. Clinical research and future 

challenges. Cancer, 79(12), 2282–2308. https://doi.org/10.1002/(sici)1097-

0142(19970615)79:12<2282::aid-cncr2>3.0.co;2-o 



59 
 

Petrilli, R., Eloy, J. O., Saggioro, F. P., Chesca, D. L., de Souza, M. C., Dias, M. V. S., daSilva, 

L. L. P., Lee, R. J., & Lopez, R. F. V. (2018). Skin cancer treatment effectiveness is 

improved by iontophoresis of EGFR-targeted liposomes containing 5-FU compared with 

subcutaneous injection. Journal of Controlled Release, 283, 151–162. 

https://doi.org/10.1016/j.jconrel.2018.05.038 

Phan, V. H. G., Lee, E., Maeng, J. H., Thambi, T., Kim, B. S., Lee, D., & Lee, D. S. (2016). 

Pancreatic cancer therapy using an injectable nanobiohybrid hydrogel. RSC Advances, 

6(47), 41644–41655. https://doi.org/10.1039/c6ra07934b 

Pizzimenti, S., Dianzani, C., Zara, G. P., Ferretti, C., Rossi, F., Gigliotti, C. L., Daga, M., 

Ciamporcero, E. S., Maina, G., & Barrera, G. (2016). Challenges and Opportunities of 

Nanoparticle-Based Theranostics in Skin Cancer. In Nanoscience in Dermatology (pp. 

177–188). Elsevier Inc. https://doi.org/10.1016/B978-0-12-802926-8.00014-8 

Powers, C. M., Badireddy, A. R., Ryde, I. T., Seidler, F. J., & Slotkin, T. A. (2011). Silver 

Nanoparticles Compromise Neurodevelopment in PC12 Cells: Critical Contributions of 

Silver Ion, Particle Size, Coating, and Composition. Environmental Health Perspectives, 

119(1), 37–44. https://doi.org/10.1289/ehp.1002337 

Prabhakar, U., Maeda, H., Jain, R. K., Sevick-Muraca, E. M., Zamboni, W., Farokhzad, O. C., 

Barry, S. T., Gabizon, A., Grodzinski, P., & Blakey, D. C. (2013). Challenges and key 

considerations of the enhanced permeability and retention effect for nanomedicine drug 

delivery in oncology. Cancer Research, 73(8), 2412–2417. https://doi.org/10.1158/0008-

5472.CAN-12-4561 

Prabhu, P., & Patravale, V. (2012). The upcoming field of theranostic nanomedicine: an 

overview. Journal of Biomedical Nanotechnology, 8(6), 859–882. 

https://doi.org/10.1166/jbn.2012.1459 



60 
 

Primo, F. L., Rodrigues, M. M. A., Simioni, A. R., Bentley, M. V. L. B., Morais, P. C., & 

Tedesco, A. C. (2008). In vitro studies of cutaneous retention of magnetic nanoemulsion 

loaded with zinc phthalocyanine for synergic use in skin cancer treatment. Journal of 

Magnetism and Magnetic Materials, 320(14), e211–e214. 

https://doi.org/10.1016/j.jmmm.2008.02.050 

Proksch, E., Brandner, J. M., & Jensen, J.-M. (2008). The skin: an indispensable barrier. 

Experimental Dermatology, 17(12), 1063–1072. https://doi.org/10.1111/j.1600-

0625.2008.00786.x 

Qureshi, A. A. (2008). Geographic Variation and Risk of Skin Cancer in US 

Women&lt;subtitle&gt;Differences Between Melanoma, Squamous Cell Carcinoma, and 

Basal Cell Carcinoma&lt;/subtitle&gt; Archives of Internal Medicine, 168(5), 501. 

https://doi.org/10.1001/archinte.168.5.501 

Rahman, M., Vahter, M., Sohel, N., Yunus, M., Wahed, M. A., Streatfield, P. K., Ekström, E.-

C., & Persson, L. Å. (2006). Arsenic Exposure and Age- and Sex-Specific Risk for Skin 

Lesions: A Population-Based Case–Referent Study in Bangladesh. Environmental Health 

Perspectives, 114(12), 1847–1852. https://doi.org/10.1289/ehp.9207 

Rancan, F., Papakostas, D., Hadam, S., Hackbarth, S., Delair, T., Primard, C., Verrier, B., 

Sterry, W., Blume-Peytavi, U., & Vogt, A. (2009). Investigation of Polylactic Acid (PLA) 

Nanoparticles as Drug Delivery Systems for Local Dermatotherapy. Pharmaceutical 

Research, 26(8), 2027–2036. https://doi.org/10.1007/s11095-009-9919-x 

Rasheed, T., Nabeel, F., Raza, A., Bilal, M., & Iqbal, H. M. N. (2019). Biomimetic 

nanostructures/cues as drug delivery systems: a review. Materials Today Chemistry, 13, 

147–157. https://doi.org/10.1016/j.mtchem.2019.06.001 



61 
 

Reinhold, U. (2017). A review of BF-200 ALA for the photodynamic treatment of mild-to-

moderate actinic keratosis. Future Oncology, 13(27), 2413–2428. 

https://doi.org/10.2217/fon-2017-0247 

Rigon, R., Fachinetti, N., Severino, P., Santana, M., & Chorilli, M. (2016). Skin Delivery and 

in Vitro Biological Evaluation of Trans-Resveratrol-Loaded Solid Lipid Nanoparticles for 

Skin Disorder Therapies. Molecules, 21(1), 116. 

https://doi.org/10.3390/molecules21010116 

Rogers, H. W., Weinstock, M. A., Feldman, S. R., & Coldiron, B. M. (2015). Incidence 

Estimate of Nonmelanoma Skin Cancer (Keratinocyte Carcinomas) in the US Population, 

2012. JAMA Dermatology, 151(10), 1081. 

https://doi.org/10.1001/jamadermatol.2015.1187 

Rogers, H. W., Weinstock, M. A., Harris, A. R., Hinckley, M. R., Feldman, S. R., Fleischer, 

A. B., & Coldiron, B. M. (n.d.). Incidence Estimate of Nonmelanoma Skin Cancer in the 

United States, 2006. http://archderm.jamanetwork.com/ 

Sabir, F., Barani, M., Rahdar, A., Bilal, M., Zafar, M. N., Bungau, S., & Kyzas, G. Z. (2021). 

How to face skin cancer with nanomaterials: A review. Biointerface Research in Applied 

Chemistry, 11(4), 11931–11955. https://doi.org/10.33263/BRIAC114.1193111955 

Sacchini, V., Melloni, E., Marchesini, R., Luini, A., Bandieramonte, G., Spinelli, P., & 

Cascinelli, N. (1987). Preliminary clinical studies with PDT by topical TPPS 

administration in neoplastic skin lesions. Lasers in Surgery and Medicine, 7(1), 6–11. 

https://doi.org/10.1002/lsm.1900070103 

Safwat, M. A., Soliman, G. M., Sayed, D., & Attia, M. A. (2018). Fluorouracil-Loaded Gold 

Nanoparticles for the Treatment of Skin Cancer: Development, in Vitro Characterization, 



62 
 

and in Vivo Evaluation in a Mouse Skin Cancer Xenograft Model. Molecular 

Pharmaceutics, 15(6), 2194–2205. https://doi.org/10.1021/acs.molpharmaceut.8b00047 

Sawant, R. R., & Torchilin, V. P. (2012). Challenges in development of targeted liposomal 

therapeutics. The AAPS Journal, 14(2), 303–315. https://doi.org/10.1208/s12248-012-

9330-0 

Schmid, M. H., & Korting, H. C. (1994). Liposomes: a drug carrier system for topical treatment 

in dermatology. Critical Reviews in Therapeutic Drug Carrier Systems, 11(2–3), 97–118. 

Severino, P., Fangueiro, J. F., Ferreira, S. V., Basso, R., Chaud, M. V., Santana, M. H. A., 

Rosmaninho, A., & Souto, E. B. (2013). Nanoemulsions and nanoparticles for non-

melanoma skin cancer: Effects of lipid materials. Clinical and Translational Oncology, 

15(6), 417–424. https://doi.org/10.1007/s12094-012-0982-0 

Shakeel, F., Baboota, S., Ahuja, A., Ali, J., Aqil, M., & Shafiq, S. (2007). Nanoemulsions as 

vehicles for transdermal delivery of aceclofenac. AAPS PharmSciTech, 8(4), 191. 

https://doi.org/10.1208/pt0804104 

Sharifi, S., Behzadi, S., Laurent, S., Laird Forrest, M., Stroeve, P., & Mahmoudi, M. (2012). 

Toxicity of nanomaterials. Chem. Soc. Rev., 41(6), 2323–2343. 

https://doi.org/10.1039/C1CS15188F 

Shubayev, V. I., Pisanic, T. R., & Jin, S. (2009). Magnetic nanoparticles for theragnostics. 

Advanced Drug Delivery Reviews, 61(6), 467–477. 

https://doi.org/10.1016/j.addr.2009.03.007 

Simões, M. C. F., Sousa, J. J. S., & Pais, A. A. C. C. (2015a). Skin cancer and new treatment 

perspectives: A review. Cancer Letters, 357(1), 8–42. 

https://doi.org/10.1016/j.canlet.2014.11.001 



63 
 

Simões, M. C. F., Sousa, J. J. S., & Pais, A. A. C. C. (2015b). Skin cancer and new treatment 

perspectives: A review. Cancer Letters, 357(1), 8–42. 

https://doi.org/10.1016/j.canlet.2014.11.001 

Singh Malik, D., Mital, N., & Kaur, G. (2016). Topical drug delivery systems: A patent review. 

In Expert Opinion on Therapeutic Patents (Vol. 26, Issue 2, pp. 213–228). Taylor and 

Francis Ltd. https://doi.org/10.1517/13543776.2016.1131267 

Singh, R., & Lillard, J. W. (2009). Nanoparticle-based targeted drug delivery. Experimental 

and Molecular Pathology, 86(3), 215–223. https://doi.org/10.1016/j.yexmp.2008.12.004 

Singh, S., Chitkara, D., Mehrazin, R., Behrman, S. W., Wake, R. W., & Mahato, R. I. (2012). 

Chemoresistance in prostate cancer cells is regulated by miRNAs and Hedgehog pathway. 

PloS One, 7(6), e40021. https://doi.org/10.1371/journal.pone.0040021 

Skin Cancer Statistics. (n.d.). World Cancer Research Fund. Retrieved June 18, 2020, from 

https://www.wcrf.org 

Slominski, A., Tobin, D. J., Shibahara, S., & Wortsman, J. (2004). Melanin pigmentation in 

mammalian skin and its hormonal regulation. In Physiological Reviews (Vol. 84, Issue 4, 

pp. 1155–1228). https://doi.org/10.1152/physrev.00044.2003 

Sokolov, K., Follen, M., Aaron, J., Pavlova, I., Malpica, A., Lotan, R., & Richards-Kortum, R. 

(2003). Real-time vital optical imaging of precancer using anti-epidermal growth factor 

receptor antibodies conjugated to gold nanoparticles. Cancer Research, 63(9), 1999–

2004. 

SOLANS, C., IZQUIERDO, P., NOLLA, J., AZEMAR, N., & GARCIACELMA, M. (2005). 

Nano-emulsions. Current Opinion in Colloid & Interface Science, 10(3–4), 102–110. 

https://doi.org/10.1016/j.cocis.2005.06.004 



64 
 

Soler, A. M., Warloe, T., Berner, A., & Giercksky, K. E. (2001). A follow-up study of 

recurrence and cosmesis in completely responding superficial and nodular basal cell 

carcinomas treated with methyl 5-aminolaevulinate-based photodynamic therapy alone 

and with prior curettage. The British Journal of Dermatology, 145(3), 467–471. 

https://doi.org/10.1046/j.1365-2133.2001.04407.x 

Sparreboom, A., Scripture, C. D., Trieu, V., Williams, P. J., De, T., Yang, A., Beals, B., Figg, 

W. D., Hawkins, M., & Desai, N. (2005). Comparative Preclinical and Clinical 

Pharmacokinetics of a Cremophor-Free, Nanoparticle Albumin-Bound Paclitaxel (ABI-

007) and Paclitaxel Formulated in Cremophor (Taxol). Clinical Cancer Research, 11(11), 

4136–4143. https://doi.org/10.1158/1078-0432.CCR-04-2291 

Sun, Y., Du, L., Liu, Y., Li, X., Li, M., Jin, Y., & Qian, X. (2014). Transdermal delivery of the 

in situ hydrogels of curcumin and its inclusion complexes of hydroxypropyl-β-

cyclodextrin for melanoma treatment. International Journal of Pharmaceutics, 469(1), 

31–39. https://doi.org/10.1016/j.ijpharm.2014.04.039 

Ta, H. T., Dass, C. R., & Dunstan, D. E. (2008). Injectable chitosan hydrogels for localised 

cancer therapy. In Journal of Controlled Release (Vol. 126, Issue 3, pp. 205–216). 

https://doi.org/10.1016/j.jconrel.2007.11.018 

Tan, Q., Liu, W., Guo, C., & Zhai, G. (2011). Preparation and evaluation of quercetin-loaded 

lecithin-chitosan nanoparticles for topical delivery. International Journal of 

Nanomedicine, 6, 1621–1630. 

Thanaraj, M., Rathanasamy, R., & Jeganathan, P. M. (2020). Assessment of drug flow rate in 

skin cancer therapy for enhancing the drug delivery system. Anais Da Academia 

Brasileira de Ciencias, 92(3), 1–16. https://doi.org/10.1590/0001-3765202020180985 



65 
 

Tondel, M., Rahman, M., Magnuson, A., Chowdhury, A., Faruquee, M. H., & Akhtar, S. 

(1999). The Relationship of Arsenic Levels in Drinking Water and the Prevalence Rate of 

Skin Lesions in Bangladesh. In Environ Health Perspect (Vol. 107). 

http:/epnntl.niehs.nib.gov/docs/1999/107p727-729onki1/absnrac.hrml 

Torchilin, V. P. (2006). Micellar Nanocarriers: Pharmaceutical Perspectives. Pharmaceutical 

Research, 24(1), 1–16. https://doi.org/10.1007/s11095-006-9132-0 

Tsou, Y. H., Khoneisser, J., Huang, P. C., & Xu, X. (2016). Hydrogel as a bioactive material 

to regulate stem cell fate. In Bioactive Materials (Vol. 1, Issue 1, pp. 39–55). KeAi 

Communications Co. https://doi.org/10.1016/j.bioactmat.2016.05.001 

Tupal, A., Sabzichi, M., Ramezani, F., Kouhsoltani, M., & Hamishehkar, H. (2016). Dermal 

delivery of doxorubicin-loaded solid lipid nanoparticles for the treatment of skin cancer. 

Journal of Microencapsulation, 33(4), 372–380. 

https://doi.org/10.1080/02652048.2016.1200150 

Vishnubhakthula, S., Elupula, R., & Durán-Lara, E. F. (2017). Recent Advances in Hydrogel-

Based Drug Delivery for Melanoma Cancer Therapy: A Mini Review. Journal of Drug 

Delivery, 2017, 1–9. https://doi.org/10.1155/2017/7275985 

Wadhera, A., Fazio, M., Bricca, G., & Stanton, O. (2006). Metastatic basal cell carcinoma: a 

case report and literature review. How accurate is our incidence data? Dermatology Online 

Journal, 12(5), 7. 

Wang, R., Billone, P. S., & Mullett, W. M. (2013). Nanomedicine in Action: An Overview of 

Cancer Nanomedicine on the Market and in Clinical Trials. Journal of Nanomaterials, 

2013, 1–12. https://doi.org/10.1155/2013/629681 



66 
 

Wang, Y., & Chen, L. (2011). Quantum dots, lighting up the research and development of 

nanomedicine. Nanomedicine : Nanotechnology, Biology, and Medicine, 7(4), 385–402. 

https://doi.org/10.1016/j.nano.2010.12.006 

Watanabe, M., Kawano, K., Toma, K., Hattori, Y., & Maitani, Y. (2008). In vivo antitumor 

activity of camptothecin incorporated in liposomes formulated with an artificial lipid and 

human serum albumin. Journal of Controlled Release, 127(3), 231–238. 

https://doi.org/10.1016/j.jconrel.2008.02.005 

Wei, L., Lu, J., Xu, H., Patel, A., Chen, Z.-S., & Chen, G. (2015). Silver nanoparticles: 

synthesis, properties, and therapeutic applications. Drug Discovery Today, 20(5), 595–

601. https://doi.org/10.1016/j.drudis.2014.11.014 

What is Chemotherapy? (2022, May). Cancer.Net. 

Wicki, A., Witzigmann, D., Balasubramanian, V., & Huwyler, J. (2015). Nanomedicine in 

cancer therapy: challenges, opportunities, and clinical applications. Journal of Controlled 

Release : Official Journal of the Controlled Release Society, 200, 138–157. 

https://doi.org/10.1016/j.jconrel.2014.12.030 

Wiraja, C., Ning, X., Cui, M., & Xu, C. (2020). Hydrogel-Based Technologies for the 

Diagnosis of Skin Pathology. Technologies, 8(3), 47. 

https://doi.org/10.3390/technologies8030047 

Wissing, S. A., & Müller, R. H. (2003). The influence of solid lipid nanoparticles on skin 

hydration and viscoelasticity – in vivo study. European Journal of Pharmaceutics and 

Biopharmaceutics, 56(1), 67–72. https://doi.org/10.1016/S0939-6411(03)00040-7 



67 
 

Xu, H., Wen, Y., Chen, S., Zhu, L., Feng, R., & Song, Z. (2020). Paclitaxel skin delivery by 

micelles-embedded Carbopol 940 hydrogel for local therapy of melanoma. International 

Journal of Pharmaceutics, 587. https://doi.org/10.1016/j.ijpharm.2020.119626 

Xu, L., Wang, Y.-Y., Huang, J., Chen, C.-Y., Wang, Z.-X., & Xie, H. (2020). Silver 

nanoparticles: Synthesis, medical applications and biosafety. Theranostics, 10(20), 8996–

9031. https://doi.org/10.7150/thno.45413 

Yahia, Lh. (2015). History and Applications of Hydrogels. Journal of Biomedical Sciencies, 

04(02). https://doi.org/10.4172/2254-609x.100013 

Yang, E.-J., Kim, S., Kim, J. S., & Choi, I.-H. (2012). Inflammasome formation and IL-1β 

release by human blood monocytes in response to silver nanoparticles. Biomaterials, 

33(28), 6858–6867. https://doi.org/10.1016/j.biomaterials.2012.06.016 

Yarosh, D., Klein, J., O’Connor, A., Hawk, J., Rafal, E., & Wolf, P. (2001). Effect of topically 

applied T4 endonuclease V in liposomes on skin cancer in xeroderma pigmentosum: a 

randomised study. The Lancet, 357(9260), 926–929. https://doi.org/10.1016/S0140-

6736(00)04214-8 

Yu, S., Liao, W. T., Lee, C. H., Chai, C. Y., Yu, C. L., & Yu, H. S. (2018). Immunological 

dysfunction in chronic arsenic exposure: From subclinical condition to skin cancer. In 

Journal of Dermatology (Vol. 45, Issue 11, pp. 1271–1277). Blackwell Publishing Ltd. 

https://doi.org/10.1111/1346-8138.14620 

Zhang, T., Wang, L., Chen, Q., & Chen, C. (2014). Cytotoxic Potential of Silver Nanoparticles. 

Yonsei Medical Journal, 55(2), 283. https://doi.org/10.3349/ymj.2014.55.2.283 

Zhang, Y., Wu, Z., Zhang, K., Zhao, J., Ye, B., & Feng, N. (2014). An In Vitro and In Vivo 

Comparison of Solid and Liquid–Oil Cores in Transdermal Aconitine Nanocarriers. 



68 
 

Journal of Pharmaceutical Sciences, 103(11), 3602–3610. 

https://doi.org/10.1002/jps.24152 

Zhao, M., Li, H., Ma, Y., Gong, H., Yang, S., Fang, Q., & Hu, Z. (2017). Nanoparticle abraxane 

possesses impaired proliferation in A549 cells due to the underexpression of glucosamine 

6-phosphate N-acetyltransferase 1 (GNPNAT1/GNA1). International Journal of 

Nanomedicine, Volume 12, 1685–1697. https://doi.org/10.2147/IJN.S129976 

Zhao, X., Toyooka, T., & Ibuki, Y. (2017). Silver nanoparticle-induced phosphorylation of 

histone H3 at serine 10 is due to dynamic changes in actin filaments and the activation of 

Aurora kinases. Toxicology Letters, 276, 39–47. 

https://doi.org/10.1016/j.toxlet.2017.05.009 

Zhao, Z., Ukidve, A., Krishnan, V., & Mitragotri, S. (2019). Effect of physicochemical and 

surface properties on in vivo fate of drug nanocarriers. Advanced Drug Delivery Reviews, 

143, 3–21. https://doi.org/10.1016/j.addr.2019.01.002 

Zheng, D., Giljohann, D. A., Chen, D. L., Massich, M. D., Wang, X.-Q., Iordanov, H., Mirkin, 

C. A., & Paller, A. S. (2012). Topical delivery of siRNA-based spherical nucleic acid 

nanoparticle conjugates for gene regulation. Proceedings of the National Academy of 

Sciences, 109(30), 11975–11980. https://doi.org/10.1073/pnas.1118425109 

Zheng, H., Chen, G., DeLouise, L. A., & Lou, Z. (2010). Detection of the cancer marker CD146 

expression in melanoma cells with semiconductor quantum dot label. Journal of 

Biomedical Nanotechnology, 6(4), 303–311. https://doi.org/10.1166/jbn.2010.1136 

  

 

 


