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ABSTRACT  

Background: Skin protects the inner organs from injuries and 

infections. The various structural parts of the skin are the 

epidermis, the dermis and the skin appendages. Multiple group 

Skin cancer benign and uncontrollable abnormal growth of 

cells. Outcome of extracutaneous and cutaneous cells. Cases of 

skin cancer increased, so it has led to finding its procedure of 

tumor development by their mechanism and their prevention 

techniques. Aim: The aim of this article is to review an updated 

mechanism of action which involved in Skin Carcinoma and 

associations of their endogenous risk factors. Method: The 

selection of data was done by studying combination of review 

and research papers and those with relevant data were taken 

into account and those with irrelevant data were excluded from 

a different databases such as PubMed, NCBI and Web of 

Science from the year 1985-2020. Result: There is a clear 

association between mechanism of action involved in Skin 

Carcinoma and associations of endogenous risk factors. 

Conclusion: This brief review about the mechanisms of 

formation and progression of Skin carcinoma by UV radiation 

which causes DNA damage and mutations, Loss of cell cycle 

control and carcinogenesis by mutation, Glycosyltransferases 

related to skin cancer, Target proteins of N-glycosylation 

involved in skin cancer, Integrins, CD147, Melanocortin 1 

receptor (MC1R), PD-1, EGFR.  
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INTRODUCTION 

The external most barrier of body is the skin. Also, the first protective layer, which is 

between the atmosphere and our inner body. Skin protects the inner organs from injuries and 

infections. It contains nerves, which help in sensing the environment [1]. There are two main 

organizational parts of the derma known as epidermis and dermis. Epidermis is more dermis 

than the dermis, it is majorly a collection of keratinocytes which helps in terminal 

differentiation and also in the production of stratum corneum. Epidermis contains 

melanocytes which is a group of dendritic cells which is found in the basal layer of the 

epidermis. Second dendritic cells are found majorly in the mid epidermis region. The basal 

layer of epidermis is surrounded by and consists Merkel cell and keratinocytes.  Squamous 

cell carcinoma is caused in the keratinocytes whereas basal cell carcinoma occurs in the 

epidermis, and melanoma is caused in the melanocytes and Merkel cell carcinoma occurs in 

the Merkel cells [2]. 

Melanoma is a lot frequent in white people. Mostly the risk of occurrence of melanoma is 

more in Caucasians (2.4%) other than other races [3]. 

Epidemiological data from Europe [4-7], Canada [8] and the United States [9-11] indicates an 

uninterrupted and startling fact that there is a sudden rise in the number of patients in the 

previous few decades. The most patients are from New Zealand then from Australia and 

followed by the United States of America and then from Europe [12-14]. The progression of 

melanoma and non-melanoma cancer has increased in past decades. The current scenario of 

skin cancer is that every three cancer which is diagnosed one of them is skin cancer and one 

in every five Americans they would have skin cancer [15].  

The frequency of SCC and BCC are 18-20 times more than that of melanoma [16]. The 

progressive potential and death rate of BCC and SCC are less [17-19]. Although it’s 

relatively low malignancy, but the death rate caused by NMSC is far more and with 

considerable high cost [20,21]. 

Climatic factors like ozone depletion, exposure to sun and chemicals whereas host factors 

like genes, colour of skin, HPV and immunity depression [22-24] workers which are working 

under the sun may be more prone as they get UV exposure more. UV exposure during the 

vacations and holidays come under the chronic exposure of UV light [25, 26]. 
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Skin cancer is a multiple group of benign and malignant abnormal growth of cells, which are 

an outcome of both extracutaneous and cutaneous cells [27]. The commonest kind of 

carcinoma human beings is skin carcinoma, the high number of cases has led to finding its 

procedure of tumour development and their prevention techniques [28]. The prevalence of 

skin cancer is more than all the cancers collectively [29]. The patients of skin cancer are 

rising day by day, the numbers are increasing by each passing year and the harm is increasing 

gradually [30]. The best method to stop skin cancer is in its early diagnosis and working on 

its prevention [31]. 

Skin cancer is segregated into melanomatous and non-melanomatous cancer, melanoma is 

caused by the pigmented cells of the skin whereas non melanoma is caused by the tumours of 

the epithelial cells such as squamous cell carcinoma and basal cell carcinoma [32]. 

MATERIALS AND METHODS 

A literary search was made on different databases like PubMed and Medline by using 

keywords like “Skin carcinoma”, “types of skin carcinoma”, “causes of skin carcinoma”, 

“mechanisms skin carcinoma”, “melanoma”, “non melanoma skin carcinoma”. A 

combination of different review and research papers were searched and those with relevant 

data were taken into account and those with irrelevant data were excluded. The selection of 

data was done from year 1999-2020. 

Types of skin carcinomas: 

Basal cell carcinomas (BCC) originates from the epidermis and it is the most common type 

of malignancy occurring in cutaneous region of the face. The epidermis has a basal layer in 

which malignancy of neoplasm of keratinocytes occurs which in other terms is known as 

BCC. Some studies show that malignant cells are originated from the outer root cover of the 

hair follicle and the pluripotent cells of the interfollicular epidermis. A connection between 

the origination of BCC and ultraviolet rays exists because it has been noted that the patients 

suffering from BCC have previous exposure to sunrays and type of sunrays and ultraviolet 

rays have a link to higher chances of causing BCC [33]. 

Squamous cell carcinoma (SCC) originates from the epidermal keratinocytes. It is a result 

of high exposure of the sun rays. The progression of SCC is directly proportional to the 

cumulative lifetime exposure of radiation from the sun rays [34]. 
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Melanoma involves the skin but can also start from the eye, meninges and on different 

mucosal layer. It can be amelanotic and is pigmented excessively. The tiniest of tumours can 

spread and cause adverse prospects. It causes more than 90% deaths [35-42] [Figure 1]. 

 

Figure No. 1: Classification on types of skin carcinoma [35-42] 

Mechanisms involved in the formation and progression of Skin carcinoma: 

Mutation and DNA damage generation by ultraviolet rays 

Maximum range of ultraviolet rays which are taken by the DNA is 245-290 nm [43]. A 

significant biomarker the p53 gene has a distinct pattern in ultraviolet rays causing skin 

cancer. The risk of melanoma, BCC and SCC increases in the people who have more 

exposure to the sun rays [44,45]. UV rays create lesions & mutagenic photoproducts in the 

DNA and forms dimers of the adjacent pyrimidines of DNA. Basically 2 types of dimers are 

present: first dimer of cyclobutene which is between adjoining thymine and cytosine, and 
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second dimer is pyrimidine-primidone photoproducts between adjoining pyrimidine residues 

[46-49]. Hotspots of ultraviolet induced mutation are lesions occurring in the tandem of 

pyrimidine residues [50]. Additionally, the dimers of pyrimidine can stop the transcription 

elongation which is on the transcribed strand, and on the transcribed sequences, specifically 

active genes are mended very fast and the promoter sequences are mended slowly [51,53]. 

Pyrimidine mono adducts, an adjoining A-T photoproduct and dimers of purine are present in 

the lesions. These lesions have mutation generation potential or not this is not very clear. 

Mutations can occur permanently in the DNA sequence if the ultraviolet induced DNA 

lesions are not cured. The mutation occurring due to the DNA lesions is in the structure of CT 

and CCTT conversions and is called UV signature mutation. Various type of base 

modifications, insertion and deletion can surface due to the lesions. To elucidate the kind of 

mutation caused by the ultraviolet rays the “A rule” was suggested. According to this rule 

where there was no right base or bases, a residue A was designated by the DNA polymerase. 

Then DNA replication is done on the strands which have different sets of base pair and 

mutation is generated. No mutation could occur because of T-T cyclobutene dimers; because 

A is paired with T, so there is no mutational outcome by insertion of A residues as default 

adjacent to the dimer. A transition of CCTT occurs in the dimer of C-C cyclobutene; in the 

places of two G residues in the dimer two, A residues are placed by default. The 5-prime 

residue base pairs perfectly but the 3-prime C residue is like a non-instructional site in the 

photoproducts of a pyrimidine and a C residue. A CT mutation is generated due to the 

placement of A residue along the C residue as a default [54] [Figure 2]. 
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Figure No. 2: Mechanism of action when Skin is exposed to UV light [54] 

Reduction in the control of cell cycle and mutation: the cause of cancer generation 

UV rays are completely carcinogenic, it can initiate as well as promote cancer formation. 

DNA polymerase incorporation error, depurination, deamination of 5-methyl cytosine or 

oxidative damage from free radicals is caused by mutation in DNA which is mainly promoted 

by ultraviolet radiation [46]. In previous studies in which mice were irradiated with a mix of 

ultraviolet-A and ultraviolet-B it was found that ultraviolet-A was not alone effective in 

causing cancer but it enhances the carcinogenesis effect of ultraviolet-B [55,56]. The activity 

of ultraviolet-B was enhanced when the mice were irradiated with ultraviolet-A after several 

months of exposure of ultraviolet-B at the starting [57,58]. In further studies, it was found 

that the ultraviolet-B exposed epidermal cells of mice have more effect on the cell cycle than 

the ultraviolet-A [59], and indicating dissimilarities in cancer genesis efficiency among 

ultraviolet-A and ultraviolet-B. Genomic DNA which are mutated can cause cancer by the 

transformation in the activity of genes which effect cell growth. The stages involved in 

cancer origination are initiation, promotion and progression. Mutation can be the starting 
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phenomenon. Mutation can be dormant for a long time till the exposure of promoter. Those 

promoters could or could not be a cancer generating agent but can help in the starting of 

progression of tumour formation. Numerous mutations in the different loci of genes when 

united can affect cancer development. Three to seven events of mutation can change a normal 

healthy cell into carcer cells according to their life cycle. The main changing mutation is in 

the tumour suppression genes or the onco-genes which are comprised in the regulation of cell 

proliferation [50]. 

Connection of glycosyltransferases to skin carcinoma 

It has a crucial part in the alteration of glycans via shifting of different sugar chains to 

proteins during the biosynthesis of N-glycans. During the formation of N-glycans N-

acetylglucosaminyltransferase V (GNT-V), N-acetylglucosaminyltransferase III (GNT-III), 

sialyltransferase (ST6GAL1), and α1,6- fucosyltransferase (FUT8) are very important. 

Abnormal presence of these glycosyltransferases was present in the gastric and small cell 

lung carcinoma [60-62].  The interaction of different glycosyltransferases leads to differential 

phenotypes [63]. The details of various glycosyltransferases are explained bellow: 

GNT-III - It activates the transference of GlcNAc to the β-mannose residue by the β1,4-

coupling and form the cleaved GlcNAc structure [64]. It is abnormally regulated in cancerous 

cells which includes ovarian cancer and leukaemia [65-66]. 

GNT‑ V- It helps in the catalysation of the transfer of GlcNAc from UDP-GlcNAc to the 6-

OH position of α-Man residue in the α6 arm of core. It was previously found that GNT-V 

gets activated in the tumour cells and is managed by the RAS-RAF-MAPK [67]. 

STLGAL1 -Various number of cell lines of melanoma were studied and in those β1,6-

branched glycans were found, however glycans having α-2,6 and α-2,3-linked sialic were 

also present in the melanoma cells [68]. The presence of sialyltransferases were assessed in 

actinic keratosis, keratoacanthoma, squamous and basal cell cancer. The researchers also 

observed an excess level of ST3Gal 1 and ST6Gal 1 which are known to be having potential 

for causing invasion and metastasis [69]. In other studies, it was found that the excision of  

α2,6 sialic acid by enzymatic de-sialylation or by stably lowering the ST6Gal-1 via shRNA 

lowers the capability of adhesion and invasion [70]. 

FUT‑ 8 - Is the specific enzyme which is found to produce 1,6-fucosylated structure which is 

present on the core of N-glycans belonging to the member of fucosyl transferases, coded by 
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FUT-8. FUT-8 catalyses the transference of fucose to the N-linked type complex 

glycopeptides, FUT-8 mediated receptor core fucosylation was found to be activating breast 

cell invasion and metastasis by encouraging TGF-β-induced epithelial mesenchymal 

conversion [71]. 

Ideal proteins of N linked glycosylation which are involved in skin carcinoma 

N-glycosylation is the most crucial type of post transcriptional modification, it is irrefutable 

that different types of protein glycosylation has a vital part in different cellular activities, 

including protein folding, stability and sorting, protein -protein interaction, etc. More than 

700 proteins require multiple glycan structures which includes glycosyltransferases, 

glycosides and nucleotide sugar transporters [72]. 

Integrins 

It is a widely present trans-membranous hetero-dimeric receptor which is present on different 

cells who has an 18 α subunit and one of the 8 β-subunits. Its function is connected to the 

cell-extracellular matrix adhesion. Integrins is a connecting link to hold together the 

extracellular ligand to the intracellular receptor and stimulate the intracellular signals which 

accomplish different functions including growth of cell, cell differentiation and existence by 

picking a sequence of effector molecules like talin, paxillin, ILK, FAK and other GTPases 

[73]. Cancer development is by the glycosylation of integrins by its heterodimerization, 

ligand binding, complex formation with other different membranous proteins [74-76] [Figure 

3]. 
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Figure No. 3: Role of Integrins, CD-147, M1CR and EGFR in inducing skin carcinoma 

[90] 

Basigin or CD147 

It is a type 1 of trans-membranous glycoprotein of immunoglobulin superfamily called 

human extracellular matrix metalloproteinase inducer, hBasigin, M6, HAb18G and basigin-1. 

It is present in tissues and cells like platelets which help in development processes, wound 

healing, and nutrient transport in the body [77]. CD147 helps in development of melanoma 

and other carcinomas [78]. It also helps in adhesion of cell matrix by regulation of focal 

adhesion kinase pathway [79], it inhibits the increasing cellular ROS and also disrupts the 

intrinsic antioxidant defences in A375 [80]. It being a matrix metalloproteinase inducer 

boosts the malignant phenotype by hypoxia induced MMP2 initiation [81], and the cleaved 

CD147 discharged by surface of malignant melanoma cells activates MMP2 which was made 

by the fibroblasts [82] [Figure 3]. 

Melanocortin 1 receptor  

It is a trans-membranous g protein coupled receptor by which the melanogenesis is regulated 

and it also has a very significant action in the development, proliferation, and differentiation 

of melanocytes [83]. The major role of MC1R is stimulation of the adenylate cyclase and 

hence enhancing the action of tyrosinase enzyme by stimulation of signalling pathway 

cAMP, which is also found that is the rate restricting step in the production of melanin [84]. 
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The people with MC1R has more risk of melanomas than the wild type of people or subjects 

whom have a noticeable prospect of clinical diagnostic value [85]. The expression of MC1R 

shows a higher likelihood of causing melanoma than the normal tissues [86] [Figure 3]. 

Programmed cell death-1 protein 

It is a transmembrane receptor which has 288 amino acid and it has 3 parts namely global 

extracellular domain, transmembrane domain, and intracellular domain. There is ITIM 

present in the intracellular domain and in the cytoplasmic end it has ITSM. when the PD-1 on 

the cell membrane binds with the PD-L1 ligand, SHP-1 and SHP-2 are two phosphates which 

attach to the ITIM and ITSM respectively and in turn inhibits the activation of T cells. In 

different tumour tissues and cells PD-1 and PD-L1 is found [87]. The modulation of PD-1 

and PD-L1 can produce the suppression of immunity in the surroundings of the tumour, 

which has been found in different data an important mechanism for tumour immune escape 

[88,89].  

Epidermal growth factor receptor 

EGFR is a type of transmembrane which has different functions in physiological and 

pathological actions like proliferation, differentiation,etc. EGF is a ligand which stimulates 

the tyrosine kinase receptor. A homo or heterodimer is produced by EGFR when it is 

autophosphorylated with its family and the subsequent intracellular signal molecules are 

stimulated which shows all the different physiological functions and then the EGFR gets 

incorporated into the endosomes. In a lot of human carcinomas including skin carcinoma, it 

has been seen that EGFR is present and shows its action [90] [figure 3]. 

DISCUSSION  

People diagnosed with skin cancer represents about 40-50% of all the cancers in US. About 

4% of these are of melanomas, but they are the cause of equal to half of the deaths caused by 

skin cancer. In immunotherapy (pembrolizumab) and targeted therapy (vemurafenib) for 

melanoma the recent progress is made in survival of the patients and some patients fail to 

show response of those therapy [91]. most number of cases of cutaneous malignant 

melanoma are due to the harmful ultraviolet rays coming from sunlight. Mainly there are two 

types of ultraviolet radiations which cause melanoma namely UV-A and UV-B [92]. Main 

mechanism of skin carcinoma is Oxidative modification of DNA. UVA-induced oxidative 

damage diminished repair by Melanocytes which as melanin and acts as photosensitizer. ROS 
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levels increased by Dysplastic nevi which relative to normal melanocytes by supporting a 

ROS accumulation role in melanoma genesis. The melanoma aetiology involved by its 

multifactorial which effects on genetic factors as well as familial melanoma, fair skin, 

xeroderma pigmentosum and atmospheric factors like ultraviolet radiations in sun rays which 

contribute in their foundation and evolutions [93]. Other factors which are not related to 

sunrays are occupational vulnerability like usage of those chemicals which can cause or can 

help in causing melanoma, people working in places where they come in constant contact 

with radiations like ultraviolet, x-ray, gamma rays etc may interact with the genetic [94]. 

Multiple inflammation regulatory pathways involve in Melanoma-associated.  Immunity also 

is involved [95]. 

CONCLUSION 

This brief review about the mechanisms of formation and progression of Skin carcinoma by 

UV radiation which causes DNA damage and mutations, Loss of cell cycle control and 

carcinogenesis by mutation, Glycosyltransferases related to skin cancer, ideal proteins of N 

linked glycosylation which are involved in skin carcinoma, Integrins, CD147, Melanocortin 1 

receptor (MC1R), PD‑ 1, EGFR. Melanoma is very common in white people than in other 

ethnic groups. This knowledge about such mechanism which is significance for a new 

melanoma molecular classification, this is importance for superior prognosing the outcomes, 

permits in the development of new target molecular therapy for Skin Carcinoma. 

Future prospects: Future researches must be involved in studying genetic roles and mutation 

of genes which alter the metabolism and instigate skin carcinoma in humans.  

ABBREVIATIONS: 

SCC                      squamous cell carcinoma 

BCC                      basal cell carcinoma 

NMSC                   non melanoma squamous cell carcinoma 

HPV                      human papillomavirus 

UVA                     longwave ultraviolet A 

UVB                     shortwave ultraviolet B 
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GNT-V                 N-acetylglucosaminyltransferase V 

GNT-III                N-acetylglucosaminyltransferase III 

ST6GAL1             sialyltransferase 

FUT8                    α1,6- fucosyltransferase 

ILK                       integrin linked kinase 

FAK                      focal adhesion kinase 

CD147                  cluster of differentiation 147 or basigin 

ROS                      reactive oxygen species  

MMP2                  matrix metalloproteinase-2 

MC1R                   melanocortin 1 receptor 

PD1                       programmed cell death protein 1  

ITIM                     immune receptor tyrosine-based inhibitory motif 

ITSM                    immune receptor tyrosine-based switch motif 

SHP1                     protein tyrosine phosphatase 1 

SHP2                     protein tyrosine phosphatase 2 

EGFR                    Epidermal growth factor receptor 

P13K                     phosphoinositide 3-kinase 

GRB2                    growth factor receptor bound protein 2 

RAF                      rapidly accelerated fibrosarcoma 

MAPK                  mitogen activated protein kinase 

CONFLICT OF INTREST 

The author expresses no conflict of interest. 

 



www.ijppr.humanjournals.com 

Citation Pranay Wal et al. Ijppr.Human, 2020; Vol. 20 (1): 200-217. 212 

ACKNOWLEDGEMENT  

We are genuinely thankful to the department of pharmacy, Pranveer Singh institute of 

technology, Kanpur, Uttar Pradesh, India, for guiding us immensely and for helping in 

writing this review article. 

REFERENCES 

1. Silpa SR, Chidvila V. A review on skin cancer. International Research Journal of Pharmacy. 2013; 4(8):83-8. 

2. Seykora JT, Cotsarelis G. Keratin 15-positive stem cells give rise to basal cell carcinomas in irradiated 

Ptch1+/− mice. Cancer Cell. 2011; 19(1):5-6. 

3. American Cancer Society. http://www.cancer.org/cancer/skin cancer-melanoma/detailedguide/melanoma-

skin-cancer-key-statistics. Accessed June 3, 2016. 

4. de Vries E, Coebergh JW. Cutaneous malignant melanoma in Europe. European Journal of Cancer. 2004; 

40(16):2355-66. 

5. Lasithiotakis KG, Leiter U, Gorkievicz R, Eigentler T, Breuninger H, Metzler G, Strobel W, Garbe C. The 

incidence and mortality of cutaneous melanoma in Southern Germany: trends by anatomic site and pathologic 

characteristics, 1976 to 2003. Cancer. 2006; 107(6):1331-9. 

6. Månsson-Brahme E, Johansson H, Larsson O, Rutqvist LE, Ringborg U. Trends in incidence of cutaneous 

malignant melanoma in a Swedish population 1976-1994. Acta oncologica. 2002; 41(2):138-46. 

7. Stang A, Pukkala E, Sankila R, Söderman B, Hakulinen T. Time trend analysis of the skin melanoma 

incidence of Finland from 1953 through 2003 including 16,414 cases. International journal of cancer. 2006; 

119(2):380-4. 

8. Ulmer MJ, Tonita JM, Hull PR. Trends in invasive cutaneous melanoma in Saskatchewan 1970–1999. Journal 

of Cutaneous Medicine and Surgery: Incorporating Medical and Surgical Dermatology. 2003; 7(6):433-42. 

9. Dennis LK. Analysis of the melanoma epidemic, both apparent and real: data from the 1973 through 1994 

surveillance, epidemiology, and end results program registry. Archives of dermatology. 1999; 135(3):27 5-80. 

10. Geller AC, Miller DR, Annas GD, Demierre MF, Gilchrest BA, Koh HK. Melanoma incidence and 

mortality among US whites, 1969-1999. Jama. 2002; 288(14):1719-20. 

11. Hall HI, Miller DR, Rogers JD, Bewerse B. Update on the incidence and mortality from melanoma in the 

United States. Journal of the American Academy of Dermatology. 1999; 40(1):35-42. 

12. Australian Government, Cancer Australia. http://melanoma. canceraustralia.gov.au/. Accessed June 3, 2019 

13. National Cancer Institute, Surveillance Epidemiology, and End Results Program. http://seer.cancer.gov/. 

European Cancer Observatory http://eco.iarc.fr/eucan. Accessed June 3, 2019 

14. Monshi B, Vujic M, Kivaranovic D, Sesti A, Oberaigner W, Vujic I, Ortiz-Urda S, Posch C, Feichtinger H, 

Hackl M, Rappersberger K. The burden of malignant melanoma–lessons to be learned from Austria. European 

Journal of Cancer. 2016; 56:45-53. 

15. Apalla Z, Lallas A, Sotiriou E, Lazaridou E, Ioannides D. Epidemiological trends in skin cancer. 

Dermatology practical & conceptual. 2017; 7(2):1. 

16. Eide MJ, Krajenta R, Johnson D, Long JJ, Jacobsen G, Asgari MM, Lim HW, Johnson CC. Identification of 

patients with nonmelanoma skin cancer using health maintenance organization claims data. American journal of 

epidemiology. 2010; 171(1):123-8. 

17. Soyer HP, Rigel D, Wurm EM. Actinic keratosis, basal cell carcinoma and squamous cell carcinoma. 

18. Weinstock MA, Bogaars HA, Ashley M, Litle V, Bilodeau E, Kimmel S. Nonmelanoma skin cancer 

mortality: a population-based study. Archives of dermatology. 1991; 127(8):1194-7. 

19. Rogers HW, Weinstock MA, Feldman SR, Coldiron BM. Incidence estimate of nonmelanoma skin cancer 

(keratinocyte carcinomas) in the US population, 2012. JAMA dermatology. 2015; 151(10):1081-6. 

20. Hay RJ, Johns NE, Williams HC, Bolliger IW, Dellavalle RP, Margolis DJ, Marks R, Naldi L, Weinstock 

MA, Wulf SK, Michaud C. The global burden of skin disease in 2010: an analysis of the prevalence and impact 

of skin conditions. Journal of Investigative Dermatology. 2014; 134(6):1527-34. 



www.ijppr.humanjournals.com 

Citation Pranay Wal et al. Ijppr.Human, 2020; Vol. 20 (1): 200-217. 213 

21. Perera E, Gnaneswaran N, Staines C, Win AK, Sinclair R. Incidence and prevalence of non‐ melanoma 

skin cancer in Australia: A systematic review. Australasian Journal of Dermatology. 2015; 56(4):258-67. 

22. Saladi RN, Persaud AN. The causes of skin cancer: a comprehensive review. Drugs of Today. 2005; 

41(1):37-54. 

23. Leiter U, Garbe C. Epidemiology of melanoma and nonmelanoma skin cancer—the role of sunlight. In 

Sunlight, vitamin D and skin cancer 2008 (pp. 89-103). Springer, New York, NY. 

24. Long MD, Herfarth HH, Pipkin CA, Porter CQ, Sandler RS, Kappelman MD. Increased risk for non-

melanoma skin cancer in patients with inflammatory bowel disease. Clinical Gastroenterology and Hepatology. 

2010; 8(3):268-74. 

25. Wiecker TS, Luther H, Buettner P, Bauer J, Garbe C. Moderate sun exposure and nevus counts in parents 

are associated with development of melanocytic nevi in childhood: a risk factor study in 1812 kindergarten 

children. Cancer: Interdisciplinary International Journal of the American Cancer Society. 2003; 97(3):628-38. 

26. Greinert R, Boniol M. Skin cancer–primary and secondary prevention (information campaigns and 

screening)–with a focus on children & sunbeds. Progress in Biophysics and Molecular Biology. 2011; 

107(3):473-6. 

27. Bishop JA, Jewell R. Skin Cancer. In Emery and Rimoin's Principles and Practice of Medical Genetics 

2013, 1 (pp. 1-24). Academic Press. 

28. Wright TI, Spencer JM, Flowers FP. Chemoprevention of nonmelanoma skin cancer. Journal of the 

American Academy of Dermatology. 2006; 54(6):933-46. 

29. Linos E, Katz KA, Colditz GA. Skin Cancer—The Importance of Prevention. JAMA internal medicine. 

2016; 176(10):1435-6. 

30. Wang G, Zhang B, Wang Y, Han S, Wang C. Crocin promotes apoptosis of human skin cancer cells by 

inhibiting the JAK/STAT pathway. Experimental and therapeutic medicine. 2018; 16(6):5079-84.  

31. Riker AI, Zea N, Trinh T. The epidemiology, prevention, and detection of melanoma. Ochsner Journal. 

2010; 10(2):56-65. 

32. Hansen LA. Skin cancer. InxPharm: The Comprehensive Pharmacology Reference 2011 (pp. 1-4). Elsevier 

Inc. 

33. Dubas LE, Ingraffea A. Nonmelanoma skin cancer. Facial Plastic Surgery Clinics. 2013; 21(1):43-53.  

34. Howell JY, Ramsey ML. Cancer, Squamous Cell of the Skin. InStatPearls 2019, 30. StatPearls Publishing.  

35. Eggermont AM, Spatz A, Robert C. Cutaneous melanoma. The Lancet. 2014; 383(9919):816-27. 

36. Garbe C, Peris K, Hauschild A, Saiag P, Middleton M, Spatz A, Grob JJ, Malvehy J, Newton-Bishop J, 

Stratigos A, Pehamberger H. Diagnosis and treatment of melanoma: European consensus-based interdisciplinary 

guideline. European journal of cancer. 2010; 46(2):270-83. 

37. Garbe C, Hauschild A, Volkenandt M, Schadendorf D, Stolz W, Reinhold U, Kortmann RD, Kettelhack C, 

Frerich B, Keilholz U, Dummer R. Evidence and interdisciplinary consense-based German guidelines: diagnosis 

and surveillance of melanoma. Melanoma research. 2007; 17(6):393-9. 

38. Garbe C, Hauschild A, Volkenandt M, Schadendorf D, Stolz W, Reinhold U, Kortmann RD, Kettelhack C, 

Frerich B, Keilholz U, Dummer R. Evidence-based and interdisciplinary consensus-based German guidelines: 

systemic medical treatment of melanoma in the adjuvant and palliative setting. Melanoma research. 2008; 

18(2):152-60. 

39. Dummer R, Guggenheim M, Arnold AW, Braun R, von Moos R. Updated Swiss guidelines for the 

treatment and follow-up of cutaneous melanoma. Swiss medical weekly. 2011; 141:w13320. 

40. Garbe C, Hauschild A, Volkenandt M, Schadendorf D, Stolz W, Reinhold U, Kortmann RD, Kettelhack C, 

Frerich B, Keilholz U, Dummer R. Evidence and interdisciplinary consensus-based German guidelines: surgical 

treatment and radiotherapy of melanoma. Melanoma research. 2008; 18(1):61-7. 

41. Marsden JR, Newton-Bishop JA, Burrows L, Cook M, Corrie PG, Cox NH, Gore ME, Lorigan P, MacKie 

R, Nathan P, Peach H. Revised UK guidelines for the management of cutaneous melanoma 2010. Journal of 

plastic, reconstructive & aesthetic surgery. 2010; 63(9):1401-19. 

42. Saiag P, Bosquet L, Guillot B, Verola O, Avril MF, Bailly C, Cupissol D, Dalac S, Danino A, Dréno B, 

Grob JJ. Management of adult patients with cutaneous melanoma without distant metastasis. 2005 update of the 

French Standards, Options and Recommendations guidelines. Summary report. European Journal of 

Dermatology. 2007; 17(4):325-31. 



www.ijppr.humanjournals.com 

Citation Pranay Wal et al. Ijppr.Human, 2020; Vol. 20 (1): 200-217. 214 

43. Tornaletti S, Pfeifer GP. UV damage and repair mechanisms in mammalian cells. Bioessays. 1996; 

18(3):221-8. 

44. American Medical Association. Harmful effects of ultraviolet radiation. Council on Scientific Affairs. 

JAMA. 1989; 262(3):380-4. 

45. Stretch JR, Gatter KC, Ralfkiaer E, Lane DP, Harris AL. Expression of mutant p53 in melanoma. Cancer 

research. 1991; 51(21):5976-9. 

46. Kanjilal S, Ananthaswamy HN. Molecular biology of skin carcinomas. Basal and squamous cell skin 

cancers of the head and neck. Eds: Weber R., Miller M., Goepfert H., Williams and Wilkins, Baltimore. 

1996:25-6.  

47. Nataraj AJ, II JC, Ananthaswamy HN. p53 gene mutations and photocarcinogenesis. Photochemistry and 

photobiology. 1995; 62(2):218-30. 

48. Kripke ML. Immunologic mechanisms in UV radiation carcinogenesis. Adv Cancer Res. 1981; 34:69-106. 

49. Zigman S, Fowler E, Kraus AL. Black light induction of skin tumors in mice. Journal of Investigative 

Dermatology. 1976; 67(6). 

50. Soehnge H, Ouhtit A, Ananthaswamy ON. Mechanisms of induction of skin cancer by UV radiation. Front 

Biosci. 1997; 2:D538-51. 

51. Donahue BA, Yin S, Taylor JS, Reines D, Hanawalt PC. Transcript cleavage by RNA polymerase II 

arrested by a cyclobutane pyrimidine dimer in the DNA template. Proceedings of the National Academy of 

Sciences. 1994; 91(18):8502-6. 

52. Gao S, Drouin R, Holmquist GP. DNA repair rates mapped along the human PGK1 gene at nucleotide 

resolution. Science. 1994; 263(5152):1438-40. 

53. Tu Y, Tornaletti S, Pfeifer GP. DNA repair domains within a human gene: selective repair of sequences 

near the transcription initiation site. The EMBO journal. 1996; 15(3):675-83. 

54. Tessman I. A mechanism of UV-reactivation. In bacteriophage meeting. Eds: Bukhari A., Ljungquist E., 

Cold Spring Harbor Laboratory, Cold Spring Harbor 1976. 

55. Urbach F, Epstein JH, Forbes PD. Ultraviolet carcinogenesis: Experimental, global and genetic aspects in 

Sunlight and Man: Normal and Abnormal Photobiologic responses. M Seiji, A Kukita. 1974; 259-83. 

56. Matsui MS, DeLeo VA. Photocarcinogenesis by ultraviolet A and B. Skin cancer: mechanisms and human 

relevance. 1995:21-30. 

57. Willis I, Menter JM, Whyte HJ. The rapid induction of cancers in the hairless mouse utilizing the principle 

of photoaugmentation. Journal of Investigative Dermatology. 1981; 76(5):404-8. 

58. Staberg B, Wulf HC, Klemp P, Poulsen T, Brodthagen H. The carcinogenic effect of UVA irradiation. 

Journal of Investigative Dermatology. 1983; 81(6). 

59. de Laat A, Kroon ED, de Gruijl FR. Cell cycle effects and concomitant p53 expression in hairless murine 

skin after longwave UVA (365 nm) irradiation: a comparison with UVB irradiation. Photochemistry and 

photobiology. 1997; 65(4):730-5. 

60. Wang X, He H, Zhang H, Chen W, Ji Y, Tang Z, Fang Y, Wang C, Liu F, Shen Z, Qin J. Clinical and 

prognostic implications of β1, 6‐ N‐ acetylglucosaminyltransferase V in patients with gastric cancer. Cancer 

science. 2013; 104(2):185-93. 

61. Huang C, Huang M, Chen W, Zhu W, Meng H, Guo L, Wei T, Zhang J. N‐ acetylglucosaminyltransferase 

V modulates radiosensitivity and migration of small cell lung cancer through epithelial–mesenchymal transition. 

The FEBS Journal. 2015; 282(22):4295-306. 

62. Liu Y, Liu H, Liu W, Zhang W, An H, Xu J. β1, 6-N-acetylglucosaminyltransferase V predicts recurrence 

and survival of patients with clear-cell renal cell carcinoma after surgical resection. World journal of urology. 

2015; 33(11):1791-9. 

63. Pocheć E, Rydlewska M, Przybyło M, Lityńska A. Diverse expression of N-acetylglucosaminyltransferase 

V and complex-type β1, 6-branched N-glycans in uveal and cutaneous melanoma cells. Acta Biochimica 

Polonica 2015, 22; 62(2). 

64. Narasimhan S. Control of glycoprotein synthesis. UDP-GlcNAc: glycopeptide beta 4-N-

acetylglucosaminyltransferase III, an enzyme in hen oviduct which adds GlcNAc in beta 1-4 linkage to the beta-

linked mannose of the trimannosyl core of N-glycosyl oligosaccharides. Journal of Biological Chemistry. 1982; 

257(17):10235-42. 



www.ijppr.humanjournals.com 

Citation Pranay Wal et al. Ijppr.Human, 2020; Vol. 20 (1): 200-217. 215 

65. Allam H, Johnson BP, Zhang M, Lu Z, Cannon MJ, Abbott KL. The glycosyltransferase GnT-III activates 

Notch signaling and drives stem cell expansion to promote the growth and invasion of ovarian cancer. Journal of 

Biological Chemistry. 2017; 292(39):16351-9. 

66. Yoshimura M, Ihara Y, Taniguchi N. Changes of β-1, 4-N-acetylglucosaminyltransferase III (GnT-III) in 

patients with leukaemia. Glycoconjugate journal. 1995; 12(3):234-40. 

67. Dennis JW, Granovsky M, Warren CE. Glycoprotein glycosylation and cancer progression. Biochimica et 

Biophysica Acta (BBA)-General Subjects. 1999; 1473(1):21-34. 

68. Laidler P, Lityńska A, Hoja-Łukowicz D, Łabędz M, Przybyło M, Ciołczyk-Wierzbicka D, Pocheć E, 

Trębacz E, Kremser E. Characterization of glycosylation and adherent properties of melanoma cell lines. Cancer 

Immunology, Immunotherapy. 2006; 55(1):112-8. 

69. Vasconcelos SF, Vasconcelos JL, Cavalcanti CL, Silva RC, Bezerra CL, Rêgo MJ, Beltrão EI. Expression 

patterns of α2, 3-sialyltransferase I and α2, 6-sialyltransferase I in human cutaneous epithelial lesions. European 

journal of histochemistry: EJH. 2013; 57(1). 

70. Ranjan A, Kalraiya RD. α2, 6 Sialylation associated with increased β1, 6-branched N-oligosaccharides 

influences cellular adhesion and invasion. Journal of biosciences. 2013; 38(5):867-76. 

71. Tu CF, Wu MY, Lin YC, Kannagi R, Yang RB. FUT8 promotes breast cancer cell invasiveness by 

remodeling TGF-β receptor core fucosylation. Breast Cancer Research. 2017; 19(1):1-5. 

72. Moremen KW, Tiemeyer M, Nairn AV. Vertebrate protein glycosylation: diversity, synthesis and function. 

Nature reviews Molecular cell biology. 2012; 13(7):448-62. 

73. Pandolfi F, Franza L, Altamura S, Mandolini C, Cianci R, Ansari A, Kurnick JT. Integrins: integrating the 

biology and therapy of cell–cell interactions. Clinical therapeutics. 2017; 39(12):2420-36. 

74. Öz OK, Campbell A, Tao TW. Reduced cell adhesion to fibronectin and laminin is associated with altered 

glycosylation of β1, integrins in a weakly metastatic glycosylation mutant. International journal of cancer. 1989; 

44(2):343-7. 

75. Kawano T, Takasaki S, Tao TW, Kobata A. Altered glycosylation of β1 integrins associated with reduced 

adhesiveness to fibronectin and laminin. International journal of cancer. 1993; 53(1):91-6. 

76. Pocheć E, Lityńska A, Amoresano A, Casbarra A. Glycosylation profile of integrin α3β1 changes with 

melanoma progression. Biochimica et Biophysica Acta (BBA)-Molecular Cell Research. 2003; 1643(1-3):113-

23. 

77. Riethdorf S, Reimers N, Assmann V, Kornfeld JW, Terracciano L, Sauter G, Pantel K. High incidence of 

EMMPRIN expression in human tumors. International journal of cancer. 2006; 119(8):1800-10. 

78. Kanekura T, Chen X. CD147/basigin promotes progression of malignant melanoma and other cancers. 

Journal of dermatological science. 2010; 57(3):149-54. 

79. Nishibaba R, Higashi Y, Su J, Furukawa T, Kawai K, Kanekura T. CD147‐ targeting siRNA inhibits 

cell‐ matrix adhesion of human malignant melanoma cells by phosphorylating focal adhesion kinase. The 

Journal of dermatology. 2012; 39(1):63-7. 

80. Li J, Peng L, Wu L, Kuang Y, Su J, Yi M, Hu X, Li D, Xie H, Kanekura T, Chen X. Depletion of CD147 

sensitizes human malignant melanoma cells to hydrogen peroxide-induced oxidative stress. Journal of 

dermatological science. 2010; 58(3):204-10. 

81. Zeng W, Su J, Wu L, Yang D, Long T, Li D, Kuang Y, Li J, Qi M, Zhang J, Chen X. CD147 promotes 

melanoma progression through hypoxia-induced MMP2 activation. Current molecular medicine. 2014; 

14(1):163-73. 

82. Hatanaka M, Higashi Y, Fukushige T, Baba N, Kawai K, Hashiguchi T, Su J, Zeng W, Chen X, Kanekura 

T. Cleaved CD147 shed from the surface of malignant melanoma cells activates MMP2 produced by fibroblasts. 

Anticancer research. 2014; 34(12):7091-6. 

83. Herraiz C, Garcia-Borron JC, Jiménez-Cervantes C, Olivares C. MC1R signaling. Intracellular partners and 

pathophysiological implications. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease. 2017; 

1863(10):2448-61. 

84. Rodríguez CI, Setaluri V. Cyclic AMP (cAMP) signaling in melanocytes and melanoma. Archives of 

biochemistry and biophysics. 2014; 563:22-7. 

85. Pasquali E, García‐ Borrón JC, Fargnoli MC, Gandini S, Maisonneuve P, Bagnardi V, Specchia C, Liu F, 

Kayser M, Nijsten T, Nagore E. MC1R variants increased the risk of sporadic cutaneous melanoma in 



www.ijppr.humanjournals.com 

Citation Pranay Wal et al. Ijppr.Human, 2020; Vol. 20 (1): 200-217. 216 

darker‐ pigmented C aucasians: A pooled‐ analysis from the M‐ SKIP project. International journal of cancer. 

2015; 136(3):618-31. 

86. Salazar-Onfray F, Lopez M, Lundqvist A, Aguirre A, Escobar A, Serrano A, Korenblit C, Petersson M, 

Chhajlani V, Larsson O, Kiessling R. Tissue distribution and differential expression of melanocortin 1 receptor, 

a malignant melanoma marker. British journal of cancer. 2002; 87(4):414-22. 

87. Qu QX, Xie F, Huang Q, Zhang XG. Membranous and cytoplasmic expression of PD-L1 in ovarian cancer 

cells. Cellular Physiology and Biochemistry. 2017; 43(5):1893-906. 

88. Kondo K, Shaim H, Thompson PA, Burger JA, Keating M, Estrov Z, Harris D, Kim E, Ferrajoli A, Daher 

M, Basar R. Ibrutinib modulates the immunosuppressive CLL microenvironment through STAT3-mediated 

suppression of regulatory B-cell function and inhibition of the PD-1/PD-L1 pathway. Leukemia. 2018; 

32(4):960-70. 

89. Geng Q, Jiao P, Jin P, Su G, Dong J, Yan B. PD-1/PD-L1 inhibitors for immuno-oncology: from antibodies 

to small molecules. Current pharmaceutical design. 2017; 23(39):6033-41. 

90. Kyriakopoulou K, Kefali E, Piperigkou Z, Bassiony H, Karamanos NK. Advances in targeting epidermal 

growth factor receptor signaling pathway in mammary cancer. Cellular signalling. 2018; 51:99-109. 

91. Ribas A, Hamid O, Daud A, et al. Association of Pembrolizumab With Tumor Response and Survival 

Among Patients With Advanced Melanoma. JAMA.  2016; 315(15):1600. doi:10.1001/jama.2016.4059. 

92. van Weelden H, de Gruijl FR, van der Putte SC, Toonstra J, van der Leun JC. The carcinogenic risks of 

modern tanning equipment: is UV -A safer than UV -B? Arch Dermatol Res. 1988; 280(5):300 -307.  

93. Thompson JF, Scolier RA, Kefford RF, Lancet. 2005 ;( 365):687. 

94. Fredman dm, sigurdson a, rao rs, hauptman p, alexander b, mohan a, morin-doody m, linet ms, int j cancer. 

2003 ;( 103) :556. 

95. Rockley PF, Trieff N, Wagner RF, Tyring SK, Int J Dermatol. 1994 ;(33):398. 

 

 

 

 

 

 

 

 

 

 

 



www.ijppr.humanjournals.com 

Citation Pranay Wal et al. Ijppr.Human, 2020; Vol. 20 (1): 200-217. 217 

 

Dr. Pranay Wal 

Dean & Associate Professor, 

Institute of Pharmacy, Pranveer Singh Institute of 

Technology, Bhauti Kanpur 

 

Nikita Saraswat 

Assistant Professor, 

Institute of Pharmacy, Pranveer Singh Institute of 

Technology, Bhauti Kanpur 

 

Rashmi Saxena Pal 

Assistant Professor, 

Institute of Pharmacy, Pranveer Singh Institute of 

Technology, Bhauti Kanpur 

 

Dr. Ankita Wal 

HOD & Associate Professor, 

Institute of Pharmacy, Pranveer Singh Institute of 

Technology, Bhauti Kanpur 

 

Priyank Yadav 

Research Scholar 

Institute of Pharmacy, PSIT, Kanpur 

 

  


