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ABSTRACT 
 
CRISPR Cas9 systems have become an increasingly powerful method to express and repress gene expression. Within 
cancer research, CRISPR Cas9 technology can be regarded as a tool to knockout or knockin specific genes, ultimately 
causing metastasis. In this research, the knockout and knockin of the PTGS2, CD133, CDK5 genes are compared to 
determine whether a knockout or knockin of a specific gene can improve a metastatic melanoma patient’s prognosis. 
Melanoma is a type of skin cancer with a stage IV survival rate of 22.5%. Several melanoma patients have mutations 
in the PTGS2, CD133, CDK5 genes, causing metastasis. The knockdown of the PTGS2 gene reduces expression, 
which inhibits cell proliferation, migration, and invasiveness, modulates immune response by impairing myeloid-
derived suppressor cell differentiation, and reduces tumor development and metastasis in vivo. In comparison, the 
induced knockdown of the CD133 gene results in enhanced invasion and improved MMP2/MMP9 concentrations. 
MMP2/MMP9 concentrations encode for proteins that degrade type IV collagen, which considers the CD133 gene 
expression as a key role in tumor growth and metastasis. Lastly, the knockin of CDK5 may be a promising alternative 
as it controls melanoma cell motility, invasiveness, and metastatic spread. 
 

Introduction 
 
In recent years, UV-induced melanoma and Metastatic melanoma cases have drastically increased. In a study by San-
dru A. et al, 80.6% of patients with metastatic melanoma died during the study. In addition, patients that survived the 
length of the conducted study, had a patient prognosis of a lowly 5.3 months (Sandru et al., 2014). Stage I melanoma 
is considered a local melanoma. Usually no evidence for metastasis to lymph nodes, lymph tissues, or body organs 
(Stage 1 Melanoma - Melanoma Research Alliance, n.d.). Stage II melanoma extends beyond the epidermis (very 
outer layer of skin) into the thicker dermis layer of the skin. It is thicker than Stage I melanoma and is slightly more 
likely to metastasize. There is still no evidence that Stage II melanoma has spread to the lymph tissues, lymph nodes, 
or body organs (Stage 2 Melanoma - Melanoma Research Alliance, n.d.). Stage III melanoma, also known as regional 
melanoma, has metastasized (spread) to nearby lymph nodes, lymph vessels, or skin. Lymph nodes are an important 
part of the lymphatic system, which is a vast network of tissues and organs that helps rid the body of waste, toxins, 
and other unwanted materials. The lymphatic system also helps support the immune system by transporting infection-
fighting white blood cells throughout the body (Stage 2 Melanoma - Melanoma Research Alliance, n.d.). Stage IV 
melanoma has metastasized (spread) to other places throughout the body, such as the brain, lungs, liver, or gastroin-
testinal (GI) tract. 

Melanoma may also have spread to distant points in the skin. Stage IV melanoma is considered distant met-
astatic melanoma (Stage 4 Melanoma - Melanoma Research Alliance, n.d.).  Metastatic is the most advanced form of 
melanoma and is defined as cancer spreading to different parts of the body, including vital organs (Norman, 1952). 
Various mutations in genes have been found to contribute to melanoma, such as PROM1, CDK4, and PTGS2. While 
UV-induced melanoma survival rates are generally higher , UV-induced melanomas have a chance to become 
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cancerous and transform into a metastatic melanoma. An estimated 60–70% of cutaneous malignant melanomas are 
thought to be caused by ultraviolet (UV) radiation exposure (Freeman, 2018). Currently, no cure for metastatic mela-
noma exists. However, systemic therapies including cytotoxic chemotherapy, immunotherapy, and biochemotherapies 
are traditionally used (Bhatia et al., 2009). Moreover radiation therapy and medications such as aldesleukin, 
binimetinib, braftovi (Encorafenib) etc.(Drugs Approved for Melanoma - National Cancer Institute, n.d.). Several 
characteristics of cancer such as proliferation, cell cycle, and invasiveness will be described briefly here. Proliferation 
is an increase in the number of cells as a result of cell growth and cell division (Definition of Cell Proliferation - NCI 
Dictionary of Cancer Terms - National Cancer Institute, n.d.). Invasiveness is defined by tendation to spread espe-
cially to invade healthy tissue causing tumor growth. The need for additional individualized therapies for metastatic 
melanoma is highlighted in this review. Clustered Regularly Interspersed Short Palindromic Repeats- CRISPR-
associated protein 9 CRISPR/Cas9 system is a tool for genome editing in cells that can target specific beneficially as 
genetic variants for genome editing (Deshpande et al., 2016; Kato-Inui et al., 2018). Mechanism of CRISPR-Cas9 
systems are at a low cost and have higher efficiency success rates than previous genome editing methods such as zinc 
finger nucleases (ZFN) or transcription activator-like effector nucleases (TALEN) in research (Li et al., 2020). 

There are several advantages to CRISPR over ZNFs and TALENs.when it comes to comparing the systems. 
For example, target design simplicity, delivery of nucleic acids rather than large proteins, and the specificity for recog-
nition conferred by the PAM sequence (Newman et al., 2008).CRISPR systems don’t have to rely on protein for-
mation, but only on the ribonucleotide complex. CRISPR Cas9 mechanisms of action include two genome modifica-
tions: knockouts through NHEJ(non-homologous end joining) and knockins through HDR(homologous recombina-
tion) (Non-Homologous End Joining, Homology-Directed Repair - Beckman Coulter, n.d.). Between the two, NHEJ 
is more predominantly used due to the following reasons. NHEJ break ends can be ligated without a homologous 
template, whereas HDR-breaks require a template to guide repair (Non-Homologous End Joining, Homology-Directed 
Repair - Beckman Coulter, n.d.). Moreover, NHEJ is more efficient than HDR due to HDR needing a more specific 
severed and intact donor strands of DNA. (Addgene, 2015). Gene editing using CRISPR-Cas9 offers the potential to 
treat melanoma through individualized targeting of genetic mutations. Efficiency, Specific modifications can be in-
jected directly using RNAs encoding Cas9 protein and guideRNA (gRNA) into a selected injection location. In addi-
tion, CRISPR can introduce mutations to multiple genes by delivering multiple gRNAs, as Stadtmauer et al. demon-
strated in their 2020 clinical trial the successful modification of PDCD1, TRAC, and TRAB genes in T cells. 

In another clinical trial, CRISPR was used to treat a disorder caused by a mutation in CEP290 that leads to a 
non-functional protein. When this specific protein does not function rod cells in the retina die and light-gathering 
photoreceptors can’t renew themselves, resulting in blindness. Cas9 systems were used to make two cuts in the dis-
rupted DNA. Results of the clinical trial were unclear as low doses of CRISPR can actually improve vision, however 
if the low doses are proven safe the patients will receive higher doses to improve vision (CRISPR Enters Its First 
Human Clinical Trials | Science News, n.d.). With results from these clinical trials, CRISPR can potentially be used 
ethically and successfully to improve patient prognosis. Gene editing using CRISPR-Cas9 offers the potential to treat 
melanoma through individualized targeting of genetic mutations. As cases rise and patient prognosis shortens, UV-
induced melanoma and metastatic melanoma become a more pressing issue day by day. In several experimental stud-
ies, CRISPR- Cas9 systems have shown some insight into a potential cure for metastatic melanoma on an individual 
level. The knockout and knockdown of PTGS2, CD133, and CDK5 genes may be a potential solution for metastatic 
melanoma. The knockdown and knockout of these specific genes offer a potential solution for improving patient 
prognosis due to specific mutations within the gene causing melanoma. This review will compare gene editing that 
targets CD133, CDK5, and PTGS2 genes and offer insight into which approach will provide better prognosis for 
melanoma patients. In addition to the genetics underlying melanoma, factors such as gender and age will be considered 
as well as the potential uses for animal models in developing  individualized therapies.  
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U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data Visualizations Tool, based on 2019 submission 
data (1999-2017): U.S. Department of Health and Human Services, Centers for Disease Control and Prevention and 
National Cancer Institute; www.cdc.gov/cancer/dataviz, released in June 2020. 
 
The bar graph above represents the increase in melanoma cases in the US from 1999-2017. From this graph the general 
trend of melanoma increases year to year. This shows us that improvements in melanoma treatments are needed to 
inhibit further increases in melanoma cases. 
 
Current Treatments for Melanoma 
         
Patients with advanced melanoma receive numerous surgeries to resect tumor metastases. Currently, melanoma pa-
tients who present with metastatic disease and have undergone surgery, have a less than 30% 5-year survival rate. 
State Source. In an article by Shailender Bhatua in 2009, 144 patients underwent surgical procedures to resect non-
regional metastatic melanoma , where the general rates of survival were between 14 and 20 percent. Additionally, this 
paper found that the cohort of patients with more advanced metastatic melanoma had a survival rate of 10% after 
surgical resection. Patients were further stratified into those with complete or incomplete resection, where they have 
a 15% or 4% 5-year survival rate. Surgical intervention may increase patient prognosis, but not significantly. 
         In addition to surgery, radiation therapy can be a front-line treatment against metastatic melanoma. UV-
induced melanoma and metastatic melanoma are relatively radioresistant tumors. State Source. This causes most ra-
diotherapies to be less effective in fighting against a tumor. Patient symptoms due to tumor metastasis can be improved 
with radiation therapy with radiation therapy. It is extremely useful in patients with central nervous system metastasis. 
Source. Another treatment for melanoma is systematic therapeutics. Systemic therapy refers to any type of cancer 
treatment that targets the entire body. Usually, consisting of substances passed through the bloodstream, to reach and 
affect cells all around the body (Systemic Therapy _ Moffitt, n.d.). Lastly, systemic therapy is most used for patients 
with stage IV metastatic melanoma. Some examples of therapies include cytotoxic chemotherapy, immunotherapy, 
and bio chemotherapy. (Bhatia et al., 2009). Chemotherapy circulates through the bloodstream to destroy cancerous 
cells in multiple locations. Most of the time, chemotherapy is used to treat cancers that spread beyond the point of 
origination (Systemic Therapy _ Moffitt, n.d.). While treatments for melanoma are effective, many patients still receive 
shorter prognosis. To lengthen patient prognosis, these treatments will need to be improved. 
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PROM 1 
       
PROM1, otherwise known as CD133, encodes for a Penta span transmembrane glycoprotein. This protein is usually 
found in adult stem cells by maintaining stem cell properties and suppressing differentiation. PROM 1 is commonly 
expressed in cancer stem cells that are isolated from various cancers including melanoma. (Saha et al., 2020). Several 
patients today are affected by PROM1 mutations, these mutations can be associated with the following diseases: breast 
cancer, acute myeloid leukemia, brain tumors, and lung cancer. PROM 1 mutations are also affiliated with poor patient 
prognosis (Saha et al., 2020). In the following paper by Cynthia M. Simbulan-Rosenthal et al, she states that their 
group investigated the role of PROM 1 in the invasiveness of minimum inhibitory concentration(MIC) and if this was 
mediated by MMP(mitochondrial membrane potential) secreted from melanocytes. This experiment used the knockout 
of PROM 1 in BAK-P-T3 melanoma cells using lentiviral delivery of CRISPR Cas9. With the knockout of PROM1 
in the BAK-P-T3 cells, there was a significant decrease in the secretion of MMP2 and MMP9. These two genes are 
usually mutated several times in common diseases such as osteolysis and aortic aneurysms. 45 Thus, the invasiveness 
of PROM1- expressing MIC’s, may be mediated by the activation of MMP2 and MMP9 (Simbulan-Rosenthal et al., 
2019). In addition, PROM 1 was expressed using a Dox-induced expression of the gene which resulted in increased 
invasion and metastasis. The paper also concludes that the data presented indicate PROM1 in MMP expression, inva-
sion, and metastasis, and further support the use of PROM1 as a target for therapeutic intervention. Similarly, to the 
previous article, Chiou-Yan Lai et al found that PROM 1 expression in mouse melanoma models correlates with tumor 
progression in vivo. The study found out that, using flow cytometry, expression of PROM 1 increased as metastatic 
melanoma developed. This indicates that PROM 1 is more prevalent in mature disease states. Thus, in conclusion, the 
authors provided strong evidence that PROM 1 is prevalent in the growth of melanoma tumors and metastasis. 
CRISPR Cas9 will be useful in the knocking out of PROM 1 to suppress melanoma growth and further metastasis. In 
order to do this, gRNA will determine where the knockout will occur, when the gRNA and Cas9 is expressed in cells 
the gRNA will direct Cas9 to bind to a target sequence and introduce a double stranded break causing the PROM 1 
gene to be knocked out. Thus, PROM 1 knockout can be a potential candidate for improving melanoma patient prog-
nosis (Simbulan-Rosenthal et al., 2019). 
 
PTGS2  
 
Along with genetic manipulation of PROM1, the PTGS2 gene can potentially be used in melanoma therapeutics. 
PTGS2 is a protein encoding gene. Some diseases including PTGS2 are gastric ulcers and bursitis (Weizmann Institute 
of Science, 2020). PTGS2 is frequently expressed in malignant melanomas and its expression significantly correlates 
with poor survival in patients (Ercolano et al., 2019). In an article published by Giuseppe Ercolano et al, the authors 
found that the knockout of PTGS2 can reduce cell proliferation and colony formation (Ercolano et al., 2019). Using 
B160F10 melanoma cell lines, the PTGS2 gene was knocked out and the effects were assessed. As a result, the cell 
proliferation and colony formation was significantly decreased showing a potential therapeutic to melanoma. On the 
topic of cell invasion, the knockout of the PTGS2 gene also shows promise in reducing cell invasion and metastasis, 
also in  B160F10 cells. The results of the experiment  showed lower levels of invasiveness in the control cells com-
pared to the PTGS2 knockout affected cell. Moreover, the researchers also tested PTGS2 suppression in metastatic 
melanoma in mice. The experiment consisted of the knockdown of PTGS2 in vivo, with implantation of B16/PTGS2Δ 
in the mice. Results showed that the tumor reduced by 30% and there was a clear difference in control and affected 
mice. In conclusion, the article states that the knockdown of PTGS2 shows remarkable effects on tumorigenic prop-
erties in melanoma cells such as cell proliferation, colony formation capacity, migration, and invasiveness. Along with 
the PROM1 gene, CRISPR Cas9 systems could be used to improve the success rate of melanoma treatment using gene 
deletion methods. 
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CDK4 
 
CDK4 is an important gene in the cell cycle progression. This gene has been associated with several different cancer 
types. Diseases associated with CDK4 include melanoma, malignant melanoma, lung adenocarcinoma, conventional 
glioblastoma multiforme, dedifferentiated liposarcoma, breast invasive ductal carcinoma, and glioblastoma (CDK4 
Gene - GeneCards _ CDK4 Protein _ CDK4 Antibody, n.d.) 
   Finally, the reduction of CDK4 is another potential treatment for melanoma.In an article by Marcelo L. et al 
, the deficiency of CDK4 inhibits skin tumor development. Using mouse models, CRISPR Cas9  delivered using a 
lentivirus to knockdown CDK4, resulting in a deficiency in CDK4 expression during cell proliferation. Compared 
with wildtype mice, the CDK4 knockdown exhibited a reduced size of metastasis. While this knockdown may seem 
effective, there are major risks associated with the deficiency of CDK4. Keratinocyte proliferation is the overproduc-
tion of keratinocytes, this results in an expansion of the cell population. Knocking down CDK4 in melanoma cells 
may increase the risk of further expansion of the tumor. In research by Marcelo L. et al, with the knockdown of CDK4, 
the authors did not find significant proliferative increases. In another article by Karoline Kollman et al., claims that 
CDK4 affects growth and survival of melanoma cell lines. This experiment consisted of mouse models to represent 
Stage IV melanoma. These mice were given either vehicle control or CDK4 inhibitor PD0332991. This led to a sig-
nificant reduction of tumor growth compared to the original control group (Kollmann et al., 2019). Within the same 
article, also knocked down CDK4 and CDK6 which lead to decreased amounts of proliferation. The researchers per-
formed a stable knockdown of CDK4 using lentiviral transfection in shRNA expressing vectors in 518A2 and LNM1 
cells. Results of the experiment lead the researchers to believe CDK4 was important in melanoma and potential uses 
can be acquired. Migration of melanoma ultimately leads to shorter prognosis in patients. In the previous article, the 
researchers investigated the migration of melanoma from the origination site. In order to the migration rates of the 
cells, the researchers left the melanocytes with down regulated CDK4. This inturn, slowed the migration processes of 
the melanocyte cells.  Therefore, knockdown of CDK4 could be a potential gene therapeutic for melanoma, though 
the threshold of knockdown remains to be determined (Kollmann et al., 2019). CRISPR Cas9 can be used in the 
knockdown of CDK4 through lentiviral delivery. Similar to PROM1 gene CDK4 is to be knockout, however CDK4 
is vitally more important to cell growth and cell formation. The full knockout of CDK4 is less viable than PROM 1. 
Therefore CDK4 knockdown is a potential solution to improving patient prognosis, with some restrictions on the full 
knockout of the gene. 
 

Ethical Standpoint  
 
Since some melanomas are inherited through hereditary means, religion might condone CRISPR as disturbing God’s 
creation and altering the way you are formed. This must be considered as many patients believe in these ideologies. 
CRISPR is experimental, many complications due to editing the genome might arise, ethically speaking, patients may 
refuse to continue with CRISPR gene editing. Improvements in gene editing through the use of clinical trials will 
further instill confidence in this therapeutic approach. Further, germline versus somatic mutations are often distin-
guished from one another in the setting of gene editing therapies. Some may argue that hereditary, or germline, muta-
tions should not be altered, as this would entail embryonic stem cell editing. As previously mentioned, many people 
believe that the human genome should not be altered as it is God’s creation. Germline mutations are mutations that 
can be passed to future offspring, thus many may argue with the passing down of altered genes versus individualized 
or somatic mutations. Due to ethical setbacks, CRISPR may not be a viable option for some patients. However, it is 
important that the general public be informed to fully understand the risks and implications, as well as potential ethical 
setbacks. 
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Discussion 
 
UV induced melanoma also affects the sexes differently. Men are more likely to receive UV-induced melanoma and 
die due to metastasis. Researchers believe that a major cause may lie in men’s skin. We know that men’s skin differs 
from women’s skin. Men have thicker skin with less fat beneath. A man’s skin also contains more collagen and elastin, 
fibers that give the skin firmness and keep it tight. Research shows that these differences make men’s skin more likely 
to be damaged by the sun’s ultraviolet (UV) rays. (Melanoma Strikes Men Harder, n.d.) 
CRISPR can be used to treat both UV-induced melanoma and metastatic melanoma through the targeting of specific 
genes, including PROM1, PTGS2, and CDK4. Previously mentioned, UV-induced melanoma can lead to damage 
genetically ultimately causing metastases. If this is the case, CRISPR can be implemented to potentially reduce patient 
prognosis of UV-induced melanomas. CDK4 cannot be fully knocked out as in doing so many other complications 
arise such as off-target effects. A knockdown may be performed by CRISPR Cas9 systems to reach the threshold for 
disease treatment. Ethical considerations can improve on reducing potential risks associated with deletion of genes. It 
can be improved with further testing involving non-human test subjects such as other animal models. All in all, be-
tween the knockout and knockdown of PROM1, PTGS2, and CDK4, it is PTGS2 that shows potential success in future 
gene therapeutics due to outcomes in mouse models, lower invasiveness, suppression of tumor growth, and lower risks 
when knocked out.  Through the use of CRISPR Cas9 systems in both UV-induced melanoma and metastatic mela-
noma patient prognosis can potentially be improved to support the increase in melanoma cases year by year. 
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