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ABSTRACT

Gene editing is a new and upcoming technology used to alter the genetic makeup of organisms. 
Due to its popularity, gene editing technologies come with many ethical debates, social norms, and 
beliefs that analyze their importance and usage. This paper will explore the potential implementation 
of genetic engineering in the cosmetic industry by analyzing professional opinions and past 
implementations. The paper examines current cosmetic procedures like in vitro fertilization and 
plastic surgery, before delving into the ethical debates surrounding designer babies and germline 
editing for cosmetic-related traits. Some key risks identified and discussed include off-target effects, 
the complexity of the gene network, and the potential unintended consequences of altering pleiotropic 
genes. The paper also discusses recent advancements in prediction methods, such as in silico tools, 
aimed at reducing the risks associated with gene editing. Through a synthesis of numerous arguments, 
the use of this up-and-coming technology in cosmetics was deemed too risky in our current state but 
with more research and careful oversight, it could be a possibility in the future.
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Review Article

paved the way for more accurate and advanced genetic 
editing technologies such as Transcription Activator-
like Effector Nucleases (TALENs) and, more recently, 
Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR) (Figure 1). Similar to ZFNs, TALENs 
use engineered proteins to induce double-stranded breaks 
in target DNA sequences. On the other hand, CRISPR-
Cas9 utilizes a guide RNA (gRNA) to accurately find and 
bind to the target DNA sequence, and a Cas9 nuclease to 
cut the DNA.

Genetic editing allows us to modify unfavorable 
genetic sequences or replace them with favorable ones. 
While genetic editing has been used for a variety 
of different purposes, there are few that fall into the 
philosophically generally agreed upon ethical or “good” 
categories (2). One example of a good application is using 

INTRODUCTION

The origin of gene editing technology dates back to 
the 1980s with the innovation of procedures utilizing 
zinc finger nucleases (ZFNs). ZFNs are gene-targeting 
tools that contain both a DNA-binding domain derived 
from zinc finger proteins and a DNA-cleavage domain. 
These two domains allow ZFNs to accurately bind to and 
cut specific DNA sequences. The development of ZFNs 
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genetic engineering to treat diseases. This is one of the 
most promising procedures and is commonly viewed 
as ethical (3). Procedures that edit genetic mutations 
have the potential to treat genetic diseases like cystic 
fibrosis, Huntington’s disease, and many types of cancer. 
By editing these mutated sequences, genetic editing 
provides effective cures and the potential to transform our 
healthcare systems. In addition to various medical uses, 
genetic editing also plays a profound role in agriculture 
with the creation of genetically modified crops. Despite 
the controversy, Genetically Modified Organisms (GMOs) 
have been proven to be “as healthful and safe to eat as their 
non-GMO counterparts” (4). Since they were developed in 
the 1990s, GMO plants have increased nutritional value, 
allowed for fewer pesticides, and also reduced the cost of 

food.
Furthermore, GMOs increase food availability and 

allow for a stable supply of food throughout the year. As a 
result, overall they have been recognized as a solution to 
numerous global food challenges (4).

While biotechnology and genetic engineering have a 
promising future in many aspects of our lives, using these 
technologies for cosmetic purposes remains an ethical gray 
area. With the potential to change our physical appearance–
our height, skin color, muscle mass, and more–genetic 
editing has emerged as a groundbreaking innovation with 
potential beyond medical and agricultural usage. Interest 
in choosing and changing physical appearances is evident 
in both current consumer industries, discussed below, and 
in various scientific surveys. Cincinnati psychologist Ann 

Figure 1. Differences between genetic editing methods. For ZFNs, a pair of ZFNs bind to the DNA and initiate a double-
stranded break. TALENS uses a customizable DNA-binding region paired with a cutting enzyme to initiate a double-stranded 
break. CRISPR utilizes a 20-base guide sequence to direct the Cas9 enzyme to cut the DNA at a specific location (1).
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Kearney surveyed about 45,000 participants and found 
that 56% of women and 43% of men were dissatisfied 
with their overall appearance, and the majority (89%) of 
women participants wished to change at least one part of 
their appearance (5). Furthermore, a cross-cultural study 
of almost 100,000 participants from various backgrounds 
revealed that both men and women spend an average of 
about four hours a day trying to enhance their physical 
appearance (6). These studies, among many more, reveal 
the human desire to be perfect and constantly change 
oneself to match societal standards.

As genetic editing technologies continue to advance, 
they provide opportunities to modify ourselves, especially 
our physical appearance. Thus, the rise in this technology 
also raises the question: To what extent should ethical 
considerations influence the usage of germline genetic 
editing technology for cosmetic purposes? We need to 
consider the risks and moral dilemmas that arise as we 
explore and develop groundbreaking innovations. This 
paper will first discuss current cosmetic procedures and 
then examine the various ethical concerns as well as 
risks and benefits associated with using genetic editing, 
especially for cosmetic purposes. Additionally, it is 
important to keep in mind that gene editing for cosmetics 
is not currently established in the United States.

CURRENT COSMETIC ALTERATIONS

In Vitro Fertilization
While CRISPR may allow for cosmetic alterations 

in the future, already existing procedures like in vitro 
fertilization (IVF) allow for a small selection of targeted 
features from the early development stage. IVF enables 
parents to test for abnormalities, potential genetic 
disorders, and even sex selection. The pre-implementation 
genetic diagnosis (PDG) and screening (PGS) for 
IVF allow parents to select embryos based on disease 
probability and gender (7). This procedure screens the 
embryo and identifies the probability of genetic diseases 
being passed down to the parents’ baby. Furthermore, as 
reproductive technologies have advanced, parents can also 
use PGS to identify the gender of the embryo and have 
the option of gender selection if desired. One aspect of 
IVF that provides people with the most control over their 
baby’s physical appearance is the ability to pick sperm 
donors. Many companies such as Cryobank America and 
FairFax FaceMatch allow people to search for their ideal 
sperm donor. Cryobank America allows you to narrow 
your search with filters on hair color, eye color, height, 
race, and even weight (8), while Fairfax allows you to 

input images to find a similar match (9). Many sperm 
donor companies provide the mother the opportunity to 
choose traits considered favorable to her and have the best 
chance at enhancing the physical appearance of her baby.

IVF is an expensive procedure–the cost of a single cycle 
ranges from $15,000 to $30,000–often requiring multiple 
cycles to be successful. Despite these costs, according to 
the U.S. Department of Health and Human Services, in 
2021, 86,146 infants were born using assisted reproductive 
technology, with IVF accounting for 99% of these 
procedures (10). Although genetic editing for cosmetic 
purposes has not been legalized or fully established 
yet, procedures like IVF showcase the growing trend of 
wanting the power to influence the physical and medical 
outcomes of future generations.

Plastic Surgery
Another cosmetic alteration procedure is plastic 

surgery, which has become increasingly popular over 
the years with new procedures being developed. Plastic 
surgery can range from botox to breast reconstruction, 
liposuction, body lifts, rhinoplasty, and even other 
minimally invasive procedures that can essentially 
transform almost every part of a person. Around 
1,600,000 cosmetic surgery procedures were performed 
by just members of the American Society of Plastic 
Surgeon Association (ASPS) and around 25,000,000 
total minimally invasive cosmetic procedures were 
performed in 2023, totaling more than 25 million 
cosmetic procedures, making it a multi-billion-dollar 
industry (11). Table 1 indicates the surgeries performed 
by members of the ASPS, mentioning different categories 
of procedures performed throughout the year (11).

Limitations posed by these procedures: However, IVF 
and plastic surgery have their limitations. For IVF, the 
limitations and risks are endless. IVF can be extremely 
costly. This is because the procedure itself is expensive 
and also it increases the chances of having multiple babies. 

Table 1. Statistical data of cosmetic procedures in 2023 
(American Society of Plastic Surgery)

Type of procedures Number of Procedures
Cosmetic Surgery - Breast 600,815
Cosmetic Surgery - Body 600,893
Cosmetic Surgery - Face 363,936
Cosmetic Minimally Invasive 25,442,640
Reconstructive 1,025,100



Ethical Implications of Genetic Editing for Cosmetic Purposes

November 2024    Vol. 2 No 4    American Journal of Student Research    www.ajosr.org 100

situations exist where the line between treatment 
and enhancement becomes blurred, such as muscle 
enhancements. Procedures and drugs aiming to enlarge 
muscles or overall athletic performance have sparked 
many ethical debates since they serve as both treatments 
and enhancements. Muscle enlargements can be used 
to treat disorders such as muscle dysmorphia and 
muscular dystrophy. In addition, muscle dysmorphia is 
a psychological disorder that is associated with “being 
preoccupied with worries that one’s body is ‘too small’ or 
‘not muscular enough’” despite being normal and often 
leads to unhealthy or excessive exercise (17). Muscular 
enlargement procedures can become an alternative to 
steroid use because these procedures create the desired 
body or physical appearance. Muscular dystrophy, on the 
other hand, is a genetic disorder that causes progressive 
weakness and loss of muscle mass (18). This condition is 
caused by a mutation in genetic sequence which interferes 
with the production of proteins essential to forming 
healthy muscles. According to the International Journal 
of Medical Sciences, “Gene editing …can permanently 
correct DMD mutation” (19). However, muscle 
enlargements can also serve as cosmetic enhancements as 
they are used to give bodybuilders and everyday people a 
more desirable physical appearance.

The numerous situations blurring the line make it 
difficult to discuss the morality of this up-and-coming 
technology. Despite the potential of genetic editing to 
make cosmetic procedures more reliable, the long-term 
risks associated with these procedures are uncertain. 
Currently, the United States and many other developing 
countries, like China and the UK, have placed restrictions 
largely banning the usage of CRISPR in human embryos 
(20). Despite these bans, this new industry continues 
to evolve and the distinction between treatments and 
cosmetic enhancements needs to be addressed.

Risks
As with every great innovation, there are many risks 

and unknowns. One of the most significant concerns 
with genetic engineering in general is the potential for 
off-target effects. Off-target effects are the result of when 
genetic editing technology, such as CRISPR, binds and 
alters DNA sequences at an unintended site. Off-target 
effects occur when the Cas9 protein and gRNA bind to 
DNA sequences extremely similar to the target sequence. 
Despite the high specificity of the gRNA, it can still 
incorrectly bind and allow the Cas9 protein to modify 
DNA sequences that are similar to the target sequence 
(for example, those having only around 3 to 5 nucleotide 

Furthermore, IVF raises the risk of having a premature 
delivery or a baby with low birth weight (12). Plastic 
surgery can only be used to modify physical appearances 
to a certain amount and involves significant risks as well 
as long recovery times. One of the biggest risks of plastic 
surgery is that “you might not achieve the result that you 
were expecting” (13), and in some cases, the results are 
not permanent.

Despite these limitations, the high demand for these 
procedures showcases the high demand for control over 
physical appearances and genetic outcomes in our current 
society.

GENETIC EDITING TO ENHANCE COSMETICS

Designer babies
Genetic editing has the potential to revolutionize the 

cosmetic industry and overcome the limitations of current 
cosmetic procedures. One of the most controversial 
applications of gene editing is the creation of “designer 
babies,” in which parents can utilize germline editing to 
modify or “enhance” physical features such as height, hair 
color, eye color, skin tone, and muscle mass. Since the 
successful germline gene editing procedure performed in 
2018 by biophysicist He Jiankui, there has been increasing 
interest in the possibilities associated with this technology.

Jiankui used CRISPR technology to prevent the babies 
from being able to be affected by HIV (14), claiming 
to have disabled the CCR5 gene which enables HIV 
infection. Although Jiankui’s treatment method was 
reported to be successful, it sparked many ethical debates, 
especially about where to draw the line between genetic 
enhancements and genetic treatments.

Treatment vs Enhancement
The distinction between enhancements and treatments 

is not always clear-cut. Obesity, for example, is one of 
many traits which fall into a moral gray area. Currently, 
a scientific team from the University of Barcelona and 
CIBERobn are working towards a solution for obesity 
that involves implanting modified cells. From a medical 
standpoint, obesity is a “chronic complex disease,” which 
is associated with numerous health issues such as diabetes, 
heart disease, and even hypertension (15).

However, numerous studies have indicated that a 
low waist-to-hip ratio in women is favored by men and 
therefore desired by women (16), and thus seeking genetic 
editing for obesity can also be an enhancement or a 
modification to better appeal to societal views.

In addition to obesity, several other disorders or 
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differences) from the target sequence (Guo, 2023). Altering 
the wrong sequence can cause potentially dangerous 
mutations that can lead to unpredictable consequences, 
such as disruption of essential genes, potentially causing 
harmful genetic disorders, including cancer (21).

Another major risk of genetic editing is that altering 
sequences can backfire. Many genes serve more than one 
function within the body and altering a sequence can 
unintentionally disrupt other biological processes and 
cause detrimental issues. A non-cosmetic example is the 
genes that code for the PAX6 protein, as they are “involved 
in the development of a specialized group of brain cells 
that process smell,” but they are also known to play a key 
role in eye development before birth (22). An appearance-
related example, the IGF-1 gene is known for making 
muscles grow but it also plays a huge role in the growth 
of prostate cancers. Small changes for those wanting 
to improve their physique can have unpredictable and 
potentially serious health complications (23). Thousands 
of genes like PAX6 and IGF-1 are involved in a variety of 
different functions, and disruptions to such genes could 
lead to harmful unforeseen issues.

Even the smallest of cosmetic changes made by 
genetic engineering technologies would require careful 
research and consideration. The vast gene network serves 
as a basis for the phenomena of gene pleiotropy, in which 
a single gene can influence multiple traits or biological 
processes. The interconnected gene network regulating 
genes makes it so that a single alteration can have a 
cascading effect throughout the genome (24). This makes 
it extremely difficult to anticipate and control genetic 
editing modifications, including those of a cosmetic 
nature.

Additionally, hundreds, even thousands, of genes 
are at play for any individual trait. According to Dr. 
Lea Witkowsky, a project and policy analyst at the 
Innovative Genomics Institute and the American Society 
of Microbiology organization, “The characteristics people 
tend to associate with designer babies–intelligence, 
height, and athletic ability–are not controlled by one or 
even a few genes” (20). Witkowsky gives the example of 
a 2009 study that estimated that 93,000 single nucleotide 
polymorphisms are required to explain 80% of the 
population variation in height (20). This highlights the 
complexity of the human body as well as the challenges 
associated with accurately predicting and altering genetic 
sequences to produce desired cosmetic changes.

Additionally, requests for changes to skin color and 
natural features in a healthy person lead to concerns 
about exacerbating racial or other prejudices. Rick Weiss, 

director of SciLine, a nonprofit science journal, emphasizes 
that genetic enhancements, especially cosmetic ones, may 
create a society where physical appearance becomes more 
standardized and promotes a culture where individuals 
conform to extremely specific standards of beauty (23). 
Although genetic editing has transformative potential, 
there are many risks and unknowns.

Benefits
As discussed earlier, a benefit of germline editing 

and other assistive reproductive technologies, like IVF, 
is the opportunity for the selection of the biological sex 
of offspring. This potential benefit can be helpful for 
several reasons, including medical, cultural, and personal 
preferences. For example, from a medical standpoint, 
families with a history of sex-linked genetic disorders 
may benefit from sex selection.

Being able to choose the sex of their child could 
prevent the spread of the disorder to their children and end 
up saving lives. Culturally, gender selection can address 
societal preferences. In some cultures, certain genders 
are viewed as more valuable or hold more authority than 
the other. For instance, according to the International 
Labour Organization, in Arab regions, men are viewed 
as masters of the house and hold much more authority 
while women are restricted to homemakers (25). As for 
personal preferences, gender selection allows parents to 
make decisions that reflect their desires and family history.

While gene editing for cosmetic procedures in humans 
needs further examination, researchers are making an 
effort to apply gene editing in lab-based procedures to 
improve sustainability in the cosmetic industry. With the 
increased demand for organic products came the shift 
towards organic cosmetics, and the natural ingredients 
market is expected to expand from $642 million in 2022 
to a projected $1,095 million by 2030 (26). However, the 
downsides to organic cosmetics are the environmental 
impacts and the costs. Many ingredients commonly 
used in cosmetics are derived from animals and are not 
environmentally sustainable (27). Genetic engineering 
can overcome these issues by allowing us to create 
sustainable alternatives.

Evolva, a Swiss Biotechnology Company, has 
demonstrated the endless opportunities associated with 
biotechnology. Although this is not a cosmetic-related 
example it shows the potential for what genetic editing 
could do for cosmetics. Evolva uses genetic engineering in 
order to create yeast strands to produce artificial vanillin - 
the primary component of vanilla bean extract. Traditional 
vanilla extract creation requires intense labor and takes 
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a toll on the amount of resources available, but Evolva’s 
new approach allows for the production of vanillin in a 
controlled and stable environment. According to the U.S. 
Department of Agriculture, genetically engineered crops 
allow for the preservation of natural resources while also 
increasing year-round supply due to their resistant abilities, 
showing the potential for GMO agriculture biotechnology 
to solve environmental challenges (28). Labbiotech states, 
“CRISPR-Cas9 can be used to engineer microbes to 
make nature-based cosmetic ingredients using standard 
biotechnology facilities” (27).

Moreover, genetic engineering can significantly 
reduce the cosmetic industry’s usage of animals for 
both ingredients and testing. More than 500,000 animals 
suffer and die for cosmetic purposes per year (29). By 
utilizing biotechnology, scientists can modify plants 
and microorganisms to allow for the production of 
high-quality ingredients that are usually obtained from 
animals. Furthermore, having control over the creation 
and production of these products means that scientists 
will also be able to manipulate the ingredients produced 
to better suit cosmetic needs. By adopting genetic 
engineering to produce organic products, the cosmetic 
industry can significantly improve its environmental 
impact and create a more sustainable future.

CONCLUSION

Based on our current state of knowledge, gene 
editing should not be used for germline cosmetic editing 
in humans. Due to the lack of sufficient research and 
unknowns, genetic editing for cosmetic purposes has yet 
to be safely executed. The main product of cosmetic gene 
editing is the development of designer babies. This allows 
parents to have some control over their baby’s appearance. 
However, the lack of information makes it difficult to 
predict the outcomes of this gene editing. In contrast, 
advancements in forensics technology, especially in 
forensic DNA phenotyping (FDP), have enabled us to 
predict a variety of traits such as eyebrow color, freckles, 
hair structure, height, and hair loss from DNA (30). In the 
future, when combined with FDP, germline editing can 
potentially be used to accurately modify and determine a 
baby’s features before birth. Thus, efforts to minimize any 
risks associated with gene editing are vital to prepare for a 
possible future of germline editing for cosmetic purposes.

As previously discussed, a significant risk of genetic 
editing is off-target effects, and in an attempt to mitigate 
this risk, researchers have developed numerous prediction 
methods to prevent this from happening. One of the most 

popular methods for this is in silico tools. In silico tools 
are computational models that analyze hypotheses and 
are used as data analysis models. These prediction tools 
can “minimize off-target effects through algorithmically 
designed software” (31). In silico predictions rely on a 
variety of approaches and algorithms such as sequence 
alignment, machine learning, homology models, and 
databases. Cas-OFFinder, for example, is a tool to detect 
off-target sites by evaluating the guide RNA and target 
sequence (32). This algorithm-based technology scans the 
genome to find potential off-target locations by comparing 
it with the target sequence. Another popular in silico 
tool is CRISPRoff which utilizes machine learning to 
predict off-target effects by analyzing patterns in previous 
experiments (33). These advancements in prediction 
methods are making genetic editing procedures safer and 
more reliable. As researchers gather more information, 
this technology will continue to evolve and resolve many 
of the risks associated with it.

Even with new technology and advancements, concerns 
remain about the distinction between enhancements and 
treatment. While some cosmetic procedures may be 
ethical and performed for treatment purposes, the same 
procedures, when used for enhancements raise many 
ethical concerns or may not even be worth the safety risk. 
A huge challenge lies in drawing the line between where 
treatment ends and enhancement begins.

There is already a growing demand for cosmetic 
alteration, as previously evidenced by the popularity of 
current non-genetic editing cosmetic procedures such 
as plastic surgery. These procedures allow individuals 
to modify their appearance to adhere to their preference 
of societal values. On the extreme end of enhancement 
vs treatment, there are designer babies created for 
enhancement. Designer babies raise many significant 
social ethical concerns, particularly since it involves 
making changes before the baby is born. As opposed to 
plastic surgery or other cosmetic changes to adults, the 
creation of designer babies doesn’t take into account 
the child’s opinions. Although this could allow the 
baby to have socially approved appearances and mental 
capabilities, it takes away the baby’s freedom and increases 
social inequality while also increasing the chances of 
unintended genetic consequences. Furthermore, unlike 
non-genetic editing cosmetic procedures, germline 
editing permanently alters the baby’s genome, making 
changes to future generations’ genetic outcomes as well. 
On the other end, designer babies for treatment, babies 
could be genetically modified for medical purposes. 
Germline genetic editing can be used to prevent future 
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genetic disorders or medical concerns. While this is more 
justifiable, there are still many concerns about where the 
line should be drawn between necessary treatment and 
enhancement.

Despite future mitigation of these risks, there are still 
many concerns surrounding this technology. Genetic 
enhancements like muscle enhancements may “undercut 
the Olympic spirit of earning rewards through hard work 
and training” (23). This raises important concerns about 
the value of effort and hard work in the future when one 
can simply pay for artificially engineered advantages 
and traits, essentially questioning the authenticity of 
future achievements. These concerns raise many ethical 
questions we must grapple with. For instance, should 
there be cosmetic germline genetic editing, or should this 
technology be limited to the development of cosmetic 
ingredients and products? This is a difficult question and 
we can look to organizations such as the World Health 
Organization and the Health Ethics & Governance 
division to oversee and regulate these advancements.

DECLARATION OF CONFLICT OF INTERESTS

The author declares that there are no conflicts of 
interest regarding the publication of this article.

REFERENCES

1. Hymavathi Salava, et al. "Application of Genome Editing 
in Tomato Breeding: Mechanisms, Advances, and Pros-
pects." International Journal of Molecular Sciences. 2021 
Jan 12; 22 (2): 682. https://doi.org/10.3390/ijms22020682.

 2. Andrew M. Joseph, et al. "Ethical Perspectives of Thera-
peutic Human Genome Editing from Multiple and Diverse 
Viewpoints: A Scoping Review." Cureus. 2022 Nov 
27; 14 (11): e31927. MEDLINE, https://doi.org/10.7759/
cureus.31927.

3. Juliette Delhove, et al. "Public Acceptability of Gene 
Therapy and Gene Editing for Human Use: A Systematic 
Review." Human Gene Therapy. 2020 Jan; 31 (1-2): 20-46. 
SIRS. https://doi.org/10.1089/hum.2019.197. 

4. FDA. "GMO Crops, Animal Food, and Beyond." FDA, 
www.fda.gov/food/agricultural-biotechnology/gmo-crops-
animal-food-and-beyond (Accessed on 2024-11-19). 

5. David Garner. "Body Image in America: Survey Results." 
Psychology Today, 1 Feb. 1997, www.psychologytoday.
com/us/articles/199702/body-image-in-america-survey-
results (Accessed on 2024-11-19). 

6. National Research University Higher School of Econom-
ics. "People spend 1/6th of their lifetimes enhancing their 
appearance, says study." Phys, 28 Feb. 2023, phys.org/

news/2023-02-people-16th-lifetimes.html. (Accessed on 
2024-9-10). 

7. Pacific Fertility Center Los Angeles (PFCLA). "IVF and 
Gender Selection: Success Rates and Outcomes." Pacific 
Fertility Center Los Angeles, May 2019, www.pfcla.com/
blog/ivf-gender-selection-how-does-it-work (Accessed on 
2024-9-10). 

8. CryoBank America. "Donor Sperm Services." Cryo-
Bank America, cryobankamerica.com/?gad_source=1. 
(Accessed on 2024-11-19). 

9. Fairfax. "Fairfax Trusted Source for Donor Sperm." 
Fairfax Cyrobank, fairfaxcryobank.com/?utm_
source=adwords&utm_medium=ppc&utm_term=fairfax 
%20sperm%20bank&utm_campaign=_Search%20%7C% 
20USA&hsa_cam=10281530594&hsa_mt=b&hsa_ver= 
3&hsa_src=g&h sa_ad=678162076735&hsa_net=adwords 
&hsa_tgt=kwd-315406406589&hsa_acc=3914342533& 
hsa_grp= 155071407059&hsa_kw=fairfax%20sperm%20
bank&gclid=Cj0KCQiAi_G5BhDXARIsAN5SX7of-MNd 
96SZ9X4ArXJeS-e-zCIxjZb_3bJYBQd4yPmQNmgB3SP
6VOYaArW_EALw_wcB. (Accessed on 2024-11-19). 

10. U.S. Department of Health and Human Services. "Fact 
Sheet: In Vitro Fertilization (IVF) Use Across the United 
States." Health and Human Services, 13 Mar. 2024, www.
hhs.gov/about/news/2024/03/13/fact-sheet-in-vitro-fertil-
ization-ivf-use-across-united-states.html. (Accessed on 
2024-9-10). 

11. American Society of Plastic Surgeons. "2023 ASPS Pro-
cedural Statistics Release." American Society of Plastic 
Surgeons, 2023, www.plasticsurgery.org/documents/news/
statistics/2023/plastic-surgery-statistics-report-2023.pdf 
(Accessed on 2024-9-10). 

12. Mayo Clinic. "In Vitro Fertilization (IVF)." Mayoclinic, 
Mayo Foundation for Medical Education and Research, 1 
Sept. 2023, www.mayoclinic.org/tests-procedures/in-vitro-
fertilization/about/pac-20384716 (Accessed on 2024-9-10).

13. Cleveland Clinic. "Plastic Surgery." Cleveland Clinic, 
my.clevelandclinic.org/health/treatments/23999-plastic-
and-reconstructive-surgery (Accessed on2024-9-10). 

14. Raposo, Vera Lucia. "The First Chinese Edited Babies: 
A Leap of Faith in Science." JBRA Assisted Reproduc-
tion, 2019. MEDLINE, https://doi.org/10.5935/1518-0557. 
20190042. 

15. World Health Organization (WHO). "Obesity and Over-
weight." World Health Organization, 1 Mar. 2024, www.
who.int /news-room/fact-sheets/detail /obesity-and-
overweight#:~:text=Obesity%20is%20a%20chronic%20
complex,the%20risk%20of %20cer tain%20cancers 
(Accessed on 2024-9-10). 

16. Krzysztof Kościński. "Assessment of Waist-to-Hip Ratio 
Attractiveness in Women: An Anthropometric Analysis of 
Digital Silhouettes." Archives of Sexual Behavior. 2014 Jul; 
43 (5): 989-997. https://doi.org/10.1007/s10508-013-0166-1 



Ethical Implications of Genetic Editing for Cosmetic Purposes

November 2024    Vol. 2 No 4    American Journal of Student Research    www.ajosr.org 104

17. Roberto Olivardia, et al. "Muscle Dysmorphia." Interna-
tional OCD Foundation, bdd.iocdf.org/expert-opinions/
muscle-dysmorphia/ (Accessed on 2024-9-10). 

18. Mayo Clinic. "Muscular Dystrophy - Symptoms & 
Causes." Mayoclinic, Mayo Foundation for Medical Educa-
tion and Research, 11 Feb. 2022, www.mayoclinic.org/dis-
eases-conditions/muscular-dystrophy/symptoms-causes/
syc-20375388 (Accessed on 2024-9-10). 

19. Esra Erkut, and Toshifumi Yokota. "CRISPR Therapeutics 
for Duchenne Muscular Dystrophy." International Journal 
of Molecular Sciences. 2022 Feb 6; 23 (3): 1832. https://doi.
org/10.3390/ijms23031832. 

20. Lea Witkowsky. "The Designer Baby Distraction." Ameri-
can Society for Microbiology (ASM), 2017, asm.org/
articles/cultures-magazine/volume-4,-issue-4-2017/the-
designer-baby-distraction#:~:text=Even%20among%20
scientists%20and%20policy,into%20germline%20enhance 
ments%20%5B14%5D (Accessed on 2024-9-10). 

21. Ida Höijer, et al. "CRISPR-Cas9 induces large structural 
variants at on-target and off-target sites in vivo that seg-
regate across generations." Nature Communications. 2022; 
13: 627. https://doi.org/10.1038/s41467-022-28244-5 

22. MedlinePlus. "PAX6 gene." Medline Plus Trusted Health 
Information for You, medlineplus.gov/genetics/gene/
pax6/#:~:text=Within%20the%20brain%2C%20the%20
PAX6,of%20eye%20development%20before%20birth 
(Accessed on 2024-9-10). 

23. Rick Weiss. "Cosmetic Gene Therapy's Thorny Traits." The 
Washington Post, 12 Oct. 1997, www.washingtonpost.com/
wp-srv/national/science/ethical/cosmetic.htm (Accessed on 
2024-9-10). 

24. Andy Horvath, et al. "Gene Network Interconnected-
ness and the Generalized Topological Overlap Measure." 
BMC Bioinformatics. 24 Jan. 2007; 8: 1. https://doi.org/ 
10.1186/1471-2105-8-22. 

25. ILO. "Labour inspection, gender equality and non-dis-
crimination in the Arab states: guide book." International 
Labour Organization Regional Office for Arab States, 8 
July 2014, www.ilo.org/sites/default/files/wcmsp5/groups/
public/@arabstates/@ro-beirut/documents/publication/wc 
ms_249296.pdf (Accessed on 2024-9-10). 

26. CAS Science Team. "Evolving beauty: The rise of sus-
tainable and natural ingredients for cosmetics." CAS- 
American Chemical Society, 24 May 2024, www.cas.
org/resources/cas-insights/the-rise-of-natural-ingredi-
ents-for-cosmetics#:~:text=Sustainability%20as%20
st rategy%3A%20Natural%20ingredients,USD%20
%241%2C095%20million%20by%202030. (Accessed on 
2024-9-10). 

27. LABIOTECH. "CRISPR Can Help The Switch To Sustain-
able Cosmetics." LABIOTECH, 16 May 2019, www.labio-
tech.eu/opinion/crispr-cosmetics-ers-genomics/ (Accessed 
on 2024-9-10).

 28. USDA. "Biotechnology Frequently Asked Questions." 
U.S. Department of Agriculture, www.usda.gov/topics/
biotechnology/biotechnology-frequently-asked-ques-
tions-faqs#:~:text=Biotechnology%20may%20also%20
be%20used,world%20food%20and%20land%20demands 
(Accessed on 2024-9-10). 

29. HSI. "Animals in Cosmetics Testing." Humane Society 
International - Australia, hsi.org.au/animal-welfare/ani-
mals-in-cosmetics-testing/#:~:text=We%20estimate%20
that%20globally%20around,just%20for%20cosmet-
ics%20each%20year (Accessed on 2024-9-10). 

30. Manfred Kayser, et al. "Recent advances in Forensic DNA 
Phenotyping of appearance, ancestry and age." Forensic 
Science International. 2023 Jul; 65: 102870. doi: 10.1016/j.
fsigen.2023.102870.  

31. Muhammad Naeem, et al. "Latest Developed Strategies to 
Minimize the Off-Target Effects in CRISPR-Cas-Mediated 
Genome Editing." Cells. 2 July 2020; 9 (7): 1608. https://
doi.org/10.3390/cells9071608

32. Sangsu Bae, et al. "Cas-OFFinder: A Fast and Versatile 
Algorithm That Searches for Potential Off-target Sites of 
Cas9 RNA-guided Endonucleases." Bioinformatics. 24 Jan. 
2014; 30 (10): 1473-1475. https://doi.org/10.1093/bioinfor-
matics/btu048 (Accessed 10 Sept. 2024). 

33. Christian Anthon, et al. "CRISPRon/off: CRISPR/Cas9 
On- and Off-target GRNA Design." Bioinformatics. 22 Oct. 
2022; 38 (24): 5437-5439. https://doi.org/10.1093/bioinfor-
matics/btac697.


