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Abstract

This paper explores the use of CRISPR gene-editing technology on human gene abnormalities by exploring the mathematical, scientific, ethical, and cultural aspects of CRISPR. CRISPR is, according to this paper, a promising technology that hopes to cure or eradicate genetic defects.
This paper begins by explaining the origins and mechanism of CRISPR technology. CRISPR can be programmed to add, remove, or modify any segment of DNA in any species (NIH, 2017). The technology can be applied to subjects with existing genetic abnormalities or be injected into embryos to prevent abnormalities from occurring (Ma, 2017). A few trials with CRISPR are presented to explore its application, and address some problems this technology has faced since its inception. Some of the issues include off-target effects, mosaicisms, and immune system response reactions (Mullin, 2018). Future human trials will continue to improve CRISPR technology and could potentially end DNA abnormalities. However, ethical concerns by the medical community as well as the public may impact the progression of this technology. The medical community is concerned with off-target effects, the ecological ramifications, future consumer regulation, and human germline application (Rodriguez, 2016). Culturally, using embryos for research is usually accompanied with controversy. Also, CRISPR would eventually allow humans to make major alterations to the human genome which would be tantamount to playing God (De Lecuona, 2017).
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The Scientific, Mathematical, Ethical, and Cultural Perspectives on CRISPR

For the first time in Oakland, California on November 15, 2017, a gene editing tool was injected directed into Brian Madeaux to possibly cure him of a genetically based metabolic disease called Hunter Syndrome. This syndrome occurs because he lacks one of the enzymes that breaks down sugar due to a faulty gene. Because it is missing or defective, sugar builds up and can cause organ problems, brain damage, and early death. If the treatment works, Brian’s body will be able to produce the enzyme himself (Marchione, 2017).
One in ten Americans are born with genetic birth defects like Hunter Syndrome. Birth defects affect one in three babies, and are the leading cause of infant death in the United States. Each year, more that 5,500 infants die from birth defects while 140,000 survive but with long term physical, mental, or social challenges. Such challenges can be financially burdensome on families and the health care system (CDC, 2017).
Despite this scientific advancement, there are ethical and cultural considerations.

Ethically, the medical community is concerned with the risks associated with off-target effects, the ecological ramifications, future consumer regulation, and human germline application (Rodriguez, 2016). Culturally, scientists using human embryos as experiments, and the concept of man playing God may prompt societal moral outrage (De Lecuona, 2017).
With the latest improvements of gene-editing tools, such as CRISPR, scientists have the potential to prevent or cure genetically based diseases or abnormalities; however, ethical and cultural questions need to be addressed to determine the possible negative ramifications.
Mathematical and Scientific Methods

Francisco Mojica, a scientist at the University of Alicante in Spain, was one of the first scientists to recognize unique repeating sequences of genetic code that were interrupted by space

sequences in microorganisms such as archaea and bacteria. He called these sequences clustered regularly interspaced palindromic repeats (CRISPR). He found similar gene components in viruses, and proposed that some microorganisms can cut pieces of genetic information from viral invaders (bacteriophages), and then splice these fragments into its own DNA. This immune system response creates a genetic memory so that they can detect and destroy future viral attackers. Scientists have since confirmed this hypothesis and borrowed this gene splicing mechanism to help repair or change genetic abnormalities in various organisms (Ledford, 2016).
Gene-editing technology allows genes to be added, removed, or altered in any species. There have been other genetic editing tools but the latest technology is called CRISPR-Cas9. CRISPR-Cas9 is cleaner, easier, cheaper, and more effective that previous attempts at gene- editing. The CRISPR mechanism involves the Cas9 enzyme and a guide RNA template. The RNA template is designed by scientists to match specific sequences on a genome. The guide RNA leads the Cas9 enzyme to the target DNA sequence. At this point, Cas9 edits the DNA. Depending on how the RNA guide is engineered, it will remove, replace, or turn off the target DNA sequence (NIH, 2017).
Though in early development, CRISPR technologies hope to eradicate or significantly reduce genetic abnormalities. Due to promising lab results with animals, plants, and insects, CRISPER has been applied to humans in vitro (in the lab) as well as in vivo (inside a living organism). In vivo CRISPR involves injecting the gene editing tool into a living organism. This usage of CRISPR hopes to treat existing genetically based diseases such as Huntington's, cystic fibrosis, hemophilia, muscular dystrophy, Alzheimer’s, and sickle cell anemia, as well as acquired genetic diseases such as Cancer, or HIV. While in vivo CRISPR treats existing genetic abnormalities, in vitro CRISPR alters an embryo's abnormal DNA prior to cell division allowing

the corrected genes to replicate throughout the body. This "germ-line" editing removes the abnormal genes so that it no longer proliferates in future generations. Still in early human trials, CRISPR is a promising solution to curing or preventing genetically based abnormalities (Ma, 2017).
Mathematical and Scientific Results

In one in vivo trial, scientists targeted a gene mutation called MYBPC3. Such mutations cause the heart muscle to thicken called hypertrophic cardiomyopathy which is the leading cause of sudden death in young athletes. Within this trial, scientists also addressed errors that occurred in previous attempts at embryonic gene editing. In early attempts, the introduction of genetic editing tools into embryos resulted in a mixture of repaired and abnormal genes (mosaicism). To address mosaicism, scientists injected the CRISPR-Cas9 components earlier in the cell cycle than previous studies (Figure 1).
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Figure 1. Mosaicism avoided by injecting earlier in cell cycle. Adapted from “Correction of a pathogenic gene mutation in human embryos,” by H. Ma, N. Marti-Gutierrez, S. Park, J. Wu, Y. Lee, S. K. Keiichiro, A. Koski, . . . S. Mitalipov, 2017, Nature, 548, p. 4.



When CRISPR was injected earlier in the cell cycle, only one out of fifty-eight exhibited mosaicisms opposed to thirteen if introduced later in the fertilization process. Besides one cell, the CRISPR-Cas9 components were successfully removed MYBPC3 mutation from the embryos (Ma, 2017).
Another issue that occurred in previous lab trials was the possibility of off-target mutations. Normally the DNA encoder (that codes for Cas9) would be used, but this time scientists avoided off-target mutations by injected the Cas9 protein (bound to the guide RNA) directly into the cells. Because the Cas9 protein degrades faster than the DNA encoder, there was less time for off-target mutations to accumulate (Ma, 2017).
Besides mosaicism and off-target effects, another problem facing CRISPR is the subject’s own immune system. In previous trials, some people exhibited an immune response to CRISPR components when CRISPR was injected directly into circulatory system. Two of the most common Cas9 proteins are derived from S. aureus and S. pyogenes bacteria. In some cases, a subject’s blood may have the anti-bodies against these bacteria (Charlesworth, 2018). In a future trial that targets various forms of cancer including multiple myeloma, sarcoma, and melanoma, scientists plan to remove the subject’s blood cells, modify them with CRISPR, and then place them back into the body. This approach is called ex vivo gene therapy which can be used to avoid possible immune reactions (Mullin, 2018).
Ethical Considerations

The ethical concerns by the medical community with regards to CRISPR-Cas9 (gene- editing) include the risk off-target effects, the ecological ramifications, future consumer regulation, and its application to the human germline (Rodriguez, 2016).

The technology for CRISPR-Cas9 is not one hundred percent accurate and could cause unknown harmful off-target effects. Without precise control of DNA sequence, portions of unintended DNA could be removed or replaced causing unknown mutations resulting in cell death or transformation (Rodriguez, 2016). In medical ethics, “do no harm,” is a guiding maxim. There is an obligation by the medical community to not inflict harm intentionally. Though unintentional, the possibility of doing more harm than good is still present. Scientists will need to decide if the risks outweigh the benefits. Researchers have been working on a modified CRISPR that switching genes on or off rather than cutting them out. This could prevent permanent damage to the DNA (Woollaston, 2017).
CRISPR-Cas 9 could cause an imbalance with the ecosystem. Manipulating genes sidesteps natural selection and could possibly transfer unintended gene mutations. Currently, genes survive as a result of nature selection. With gene editing technology, scientists are given the ability to select which genes are going to move on within a population. Changing one gene in one species could unknowingly wipe out another species. Also, unintended gene mutations could be passed to future generations (Rodriguez, 2016). For example, CRISPR has been utilized by scientists at Johns Hopkins University to create a malaria resistant mosquitos. They deactivated a gene that produces a key protein needed by the malaria parasite. Research also showed that the altered mosquitos produced more eggs (that were less likely to die) than the unaltered mosquitos. These altered mosquitos would eventually outnumber the natural mosquitos which may have unintended consequences on the environment (Dong, 2018).
Considering the speed that CRISPR technology has grown, the regulation of gene modifications, once open to consumers, would be difficult. For instance, The Food and Drug Administration needs to approve any modified organisms that impact the consumer. But when

the market expands to human alterations, the need for new regulations will have to be instituted. There are guidelines for human experimentation but not for the regulation of the CRISPR technology (Rodriguez, 2016). Since gene editing has the potential to affect a population beyond the one that is intended, international guidelines would also need to be instituted (Resnik, 2009).
The most controversial ethical concern is the use of CRISPR on the human germline. Germline editing effects all cells and permanently modifies the descendants of that modified human. The future generational effects are unknown and are without consent. In medical ethics, another maxim is to acknowledge a person’s right to make choices. An embryo, and any future descendants of that embryo, do not have the ability to consent. For the most part, the therapeutic use of CRISPR on consenting adults is accepted in the scientific community. However, once the technology is perfected, non-therapeutic gene edits will become more prevalent making designer babies (eugenics) a reality (Rodriguez, 2016).
Cultural Considerations

The cultural values that influence the use of CRISPR center around the use of human embryos as experiments, and interrupting the natural process of evolution by playing god.
Manipulating and experimenting on human embryos may spark a similar debate that arose from harvesting human fetal tissue for stem cell research. For scientists to perfect the science of CRISPR which will remove bad genes at inception, they need to create embryos. However, once the experiment is over, the embryos are destroyed (De Lecuona, 2017). There are those that believe that life begins at conception, and would object to these practices. The question of when life begins has not been established among scientists, philosophers, ethicists, sociologists and theologizes. According to scientific data, there is not one moment that defines

the beginning of life (Schenker, 2008). The developing human being is on a continuum. A consensus on the topic most likely will not occur.
There are those who feel that editing genes will disrupt the natural process of evolution and should not be in the hands of human beings. While some feel that humans should not pick, and choose what genes are more desirable, others feel science already plays a role in altering natural occurrences. With regards to human evolution, some genetic mutations may be useful or even necessary. In one genetic study, shows that natural selection is automatically getting rid of gene mutations that shorten people lives. If human beings start tinkering with the building blocks of life, this natural progression may simply fall apart. Many (some religiously inclined) would agree that man should not be playing God (De Lecuona, 2017). With regards to the role of science, any medical interventions could be considered as an alteration of a natural process. For example, whooping cough was eradicated by vaccines. Without medical intervention, many would still die from this disease. Science will always find ways to keep people living longer, and that includes preventing genetic mutations (Mostafavi, 2017). However, the consequences may never be fully realized.
Conclusion

Genetic based diseases are a major concern due to their unpredictability, mortality rate, and financial burden. With the help of microorganisms, CRISPR technologies has the potential to permanently fix genetic mistakes by removing or replacing DNA segments. With every new trial, problems such as mosaicisms, off-target effects, and immune reactions are reduced (Mullin, 2018). Because the process is easy and accessible to many, research has been exponential. The technology will continue to improve and genetic abnormalities will become a thing of the past.
However, there are ethical and cultural concerns that could derail future scientific progress.

While the medical community is concerned with off-target effects, the ecological ramifications, future consumer regulation, and human germline application, the public may have issue with embryonic experimentation, and the natural processes of evolution being interrupted (Rodriguez, 2016). Many of the objections appear to surround the unknown ramifications of gene editing.
However, the possibility of eradicating genetic defects that effect millions of people, may out way any possible negative outcomes.
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