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Abstract

Gene modification is a controversial topic within the scientific community, currently. Opponents of gene editing say the practice should not even be considered citing that the research methods are unethical and the processes are unsafe. These factors, they believe, outweigh any benefits attributed to gene editing. Supporters of gene modification are not afraid to push boundaries and have introduced solutions to most of the reservations of individuals that oppose research on gene editing. If further experimentation is allowed to be conducted, gene editing can prove beneficial and can open many doors within the realm of science. This practice has the ability to eliminate diseases that currently have no cure by modifying genes associated with a targeted disease. There are numerous treatments on the market today that have adverse effects that are just as bad, if not worse, than the ones involved in gene modification, so why is this practice not being given a chance to show its efficacy?
As science in the modern world advances, the boundaries and limits are being pushed farther and farther and new, controversial technologies continue to surface. Among these contentious advances in science is a practice called genome editing. This practice is currently a widely debated topic in science with some researchers supporting the practice, saying that genome editing could prove to be beneficial when it comes to eliminating genetic diseases or abnormalities. Others tentatively approach the practice, believing it is both unsafe, unethical, and even question whether the research methods associated with genome editing are humane. Genome modification has proven to be beneficial in the food industries as many human foods that are consumed today are the products of genetically modified organisms (GMOs), therefore, there is potential to use the same technology and apply it to human DNA. Scientists should be allowed to explore gene editing in more depth as a solution to diseases that are genetically linked and currently have no cure and although these processes don’t currently seem safe, there are ways to improve upon the methods utilized in gene editing.  

In order to fully understand the impact of gene editing, one must familiarize themselves with the techniques being used in these processes. There are two types of genome modification. One involves the DNA of an existing organism being altered through deletion, addition or manipulation of genetic material at a specific location. This is called somatic genetic modification and is projected to reach the clinical setting in the future. The other, more problematic type of gene editing is called germline editing. In germline editing, edits are made to embryos and then implanted with the intention of passing any edits made down to all offspring produced from the genetically modified organism. For example, a person with an edited eye color of blue would then pass down their edited blue eye color to their children when they reproduce.

The most effective process of gene editing involves a technology called CRISPR-Cas9 which stands for Clustered Regularly Interspaced Short Palindromic Repeats through use of the Cas9 protein. Researchers that support gene editing favor this method over others because of the simplicity, efficacy and efficiency in performing these edits (Liang et al., 2015).  This technology was derived from a naturally occurring editing system found in streptococcus bacteria. The process works by first creating a small piece of RNA that will bind to a targeted piece of genetic material in the DNA. This RNA will also bind with the Cas9 enzyme (other enzymes can be used but Cas9 is the most common). Then, the Cas-9 severs the targeted piece of DNA. This allows for manipulation of these snippets of genetic material through addition, subtraction or modification. 


   Germline editing has, however, contracted an opposing audience. The scientific opposition of gene editing involves the notion that gene editing is unsafe. There is an unpredictability in mutations that can occur once an edit is done and these mutations can also occur in further stages, even when there is no evidence of mutations initially. For example, an embryo edited at a stage with only a few cells could develop a mutation at a stage of having 250 cells. Even computer programs designed to anticipate off-target mutations are unable to predict when and where these random mutations might occur. These mutations can cause things such as disabilities or even some forms of cancer. In a study involving gene editing in tripronuclear zygotes, researchers “underestimated the off-target effects in human [tripronuclear] zygotes” stating that “it would be impossible to predict gene editing outcomes through pre-implantation genetic diagnosis” since the embryos they tested on ended up being mosaic, or having both normal and abnormal cells (Liang et al., 2015). However, one could argue that many of today’s modern medicines have risks associated, some as extreme as death, and these medicines are approved by the FDA and are used to treat many different conditions. In addition, there are many alternative methods to gene editing when it comes to disease detection which include preimplantation genetic diagnosis, which is when embryos are screened prior to in vitro fertilization. In knowing the genetic predispositions, the child will have, parents can simply opt to not implant or to terminate a pregnancy in which the genetic make-up would have a detrimental impact on a child’s quality of life. This process has led to the very concept that opposers of gene editing fear: selective traits. During preimplantation diagnosis, multiple embryos are created for the sole purpose of conceiving a successful pregnancy, in vitro. Parents are, however, allowed to selectively choose which embryo they want implanted, according to preference. For example, if one specimen has blue eyes, the parents can opt to choose this one with the guarantee that their child will have blue eyes. The legality of this process has a similar risk-benefit factor to gene editing, so one can impose that if one process is legal, then the other should be, too.

The ethics of gene editing is also being questioned within the scientific community. One ethical argument stems from the experimentation processes. In order to further the research within the field, experimentation has to eventually graduate from smaller living organisms to actual human embryos. This argument is similar to that of abortion, with most pleading for the lives of these embryos if experimentation fails and embryos, that would have otherwise been implanted, are discarded. Another ethical issue is the aftermath once gene editing is approved for use in the clinical setting. Some believe this practice will be abused, with people editing according to preference (a term being coined as “designer babies”), such as height, instead of using it for what it was intended to do: eliminate diseases. A biologist in Russia, Denis Rebrikov, wishing to conduct research on deaf couples is being condemned for this, with many agreeing that deafness is a non-life-threating ailment and tampering with embryos in attempts to eliminate deafness is not worth the risk (Page, 2019). A more public issue where ethical codes were violated in order to conduct experimentation was a case in China where Dr. He Jiankui did not disclose many of the pertinent details or intentions of his research until his it concluded. The level of nondisclosure in this particular study has given negative publicity to gene editing and many also agree that his experimentation was unnecessary due to the fact that he edited a gene for couples where the male was HIV positive. In a normal in vitro clinic, this would not have been an issue for the couples going forward as HIV is not passed through sperm and therefore, the embryos were not in any imminent danger of contracting the disease. The fact that he had to conduct his study in such secrecy suggests that he would not have gained the appropriate approvals to conduct his research because of these very reasons (Belluck, 2018). These issues have recently been deliberated on within the International Commission on the Clinical Use of Human Germline Genome Editing with the notion that gene editing should either not be allowed entirely or alternatively, if allowed, should be strict guidelines. A decision will be made in the year 2020 with the weight of these adverse actions by Dr. He at the forefront of the discussion (Lewis, 2019). The ethical stance on how long a human should live is also made apparent: “Genetic engineering has already produced Methuselah mice that live twice as long. Ultimately, gene editing could be used to delay or turn off aging in humans” (Savulescu, et al., 2015). This poses the question, where does the scientific line end?

Despite these many inclinations, there are some drastic positive outcomes that could stem from gene editing if entered into a clinical stage. Gene editing could make it possible for certain genetically linked diseases to be completely eradicated. According to some researchers, “Advanced and precise gene editing techniques could virtually eradicate genetic birth defects, thereby benefiting nearly 8 million children every year”, (Savulescu et al., 2015). Imagine a world where human beings did not have to worry about diseases like cancer or diabetes. Life expectancies could increase and the need for other medications would decrease. Another benefit is that these modifications, once done, would be passed down to the next generations so any children of people with modified genetic sequences would not have to worry about contracting a disease that their parents’ genes were edited for. This could benefit couples with prior reservations to childbearing due to the passing down of disease linked traits or genes associated with negative ailments that would affect one’s perception of the world (such as deafness) being inevitable. Gene editing also addresses the gap in preimplantation genetic diagnosis (PGD). It is important to note that although PGD is beneficial, it is not a means of disease prevention and is simply a detection test. It is limited to the amount of embryos that can be produced between a couple and if both individuals are genetically predisposed to multiple conditions, PGD would be redundant. For people with concerns relating to the discarding of embryos, gene editing could actually prevent the disposal of many embryos in the future in that a couple wishing to conceive using in vitro fertilization would only have to create one embryo and if any genetic abnormalities were present, it could simply be edited out and the same embryo be used to conceive a healthy child. 

Some scientists have tried to address both the ethical and safety concerns surrounding experimentation with gene editing. In one study involving the use of mice embryos (a less controversial test subject), researchers were able successfully cure the genetic disease of cataracts with minimal off-target mutations (Wu et al., 2013). In another study, researchers aiming to conduct experimentation on human embryos instead of embryos of other living organisms chose to use tripronuclear zygotes. These embryos contain two sperm and are normally discarded by fertility clinics because of their persistent failure to develop normally once implanted (Liang et al,. 2015). These are also pre-existing embryos and were not created directly for research. These abnormal, already existing embryos are typically used for research in different areas of science as well, minimizing ethical concerns associated with experimentation on embryos. Another example is the work of Denis Rebrikov: although  some believe his research will be unnecessary, others justify his work saying, “this kind of germline genome editing could be acceptable if the risks were addressed and if certain criteria are met. Those criteria include a compelling medical need and an absence of reasonable alternatives” (Page, 2019). Normally an alternative method to two individuals conceiving via in vitro fertilization would be screening embryos for a genetic anomaly but in the case he has chosen to study, both parents have a recessive form of deafness and the passing down of deafness to any child they conceive together is ultimately inevitable. Rebrikov has also gone to great lengths to make the work he plans to do transparent, giving notice in advance, implicating that he is aware of the issues and plans to do as much as possible to minimize reservations on research he will be conducting.

Overall, gene editing should be looked at as a viable option for the elimination of diseases, but only if the practice is significantly improved. Currently, the unpredictability of off-target mutations is alarming and is certainly an aspect of gene editing that has to be improved on, significantly. However, the argument can be made that, “Nearly all new technologies have unpredictable effects on future generations” (Savulesco et al., 2015) and that germline genome editing simply needs to be given the chance to prove it efficacy. Compared to other risky practices, this practice is innovative in that there is an opportunity to do something that has never been done before: eliminate diseases, including some that do not currently have a cure. The testing of gene editing using CRISPR can be conducted on tripronuclear zygotes in order to eliminate any ethical concerns and the results will lead to a more improved and precise process, decreasing the probability of off-target mutations. Research within the field has progressed accordingly and if allowed to continue could prove to be a breakthrough technology in addressing the eradication of certain diseases. If the scientific community can reach a consensus and eventually introduce gene editing into the clinical setting, laws and guidelines can regulate the use of genetic modification to prevent the abuse of such technology where individuals would be editing based on non-essential, preferences. In short, all concerns that currently plague the industry have a way of being addressed and the practice can prove to be beneficial to mankind. 
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