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BRIEF SUMMARY



BACKGROUND:

[bookmark: _GoBack]On June 4, the House Appropriations Committee cast a bipartisan vote to reinstate a rider to the Consolidated Appropriations Act that prohibits the FDA from reviewing clinical applications in which a human embryo would be intentionally created or modified to include a heritable genetic modification.  Prior to this vote, there was debate about whether to remove this provision to permit clinical trials to move forward for embryos that have germline modification in the form of Mitochondrial Replacement Therapy (MRT).  There have been calls by scientists and policymakers to provide an exception to permit MRT and potentially permit other forms of “therapeutic” genome editing for human embryos.

ACTION REQUESTED:

The Congressional Appropriations Committee should retain the rider that prohibits FDA from reviewing clinical applications for “research in which a human embryo is intentionally created or modified to include a heritable genetic modification.”  Congress should not permit any exceptions for MRT or “therapeutic” applications of genome editing on human embryos.

1. Removing or altering Sec. 733 to exempt Mitochondrial Replacement Therapy would in effect permit human genome modification technologies to move forward into clinical application.  This constitutes a substantial policy modification that should not be undertaken without full and transparent public debate before U.S. Congress.

2. Strong policymaking requires accuracy, transparency, and honest deliberation of available evidence.  Public discussions should include the limitations of experimental technology, alternatives, and risks.

3. Scientists have already conducted experiments to create infants through Mitochondrial Replacement Therapy and Human Genome Editing.  There is no independent evidence showing these infants are healthy; and evidence in fact demonstrates the procedure of genome editing embryos to create infants in China did not work as intended. 
 
4. Unlike other potential clinical trials where the FDA determines calculations of safety and efficacy for the intended patient, the research subject – a future child –  would be created using the proposed methodology.    

5. In recognition of risks, ethical concerns, and principled objections, modification of the human germline (whether by Mitochondrial Replacement Therapy or Human Genome Editing) has prohibited by International Bioethics Committee of the United Nations, The Council of Europe’s Convention on Human Rights and Biomedicine, and the European Union’s 2001 directive on clinical trials. [endnoteRef:4] [4:  Article 9, Directive 2001/20/EC, COUNCIL OF EUROPE (2001), http://ec.europa.eu/health//sites/health/files/files/eudralex/vol-1/dir_2001_20/dir_2001_20_en.pdf.] 


6. Public framing of human germline modification technologies (Mitochondrial Replacement Genome Therapy and Genome Editing) contains misleading rhetoric designed to engineer acceptance.  These procedures are not curative, but rather highly experimental with significant risks.  Using misleading descriptions undermines the authenticity and integrity of the policymaking process.

7. The U.S. will not “fall behind” in science and technology.  Dozens of other nations and international agreements unequivocally prohibit human germline modifications as a bright line that should not be crossed.

a. Globally, approximately forty countries[endnoteRef:5] including Canada,[endnoteRef:6] Germany,[endnoteRef:7] France,[endnoteRef:8] Switzerland,[endnoteRef:9]  Sweden,[endnoteRef:10] and Italy[endnoteRef:11] have adopted legislation prohibiting germline intervention on embryos for implantation.[endnoteRef:12]   [5:  Tetsuya Ishii, Potential Impact of Human Mitochondrial Replacement on Global Policy Regarding Germline Gene Modification, 29 REPRODUCTIVE BIOMEDICINE ONLINE 150, 152-153 (2014); Motoko Araki & Tetsuya Ishii, International Regulatory Landscape and Integration of Corrective Genome Editing Into In Vitro Fertilization, 12(108) REPRODUCTIVE BIOLOGY AND ENDOCRINOLOGY 9 (2014); Rosario Isasi et al., Editing Policy to Fit the Genome? 351 SCIENCE 337 (2016).  See Araki & Ishii at Table S1: Policies on Human Germline Gene Modification for Reproduction Excluding Reproductive Cloning.]  [6:  Assisted Human Reproduction Act s. 5 (2004); Assisted Human Reproduction Act s. 60 (2004).]  [7:  Embryo Protection Act, Federal Law Gazette, Part I, No.69 (1990). ]  [8:  Research on Embryos, Bioethics Law, Code of Public Health. Article L2151-5 (2011); Absolute Prohibition on Creating Transgenic Embryos and Chimeras, Bioethics Law, Code of Public Health. Article L2151-2 (2011).]  [9:  Article 35, Federal Act on Medically Assisted Reproduction, Federal Assembly of the Swiss Confederation (1998). ]  [10:  See Sections 3-4, The Genetic Integrity Act, Swedish Code of Statutes no.2006:351 (2006).]  [11:  Article 13, Rules of Medically Assisted Procreation, No. 40 (2004). ]  [12:  Some laws prohibit germline modification to any embryo, some prohibit modification for implantable embryos. See Isasi et al., supra note 5.] 


8. The U.S. should not permit any exception for MRT.  Appropriate policymaking looks not only at the conclusion or recommendations of expert reports, but at whether the evidence supports such conclusion. 

9. The U.K.’s policy stance permitting MRT should not serve as model to the U.S. because it lacked public consensus and summarily dismissed substantial concerns with safety and efficacy.

10. There are serious scientific risks involved with human germline modifications through Mitochondrial Replacement Therapy and Human Genome Editing.

a. Risks of Mitochondrial Replacement Therapy

i. There are problems determining efficacy and whether the procedure works as intended.

ii. Even if it initially appears that the procedure worked, the modification may not work as more time passes.

iii. There are severe health risks involving in disrupting Mitochondrial DNA. 

iv. A live birth does not equate to a healthy child.
 
b. Risks of Human Genome Editing Human Embryos

i. There are problems determining efficiency and whether the procedure worked.

ii. Genome editing results in unpredictable effects on human development.

iii. In animal models, germline modifications induced multiple devastating effects, ranging from latent health deficits, inducing tumor growth, and producing developmental abnormalities.[endnoteRef:13] [13:  Stuart Newman, Averting the Clone Age: Prospects and Perils of Human Developmental Manipulation, 19(1) JOURNAL OF CONTEMPORARY HEALTH LAW & POLICY 431 (2003) at 451.] 


iv. Genome editing may result in mosaicism, where some cells contain genetic modification and other cells do not demonstrate the intended modification.[endnoteRef:14]  Mosaicism can result in gross structural abnormalities, major Mendelian disorders, cell and tissue degeneration associated with aging, and death.[endnoteRef:15]   [14:  Xiangjang Kang et al., Introducing Precise Genetic Modifications Into Human 3PN Embryos for CRISPR/Cas-Mediated Genome Editing, 33(5) JOURNAL OF ASSISTED REPRODUCTION AND GENETICS 581 (2016) at 585, 587; Uros Midic et al., Quantitative Assessment of Timing, Efficiency, Specificity, and Genetic Mosaicism of CRISPR-Cas9-Mediated Gene Editing of Hemoglobin Beta Gene in Rhesus Monkey Embryos, 26(14) HUMAN MOLECULAR GENETICS 2678 (2017) at 2684; Puping Liang et al., CRISPR-Cas9-Mediated Gene Editing in Human Tripronuclear Zygotes, 6(5) PROTEIN CELL 363 (2015) at 364; Yongchang Chen et al., Functional Disruption of the Dystrophin Gene in the Rhesus Monkey Using CRIPSR/Cas9, 24(13) HUMAN MOLECULAR GENETICS 3764 (2015) at 3765.]  [15:  See Ian Campbell et al., Somatic Mosaicism: Implications for Disease and Transmission Genetics, 31(7) TRENDS IN GENETICS 382 (2015); Jan Vijg et al., Somatic Mutations, Genome Mosaicism, Cancer and Aging, 24 CURRENT OPINION IN GENETICS AND DEVELOPMENT 141 (2014).] 


v. Genome editing also produces off target effects, which impacts the functioning of the whole genome.
1. Identifying off target effects poses considerable challenges; not being able to identify off target effects does not mean they do not exist.[endnoteRef:16]   [16:  Id.; Ewen Callaway, Doubts Raised About CRISPR Gene-Editing Study in Human Embryos, NATURE NEWS (August 31, 2017), https://www.nature.com/news/doubts-raised-about-crispr-gene-editing-study-in-human-embryos-1.22547.] 


11. The available evidence demonstrates germline modification technologies could not effectively address genetic disease or infertility.  


a. MRT would not effectively and sustainably address causes of mitochondrial dysfunction.  
i. MRT is not designed to address most cases of mitochondrial disease.

b. It may not be feasible to use Human Genome Editing as a method to address genetic disease and infertility.
i. Genome editing presumes that scientists can properly identify and classify which variants are pathogenic and cause disease: this is a misleading oversimplification.  

c. Disease does not occur simply because of a “genetic flaw” or “faulty genes,” but genetic variants appear as one of many causal factors in multifactorial diseases.  Many people have a harmful mutation, but never develop the disease.

d. Even genome editing may not be able to fix monogenic (single gene diseases) like Huntington’s Disease or Cystic Fibrosis.

e. Scientific evidence does not support using MRT or Genome Editing as means to treat infertility.  


CONCLUSION:

Based on global legal consensus against germline modification of human embryos and scientific evidence demonstrating serious risks of Mitochondrial Replacement Therapy and Human Genome Editing, the Congressional Appropriations Committee should retain Section 733 without modification.


DESCRIPTIVE POLICY BRIEF


BACKGROUND:

On June 4, the House Appropriations Committee cast a bipartisan vote to reinstate a rider to the Consolidated Appropriations Act that prohibits the FDA from reviewing clinical applications in which a human embryo would be intentionally created or modified to include a heritable genetic modification.  Prior to this vote, there was debate about whether to remove this provision to permit clinical trials to move forward for embryos that have germline modification in the form of Mitochondrial Replacement Therapy (MRT).  There have been calls by scientists and policymakers to provide an exception to permit MRT and potentially permit other forms of “therapeutic” genome editing for human embryos.

ACTION REQUESTED:

The Congressional Appropriations Committee should retain the rider that prohibits FDA from reviewing clinical applications for “research in which a human embryo is intentionally created or modified to include a heritable genetic modification.”  Congress should not permit any exceptions for MRT or “therapeutic” applications of genome editing on human embryos.


1. Removing or altering Sec. 733 to exempt Mitochondrial Replacement Therapy would in effect permit human genome modification technologies to move forward into clinical application.  This constitutes a substantial policy modification that should not be undertaken without full and transparent public debate before U.S. Congress.

2. Strong policymaking requires accuracy, transparency, and honest deliberation of available evidence.  Public discussions should include the limitations of experimental technology, alternatives, and risks.


3. Scientists have already conducted experiments to create infants through Mitochondrial Replacement Therapy and Human Genome Editing.  There is no independent evidence showing these infants are healthy; and evidence in fact demonstrates the procedure of genome editing embryos to create infants in China did not work as intended. 
 
a. In 2016, Dr. John Zhang (U.S.) used Mitochondrial Replacement Therapy (MRT) to create an infant, who he declared is healthy but there has been no independent follow up.
b. In 2018, Dr. He Jiankui (China) used genome editing to modify the CCR5 gene aiming to reduce risk of HIV infection.  This experiment produced two twin girls.  Multiple reports suggest He’s experiment did not produce the intended modification:[endnoteRef:17] the infants have a new, unknown mutation, which creates uncertain health risks.  A recent article in Nature Medicine suggests inducing this mutation may increase risk of mortality.[endnoteRef:18] [17:  Katarina Zimmer, CRISPR Scientists Slam Methods Used on Gene-Edited Babies, THE SCIENTIST (December 4, 2018), https://www.the-scientist.com/news-opinion/crispr-scientists-slam-methods-used-on-gene-edited-babies--65167?fbclid=IwAR2Gdft-2Aj6JsGfoc5KT6FHgOGFAGCFu2AV4kjlFlben9shes5f5FePZRo.]  [18:  Jeremy Luban, The Hidden Cost of Genetic Resistance to HIV-1, NATURE MEDICINE DOI.10.38/s41591-019-0481-8 (2019).] 



4. Unlike other potential clinical trials where the FDA determines calculations of safety and efficacy for the intended patient, the research subject – a future child –  would be created using the proposed methodology.    

a. Mistakes in the process when MRT and Human Genome Modifications do not work as expected are both inevitable and irreversible, which means these procedures could potentially not only create a congenitally impaired child, but introduce those deficits into the germline of all subsequent offspring.   
b. It is unethical to proceed with experiments knowing the risk of potential “mistakes.”
c. No person has the moral authority to purposefully alter the human germline or expose future children to such serious risks.

5. In recognition of risks, ethical concerns, and principled objections, modification of the human germline (whether by Mitochondrial Replacement Therapy or Human Genome Editing) has prohibited by International Bioethics Committee of the United Nations, The Council of Europe’s Convention on Human Rights and Biomedicine, and the European Union’s 2001 directive on clinical trials. [endnoteRef:19] [19:  Article 9, Directive 2001/20/EC, COUNCIL OF EUROPE (2001), http://ec.europa.eu/health//sites/health/files/files/eudralex/vol-1/dir_2001_20/dir_2001_20_en.pdf.] 



6. Public framing of human germline modification technologies (Mitochondrial Replacement Therapy and Human Genome Editing) contains misleading rhetoric designed to engineer acceptance.  These procedures are not curative, but rather highly experimental with significant risks.  Using misleading descriptions undermines the authenticity and integrity of the policymaking process.

a. Misleading statements about Mitochondrial Replacement Therapy
i. Media has referred to mitochondria as mere batteries of the cell and ethicists have compared MRT to a “micro-organ transplantation,” alleging there is “no sound basis to oppose MRT” because it constitutes a “cure” so infants can be born without mitochondrial disease.[endnoteRef:20]   [20:  Julian Savulescu, Mitochondrial Disease Kills 150 Children a Year.  A Micro-Transplant Can Cure It, THE GUARDIAN (February 2, 2015), https://www.theguardian.com/science/2015/feb/02/mitochondrial-transfer-micro-transplant-parliamentary-debate.] 

ii. MRT is highly risky, experimental, and not a curative method to prevent mitochondrial disease or treat infertility.
iii. Touting MRT as a cure for mitochondrial disease is misleading because it will not address most cases. Most instances of mitochondrial disease arise from de novo mutations and mutations in nDNA.[endnoteRef:21] Approximately 80% of mitochondrial disease arises from nDNA mutations, which MRT does not address.[endnoteRef:22] [21:  59th MEETING OF THE CELLULAR, TISSUE, AND GENE THERAPIES ADVISORY COMMITTEE, FDA (Feb. 25, 2014), https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/BloodVaccinesandOtherBiologics/CellularTissueandGeneTherapiesAdvisoryCommittee/UCM390945.pdf (hereinafter “FDA MRT Meeting”) at 58-64; see also Mitochondrial Replacement Techniques: Ethical, Social, and Policy Considerations, NATIONAL ACADEMIES OF SCIENCES, ENGINEERING, AND MEDICINE (Washington D.C.: National Academies Press, 2016 (hereinafter “NAS Report on MRT”) at 27.]  [22:  Third Scientific Review of the Safety and Efficacy of Methods to Avoid Mitochondrial Disease Through Assisted Conception: 2014 Update, HUM. FERTILISATION & EMBRYOLOGY AUTH. at 12 (June 2014) (hereinafter “HFEA Scientific Review”). ] 


b. Misleading statements about Human Genome Editing
i. Both media and scientific articles have described genome editing as method for scientists to make precise corrections, to eliminate mutant genes, correct genetic flaws and efficiently treat or even cure disease.  
ii. Human genome editing has been described as a “search and replace” mechanism to specifically as a mechanism to address monogenic diseases such as Huntington’s Disease and Cystic Fibrosis.  This is not scientifically feasible or accurate because even single gene disorders involve many areas on the human genome.[endnoteRef:23] [23:  David Cooper et al., When Genotype Is Not Predictive of Phenotype: Towards an Understanding of the Molecular Basis of Reduced Penetrance of Human Inherited Disease, 132(10) HUMAN GENETICS 1077 (2013).] 

iii. Human genome editing is also highly risky, experimental, and it not a curative therapy.


7. The U.S. will not “fall behind” in science and technology.  Dozens of other nations and international agreements unequivocally prohibit human germline modifications as a bright line that should not be crossed.

a. This constitutes alarmist rhetoric that is not based on the current climate of law internationally.

b. Globally, approximately forty countries[endnoteRef:24] including Canada,[endnoteRef:25] Germany,[endnoteRef:26] France,[endnoteRef:27] Switzerland,[endnoteRef:28]  Sweden,[endnoteRef:29] and Italy[endnoteRef:30] have adopted legislation prohibiting germline intervention on embryos for implantation.[endnoteRef:31]   [24:  See supra note 5. ]  [25:  Assisted Human Reproduction Act s. 5 (2004); Assisted Human Reproduction Act s. 60 (2004).]  [26:  Embryo Protection Act, Federal Law Gazette, Part I, No.69 (1990). ]  [27:  Research on Embryos, Bioethics Law, Code of Public Health. Article L2151-5 (2011); Absolute Prohibition on Creating Transgenic Embryos and Chimeras, Bioethics Law, Code of Public Health. Article L2151-2 (2011).]  [28:  Article 35, Federal Act on Medically Assisted Reproduction, Federal Assembly of the Swiss Confederation (1998). ]  [29:  See Sections 3-4, The Genetic Integrity Act, Swedish Code of Statutes no.2006:351 (2006).]  [30:  Article 13, Rules of Medically Assisted Procreation, No. 40 (2004). ]  [31:  Some laws prohibit germline modification to any embryo, some prohibit modification for implantable embryos. See Isasi et al., supra note 5.] 

i. Laws enacted in the aforementioned nations not only prohibit germline or heritable modification, but such actions constitute criminal violation subject to fines and or imprisonment.
ii. Unequivocally prohibiting and criminalizing an action communicates the egregiousness, potential for harm, and social unacceptability of such an action in these nations. 
iii. These laws demonstrate many countries acknowledge the lure of technology, but renounce risky experiments that cross the historical bright line of manipulating future generations.[endnoteRef:32]  [32:  The Science and Ethics of Genetically Engineered Human DNA, Hearing Before the Subcommittee on Research and Technology, 114TH CONGRESS (2015).  ] 

iv. Prohibitions do not stem from “irrational fear” but instead affirm longstanding precedent based on reasoned deliberation.

8. The U.S. should not permit any exception for MRT.  Appropriate policymaking looks not only at the conclusion or recommendations of expert reports, but at whether the evidence supports such conclusion. 

a. In 2016, The National Academies stated it is ethically permissible for the FDA to conduct clinical investigations subject to a set of conditions.
b. However, this conclusion dismissed extensive concerns of multiple experts present at the 2014 Cellular, Tissue, and Gene Therapies Advisory Committee of the FDA (described below in #10).
i. Participants at the 2014, the FDA’s Cellular, Tissue, and Gene Therapies Advisory Committee reiterated there are less risky alternatives to having children, and the current evidence falls “far short” of showing MRT would be potentially safe and effective.[endnoteRef:33]   [33:  Id.] 



9. The U.K.’s policy stance permitting MRT should not serve as model to the U.S. because it lacked public consensus and summarily dismissed substantial concerns with safety and efficacy.
i. Key shortcomings with the U.K’s policymaking process:[endnoteRef:34] [34:  Drabiak MRT, supra note 1.] 

1. During the initial proposal, bioethicists, scholars, and scientists voiced dissent because MRT would breach the broad global consensus against germline modifications and urged the government to reconsider. 
2. During the consultation process, numerous scientists provided testimony and correspondence at length relating to safety and efficacy.  
3. Scientists objected to HFEA’s conclusions based on available evidence, finding not merely a lack of consensus pertaining to safety and efficacy, but that the available scientific evidence demonstrated how unsafe MRT is.  
4. Despite objections based on international governance, evidence demonstrating insufficient safety and efficacy, and lack of public consensus, British Parliament passed the amendment that would permit HFEA to license fertility clinics to offer MRT.

10. There are substantial scientific risks involved with human germline modifications through Mitochondrial Replacement Therapy and Human Genome Editing.

a. Risks of Mitochondrial Replacement Therapy

In 2014, the Cellular, Tissue, and Gene Therapies Advisory Committee of the FDA convened meetings to discuss MRT for both the prevention of mitochondrial disease and the treatment of infertility.[endnoteRef:35] Participants discussed an extensive list of scientific concerns: [35:  FDA MRT Meeting, supra note 21; FDA Briefing Document: Oocyte Modification in Assisted Reproduction for the Prevention of Transmission of Mitochondrial Disease or the Treatment of Infertility, CELLULAR, TISSUE, AND GENE THERAPIES ADVISORY COMMITTEE, FDA (Feb. 25-26, 2014) (hereinafter “FDA MRT Brief”).] 


i. There are problems determining efficacy and whether the procedure works as intended.
1. Testing the blastomere for viability is not indicative of the health of the child and subsequent offspring.[endnoteRef:36]  One scientist also noted that testing a sample is not indicative of the rest of the inner cell mass, meaning different levels of heteroplasmy may exist, and even subsequently develop at varied rates in different tissues though stages of development and the child’s life.[endnoteRef:37]   [36:  Id.]  [37:  FDA MRT Meeting, supra note 21, at 84-87, 85.] 


ii. Even if it initially appears that the procedure worked, the modification may not work as more time passes.
1. Segregation and replication of mtDNA occurs according to its own evolutionary system, so predicting subsequent levels of heteroplasmy is difficult.[endnoteRef:38]  Even if segregation initially demonstrates favorable drift toward the donor’s mtDNA, these levels may jump unpredictably, or segregate at different levels in tissues throughout the body.[endnoteRef:39]   [38:  Id.]  [39:  Id.; Ewen Callaway, Three-Person Embryos May Not Expel Harmful Genes, 533 NATURE 445 (2016).] 

2. Levels of mtDNA in the child’s blood may reflect a low percent of heteroplasmy, but genetic drift can cause segregation toward the mother’s mutated mtDNA in specific tissues or organs, wherein the child may experience diseases arising in those systems.[endnoteRef:40]   [40:  Joerg Patrick Burgstaller et al., mtDNA Segregation in Heteroplasmic Tissues Is Common In Vivo and Modulated By Haplotype Difference and Developmental Stage, 7 CELL REPORTS 2031 (2014) at 2031, 2036.] 

3. Segregation occurs throughout the lifespan of the individual which means low levels of the mother’s mtDNA in the child’s blood or partial tissue testing would also not reflect the possibility of increasing levels of heteroplasmy later in life resulting in latent presentation of mitochondrial disease.[endnoteRef:41]   [41:  Id. ] 


iii. There are serious health risks involving in disrupting Mitochondrial DNA. 
1. Some scientific evidence suggests that segregation appears affected by genetic distance between haplotypes and when haplotypes of maternal mtDNA and donor mtDNA are mixed, reversion toward maternal mtDNA occurs.[endnoteRef:42]   [42:  Id.; Eunju Kang et al., Mitochondrial Replacement In Human Oocytes Carrying Pathogenic Mitochondrial Mutations, 540 NATURE 270 (2016).] 

2. In animal models, mixed mtDNA has resulted in immune rejection, susceptibility to diseases of metabolism, and deficits in performance and learning capabilities.[endnoteRef:43] [43:  FDA MRT Meeting, supra note 21, at 196-187; Kimberly Dunham-Snary & Scott Ballinger, Mitochondrial-nuclear DNA Mismatch Matters, 349 SCIENCE 1449, 1150 (2015); Klaus Reinhardt et al. Mitochondrial Replacement, Evolution, and the Clinic 341 SCIENCE 1345 (2013); Paula Amato et al., Three Parent In Vitro Fertilization: Gene Replacement for the Prevention of Inherited Mitochondrial Disease, 101 FERTILITY AND STERILITY 31 (2014) at 34.] 

3. MRT would disrupt crucial cross-talk between mtDNA and nDNA. Mitochondrial DNA not only functions as a source of energy, but affects a wide range of cellular functioning and how nDNA is expressed.[endnoteRef:44]   [44:  FDA MRT Brief, supra note 35, at 13.] 

4. Current research suggests interference in the communication between mtDNA and nDNA can negatively affect individual development, behavior, susceptibility to disease, and fertility.[endnoteRef:45]   [45:  Human Genetic Engineering on the Doorstep, HUMAN GENETICS ALERT (November 2012), http://www.hgalert.org/Mitochondria%20briefing.pdf;; Reinhardt et al., supra note 43, at 1346; see also Martin Horan et al., From Evolutionary Bystander to Master Manipulator: The Emerging Roles for the Mitochondrial Genome As A Modulator of Nuclear Gene Expression, 21 EUROPEAN JOURNAL OF HUMAN GENETICS 1335 at 1335-1336 (2013); Rebecca Muir et al., Mitochondrial Content Is Central To Nuclear Genome Expression: Profound Implications for Human Health, 38 BIOESSAYS 150 at 152-153 (2015); Dunham-Snary & Ballinger, supra note 43.] 


iv. A live birth does not equate to a healthy child.
1. Initial positive results (or even a live birth) in Animal and In Vitro Models does not mean human offspring would be “healthy.” 
2. Some studies relied on a small sample and may miss problems that would arise with a larger sample; they did not perform extensive testing for heteroplasmy throughout tissues; the studies did not test germ cells for heteroplasmy or assess the health of subsequent generations; and using sample tests for heteroplasmy as a proxy for health may miss other dysfunction.[endnoteRef:46] [46:  FDA MRT Meeting, supra note 21, at 185, 251; Dunham-Snary & Ballinger, supra note 43.] 



b. Risks of Human Genome Editing Human Embryos

i. There are problems determining efficiency and whether the procedure worked.
1. Scientific claims that genome editing is highly efficient and make the targeted changes requires close qualification:  
2. Midic and colleagues demonstrated potential efficiency at 80-100% using rhesus monkey embryos, but despite such “high efficiency” in animal models, they also reported only 52% efficiency in human embryos.
3. The National Academies recognize it is not possible to accurately infer the developmental events in human embryos by studying animal models.[endnoteRef:47]  [47:  Midic et al., supra note 14, at 2685; Human Genome Editing: Science, Ethics, and Governance, National Academies of Sciences, Engineering, and Medicine (Washington D.C.: National Academies Press, 2017), https://www.nap.edu/catalog/24623/human-genome-editing-science-ethics-and-governance  (hereinafter “NAS Human Genome Editing Report”) at 56.] 

4. In animal models using rhesus monkey zygotes, less than 10% of embryos resulted in a full term birth.[endnoteRef:48]  Midic and colleagues noted a high rate of pregnancy loss and developmental arrest.[endnoteRef:49]   [48:  Midic et al., supra note 14, at 2679.]  [49:  Id. ] 

5. Although the National Academies assumes the genome editing process does not interfere with development.  However, some scientists have suggested the opposite: diminishing survival rate suggests that embryos that do survive germline modifications may develop subtle latent health deficits.[endnoteRef:50] [50:  FDA MRT Meeting, supra note 21. ] 


ii. Genome editing results in unpredictable effects on human development.
1. Although the National Academies presumes that embryo survival equates to health, this conclusion does not account for the highly significant impact of the process of genome editing on the subsequent developmental trajectory.[endnoteRef:51]   [51:  NAS MRT Report, supra note 21, at 94-95.] 

2. In 2015, the Office of Science Policy of the National Institutes of Health published a report in which it described the risks associated with genome editing, including the potential for the extra chromosomal DNA to become trapped into the double strand break where the genome editing technology interacts within the gene.[endnoteRef:52]   [52:  Jacqueline Corrigan-Curay et al., Genome Editing Technologies: Defining a Path to the Clinic, 23(5) MOLECULAR THERAPY 796 (2015).] 

3. Available research provides support for the proposition that the impact on the organism as a whole is highly risky and unpredictable.[endnoteRef:53] [53:  Kang et al., supra note 14, at 587. ] 

4. Evolutionary biologist Stuart Newman describes the serious risks, stating genome modification: 
a. Is “fraught with potential error” precisely because germline interventions impact every cell in the body and will affect every cell’s subsequent growth and development.[endnoteRef:54]   [54:  Id.; Newman, supra note 13; see also Tetsuya Ishii, Germ Line Genome Editing in the Clinics: The Approaches, Objectives, and Global Society, 16(1) BRIEFINGS IN FUNCTIONAL GENOMICS 46 (2017) at 49.] 

b. Is risky because “there is no such thing as engineering an organism” because interactions between genes are highly integrated, designed to achieve stability and balance, and manipulation of one location risks disrupting the biological equilibrium.[endnoteRef:55] [55:  Newman, supra note 13; Stuart Newman, The Hazards of Human Developmental Gene Modification, 13(3) GENE WATCH 10 (2000).] 


iii. In animal models, germline modifications induced multiple devastating effects, ranging from latent health deficits, inducing tumor growth, and producing developmental abnormalities.[endnoteRef:56] [56:  Newman, supra note 13, at 451.] 


1. Biologist Xiangjin Kang and colleagues explicitly warn even modifying a target to a naturally occurring allele requires scrutiny:
a. We are unable to predict the genome wide effect of changing a single allele and disrupting the pre-existing genome.[endnoteRef:57] This may result in creating a child who may be congenitally impaired, facing biological complications and irreversible health harms.[endnoteRef:58]   [57:  Kang et al., supra note 14, at 587.]  [58:  Human Genetics Alert, supra note 45.] 

b. Effects of genome editing may not be immediately visible, but may create latent health risks to the child. The impact of germline modifications may only become apparent during the growth and development of the future child, as the embryo grows into specific cells and tissues, during the unfolding of the nervous system, the organs, the brain, and over the course of the child’s life.[endnoteRef:59]   [59:  Id. at 56; Nicklaus Evitt et al., Human Germline CRISPR-CAS Modification: Toward a Regulatory Framework, 15(2) AMERICAN JOURNAL OF BIOETHICS 25 (2015) at 26; Eliot Hosman, CRISPR Gene Editing: Proofreaders and Undo Buttons, But Ever Safe Enough?, THE CENTER FOR GENETICS AND SOCIETY (November 19, 2015), https://www.geneticsandsociety.org/biopolitical-times/crispr-gene-editing-proofreaders-and-undo-buttons-ever-safe-enough.] 

c. Animal models that appeared to be growing and developing according to prediction suffered tumor development later in life and encountered unexpected developmental abnormalities not previously anticipated by scientists.[endnoteRef:60]   [60:  Newman, supra note 13, at 451.] 


iv. Genome editing may result in mosaicism, where some cells contain genetic modification and other cells do not demonstrate the intended modification.[endnoteRef:61]  Mosaicism can result in gross structural abnormalities, major Mendelian disorders, cell and tissue degeneration associated with aging, and death.[endnoteRef:62]   [61:  Kang et al., supra note 14, at 585, 587; Midic et al., supra note 14, at 2684; Liang et al., supra note 14, at 364, 366; Chen et al., supra note 14, at 3765.]  [62:  See generally Campbell et al., supra note 15; Vijg et al., supra note 15.] 

1. Animal models demonstrate “substantial” genetic mosaicism because the editing mechanism may occur during different stages of cell division or exert residual influence on cells after division.[endnoteRef:63]   [63:  Midic et al., supra note 14, at 2684; Chen et al., supra note 14, at 3765.] 

2. In one study using early human embryos, the rates of mosaicism in the developing cells exceeded the measured percent of efficiency to induce the desired modification.[endnoteRef:64] [64:  Kang et al., supra note 14, at 585.] 

3. Testing for embryos for mosaicism cannot predict the child’s future health.
4. Testing a single cell of the embryo with Preimplantation Genetic Diagnosis does not reflect the rest of the cells in the embryo, and there are no effective methods to predict the organism’s growth and development.[endnoteRef:65]   [65:  NAS Human Genome Editing Report, supra note 47, at 89; Tetsuya Ishii, Reproductive Medicine Involving Genome Editing: Clinical Uncertainties and Embryological Needs, 34(1) REPRODUCTIVE BIOMEDICINE 27 (2017) at 29.] 


v. Genome editing also produces off target effects, which impacts the functioning of the whole genome.
1. The editing nucleases make cuts to unintended locations rather than the target, modifies the target sequence but continues making modifications after the initial target, or the guide RNA may bind to nontarget sequences.[endnoteRef:66]  [66:  NAS Human Genome Editing Report, supra note 47, at 50; Ishii, supra note 54, at 49-50; Ishii, supra note 65, at 29.] 

2. Insertions, deletions, or translocations can activate or deactivate crucial sequences in the genome, which could activate oncogenes related to tumor development or produce unexpected outcome such as advanced aging.[endnoteRef:67]   [67:  Corrigan-Curay et al., supra note 52, at 801.] 

3. Identifying off target effects poses considerable challenges; not being able to identify off target effects does not mean they do not exist.[endnoteRef:68]   [68:  Id.; E. Callaway, Doubts Raised About CRISPR Gene-Editing Study in Human Embryos, NATURE NEWS (August 31, 2017), https://www.nature.com/news/doubts-raised-about-crispr-gene-editing-study-in-human-embryos-1.22547. ] 

a. Some studies only examine a few sites.[endnoteRef:69]  Some insertions or deletions may be so small that they escape detection, leading researchers to report no off target effects occurred.[endnoteRef:70]   [69:  Id.; but see Midic et al., supra note 14, at 2681.  Midic and colleagues concluded their modifications produced no off target effects, but they examined only the two most common loci where they predicted off target effects would occur.]  [70:  Ishii, supra note 65, at 29.] 

b. Off target effects may not be phenotypically apparent, so preliminary appearances would likely suggest normal development.[endnoteRef:71]   [71:  Id.] 

c. Kosicki and colleagues found both on target and significant off target damage, such as large deletions and complex rearrangements at areas they had not anticipated.[endnoteRef:72]  [72:  Michael Kosicki et al., Repair of Double-Strand Breaks Induced By Crispr-CAS9 Leads to Large Deletions and Complex Rearrangements, 36(8) NATURE BIOETECHNOLOGY 765 (2018); see also Sharon Begley, Potential DNA Damage From CRISPR Has Been ‘Seriously Underestimated,’ Study Finds, STAT News (July 16, 2018), https://www.statnews.com/2018/07/16/crispr-potential-dna-damage-underestimated.] 


11. Appealing to parental suffering relies on a false dilemma fallacy: Proponents for MRT and Human Genome Editing argue it will prevent incurable genetic disease, fix infertility, save families needless misery, and prevent medical progress. In fact, the available evidence demonstrates germline modification technologies could not effectively address genetic disease or infertility.  

a. Less risky alternatives already exist to have children, include Preimplantation Genetic Diagnosis to screen embryos for genetic disease, or adoption.

b. MRT would not effectively and sustainably address causes of mitochondrial dysfunction.  
i. MRT is not designed to address most cases of mitochondrial disease.
ii. Mitochondrial dysfunction may result from either mtDNA mutations or nDNA mutations.  80% of mitochondrial dysfunction arises from nDNA mutations for which MRT would not address.   
iii. Recent evidence suggests that a variety of environmental factors induce de novo (new) mutations.  Mitochondrial dysfunction is not only a cause of rare fatal disease, but also has been implicated as a factor in the development of common diseases, such as neurodegenerative disease, cancer, diabetes, cardiovascular disease.[endnoteRef:73]   [73:  Joel Meyer et al., Mitochondria as a Target of Environmental Toxicants, 134(1) TOXICOLOGICAL SCIENCES 1  (2013).] 

iv. Public health research suggests a variety of environmental agents, including pesticides,[endnoteRef:74] heavy metals,[endnoteRef:75] antibiotics,[endnoteRef:76] pharmaceutical drugs,[endnoteRef:77] environmental toxicants such as dioxin[endnoteRef:78] and Bisphenol A[endnoteRef:79] can all exert changes to mitochondrial integrity and development.  [74:  Meyer et al., supra note 73, at 8; Maria Paraskevaidi et al., Underlying Role in Mitochondrial Mutagenesis in the Pathogenesis of Disease and Current Approaches for Translational Research, 32(3) Mutagenesis 335 (2017).]  [75:  Id.; Kelly Brunst et al., Integrating Mitochondriomics In Children’s Environmental Health, 35(9) JOURNAL OF APPLIED TOXICOLOGY 976 (2015) at 982-983.]  [76:  Sameer Kalghati et al., Bactericidal Antibiotics Induce Mitochondria Dysfunction and Oxidative Damage in Mammalian Cells, 5(192) SCIENCE TRANSLATIONAL MED. 192ra85 (2013); Norman Moullan et al., Tetracyclines Disturb Mitochondrial Function Across Eukaryotic Models: A Call for Action in Biomedical Research, 10 CELL REPS. 1681 (2015).]  [77:  Meyer et al., supra note 73 at 3-4; Paraskevaidi et al., supra note 73.]  [78:  Meyer et al., supra note 73, at 3-4.]  [79:  Brunst et al., supra note 75, at 983.] 


c. It may not be feasible to use Human Genome Editing as a method to address genetic disease and infertility.
i. Genome editing presumes that scientists can properly identify and classify which variants are pathogenic and cause disease: this is a misleading oversimplification.  
ii. In 2016, Nature published an article stating that the average person has an average of 54 mutations classified as pathogenic, but that 41 occur so frequently in the human population that they are not likely to cause severe disease.[endnoteRef:80]   [80:  Monkol Lek et al., Analysis Of Protein-Coding Genetic Variation In 60,706 Humans, 536(7616) NATURE 285 (2016); Editorial, Rethink The Links Between Genes And Disease, 538(7624) NATURE 140 (2016).] 

iii. Many genetic mutations have been misclassified as harmful, and not all variants are pathogenic that could cause disease. [endnoteRef:81]   [81:  Id.; Erika Hayden, Seeing Deadly Mutations in a New Light, 538 (7624) NATURE 154 (2016); David Goldstein et al., Sequencing Studies in Human Genetics: Design and Interpretation, 14(7) NATURE REVIEW GENETICS 460 (2013).] 


d. Disease does not occur simply because of a “genetic flaw” or “faulty genes,” but genetic variants appear as one of many causal factors in multifactorial diseases.  Many people have a harmful mutation, but never develop the disease.
i. Cancer:
1. Inherited mutations that contribute to the cause of cancer account for only 5-10% of all cases of cancer, with a substantial percent of remaining risk attributed to environmental and lifestyle factors.[endnoteRef:82]  [82:  Id. ] 

2. Even genetic variants such as BRCA1 and BRCA2 (which occur in .2% of the general population) are not 100% penetrant: a person may carry a BRCA1 variant that predisposes her to risk of breast and ovarian cancer, but never develop the disease.[endnoteRef:83]   [83:  Liz Lostrumbo et al., Prophylactic Mastectomy for the Prevention of Breast Cancer, 11 COCHRANE DATABASE OF SYSTEMATIC REVIEWS Art. No. CD002748 (2010) at 3.] 


ii. Parkinson’s Disease:
1. 90% Parkinson’s Disease patients do not report a family history of the disease and the most common genetic variant associated with Parkinson’s Disease only accounts for fewer than 2% of all cases.[endnoteRef:84]  This variant only correlates to a lifetime penetrance of 30-40%” this means the majority of individuals who have the variant will never develop Parkinson’s Disease.[endnoteRef:85]   [84:  Samuel Goldman, Environmental Toxins and Parkinson’s Disease, 54 ANNUAL REVIEW OF PHARMACOLOGY AND TOXICOLOGY 141 (2014) at 142.]  [85:  Id.] 

2. Physician Samuel Goldman states: genetic variation is involved in the development of Parkinson’s Disease, but the vast majority of cases cannot be ascribed to genetic factors but appear to be linked with exposure to environmental factors such as pesticides, solvents, and air pollutants.[endnoteRef:86] [86:  Id.] 


e. Even genome editing may not be able to fix monogenic (single gene diseases) like Huntington’s Disease or Cystic Fibrosis.
i. Not all individuals with a particular disease causing mutation will develop the disease, which geneticists refer to as reduced or incomplete penetrance.[endnoteRef:87] [87:  Cooper et al., supra note 23.] 

ii. Medical geneticist David Cooper: “The traditional view of genetic disorders as being either monogenic or multifactorial is no longer supported and requires a change in focus toward factors that modify gene expression and disease course.”[endnoteRef:88]   [88:  Sabina Gallati, Disease Modifying Genes and Monogenic Disorders: Experience in Cystic Fibrosis, 7(2014) APPLICATION OF CLINICAL GENETICS 133 (2014) at 134; Cooper et al., supra note 23, at 1101.] 

1. Many mutations are conditionally pathogenic.
2. The mutation alone is insufficient to cause the disease but interaction between modifier genes and the environment are key components that result in pathogenicity.[endnoteRef:89]   [89:  Cooper et al., supra note 23, at 1102.] 

iii. Individuals may carry hundreds of potentially disadvantageous variants without adverse health effects, which further undermines the presumption that one variant alone causes the disease, and that modifying one variant constitutes a sufficient solution.[endnoteRef:90]   [90:  Id. at 1078-1078, 1102.] 


f. Scientific evidence does not support using MRT or Genome Editing as means to treat infertility.  
i. Infertility is indeed a health problem, affecting both females and males and impacting 12-25% of the population.[endnoteRef:91]   [91:  Infertility, CENTERS FOR DISEASE CONTROL AND PREVENTION, https://www.cdc.gov/reproductivehealth/Infertility; Global Prevalence of Infertility, Infecundity, and Childlessness, WORLD HEALTH ORGANIZATION, http://www.who.int/reproductivehealth/topics/infertility/burden/en.] 

ii. Rising rates of impaired fertility are likely due to a variety of complex environmental and lifestyle causes including aging, not inherent genetic flaws.[endnoteRef:92]  Research suggests a connection between infertility and rising rates of other diseases such as reproductive abnormalities, endocrine disorders, and cancer in both males and females.[endnoteRef:93]   [92:  Theo Colburn et al., OUR STOLEN FUTURE (New York: Penguin Books, 1996); A. Bergman et al. (eds.), State of the Science on Endocrine Disrupting Chemicals, WORLD HEALTH ORGANIZATION AND UNITED NATIONS ENVIRONMENT PROGRAM (2012); Carlos Guerro-Bosagna and Michael Skinner, Environmentally Induced Epigenetic Transgenerational Inheritance of Male Infertility, CURRENT OPINION IN GENETICS AND DEVELOPMENT 26 (2014); Evanthia Diamanti-Kandarakis et al., Endocrine Disrupting Chemicals: An Endocrine Society Scientific Statement, 30(4) ENDOCRINE REVIEWS 293 (2009); Fertility and Infertility and the Environment, National Center for Environmental Health, CENTERS FOR DISEASE CONTROL AND PREVENTION, https://ephtracking.cdc.gov/showRbFertilityInfertilityEnv.]  [93:  Diamanti-Kandarakis et al., supra note 92; Niels Skakkebaek et al., Male Reproductive Disorders and Fertility Trends: Influences of Environment and Genetic Susceptibility, 96(1) PHYSIOLOGICAL REVIEWS 55-97 (2016); Roger Hart, Physiological Aspects of Female Infertility: Role of the Environment, Modern Lifestyle, and Genetics, 96(3) PHYSIOLOGICAL REVIEWS 877-909 (2016).] 

iii. In addition to the impact of lifestyle factors[endnoteRef:94] such as level of activity, exercise, diet, sleep and stress, research implicates chemical exposures as a factor contributing to both the decline in fertility and reproductive disorders.  A variety of environmental toxicants including pesticides, PCBs, phthalates, parabens, and Bisphenol A present in our daily environment may adversely affect our health, including fertility.[endnoteRef:95]  [94:  Skakkebaek et al., supra note 93; Rakesh Sharma et al., Lifestyle Factors and Reproductive Health: Taking Control of Your Fertility, 11(66) REPRODUCTIVE BIOLOGY AND ENDOCRINOLOGY 1-15 (2013).]  [95:  State of the Science on EDCs, supra note 92, at 65; Skakkebaek et al., supra note 93.






] 

iv. MRT and Genome Editing does not address the fundamental causes of infertility and increases in endocrine disorders and cancer. Population level increases in infertility constitutes a warning, signaling lifestyle and environmental factors are threatening both human reproduction and health outcomes, which cannot be addressed by modifying a particular gene or manipulating an embryo.


CONCLUSION:

Based on global legal consensus against germline modification of human embryos and scientific evidence demonstrating serious risks of Mitochondrial Replacement Therapy and Human Genome Editing, the Congressional Appropriations Committee should retain Section 733 without modification.
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