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Tetsuya Ishii

Genetically modifying eggs, sperm, and zygotes |*germ-
line' modification) can impact on the entire body of the
resulting individual and on subsequent generations.
With the advent of genome-editing technology, human
germline gene modification s no longer theoretical.
Owing to increasing concerns about human germiline
gene modification, & voluntary moratorium on human
genoma-aditing ressarch and/or the clinical application
of human germline genome editing has recently been
called for. However, whether such research should be
suspended or encouraged warrants careful consider-
ation. The present article reviews recent research on
mammalian germline genome editing, dizcusses the
impartance of public dialogue on the socioethical impli-
cations of human germling genome-editing research,
and considers the relevant guidelines and legislation
in different countries,

Germline genome-editing research and
its socioethical implications

Office of Health and Safoty, Hokkaido University, Sapporo 060-0808, Hokkaido, Japan

Cell’ress

muedificntion, and thus are now being wsed instesd of
arnventional penetic enginecring in many labaratories
worldwide. The robustness of this gonome engineering
technology has made it conceivable that gene modifica-
tion of the human germline (ooeytes, sperm, sygotes, and
embryos) (Box 1) is becoming feasible in the elinical
sotting (4. However, this type of gene modification
lins rnised tremendous debate in the context of medical
bencficence, safety coneerns, challenges to humaon digni-
ty. and risk of abuse for eugenics or enhaneoment (Lhe
parental pursait of specific troits for non-moedical rea-
sonsl (5] Consequently, many eountries forbid human
germline gene modification for reproductive purpoeses
14.451

Recently, representatives of the Allinnee or Regenera-
tive Medicine, a groap of interested stakeholders including
Cast developers and the Internationnl Society for Stem

Ishii, T. Trends in Molecular Medicine 2015; 21:473-81.
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*Williams C, et al. Ultrasound Obstet Gynecol. 2010 Mar;35(3):255-9.
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) PGD
High load

e.g. familial adenomatous polyposis

Cruz-Correa M, et al. Fam Cancer 2013 ;12(3):555-62.

e.g. cystic fibrosis
Neocleous, V. et al. (2014) Case Rep. Genet. 2014,613863
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Reports on monkey embryonic editing

Table 2. Examples of targeted gene disruption in non-human primate zygotes via NHEJ.

Efficiency in .
Subject . Gene_z neonates Off-tqrge*tz MOS&I Ger)qme Remarks Ref.
disruption *1 Mutation cism Editing
(embryos)
Cynomolgus NROB1, (13%;%91160976%: Cytoplasmic
zygotes Pg:é? (PPARG&RAGL: No Yes Casd injection [63]
9.1-27.3%)
Rhesus and .
Rhesus: 9.5% Cytoplasmic
cynomolgus MECP2 Cynomolgus: 3.7% No N.D. TALEN injection [64]
zygotes
Cynomolgus /= cpy 2.0% N.D. Yes  TALEN - [65]
zygotes
Rhesus DMD 6.1% (46.47%) No Yes Casg ~ OYoplasmic  eq
zygotes injection

*1 denotes the result of genetically modified neonates (including fetus or stillborn) per transferred embryo (%) or
genetically modified embryos per injected zygote (%)

*2 ‘No’ shows that no off-target mutations were identified at potential off-target sites.

No off-target mutation, but mosaicism
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Table 1. Examples of HDR-mediated gene modification in mammalian zygotes

Subject Gene modification Efficiency in Dff-target Mosaicism  Genome Remarks Reference
neonates fembryes)  mutation editing
Mouse Introduction Sooc: 6.0%, Yes(Mecp2) Yes Casd Cytaplasmic or 139]
Zygotes of V5 tag (42Zbp) MecpZ: 0.8% pronuclear injection
into Sox2, two loxP (34 bp)
sites into Mecp2
Mouse Correction of Crytg 4.4-57% Yes M.D. Cas% Cytoplasmic injection [#0]
Zypotes with 1bp
deletion in exon3
Mouse Correction of Dmd™* 9.1% [Noj* Yes Cas9 Propuclear inpection only,  [41]
Zygotes or pronuclear and
cytoplasmic injections
Mouse Correction of Crb1™4* 27% Yes Yes TALEN  Pronuclear injection 1421
Iy gotes
Rat Correction of Tyr", Tyr 7.7 %, [Ma)* Yes Cas% Pronuclear injection #3]
zypotes Asip®, Kit® Asipi18.2%,
Kit: 4.0%
Human Introduction (4.7%) Yes Yes Cas9 Cytoplasmic injection [24]
Zygotes of silent
mutations into HBB
Mo shows that no off-target mutations were identified at potential off-target sites.
Off-target mutation, mosaicism
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Table 1. Serum creatine kinase (CK) levels and forelimb grip strength of wild-type, mdx, and mdx-C mice.

¥ " Percent of KUY Forelimb grip strength (grams of force)
e CUSE MO comection o bad Triall Trial2 Trial2 Trial4  Trial 5 Avg. - 5D
Mo, 1 WT - M 318 170 163 140 132 169 1548 + 175
mdx-04 0 M 6.366 64 56 52 59 57 576+4.3
micle-06 4] ] 718 102 123 109 79 a7 102.0 + 161
melx-C1 HDR-41% M 350 141 150 154 143 133 144.2:81
Mo, 2 WT - F 445 128 116 109 102 103 e + 107
midx-20 0 F 30.996 107 105 92 78 6l 885 +193
mdx-10 0 F 38.715 84 64 a7 62 53 66.0 +11.3
melx-C3 HDR-17% F 4,290 123 126 101 107 102 1118-11L8
Mo, 25 mdx-02 0 M 14.059 54 64 47 41 52 Ble +121
mx-03 0 M 4789 129 120 116 104 a2 122+ 356
mdx-05 0 M 11.841 g1 a4 54 G4 54 714 + 240
mex-N1 NHEJ-83% M 240 145 154 147 138 133 143.4-44.8
=01 0 F 7241 108 a5 103 105 a5 89.2 + 305
mdx-04 0 F 5730 100 112 103 114 100 1058 =323
mid-07 0 F 6,987 74 73 73 73 70 726 +196
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