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[(#EXE]
o] =XLo] a0 o7t AN T HjolS thAro 2 AlFsls §-A%} x| (germline gene therapy)
of ¥AE 4l A W A HA| TS AL o {1 A oS A XSk Aot} -2kt
= A

FAA B 7149 A8 7hsAo] FeiAla, vERseoh
2 o] 7|49 5182 Tk e, oloh BAY AT A
WA FEZ} asithn Brk ol @R Aelat A e HseldE gt AAMNE 2
Hlolg tho.R She mER o} WA Zlo] e A FASL Gk ATE SEEHA] g
AL G WA ATE vl §AA B A ) Al Svbuket Aol # of
et 9l AR mestel, ghlsk §A4 By ATE FASAE ke R4l
TR} 55 ARE Bl etk vjote] §AA WY A obalriA] 74e] By o R o8
of Ao EIAE A FHs Aol QLI QIZE BALE A Hule] EAlokw ATk oo} vl
sfo] SefLbete] Z9olm SATA Tl tholol] et AR S AHstm glouk,
2 ee) 9 obdo] Bk WEO| MAFS FHK AR D §AK AR A7) g o5k A
E2 B3l ZBA X QRS Bekslof & Ao Btk
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(Xt 2]
Lo M2 I MANE QEXHXI2O| B - OJ3HH - AEIK Bto)
I. |t X2 1. Hx 3o h
o x _ ° L5 L= R B = oy
ST Sxixt 2 s
2. A jjjﬁ_w;xjxflflﬁ 3. AEIH ol
SRR T v, Z2

U5 of7|(designed baby)oll T AL 0 SIA1E AT Qlrk FARBOIAE 80| W
Iato] go] Al sAtelel Fofuk dalo] MmElgleh. et gAste] o] 24 Erji: 18651 1l
R al

Friedrich Miescher)”7} A3 W deoxyribonucleic acid(DNA)E Z3}sl1 Q= F2d2l(nuclein)S
MEASE 0] 3:0] 1000t e AIA7] ARFCED T R E A SUg 1EA Al master
race)S 9lato] A=A QI WHE Fall ofglol BFE WEo W= HWIAE E(Lebensborn) Q17F auf
A A STk Wt ofue} 19339 Sel el 2ALAEEI AAE ] 1o
NEE YA71%= a1, vl B EfFHollMw FAXAAY elQl, vrefs=Al, m=eta} 5 AA|-
YA g H o R AEsthn BRE AREe] JAR BYSES WE Peky olejst ST
ofu] AUzt Zolxgh, Arhel] Sold®E FAYTH= ofole] FAL 2l gt Absle] 277t
& 8EaL Qlek 98] RARAHAE Rito)A| A5 o] f7t Q& AS dEdAlsHE
UL, AP Zehs FaliA Ejote] 7oyt A dEgto] 2lE HfolME AFdAlE
o 42} % (genome editing) X Bio} 4229] {7} 2| = (gene therapy) 7]<o] HA

S A HEA, HEd o7l =9 AN oA AR 4 (editing) = 518
o] gpzof| o]=A| H3UTk 0|9} Hedste] Ut e 9 bl wet RE(olst “AY
W) A47 2 A2l ueh AAME L vfol, gobs o= she 44 RS YHHoR

oF

oo o
i)

1) AAS, drke] HYEJE 28 DNA o]FupAlz2] ¥, Ae: 21417152, 2012,

2) Landler M, Results of Secret Nazi Breeding Program: Ordinary Folks, The New York Times, November
7, 2006.

3) 7HAlel, Bk A 9 Aobdorenl: QEelsial Seiri Azwae) Tieh Mg mlolwRs; 2013.
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SHIL QTR o] 7|4A fFo] B ulAA e Rk, QI wlob Y] A el ZA4L A7]7] 9]
& AbelA ghelo] A ARoleta o] ulgrAsicks)

o = X AAAIE B Hjols o= AlRSke RXdAF 2| &(germline gene therapy)oll ¢
AE A AF 9 A HA| 532 EAI5t o)ehA- A gFo)(medical and legal implications) &
i

. fR8XA X2

olsfol Al A 44 Amel Ade AHum, 1 FolME 4o Beln 44 A7 7%
o) M W F|&sian; d

1. R Xz JHE

B K2} %] F(gene therapy)= HH(method) @} ©]oF3Z(medical product) & JLESF 4= QI =|qt T2
O] w7t A= ARA Y] Ader Hil St} &, fAA 22 A= EPLE & 5 AR,
BRI oulo A= FAAE A 5A| Fol2 & 4= itk f2jue} AFooEbaA A= £
A 2wAE A Am & HHoE A= EE% FAEEE ot M2E Ao Fost=
OJoREr o2 AOfgitte) Fh, U2 "HHAA® dAFATe] TRt A|X(2002E 3Y), oA /-4
AR =25 “AH Y RS HHOoRE A4}, 2 S B4t AlZE A ol Foishk= A" e
2 Aost=t, A& 79 el “FHRAEA g A AL st (RS U HHow
TR BAAE A Holl Fofdhz At EZFRE Aotk
4) g E kAol et HE AUTR(FAAAR) © AR R T A= tha ZF 39 | g

ol
3h= 4 Oﬂ‘jJ o olr ok BAERRAge] Hohe A ofgely A RS flstel da 6}4 Ql
gohe Ar-oll= LEfshA] ohdsitt
L ‘W"@, of FAARAEYT, 8ol AHE AU dast Aol wder=

Az A+
2. @A) o8 7hedt A &mHo] gAY AR At b 2wt vlaste] @A3] fdd ZoR
5= ARE HT A
@ FAAARE dol, WAl A W gfolo] dfstol Algatel e of ek
5) Agae R obdo] W3t WE ALz,
o WL Q1T QUG 58 AFA, Mot SR B T uf k] 3 AT ool
At Sl SAAMENE A A AT Aae D ebig sustn Fule] a4t 4ol
SFAYo|| o]uX|EE Ex o7 i)
6) #AA A=A S7F R QA B AW, AEjokE

o
7) AGWARH AR N, P Loy

i)
of
lo
)
i

A #2000 - 613 (2000.12.4.)
AAHE 2 djoteore] A o
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dutr o g2 G} 7= A AWAAIE §-AR x| = (germline gene therapy)e} A Al 3£ %jX}
%] 5 (somatic gene therapy) = AL o] T b IO Hol AMZ SR} MR 7
AR A Alxzof] fAR 22 AYshe AR thay A= AlsE A= et Holtk o]
3k zpo] & Qlste] thREO] FTtol|l A= AMIE FAA A 'R 5]-85hHs FAo|the)

2. HMZ |TXL X|=9)

A A&7 ok FollA A fAAF Az tisf WA A RS stk AAIE A4 A=
=AY Qo] H= FAAE wAFSHAY M= AR &2 Sekn E(plasmid)E AlE o]
Zojdo] o2 HASI= Adolth SAR} A BAQ] 7]Ee EL SANS Agsls 7|4 9 A
H RS Hoke ARI7HA dEskal Rlsks V), 1Pl g A AAE diE Aatst
= AlEgHoR FEETh) O FojlA iAoz ARl 7]e2 Hiolg s 55 Al —,—oHo}lE
5 9jHer 2asto] oA |(vector) ot AwE 98l sid A S 2ASAY o]
ok 54 22 DNA =2 RNA Fei= fojdo] el A5 FHAIHC =N dd 74 ﬁ;“ol
AAZ ol Fol =S dl= 7]%011:}, = 91_r01]/\1 oA wolslo] HAE SANE WAAA

| 55to] S A=mshe 7lee oudith

o Zoke] o2 = 19709t HE AAEIE T & fAAF 2 2A| o] YAFAIES 19909
AHA R Aske] ZZH 3w K- Z(severe combined immunodeficiency, SCID)x} ofd| Al
glolu| - § 42 7 Z(adenosine deaminase deficiency)& 2| 235}7] ¢J5ko] A& A|E=E Itk 2014
ol Her A gl E(s -Thalassemia)& #|=3}7] fJste] oF ¥l 744k A 2A1E FAshd A
9] LA ZBEo] FHAY FHAHE 5= FHM7IRE JfEbElT Qithld) o] Ho]
(mutation) ¥ 74| 755 EAIA A2 WA US| BAE o= AEsharl, ARl gl 4

Tk A JRE At A olSfofttEkaL; 2006.
8) Thomas W, Nigel P, Seppo YH, “History of gene therapy,” Gene, 2013;525(2):162-1609.
9) °l Tt HRRH(EA ARl A A o= o] A At [HHAH =], Aer AAlisha dfst
2015) % A% AL1dY We=s sAsk] AT Aotk

10) ]/Rg% AR X 82A Y E3F 54, Bioin 234 WebZine, 2013;(35):1-16.

11) Edelstein ML, Abedi MR, Wixon J, “Gene therapy clinical trials worldwide to 2007 — an update” J Gene
Med, 2007;9:833-842.

12) vt 2531 (B -Thalassemia)& He} S201 ko] Hol2 Ad7t shyj e A fdste 39 &
ARgolty, EFHEAR=E A193] FH3ENEF3](19th Annual Congress of the European Hematology
Association, EHA)oll A JAFAGE A0S L 275t LentiGlobing A7}E7) A E0]4] 7]4ag o|-&3}o]
g Wl ARA oz BA fAArL stz BA wEt AZFHWNE L A2LE > R )
vie| 1 Qlom, HA) UAF dAtehAolth Bluebird bio, Inc, Bluebird bio Reports Rapid Transfusion
Independence in Beta-Thalassemia Major Patients Treated with its LentiGlobin Product Candidate,
Bluebird bio news release, June 14, 2014.
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HHo2 A7t A=k e HEZ

3. dAMzZE FHX} =

ARp 2wzl HAE AF 7 SolAE W oz JoAlT Y F shirt S48 ddE
A Zoltk g0 M= AN EE ARERE 402 2= (germline gene therapy)<= A4 2o
& T ANE FAA Azobe g, AAA R A 24 TIeke WAL R SfiE Al
ol 8 o] Ak (genotype)oll A4 Q1 FEFE 71Xk o= 27t skl Q)
Y oIl ARE= TIeEHA A8H AR wet of7] 9] 3 W (gene expression)o]
2h d Aoltk. AA Ao Il 7]&olli= A CRISPR/Cas9 3MITh -4} 71| 71<(0]
3} “CRISPR/Cas9 A|AEMS E3 [-4AX #HX|(genome editing), n|EFZ=go} tix|7]|&
(mitochondrial replacement)o] Qlth o]dlojAE o] = 7|&L FLA|F o2 Alw R 1z} St}

N

I

me o mr o

H of

BNCrle

G204 W317162 F24 CRISPRICasd A4 Ql9jdom A waid o8 71 4%
2 QA WA A2 S Y T1Eolth o] 714 e uEzjote] WMol wjFUze] iz ol o

Aek vol| o] DNAS] AR 43 Sho] ol Tk} vpolg2rl tha] AU of 3
DNAS] JHE 7Y o HHo Fehfo] ulo]g|As ResAly]E o] WAUZo|th o)
O7] o 7= 71E LAY, 2410 32 7Sl Bl 22 RNA =3o] 7hol= ok
Hol Cas9 Hdh @sx(enzyme)E DNAZ FIkeshy] wiigol| Huop HUsHA 54 xS A&
oit.

20154 49 = 3BA <=0kl tiSKSun Yat-sen University) 2] #3x}-52 Ql7hufjote] (A=}
Aol JBHrhe AoHE wEslA o] AFE WA kol Yo WA S gEs
AFH R 227 &, o] F A== CRISPR/Cas9 AJAglES AREsf HEr A3l d F44E 1L

b

g3tarAl sFATh) 15k CRISPR/Cas9 A|ARF} HE A= F2 F=9 ok Zu QI

13) Cong L, Ran FA, Conx D, Lin S, Barretto R, Habib N, et al, “Multiplex genome engineering using
CRISPR/Cas systems”, Science, 2013;339:819-823.

14) ZFN(zinc finger nuclease), TALEN(Transcription activator-like effector nuclease) 5 1A|dl], 24} 54
A 7H91E 2 o] DNA H7IAES A o= AR o] didgsto| 1 77k¢] st DNA
£ A=7] Sl 9 A 7EE THEoloF SHAITHS M2 FAAF Blole 2 HEE T
= WhEofof g, 3AI FAAF 7EiQl Al am AARE Zho|= RNAS wAsHE AAl=A] M2
AR 7S whE e qlo] Bt ZHskal A-sHAl 144 RS 7Sl Stk 53] ZENY} TALENS]
A 7o) Mg ZttEY ol wEs ko diEdS Zar it
A9 A FAA ZFFE, A2 AlEd 7Hes HETHART AA a dEdH), Akl
A2 2, 2013 12 30¥R}, <http://scienceon.hani.co.kr/142544>(u}Aa}t &< A=} 2015 12¢ 20Y)

15) Liang P, Xu Y, Zhang X, Ding C, Huang R, Zhang Z et al, “CRISPR/Cas9-mediated gene editing in

CMCHEE | IP: 128.134. %% % 84 | Accessed 2017/07/06 17:16(KST)



no
(@]
o

=o|ZHsts|X| M23# XM2& (2015)

M2 5= o183 A77F diF-Eolloth ol F= AFAEY AFS AA H2= AxtHiorE
o= si7lel oL oujrp Ak

2) O|EZC=2|0f CHA|

o] 7|&2 EARN FAEE nEZEol Aeks djdsty] flsto] APTEATh nEZ= ot
A 7142 391 AlJ=7(in vitro fertilization, o]} IVF) ®Aolth Whajel o] o] A AlFE 4 A-
g2 JE3| uel 4 A UAE ARRSHE A HES=o]X](maternal spindle transfer, MST) S &
3§t n|EZ =20} DNA(MDNA) 22h 4% 3 o] Al(pronuclear transfer, PNT)3}+= H4lo] glch
A MST= n|EZ=g|ol gt RS HAgh oo WAl & ®5(nuclear spindle) o]
AFsted wlE] S A|ATE B2 mMDNAS 7HA AL Sl 7154 o/ 9] WAL= o] F(transfer) A
7= WA FSTR) AR E GAEE o A9 S AH Aol AMdEET, ol FRE
stolg 7S o1& @A Sk = WA Wl PNT= o A9 bkt g/ o] FAE A4 st
of A rdetoll A 3 (pronuclei)S =510 A o] AAE 7|54} o4 o] Ao o] Algtoz
# HloHembryo)E B/dsh= HH oItk

I EA= EEEYor A 7le R glold ofole RO fAAE e HE oY)
o g7 3919 FAAE Eeitethe Holth &, AAAIEE Sl(nucleus)ol] EAR FEO| FrdAke}
HEZEgolr Jal Qs WA 7]5AHS] mIDNAE 2HA| Ho] i om Al RE 7HgAo] A
Al=ar lek

1. ©H g9l

o|stof A= ¢12f XA {2 X7 7]l s SuUeE 233 =8 =79 24l HA
¢S AbERe] AwR st g

human tripronuclear zygotes” Protein Cell, 2015;6(5):363-372.

16) Tahibana M, Amato P, Sparman M, Woodward J, Sanchis DM, Ma H, et al, “Towards germline gene
therapy of inherited mitochondrial diseases,” Nature, 2013;493:627-631.

17) Callaway E, Reproductive medicine: The power of three, Nature News, May 21, 2014, available at
<http://www.nature.com/news/reproductive-medicine-the-power-of-three-1.15253> (last visited October 25,
2015).
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1) &=

< 2003 etrlei gl BAROA A QIXFETIAE A0 & A Aol oA s
%71 AlE A4S AsITE AR olA= IVE oA Aga] o 7]FRhe W A=y A
AE “o] B 9] |VF ufjolt A|A|Z A o] 7]<(Somatic Cell Nuclear Transfer, SCNT) = AJAJ = ujjo}
£ e ® 3t E7A12 dAite s8Rtk o, AQollA 14 ol ARl wjol= ATt iAol A
HiA|ETh18) o] 23t Hjo} A-o] W fof] FAF HAo] AP E = A= HESitE By 2T S
ol A= AA Hz= Xt HjolE th o= CRISPR 7|5 o83t 44 HAY 7|&o] 452t vt
UeBT, A A T2 XE wjore] AR HAY AGE 58kl Hiopdk Zew Helrh

2) o=

U]%£ 20134 =Y = 7A¥(National Institute of Health, NIH)o| A A3t | Z2g, A HARER T
Ao FHRAY X Z(NIH Guidelines for Research Involving Recombinant or Synthetic

Nucleic Acid Molecules) & E3}o] SAZ HY AFE FASIYTE 1919 A 20158 NIH=
Xt wjols the R sk A HAY 7ls dFtol BASHA] §h7]12 AAsHIh ol AAAE
o] FAF Wgo] th3Aldiel 159 59 glo] Ayt &u) EAE Rre Ao s gy o
olr}19)

nEFEol |y ALt BASA, vl=E o] 7w =YS HE
Al ARt oM RS ol o5 3-8she Ay wHE st tﬂollﬂ% 7:15??} H}
pom, mj= ofstlE nEFEol thA] 7w e dol tiet HuAE A F Aoem oy
k20 Z2u op| 7R ARAFoA 3854 Al Atk

3) I=
e wjole ARG G2 AT A} SekE UL Hs) ek 53] mEZS o} o
71EE S UErE 23dsto] thEE] H7tol A SAsgt=t, 20159 29 = St mEEE
o} DNA Ho](mutation) 2 213t A 4 AW 5T 4 9= u|EZ =g o} t)#|(mitochondrial
replacement) 7| & 3} a1tk @AY o] V&S WA LR 585tz =7k A AlANA =

ﬂ

18) The Witherspoon Council, The stem cell debates: lessons for science and politics, A Journal of
Technology & Society, 2012;34(Appen E):9-60.

19) The NIH Director, Statement on NIH funding of research using gene-editing technologies in human
embryos, April 29, 2015, available at
<http://www.nih.gov/about-nih/who-we-are/nih-director/statements/statement-nih-funding-research-using-ge
ne-editing-technologies-human-embryos> (last visited December 20, 2015).

20) Ewan Callaway(2015). $]9} 4.
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el gl
2) Y=

U A= 20019 Agskal 2009 AT d7hlelE 7 e e B ARE AR ol mHEhA
S7IMZE AT o] ARl WEE HjolET A= IVFR AAdE 149 ofuf 2] Hijoby]

= ol o mut 7Vgsieh Bk o wjohs oAt G 7|5 Aololof str] “L4 1]§7 9]
AAA] BAro] gl 71Fololof §tk2) ShAIg Ui AN Qlgk AAMIE §4 B 24
skt olek29) Tefuh ofelst AL A AL F3l ol FAIL Qv whitel o] Al ofsirta
2 4 9rk

5) =t

1o Q1T uhe} o] ket A Le -,% B9 A A2S Fesgch Aeey
o A47Z A2FANA BAAE, ok, BolS o= s fAA RS FAFL o), T2
Aol uet A2 A7 AFAOR gt B 4 ek e oleldt N2d Aol
TAAQ WA AR Ho] ZakEE Ak 13401 Atk 28l /1) Aol

U Z2 20159 128 9 A71=3] 23] ool A FabE Hielsold i o] Ay AHARd
< o1& sfdshr] Hebks 23] F 7HA] HollA 2412 iXV} ek A WA EAEL FAE A
=29 el S5 4o & ks Aeolth V& AYEEY A A e “Z‘“U o =
© ARE FHO2 §404 Holg dovle 4™ e AT dy o] AYE
A2 AR A5 Ee AR A e ARE BHoR A2 4 22 Zﬂ%‘ﬁ}t
?4_94 oz Aol Txﬂh o]zt 7HL40] AAZ 225k ;@A]?‘OEN ot Ql 2

e ox fr

£ SARARE AAZOY SHEY
AR the A S B wAIeke Ao ohel B4
mhon e 7149 22t BRRS GARHR o] Holo]

21) Callaway E, Scientists cheer vote to allow three-person embryos, Nature News, February 3, 2015,
available at <http://www.nature.com/news/scientists-cheer-vote-to-allow-three-person-embryos-1.16843>
(last visited October 25, 2015).

22) The Witherspoon Council(2012), 9]¢} 5.

23) Motoko Araki, Tetsuya Ishii, International regulatory landscape and integration of corrective genome
editing into in vitro fertilization, Rep Bio & End, 2014;12:108.

24) BRI/ A UG- 283 F B S oV FFH AR EE, ABae] # b et HE
RN GHESL TrojdLd 2015. 6. 23. No. 15728.

25) Avgge] 9 ok gt HE. Al2x 163
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ofehz L MA HARHR 7} vHA] FAHAE WAL P Ao] Bol T A
S

ok Aoz AP 5 s

= olfl WAl =Etd AME R AR gt AE iRt W2 ofEl
(Motoko Araki)e| 1+ Z23fe} Zo] IVF Hijop 25 el 8 w7ks0] AMIZ 4 A=
£ 383te FAlh W ol ek HollM )7t Ak AL sjA Ak 2= Ao A
Zlee] A8kE e AAAME AR ARE AYse 22 sk ligel divt o7t F=53t
Zolgkal HolZink oz olgA = AYAAE, wiof, HiolEs iR A A2E SAskE
8wl AT Ao A Wole A A Re A A ARYeE ekl A&
2l it meEt AME 7R A 2E SRSk Aol EHoH

20159 FIRE ey gl = wAl EAE e AT AL Aol Al
ARt A A7) A 8= AR Aol vk 2 23S AAIRE ol= AltolqelM 1

AJGE e} o] “@ TOpAPY, WoRE SAA A AFchAR} ojet YUH HA B &
24 Zue dEste] YAATLS S WAV AAHA o]l d 4 glon], AL 7} e
AES ABNERRY AT SEA B7HE B lol7] uiRe] o] Ageevn 2 5
BMOE o] F0R AT 0|7t T Mol Wolck2n) =, s 2ae] Al A ey
3} pARHolA olFOE FAANBAE FAISH: 4 sk dol Bao] ggich shAT o]
2afo] AAEGTHE AL J1Eo AAAE, ok, BolS tho.R Adske A2 Aol 518

Wel ES AAE A ofnlich olo] wel AAMEES hao® she N2A Ay FAHw,
a2 vjoh 1 A0 ALY eISleiet ZR5ai) H5Ick it eislel) HRl el v

Aol AAE fAA AR A77E LeE AAAE oJFolch AR e AR Al
AN Aotlole] Bres HEshe A S8 Sl AL 4 A2 A7
7} AR FHsAo] G AT BES Aui u), AANE SH4 2 A2H APe] FaAol

FzE7] oYtk BojZIct30)

26) Bl ZA A

27) ZAIA.

28) °FAR AI342(Y% **16‘5«1 AE 5% ) ® AFFEIAAT A
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[ABSTRACT)

Issues of Genetic Modification in Human Embryo and its
Future Orientation

Kim, Han-nah*-Kim, Sung-Hae**-Kim, So-Yoon ¥

This article aims to examine clinical problems of genetic modification in human embryo and
current international trend of its technologies, hoping to provide suggestion for its future orientation.
In accordance with the social consensus embedded in the society that protects the dignity of life,
South Korea prohibits therapeutic research and gene therapy that use human embryos and
reproductive cells. Yet, a group of Chinese scientists reported having used genome editing
technologies with CRISPR-Cas9 to human embryos, starting again the debates whether we could use
it as research subject or not. Also, recent legislation of mitochondrial replacement technologies for
therapeutic purpose in the U.K. has further emphasized the advancement of genetic engineering and
its application in real clinical setting. Authors, in this article, suggest for temporary moratorium of
having genetic modification in hunan embryos. For such, the international community and
intergovernmental organizations such as UNESCO and WHO have to elaborate the discussions on
human dignity and risk of these researches.

Keywords: Designed baby, germline gene therapy, gene editing, mitochondrial replacement, legal,
medical and social implications
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