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Posted 14 June 2019 | By Zachary Brennan

Regulators from Argentina, Israel, Jordan and Saudi Arabia were recently approved by the 
International Council for Harmonisation (ICH) Assembly as Regulatory Observers. The approvals 
came at a meeting from 1-6 June in Amsterdam.

ICH said the meeting was its largest biannual meeting ever and that progress was made on existing 
guidelines, training materials to support guideline implementation, the details of an ICH meeting in 
Silver Spring, MD, on 31 October on the revision of the guideline ICH E8 on clinical trials, and the 
council decided to work on four new topics.

The four new topics for ICH harmonization include: 

•Q5A(R2) Viral Safety Evaluation of Biotechnology Products Derived from Cell Lines of Human 
or Animal Origin, which is proposed as an update and to expand the scope of the guideline to 
include new biotech products, such as viral-like particles and viral-vectored particles.
•A new Guideline on Non-clinical Biodistribution Studies for Gene Therapy Products, which 
will �recommend types of the nonclinical studies with which collection of biodistribution data 
is considered informative and/or necessary to support dosing in early clinical trials, and which 
will provide guidance on the design of the studies. This will result in streamlined development 
of the gene therapy products with higher scientific rigor while minimising the unnecessary 
use of animals.�

ICH also said it plans to publish on its website the results of a survey conducted this year on 
monitoring the adequacy of implementation and adherence to ICH guidelines. In addition, ICH is 
holding a public stakeholder meeting in Tokyo on 25 July 2019.

A new ICH guideline on Biodistribution

https://www.raps.org/news-and-articles/news-articles?author=79531da4-4d5a-49ce-9d78-72d20fe68c4d
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�Zinc Finger Nucleases� 
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(2) TALENs 
�Transcription Activator Like Effecter 

Nucleases� 
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(3) CRISPR/Cas9 
�Clustered Regularly Interspaced 
Short Palindromic Repeats / 
CRISPR Associated Protein 9� 

$#* RNA�e���B����(2.%��

!u���7Q!?a��Zl -%)1"

�;wig��n������ ��O	

�to{�?amW!z� $#* RNA �

���k�x}:�������&+0��

�Sb������  

  

 

sMy9Y�` 

*+,�!��'%"&

�/��������
��' $)�(��#' $)�����-��29	4�12�.��



=AC %��3!�"&�#��
GClinicalTrials.gov, 2019.6)

CRISPR/Cas9
3$�

TALEN3$�

��

�

• ��045.�,:/(1()'�
04=AC %3!�"&)�	
• CRISPR/Cas;�(-=AC %289!�$�)�*1��;�69
• �+)ex-vivo=AC %.)in vivo=AC %07���)�� 15

0

5

10

15

20

25

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
CRISPR TALEN ZFN

���@<50��3BE?>FD)�



Clinicaltrial.govP)F"QV[^3H>�@M

$
�

�A%� # V[^3HQ-KN��!
�*07c
24c=�

�*D�� V[^3H,* �M�G

2009 HIV 1� ZFN TY[ ex vivo T07 CCR5 KO Phase 1
2010 HIV 1� ZFN TY[ ex vivo T07 CCR5 KO Phase 1
2010 HIV 1� ZFN TY[ ex vivo T07 CCR5 KO Phase 1/2
2012 HIV ��� ZFN TY[ ex vivo T07 CCR5 KO Phase 1/2
2014 HIV ��� ZFN mRNA ex vivo T07 CCR5 KO Phase 1/2
2015 HIV _U`dZ� ZFN mRNA ex vivo B?�07 CCR5 KO Phase 1
2015 HIV _U`dZ� ZFN mRNA ex vivo T07 CCR5 KO Phase 1
2016 ?	&B _U`dZ� ZFN AAV in vivo 5= T`\]b� D���� Phase 1
2016 ^W�/'1� ��� ZFN AAV in vivo 5= T`\]b� D���� Phase 1

2016 ALLNCML _U`dZ� TALEN
mRNA
eCARRab
Xf

ex vivo T07 TCR, CD52 KO eUCART19) Phase 1

2016 I�076OS ��� CRISPR ex vivo T07 PD-1 KO Phase 1
2016 ��JE�OS& ��� ZFN plasmid in vivo ��JE HPV KO Phase 1

2016 ��ALL _U`dZ� TALEN
mRNA

(CARRab
Xf

ex vivo T07 TCR, CD52 KO (UCART19) Phase 1

2016 <8OS ��� CRISPR ex vivo T07 PD-1 KO Phase 1
2016 907OS ��� CRISPR ex vivo T07 PD-1 KO Phase 1
2016 �.;OS ��� CRISPR ex vivo T07 PD-1 KO Phase 1
2017 ^W�/'2� ��� ZFN AAV in vivo 5= T`\]b� D���� Phase 1
2017 EBihnj�:( ��� CRISPR ex vivo T07 PD-1 KO Phase 1

2017 kplpogmihnj���J
E�+�E:(

���
TALEN, 
CRISPR plasmid in vivo ��JE

HPV16, 
HPV18 E7 KO Phase 1

2017 LCOS _U`dZ� CRISPR ex vivo T07 PD-1 KO Phase 2



"*]$��

l OE��+17P
^O'8.,P]�:[UZM�FSbE��e��XW\<Rgik9K =e/Qd�
�eD�N

l45?0&]@C�L[UZMgik9K =e/QYE��+17;�45\��VdY`M45?0&
\@CV_T�L[UZME��]"�\/QdhljfBM)G7]��\JVd�LeD�N

	-��3O66�
^6p�E��+17;�45\JVd!H]>2U\JVd�I��m��30�1(19%M3(12%nPA#ac��

U\�WFO az
��;L]ho�Mv�n7�2�

��S�������;L]ho��
fg�]h$5�
'kj����;LD��;L'N>��qx'8�<A�R
4�%��
E�`M�JH�B'[j���8��;L'U
K�%��D��;L'UK��qx'8�<A�R4�%�
�'���

��S�������;L]ho��
fg�]h$5�'
kj����;LD��;L'N>��qx'8�<A�R4
�%��'���

�Yrb_�Mv�n7�C@�

��S������Yrb_��
{�w�R4�%Yr
j�=|�&�fg�]hD�5���#��;L�s!� 
&����E��&'G")(.+��9�pL�:3�sT
��;Lo�����
D�`M�JH�B'[j����
;L'UK�%�#�c�%,/-*�y���Z�o'��
�

��S������Yrb_��
{�w�R4�%Yr
j�=|�&�fg�]hD�5���#��;L�s!� 
&����D��&'G")(.+��9�pL�:3�sT
��;Lo�����o'���

lm}dX�~�6��nC?�
��� �e�
� N>�%�;LE��;L�N>W^
� �i�tu
� N>�%�;L
� �;L�N>W^
	 {�w�R4�%Yrb_�sQ
� �;L�UK�c�%,/-*�D�Z�o�PI
� �i�tu
� N>�%,/-*�$Z�o
� �;L�UK�W^
	 {�w�R4�%Yrb_�sQ
��1 �e�

��� �e�
� N>�%�;LE��;L�N>W^
� �i�tu
� N>�%�;L
� �;L�N>W^
	 {�w�R4�%Yrb_�sQ
�V��

��0 �e�

	-��3OE��+17;�45\JVd!HP]"*m2019o3n



A  T G  C  T  G
I          I I I I I

T  A  C  G  A  C

GRW&0<AB-����

.�)*YIZ_\
QF]C_K

C
G  T

I            I

I

G  C  A

��5;2GRW&0

A T G C T G A T C T A
I       I I I I I I I I I I

T A C G A C T A G A T

DNA��/��

EUDFL_

(CVR	
`NCVP_Ka

[H^TP_K

DNAXM\	/
(XM\	

+����
SJO^�1

���

%�3

-��!���

��<AB-���
�	

"�%�3

GRW&0=-��� :58=�'
?,�$�

Me

A T G C T G A T C T A
I       I I I I I I I I I I

T A C G A C T A G A T

A T G C T G A T C T A
I       I I I I I I I I I I

T A C G A C T A G A T
A T G C T G A T U T A

I       I I I I I I I I I I

T A C G A C T A A A T

EUDFL_

(CVR	

(XM\	

NH2

-��� =
$�

���9>�@;2
4�#<>76



Ex vivo�����

• �����)�".0/���	�,*123�!
*��

• �����)##/��+������
��
� )-/

• ����*��)&"'+�%(��$��

'.*2$
861�������!��.	�+,���0+,
�3�������#�
���(���)�/4��
 ����2��5
"&%79
861�����-���"���!��.	�+,���0+,
�3���
����#����(���)�/4��
 ����2��5



¢C�A8�<D(O£ C�1z�
g   Z������{,�q�+��NsrEI¦¦¦hz-Qu�"
�Z��3<DK @By`q�*]z-Qv�p

?�C21

 Double Stand Break
 Single Stand Break
 based editing
 �����¢����£
 ����z	c

nn|u��Uvq�
¢Z��3<DK @Bv�p£

Ex vivoZ��3<¢a�C�£ EI

C1A  �����
 �������¡
 ���Gb
¢�¤����Vf2[£

���Gb�NsrEI�����

iPS

���Gb�NsrEI�����

C2A
C3A

���Gb��z
 ����V¢EI��£
 mRNA¢=7/_y��xj£
 2[
 �����5

z4�

wz�ky X9q�zl¥

TS
 ����V¤EI�→��4�5'j

EI�¤x��lz+�m!P→���¥
 mRNA¤����z=7m�Y$lf)F>ly�st

���{:x�¥
 }o������5z.m&#mi�l~o�xj

���¡�¡eWM�EI¢��
�d£

 WJ;$zR�
 ^0follow up ←6y\P

?

���Gb¤
EI
z���~H%

L������7z&#



7<> (/23$���	0���

• 5=9A7:;��0��
• 5=9A7:;��0����

• P53.-0*4��$��0	�?86
• 5@9A7:;%�0
+.	�1��
• �"�	�?86BDSB'#C
• 7<> (&�0���
• In vivo7<> (/),3���!0�	?86



�#+���)+CRISPR/Cas9*,.Off-target/WGS��,.��%-Cas9"PAM �"SgRNA+���
Zhang et al : Off-target effect in CRISPR/Cas9-mediated genome engineering. Molecular Therapy-Nucleic Acid.4, e264;  2015

157�!+	���90628134��+��

lInsilico��*,.0628134�
�+�


l����157DNA/�$'06
28134��+��

l��*�&(��/�$'��



|���~���,n��}

• |���~��B� N
X�\N
��@nB�X�

• |���~���) DNA&�\AEYR"\AE/
• |���~���8 T��.FX�\ax�

3�K�	4�:@���m`cu���F# AEw5^u	4�:@%�I
7nPG9#J�n�-n�z��
G9WQT��(Cosmic census + Shibata list)nSNV/Indel�p���(8�
(CNV)wJ�(iPS/ESAE@6*AEnJ�mS5�
�4�<�'�>?V;LUO= ����0613�3��2016�	

• y��{z��s�����@w5^fT��2:m`^hr�[!io]ua~�
�C$��8oMbh^ujD_tvh^u

• Z�0AEs��efAE\CARTlknax2:lkio$��8sPG9
#mg^h~���8nH+@w1qudjol^



����������P53�CRISPR!CAS9����� ��
���� ⇒ p53�KO����	���� ��
����

Haapaniemi et al: CRISPR/Cas9 genome editing induces a p53-mediated DNA damage response. Nat. Med. 2018
Ihry et al: p53 inhibits CRISPR-Cas9 engineering in human pluripotent stem cells Nat. Med. 2018 

CRIPSPR/Cas9�����"GO���7(N%1���p53KO!�FKD
I�MC���)B����"GO�����>3DI���#� $�28

��7(N%1�'��GO�0;
���	��-,�P53�4P�D
I�?����.A�&=������LH���E<�
��*�6��
Q�DI�/�@�+J5����9:



Ferguson & Frederick :DNA double strand break repair and 
chromosomal translocation: Lessons
from animal models. Oncogene 20: 5572 (2001)

Torres et al: Engineering human tumour-associated
chromosomal translocations with the RNA-guided
CRISPR–Cas9 system. Nature Communications 2014

Chen et al:Targeted Chromosomal Translocations and Essential Gene 
Knockout Using CRISPR/Cas9 Technology in Caenorhabditis elegans. 
Genome Research 2017

��������
���	������



��O<�����<��"
(L`gl.=O�&

• <��"(KO:1'�()]svP:4�,/Nqf
r[Zpb+O<���	0O?Tk^ctK�9
• DW<��N<��)$OGQOk^ct%�jrmtcO�
	

• ��O<��"(KDW��<��O\ict`df�
&D6ICHG��PESUJ@M@u*�-�BL<�
�KOO;@v
• `gl.=PDSBO�	L,/O<����! N�
�⇒DSBNRT�2��&O7�>#N5�OaZfN
DSBV�	FT_tb
• iYnepiYX�2�ORAM3csh^8O
$ob^



PV\$5D�D��*�

• PV\$5D0�A#%D��AD4�c.'�#
%FDPV\$5d

• MaW[PV\$5CIJ��#%D��]QO
• 3�Z`bLTXc1����&D6J_U`NM^Q
H_aSNM^QYORb@E/ �D���,D+
�9�(deBDI7C)�=JG:8

• ��	�e�!�	@6JPV\$52"D�	�
CI>?�:-;<KJ
&�




0�
*#�-#"
�29������

��30�7 3�

UVW.=�1MJBK�;9�T,I�ESFLT$�?Concept-
PaperT�ROLPS

�;9��@UVW.=�1T)BH8��%*2�<+MCD
S6>L�7X���5�NHPN3�AN�;9�Y UVW.=

T�)GH8��%*2�N�7(�4!Q���N3�MJ
BKOLPS

��: ��'/

	��: �&��



�	�������������� �
��
�������



ktw6K�;�I,`H<BL

u ktw6K'p|y`?>`F
�.A

u i{n|kor� �aiun|kor�(`=�

Ø ]`cQ^1MO]`0�`�(USVe`T

Ø iun|kor�(_cdCVdRe5 `�$=�

u G����\�!Wf[Pe#+� \`-J

u #+l{mvr}mode-of-action~_��XZ���g/�Ye5 
}POC~O;%� Oin-vivo`&�	�@N^]

u ���@N�

Ø i{n|kor� biun|kor� `��O�aktw6Kp|y`��
`4D2g7�XZ�:"�@N

Ø ktw6KXZ38`jz|sxqh|bE9*�

Ø �)�

M. Renner: EU regulatory aspects of genome editing��

Stance of EU



R`YgT[\VP\G1�hji

in-silico1�FKM���GbXa[ZO3

�>M(���7G��8�#
hCRISPOR, Cas-Oft-Finder*FKM1�i

�#=NMR`YgT[\6�

'&D>M6�

Uf_dgY�# YgT[\7GPCR��

+.
9M:Hin virtohcell free)CGT

^ceP]C�LGE:R`YgT[\��
�06�G4�
hGUIDE-seq8BLESS8CIRCLE-seq*i

(��F�A<�!D�A;E:�!FKL��=N?R`YgT[\VP\F@:B8
�/&E+.)hin vitro and/or in vivoiO$:B���WgSQfVgJLAM-

HTGTSFKL1�

4�=N?R`YgT[\6�

�/&E�&+./,-CCasFKM�%6�G��

Cas9-gRNAFKM��

M. Renner: EU regulatory aspects of genome editing��

+

LAM-HTGTS: Linear amplification-mediated high throughput genome-wide translocation sequencing 

"k� �FH	�&4�!ICH25=NB:E:

Stance of EU



Xe^mY`bZWbN2�n2o

l 3�4>MBAI?Indeln�	$�o�(N=�KnIndelN=�p
Ycg.<amjoU�:

Ø ��EG-/JN3�

Ø "
&N��?;�N���nYcg.<-/ VS. -/o
Ø Ycg.<N#�K.<DTS8��N�CDN%�

Ø Xe^mY`bYcg.<MQHI�C6DTS�5N3�

l  1�N7�P$�N2�
'M,+KELA*LS9�J6CIAS0�N2�

Ø�qFISH?!���?VkWU)AGYcgdWfi_W]m[hl
V`\WnCGHo

Indel-frequency:YcgN�	LAEO$�?@SAOFN��N=�

M. Renner: EU regulatory aspects of genome editingQR

Stance of EU



l fmq7IY_bG.�$��CZrhe@� (ex vivo, in vivo)
Ø fmq7I[��fmqY&6/X�
c�Pb

Ø fmq7I[0/�Zfmq#�Y_aMH��.(Z+�^%=�
ZE�M��;-ZB�XWc]T`S�:�QNb

Ø 4F�oeitc*OUfmq7Igsptlskc��Sb��["�
�+Y_bQd
ZrheQNb

Ø fmq7Igsptlsk^.()'Y�Sb�,�2Z�:�

l J<��	�A�V8�S\R�K

Ø fmq7IY*Ob >

Ø ex vivoV#�Sb39Z1L
Ø fmq7IgsptlskZjrnrtY*Oboeit

Ø <�VZ!�5D

fmq7I*?VZ�	�A�Stance of FDA



�y��x��&Q�15�Q�:M��{~�i�b�

��z�~�}��-�lRcuUC�IX�INDELlRcuin vivo, in vitro, in silico
F'8�m;(l�f]N4�%��Km��~��|G2v7)cu`i
���?9@h\w �O��l�Vcu��Y�y��x��E�l?\w4
0mH	m��~��|G2v:pMq�

��}��<Sm*5:=l/35k%��Kv��~��|cu`i

��}��<Sm*5:=v6"��~��|cu`i\�Tk���Akj�Y}��
<S1D�m(leZg�$)v#)cu`i

��z�~�}��-�iz�~�}��-�mP+v,rYz�~�}��(m.�

[tz�~�}��-�v�.ag�y��x��G2v7gu`i

��}��<S1D�v�L!�cu��YC�hm�����~��|n*5:

=�B�hmz�~�}���1d_hk^Y�m:=�B�hmz�~�}���
1sJou`i

}��<S1D�mC�hm>��WStance of FDA



35

FDA EMA -/
V�GH

�"z����
¨�K

Chemistry, Manufacturing, and 
Control (CMC) Information for 
Human Gene Therapy 
Investigational New Drug 
Applications (INDs) (Draft, 
2018.7)
Long Term Follow-Up After 
Administration of Human Gene 
Therapy Products (Draft, 201.7)

Guideline on the quality, non-
clinical and clinical aspects of 
gene therapy medicinal products
�2018.3�
Guideline on quality, non-clinical 
and clinical aspects of medicinal 
products containing genetically 
modified cells�Draft, 2018.7 �
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