
HAL Id: inserm-00144764
https://inserm.hal.science/inserm-00144764

Submitted on 7 May 2007

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Synthesis and receptor binding affinity of carboxylate
analogues of the mannose 6-phosphate recognition

marker.
Audrey Jeanjean, Marcel Mg Garcia, Alain Leydet, Jean-Louis Montero,

Alain Morère

To cite this version:
Audrey Jeanjean, Marcel Mg Garcia, Alain Leydet, Jean-Louis Montero, Alain Morère. Synthesis and
receptor binding affinity of carboxylate analogues of the mannose 6-phosphate recognition marker..
Bioorganic and Medicinal Chemistry, 2006, 14 (10), pp.3575-82. �10.1016/j.bmc.2006.01.024�. �inserm-
00144764�

https://inserm.hal.science/inserm-00144764
https://hal.archives-ouvertes.fr


�

���������
	���
������
����	���	�����������
 �
��
!�#"$��%&%&
'�(
 ���)��%��*�������,+��
-'���.	/�0�
��-'�("21
	��3��%4���
	657�������(�8	

9�:�;<�(�(�=�(�(���.	>�?	����("2�

!�@
'�,�BAC�0��D�	��

E�F*G�H@IKJMLNI�O�P=Q&IRO�PTSVU�WCO�H@X�I�Y�Z[O�H@X�\]O8S_^
E[Y`O�\aP3b<IKJ�GTI=cdSeU�L=I8OfP�g!bih�F�\]jkWChTPlcdIKH@h�SmUkOKP�GnEoY`O�\pPoWChTH@qKH@IKU rts

UubiOKv0h0H@O&c'hT\VH@IwGTIwx<yT\az6\`I|{w\ah�zMh�Y`}�X?F*Y`Of\aH@I8S�~�PT\V�*IKH&j@\mcd}�WChTPlc'��IKYaY`\]I�H(���
� X8h0YaI4��O?c'\ahTP�O�Y`I3��F���}�H�\eI?F�H@IwGTIwx4yT\]z�\]IwGTI|W�h0PRc'��I�YpY`\`IKH@S����<F*IwGTI�Y � � X�h�YaI4��h0HdzMO�Y]I

� g����T���T�[WChTPlc'��IKYaY]\`IKH�x<I�GTIK������S � H@O�PTXRI
� g�zMO�\]Y
��zMhTH@IKH@I��$F*PT\V��g�zMh�PRc'�T����� H

� IfYk�R��Plck�k�T�[���T� � �M���[���
� OK���l�dPlck�k�T�n�n�T� � �����n�T�

^ �¡�¢� � �|W�S�~�PT\mcd}[�R���TS � WCx<x<S��T�[�<F*IwGTI£��O?�0O�X�I�Y]Y`I�j@S � g������T�T�[WChTPlc'��I�YpY`\`IKH@S � H@OKP�X�I

¤n¥,¦@§@¨�©TªK§<«
� yTI[zMO�PTP�h2j.I[�Tg��Ty�h2jd��y�O?cdI?¬k\aP�j�F*Ya\pP�g�Y`\p­�Iw®TH@h�¯wc'yM��O�XKc!h0H(�'�°H@I8X�IK��c'h�H�± WC�l²�¬ �@Z � ���´³4\]ji\aP���h�YV��I8G6\]P
z3F�Ytc�\a��Y]I���y�J�j@\ah�Yah0®�\`X�O�Y���O?c'yR¯MOKJ*jµ\aP�XfYVF*GT\aPT®�cdOKHd®�INc¡\pPT®¶h��3YVJ*j@h�j@h�zMO�Y·IfPT¸�J�z�Ilj.S�GTIK®TH@O8GTO?c�\eh0PCh��
�@Z � �¹OfP�GºX�\`X�O?c'Hd\!j.O?cd\ah0P»c'y�H@h�F�®Ty � Z �

β
O8X?c'\V��O?cd\ahTP�� � h»cdO?H�®�I&c��ThlcdIKPRc'\aO�Y¼c'yTI�H@OK��I?FTcd\aXlj�cdh»c'yT\]j

z�I�znv�H.OfP�I½H@I�X�I���cdh�H@S��'h�F�H¾X�OKH'v�h��TJTY`O?cdI¿OKP�OfYeh0®�F*I�j¾hT�»z�O�PTPTh�j@I¿�Tg��Ty�h2jd�TyTO?cdI¿± WC�l²k³»¯MI�H@I
j�JTPRc'y�Ilj@\a¸RI�G�� � y�H.I�I¢h��|c'yTI�zMS(c ¯Mh°\ j@h�j�cdI�H�\aX/X�OKH�v�h��TJ�Y`O?cdI¢O�PTO�YahT®�F�Ilj�O�PTGBO¢z�O�Yah�PTO=cdI¢GTIKH@\V��O=c�\V��I8S
j�y�h�¯nI�G/O[v�\pP�GT\aPT®�O��'��\aP�\tc�J/�'hTH4c'yTI[WC�l²�¬ �.Z � ���ÀI�ÁlF*\e�0O�Y]I�PRc<h�H<yT\V®�yTIKH4c'y�OKP6c'yTO?cihT�(WC�l²i��ÂwP6c'yTI
X�hTPlc'H@O�H�JÃc'hÄWC�l²,SwOKYaY|c'yTI�j.I°O�PTO�YahT®�F*I�j¼¯nIKH@IÅ��OKH!c'\`X?F*YaOKH@YaJ»j'cdO?v�Y`I°\pP¶ylF*z6O�PÆj@IKH'F�zµ�£W�h0H.I�h��0IKH@S
c'yTIRj@IµGTIKH@\V�*O?cd\e�0IljoGT\`G$PTh�c´�TH@Ilj.IKPlc·OKP�J)XKJRcdhlc'h���\aX¢ORX?c'\V��\mc'JBOK®�O�\aP�j�c<c ¯nh$yRF�zMO�PÅX8IfY`Y4Y]\aP�I�j=� � yTI�j@I
OKP�OfYeh0®�F*I�jÅH@IK�TH.Ilj@I�PlcÇOÈPTI?¯É��h�cdIKPRc'\aO�Yµ�'h0H�c'y�IÊYVJ�jNh2jdhTz�OfY3cdOKHd®�I?c'\aP�®¹h���I�P�¸fJ�z�IÈH@IK��Y`O�X�I�z�I�Plc
c'yTI�H@OK�TJ¿\aP¿YpJ*j@h�j@h�zMO�YBGT\!j.I�O�j@IljËh0HÃc'h¿�TH@I?�0IKPlcÃc¡yTIÌz�I�znv�H�OfP�I�g�Olj=j.h�X�\aO=cdI�G¿O�X?c'\V��\mcd\`IljÆhT�°c'yTI
WC�l²�¬¡�@Z � ���3�

H
A

L author m
anuscript    inserm

-00144764, version 1

HAL author manuscript
Bioorganic & Medicinal Chemistry / Bioorganic & Medicinal Chemistry 15/05/2006; 14(10): 3575-82



�

������� §@¨���	�
�ªK§
��� �

� yTIwz6O�PTP�h2j.Iw�Tg��TyTh�j��Ty�O?cdIw±!WC�l²k³(\ j�O�H@I8X�h0®TPT\tc�\ahTPMz�OKH�­�IKH�\aP���h�YV��I8G¼\aP3c'yTI[j@I�Y`I�X?cd\V��I|cdOKHd®�I?c'\aP�®�h0�
PTI=¯MYpJ¶j�JTPlcdyTIRj@\p¸�I�G°YaJ�j.h2j.h0z�O�Y<I�P�¸�J�z�I�j3� H@h�z¿c'yTI����������?g�Zoh�YV®�\|P�I?c ¯nh�H�­Ã± � Z<�¼³�c!hÃIKPTGTh�jdh0z�IljN�
��h�H!c'\aP�®/OfP�G¼c'H@OKP�j���hTH!c#h0�CYVJ�j@h�j@h�zMO�Y�I�P�¸fJ�z�Ilj OKH@I3I�P�j�F�H@I�G6vTJ6c ¯nh6H@I�X8IK�lc!h0H&j.S0c'yTIo���6­��MO3X8ONc'\ahTP
GTIK��IKP�G�I�PRcdg!WC�l²ÅH.I�X�IK�Rc'hTH�±�x��Mg!W��l²���³iOKP�Gnc'yTIo�T�T�¼­��nOoX�O?c'\ahTP6\aP�GTIK��I�PTGTI�PRcdg!WC�l²ÅH.I�X�IK��c!h�H4±�x4�@g
WC�l²��´³=��Eo�]cdIKH�H@I�Y`I�Olj@\aPT®µh��
I�PT¸fJ�z�I�j.S0c'yTIwH@I�X8IK��cdh0H�j�OKH@IwH@I�XKJ�X�Y]IRG¼v0O�XK­¼cdh3c'yTIoZ[h�YV®�\2OK�T��OKH@O?c F�jihTH
zMh0�0I cdhºc'y�IÀ��YaOlj@z�Oºz�I�z3v�H@O�PTI�S ¯�yTI�H@I c'y�Iºx4��g!W��l²,� \aPlcdI�H�PTO�Ya\a¸�IRjÈIK�0h0®�IKP�h�F�j¶YVJ�j@h�j@h�zMO�Y
IKP�¸fJ�z�I�j6¯MyT\`Y`IÃx��ng!WC�l²�� \ j6F*PTOKv�Y`I)c!h»IKP�GTh�XKJRcdI°y�J�G�H.h�YaOlj�IljN���3��PÆO�GTGT\mcd\ah�PÄcdhÆ\mc@j/O?v�\`Y]\mc'JÈcdh
H@I�X8h0®TPT\V¸fI¼WC�l²
g�X�hTPlcdO�\aPT\aP�®Å�TH@hlcdIK\aP�j@S,c'y�I6x4�@g!W��l²�� \ jw\]zM��Yp\`XRO?cdI�G�\aP�z�O�P�JÅh�c'yTI�H��Ty�J�j�\ah�Yeh0®�\`X�OlY
�TH@h�X�Ilj�j@IljN�Tx4�@g!WC�l²�� \ j�­�P�h�¯�P�O�j(W��l²,¬¡�@Z � ���¾j@\aP�X�I[\tc�v�\aP�G2j(c'y�I[PThTPTg�®�YpJ0X�h�j�JTY`O?cdI�G6\aP�j�F*Y]\aP�g.Y`\a­�I
®TH@h�¯wc'yÈ�'O�X?cdhTH6�d�µ±��@Z � �T³/O&c[c'y�IÃX�I�YaY¼j'F�H��dO�X�I�� {·\pP*GT\pP�® h0�3c'yT\ jµ®TH@h�¯wc'yÈ�dO�X?cdh�Hµ\]j/�'h�YaYah�¯�I�GÄvTJ
\aPlcdIKH@P�OfY`\a¸RO?cd\ah0P¶O�PTGÊj'F�v*j@I�ÁlF*I�PRc�GTIK®TH@O�GTO=c'\ah0P¶\pPÃc'y�I°YVJ�j.h2j.h�zMIljN��� � y�IÇW��l²,¬¡�@Z � ��� O�Y!j.hÄv�\pP�G�j
H@I?c'\aP�h0\`XwO�X�\`G6±!�·Ew³�¯M\mcdyMyT\p®�yMO����'\aP�\mc'J>O?c
O|v�\aP�G0\aPT®¢j@\tcdI|c'yTO?c
\!j#G0\`���dIKH@I�Plc
� H@h�z»c'y�h2j.I��'hTH(�@Z � �µO�PTG
WC�l²¶hTPµc'yTI¼H.I�X�IK��c!h�H=� �|�dP�O�GTGT\mcd\ahTP c!hÇYVJ*j@h�j@h�zMO�Y�I�P�¸�J�z�I�j@S,c'y�InWC�l²�¬¡�@Z � ���ºv�\aPTG�j·h�c'y�IKH|W��l²(g
X�hTPlcdOK\aPT\aPT®/�TH@hlcdIK\aP�j@S�\aPTX�YVF*GT\pPT®��'h0H<\aP�j�cdOKP�X�I[c'yTIMZwH&O�P�¸�J�z�In{·S"! ¯�yT\`X�y¢\ j´O3�TH@hlcdI�Olj.I3\pP��0h�YV��I�G/\pP
XKJRcdhlc'h���\aX�g � g�X�I�YaY`g.\aP�GlF*X�I8GÌOK��hT��c'h�j�\ j@SµhTH¢c'yTI»YeO?cdI�Plc/c H@OKP�j@�'h0H@zM\aPT®Ì®TH@h�¯[c'y¾�'O�X?cdhTH@g

β
±!b � Z � g

β
³

X�hTz3��Y]IK�0S*¯nyT\]X�yµ\ j<ORX?c'\V�0O?cdI�GµO?ckc'yTI¼j'F�H��dO�X�I�h���c'yTI[H.I�X�IK��c!h0H=� ##WCh�H@I8h��0IKH@S�j@I?�0IKH@O�YkX�Yp\aP�\`XlO�Y(j�c F*GT\aI�j
\aP�G0\`X�O=cdI�G[c'yTO?c�c'yTI|W��l²,¬¡�@Z � ���ÆX8h�F�YaGMO�X=c(ORj�O c F�zMh�F�H4j�F��T�TH.Ilj&j.h0H��l�dPTGTI�I�GTSTh���I�H@I?�T�TH.Ilj=j@\ah�PMhT��c'yTI
H@I�X8IK��c'hTHCO�X&c@jCOlj¶O»®TH@h�¯[c'y \aPTyT\Vv�\mcdhTH%$µ¯3yT\aY`IºYah�j&j¶hT�°H@I8X�IK��cdh�HÃ�]F*P�X?c'\ahTP½\ j¶Olj=j@h�X�\aO?cdI�Gº¯M\mcdy
�TH@hT®�H@IRj&j@\ahTPMhT�2c F*zMhTH�\V®�I�P�Ilj@\ j=� &
��PÅc'yTI�YaOKv�hTH@O?c!h0H�JÅ¯nI��'h�X?F�j.I�GÃhTP$c'yTIµWC�l²�¬ �@Z � �T� O?v�\`Y]\mc'JÅcdh)v�\aP�GÃI8��c'H@O�X�I�YaYVF�Y`OKHoWC�l²
g!v�IROKH@\aP�®
Y]\a®�O�PTG�j´\aP6c'yTI3y�JT��h�c'yTIRj@\!j�cdh>F�j.I�c'yT\]jiH@I�XRIK��c'hTH<Olj O[c'yTIKH@O���I?FTc'\aX�cdOKHd®�I?c�� � h6v�I?c`cdIKH£F�PTGTI�H&j�cdOKP�G¼c'yTI
zMh�Y`I�X=F�Y`OKHµv�Olj@\ j/�'hTH6c'yTIÃ\pPRcdIKH@O�X=c'\ah0PËh0�3c'yTI$W��l²�¬ �@Z � ��� ¯M\mcdyÄWC�l²
S�¯MIÄj�J�Plc'yTI�j@\a¸RI�G»j.I8�*I�H@OlY
X�OKH'v�h��TJ�Y]O=cdI¢OKP�G°z�OfYeh�PTO?cdI/O�PTO�YahT®�F*Ilj�h��|W��l² O�PTG$¯nIÇj'c F*G�\`I�GÇc'y�If\_H[v�\aP�G0\aPT®ÃO��'��\aP�\tc�\`Ilj��'h0Hwc'yTI
WC�l²�¬¡�@Z � ���3����PBO�PÅO?c cdIKz���c|c!hÇF�j.I¼c'yTIlj.IÇj�J�PlcdyTI?cd\aX/OKP�O�Yah0®�F*IRj3\aP�c'yTIKH@O���I?FTc�\eX�O�Y4OK�T�TH.h�O�X�y�Ilj�¯�I
O�Y j@h6I=��O�YmF*O?cdI|c'y�If\_H4j�cdO?v�\aY]\tc�J�\aPµj@IKH�F*z¾O�PTG[c'yTI�\VH�XKJRcdh�c'h���\aX�\mc�Jn\pP�ylF*z�OfPnX�I�YpY jN�

'(��)+* ¦,
.-p§.¦4© � 	/	0�]¦�ª1
�¦&¦,��� �

� yTI°WC�l²�¬ �@Z � ��� \ j�O°c�J���I°�6c'H@OKP�j@z�Ifz3v�H@O�P�I�®�YpJ*X�hT�THdhlcdIK\aPÄ¯MyT\`X�yÊ��h�j&j.Ilj=j@IRj��'h�F�H�j�c'H�F*X&c F�H@OKY
GThTzMO�\pP�j?�,O�PÅO�zM\aPTh�g!cdIKH@zM\aP�OfY4j@\a®�PTO�Y4j�I�ÁlF*I�PTX8I�S(O�PÅI?��c'H.O�XKJlcdhT�TYaO�j@zM\`X¼H@IK®�\ah�Pµ¯MyT\`X�y�X8h0PRcdOf\aP�j<c'yTI
GT\p�'�dIKH@I�Plc(v�\aP�GT\pPT®�j@\tcdI�j.S�O�c'H@OKP�j@zMI�znv�H.OfP�I[H@IK®�\ah�P>O�P�GµO3X�OKH�v0h��TJ�Y`g!cdI�H�zM\pP�O�YkXKJRcdh0��YaO�j@zM\]X�GTh�z�Of\aP*�
� yTI[Y`OKH�®�IoIK��c'H@O8X�I�YpYVF*Y`OKH4GThTzMO�\aPµyTO�jiOnj'c'H�F*X?c F�H@I[X8h0P�j@\!j'c�\aP�®µhT� � �MX8h0PRc�\V®�F*h�F�j�H@IK��I�O=c'\pP�®µGTh�znOf\aP�jN�
� yTI$j.I�ÁlF�I�P�X�I�yTh�zMh�Yah0®TJ°v0I?c ¯nI�IKP°c'yTI � �ÅH@IK��I�O?cd\aPT®Èj@IK®�z�I�Plc@j6j'F�®T®�Ilj�c@joc'yTO?cwc'y�I WC�l²�¬¡�@Z � ���

H
A

L author m
anuscript    inserm

-00144764, version 1



�

X�h�F�YaGµX�hTPlcdO�\aP � �3W��l²°v�\aP�G0\aPT®�j@\mcdIRj=�T��Pµ�dO�X?cdS�I?�T��I�H�\]z�I�Plc@jiH@I?��I8OfY`I�G¼c'y�O?c(c'yTIwWC�l²�¬ �@Z � ��� v�\pP�G�j
hTPTYeJ/�ÅzMh�Y(h��£W��l²i��� � yTI3�TH@I�j@I�P�X�I6hT�£c ¯nh�G�\a���dIKH@I�Plc X�OKH'v�hTy�J�G�H@O?cdI3H@I8X�h0®TPT\tc�\ahTP�GTh�zMO�\aP�jw\aP c'y�I
WC�l²�¬¡�@Z � ��� �TH@h���\]GTI�jwc'yT\ j3H@I8X�IK��cdhTH�¯�\mc'yBO��!F*PTX?cd\`h0P�O�Y<O�G���O�PlcdOK®�I/h���IKHwc'yTI�x��ng!WC�l²��·S#¯MyT\`X�y
X�hTPlcdOK\aP�jihTPTYpJ>h0P�I�� � yT\ j<GT\p�d��IKH.IfP�X�IoXlI�H�cdOK\aPTYpJ I8����Y`O�\aP�j�¯My�JMc'yTI�WC�l²�¬ �@Z � ���ÆH@I�X8h0®TPT\a¸RI�jiO�¯M\aG�IKH
j���I8X?c'H�F�z hT��YpJ*j@h�j@hTz�OfY�I�P�¸fJ�z�I�j<c'yTO�PÅGTh�Ilj|c'y�Iµx��ng!WC�l²�������r ��� � h0H´\pP�j'cdOKPTX8I�S,c'yTI¼W��l²,¬¡�@Z � �0�·S
F�PTY]\a­�I c'y�I�x��Mg WC�l²��·Siv�\aP�G�j3�0IKH�JCI����d\]X�\`I�PlcdYVJ��	��
�� ��
���������������������
�
���������� YVJ�j.h2j.h�zMO�Y´IfP�¸�J�z6I�j.S
¯�yT\]X�y�X�hTPlcdO�\aPM\pP3c'y�I�\VH<j�c'H�F*X=c FTH@I|c'y�I��TyTh�j���yTh�G0\aIRj�cdIKH�W�OfP�g!²
g�Âox�� � �%��O�PTG[c'yTI[z�O�PTPTh�j@Iw�Tg@j�F*Yp�dO?cdI
±!W����0³ ���&� � yTIlj.I���\aP�G0\aPT®�jMO�H@I���OKH�c'\aX?F*Y`OKH@YpJC\aPlcdI�H@Ilj�cd\aP�®Ãv�IRX�O?F�j.I¢c'yTIKJCGTI�zMh�P�j�c'H@O=cdI>c'y�O?c�O$j@\aP�®�Y I
PTI�®�O?c�\V�0I°X�yTOKHd®�I$hTP°c'yTI���yTh�j���yTO?cdIÅzMh�\aI=c�J�S�O�j3¯nI�Y]YwO�j�hTP°c'yTIÃj�F*Yp�dO?cdI�®TH@h�F���S|\ jµj�F*�'��\`Xf\`I�Plcocdh
�TH@Ilj.IKH��0I c'yTI¢H.I�X�hT®TPT\mc�\eh0PB��y�IfP�h�zMI�PThTP°vTJÅc'yTI W���²�¬¡�@Z � ���3�(EoPTh�c'yTIKH�j!c'H'F*XNc F�H@O�Y|�'ORX?c!h0H.S#¯3yT\eXly
X�hTPlc'H�\Vv�FTcdIljµ\aPÄc'yTI$v�\aP�GT\aPT®Äcdh�c'yTI�WC�l²�¬ �.Z � �T�·S�\ jMc'yTIBO8��\`O�Yo��g�y�J�G�H@h��TJ�Yw®TH@h�F��Æ\pPÃc'yTI$W��l²i�
��P�GTI�I�GTS,®�YmF*X�h�j@IM�Tg��Ty�h2jd��y�O?cdI�S�c'yTI3��g�I���\az�IKH´h0�(WC��²
S,\]j´O3��h�h0Hi\pPTyT\Vv*\mcdhTH|�'hTH£c'y�I�W��l²�¬ �@Z � ���������
ÂwPÊc'yTI¶h�c'y�IKH�yTO�P�GTS�c'y�IÈy�J�G�H@h��TJTYM®TH@h�F��¾O?c6c'y�IÈOKP�h�zMIKH@\`XÄ��h�j@\mc�\eh0P h��6WC�l² OK�T��IROKH&j/cdh v0I
F�PT\]zM��hTH!cdO�Plck\aP[c'yTI|v�\aP�GT\pPT®3c!h�c'yTI�H@I8X�IK��c'hTH���� �
EMj<O¼j@\aP�®�Y`I3PTIK®�O?cd\V��I3X�y�OKH�®�I3hTP¼c'y�I�WC�l²)\]j�j'F��'��\`X�\]IRPlckc'hµ�TH@Ilj@I�H���I�c'y�I[H@I�X8h0®TP�\mc�\eh0P���y�IfP�h�zMI�PThTP
¯nIwGTI�X�\aGTI�G[cdh j'JTPlc'y�I�j@\p¸fIwO[j@IKH@\`Ilj�h��k\ j@h�j�cdIKH�\eXwh0H(P�h�P¼\ j.h2j'cdIKH�\aXwX�O�H.v0h��TJ�Y`O?cdIwO�PTO�YahT®�F*I�j#h0��WC�l²/cdh
GTI?cdIKHdz¼\aP�I|c'y�If\_H�v�\pP�GT\aPT®�Of�'��\aP�\mc�\`Ilj��'hTH�c'yTI|W��l²,¬¡�@Z � �����

'(� ���! � §#" * ¦��`¦ ��$(ª�©T¨�¥0�!%  -`©�§ * © � ©�- ��&�
 * ¦ ��$('*)�+

� ¯Mh�\ j@h�j�cdIKHd\aXµX�OKH�v�h��TJ�Y`O?cdIµOKP�OfYeh0®�F*Ilj�h��4WC�l²C¯MIKH.I6�TH@IK��OKH@I8G�¯�\mc'yÃj@Ya\a®�yRcwzMh�G0\a�'\`XlO=c'\ah0P�j´c'h¢c'yTI
j�JTPRc'y�Ilj@\ j��TH@hlc'h�XKhTY j(�TH@IK��\ah�F�j@YpJMH.IK��h0H'cdI�G��"��! � yTI�P�I?¯ j�J�PlcdyTIlj@\ jih���c'yTI�j.IwXlO�H�v�h��TJ�Y`O?cdIlj(v�IK®*O�P[¯M\mcdy
c'yTI¢j.I�Y]I8X?c�\V�0Iµh���\`GTO?cd\ahTP.� # hT�4c'yTIµz6I=c'y�J�Y£��Sa�TSV��Sa�Tg¡cdI&c H@O8g-,[g]c'H�\az�I?c'y�J�Y j@\]YaJ�Yag

α
g/.ig�zMO�PTP�h0�TJ�H@O�PTh�j@\aG�I ��$

F�j@\aP�®°c'y�I�x<h�YaY]\aP�jMh���\`GTO?c�\V�0I¢H@I�OK®�I�PRc�±�x4H@Â � g���J�H�\eG0\`PTIK³@S�j.Xfy�I�z6I � �#�dP$c'yT\]j��TH@h�X8I�GlF�H@I�S#c'y�IKH@I�O�H@I
j@I�Y`I�X?cd\V��I»c'H@\pz�I?c'y�J�Y j&\`YpJ�YÅI?c'y�IKHCH@I�zMh0��O�YÅO=cC�Tg���h�j@\Vc'\ah0P7O�PTG¿X8h0P�X�h�zM\mcdO�PlcdYVJ¿h���\`GTO?cd\ah0P7h��Åc'yTI
\aPlcdIKH@z�I�GT\`O?cdI3O�YaX�hTyTh�Y�c'h/OKYaGTI�y�J�G�I�� � # � h¼c'y�I3OKYaG�I�y�J*GTI�S�h�v�cdOK\aP�I�Gµ\aP¼c'yT\ j<hTPTI¼j'cdIK�µ�TH@h�X�I�GlF�H@I8S0¯MORj
O�GTGTI�Gµc'yTI6O�PT\ah�P�h���c'H�\eI?c'y�J�Y(��y�h2jd�TyThTPTh�O�X�I?cdO=cdI�c!h�Y]I8O�G cdh c'y�I6X�OKH'v�h��TJ�Y]O=cdI � \aP°� ��0 �(�0J�Plc'y�I?c�\`X
\aPlcdIKH@z�I�GT\`O?cdI � ¯nOlj4H@I8O�G0\`YpJ X�h0P��*I�H�cdI�Gnc!h¼c'yTI3GTIRj@\pH.IlGµGTI��TH@hlcdI�X&cdI�GµX�OKH�v0h��TJ�Y`O?cdI ' vTJ/GTI�j@\]YaJ�Y]O=c�\ahTP
O?ck��Sa��SV��g���h2jd\mc�\eh0P�j�F�j@\aPT®Mc'yTIwX�IKH@\`XoOfzMzMh�PT\eF*zÌPT\mc'H.O?cdIw±�x|E<�M³�c'yTI�Pµj@O���h0PT\a��\`XRO?c'\ahTP�±]�6O8Â1��³�h0��c'yTI
Ilj'cdIKHÅzMh�\aI?c'J*� � y�I j�O=c F�H@ONcdI8G X�OKH�v0h��TJ�Y`O?cdI32»¯nO�jBh�v�cdOK\aPTI�G vTJ¾X�O?cdO�YVJRc�\`XÆy�J�G�H@hT®�IKPTO=c�\ahTP h���O
� H@ORX?c'\ahTPMh�� ' �

H
A

L author m
anuscript    inserm

-00144764, version 1



�

O
TMSO

TMSO
TMSO

OTMS

OCH3

OTMSO
TMSO

OTMS

OCH3

OEtO

OHO
HO

OH

OCH3

ONaO

OHO
HO

OH

OCH3

ONaO

�������

�����������

�

	�

���������������
�
��������� �
��!"
�#���! � � � #��$�&%
' ��(*),+.-0/21�3�4�+�� ! � ��� ��)65879),:;7<��=">?)@� �6�$A�' ����(
'�BC� -0( 7 ' -0(�D*EF)C5 7 EF)@- 7 BG� �
H � 5I��JK58LM� � = � � �$A�' ������(G)6NOH���)C5 / )CH"1;5 7 - 'FPRQ 1 Q (2�
�
Q8� � �$A�' ����(TS�HUH � -&5I� �O�$A�' ��(K5 7 1�D ! 1V)O� BC� -W5I��X �M�

Y

Z[

QM�?\

PRQ�\

P X \

� yTIµX�OKH�v0h��TJ�Y`O?cdI )TS(PThTPÅ\!j.h2j'cdIKH�\aXµO�P�OfYeh0®�F*Iµh��4W���²
S�¯MOlj�j�JTPlc'y�I�j@\p¸fI�GÅOlX8X�h0H.G�\pP�®�cdh�j@X�yTI�z�I6���
� yTICOfPT\eh�P h0�Mc'yTIÄz�I?c'y�J�Y3��Sa�TSV��g]c'H�\ag-,og!v�I�PT¸�J�Yag

α
g/.ig�zMO�PTPThT�0J�H@O�PTh�j@\aGTI�� &¢H@I8O�X?cdI�GÈ¯3\mc'yÈc'y�I ��� � �]g

v�FTc'JTY�vTH@h�znh�O�X8I?cdONcdI|c'y�H�h�F�®TyMO3��]�^wz�IRX�yTO�PT\ j@z O�PTG3c'yTIwX�h�z���h�F�P�G`_[¯�ORj(�TH@IK��OKH.I�G6\aP6��� 0 J�\`I�Y]G
\aP3c'yT\!j�z�O�PTPTIKHN� � yTI|cdOKHd®�I?ck��Hdh�GlF*X&c )�¯nOlj�h�v�cdO�\pP�I�G6O��]cdIKH�GTI��TH�hlcdI�X&c'\ahTPMh���c'yTIwX8OKH�v�h��TJ�Y]O=cdI�zMh�\aI?c'J
±2a�³µ�'hTYaYah�¯¼I�GÄvTJÈc'yTI°H@I�zMh���O�Y�h0�3c'y�I)v0IfP�¸�J�Yw�TH@h�c!I�X?c'\V��I°®TH.h�F���jN�|� cM\ j6c'hÆPThlcdI¢c'yTO=cµORj&j@OKJ*j/h0�
H@I�O8X?c'\ahTP¾h0�µc'yTIÆO�PT\ah�P¾hT� c'y�IÊz�I?c'y�J�Y6��Sa�TSV��g¡c'H�\eg-,3g!v0IfP�¸�J�Y]g

α
g/.ig�z�O�PTPThT�0J�H@O�PTh�j@\]GTIÆhTP»c'yTIÆYaIlj=j

yT\aP�GTIKH@I�GÅI?c'y�J�Y4hTHwzMI?c'y�J�Y�vTH@hTzMh�O�X�I?cdO?cdIRjw�'O�\]Y`I�G¢c'h�®�\e�0IµX�Y]I8OfPTYaJ�c'yTIµI=c'yTIKHoh���\aGTIµ�]F�P�X?c�\eh0PÅO=cw�Tg
��h�j�\mcd\ahTP6j@\aP�X�I�z�O�P�J3vTJ0g��TH@h�GlF*X?c@j�¯nIKH@I<h�v*j@IKH��0I�G��

H
A

L author m
anuscript    inserm

-00144764, version 1



�

�����������
	���
�������������������������������������� �"!�#$�&% '(��)+*-,/.10�*�2�3/�(�4��*-�������
�6587:9
;=<">�<?)@;A5"BA*�2C� DE#$�4�&%GFH0 IJ*-KL�6MN����)+*�<O)@;P<?QR;N*HS�T@��*-�������/,�9
UVKLWX'Y��Z�D
#$�4�&�4%H) ; [R\]�-[6<"*-KL��9
)+*�^����

O
HO

BnO
BnO

OBn

OCH3

�

O
O

BnO
BnO

OBn

OCH3

O OtBu

O
O

BnO
BnO

OBn

OCH3

O ONa

�4�

_

`

O
O

HO
HO

OH

OCH3

O ONa

a

�6�&�

b ^�c

d�b c

e�e c

'(�"'(� �� � § " * ¦��]¦ ��$(©�f¢© �0� �T¦ * )�ghf¢©�- � � ©�§ * 	 * ¨��ji*©�§ �ki *1�

� yTI3­�IKJ°j'cdIK���'hTH£c'yTI6j�JTPRc�y�Ilj@\ jwh��#c'y�I¼z�O�Yah�PTO=cdImlTS(j@X�yTI�z�IM�TS2¯nOlj<c'yTI3H@I�O�X=c�\ahTP/h��(c'yTIMO�PT\ah�P/h��
GT\pz�I?c'y�J�Y¾z�O�Yah�PTO=cdI ¯M\mc'y c'yTI znI?c'y�J�Y ��Sa�TSe��g c H�\ag#,og!v�I�P�¸fJ�Y`g��Tg ,[g!c'Hd\p�'YVF*h0H.h0zMI=c'y�JTY j�F�Ya�'h�P�J�Y`g

α
g/.ig

z�O�PTPThT�0J�H@O�PTh�j@\aGTI�� �#¯3yT\`Y`I�c'yTI3Y`Ilj=j4H.I�O�X?c'\V�*I�c!h2j�J�Y]O=cdI3h�H4zMIlj�J�Y`O?cdI�O?cix<g��6hT��c'yTI3zMI?c'y�J�Y*��Sp�TSV��g!c¡H�\ag
,og!v�I�P�¸�J�Y`g

α
g/.ig�z�OfPTP�h0�TJ�H@OKP�h2j@\`GTI¢¯MI�H@I�PTh�cMG�\]jd��Y`ORXRI�G°F�PTGTIKH3c'yTI°j.Ofz�IÅX�hTPTGT\mcd\ah0P�j�hT�oH@I�O�X?cd\ahTP��

� yTI[zMO�Yah�PTO?cdIJnTS�c'yRF�jih�v�cdOK\aPTI�GTS0F�P�GTIKH�¯nI�Plc4j.OK��hTPT\p�d\ X�O?c'\eh0P�±�o�³iOKPTGµj�F�v�j.I�ÁlF*I�Plc(y�J0G�H@hT®�IKPTO?cd\ahTP3c'h
O����'hTH@G[c'yTIwGTIRj@\VH@I�G3�TH@h�GlF*XNcpl��

H
A

L author m
anuscript    inserm

-00144764, version 1



�

�����������
	���
����������������������������������������! �"#�%$&"(')��*�+-,.$(+/,10324��5�670
8957:�;��=<>��?�@�A�B9C
"#�D�%$&E
2F2G��*H0I5�670
8KJL0 + *M"�E�JON�$>5�	K;
�G�O�QP%PDP�5R��������;.2S0T,U@#CV"(�%�O�D$H:���0 + J%WX�RJ�,H5
Y �(*�0
J�ZI��* Y �["�\RJ�	�$]5�EQ��5R�������Q^T*H_ Y1` 24��ab�

�
O

TfO

BnO
BnO

OBn

OCH3

OBnO
BnO

OBn

OCH3

CO2H

c

d

HO2C
OHO

HO

OH

OCH3

CO2Na

NaO2C

e

�%�D�

OBnO
BnO

OBn

OCH3

CO2Me

MeO2CNK;�f

�D� g ;�f

g \�f

'(� 2Qh � ��- ��&��]ª�©�- * i*©�-�
�©�§ � � �

� yTIÇv�\aP�G0\aPT®¶O�j�j@OKJ�j>hT��c'y�IÇWC�l²ÀOKP�O�YahT®�F*Ilj3¯MI�H@I$��IKHd�'h0H@zMI�G°F�j@\aPT®Äv�\ah�c�\aP�J�Y`O?cdI�G°WC�l²�¬¡�@Z � ���
±!W��l²,¬¡�@Z � ����i�³=�£{´H�\aI���YpJ�S|c'y�IÇWC�l²�¬¡�@Z � �0�·S���F�H�\a��\`IRGÈhTPÈOÅ�TyTh�j��TyThTzMO�PTPTO�P�gNj.IK��yTOKH@h�j@IBO����'\aP�\mcdJ
X�hTYmF*z¼P0���@S ¯nOlj v�\ah�cd\aP�JTY`O?cdI�G�� � vTJ ��g�y�J�G�H@h��TJ�j�F*X8Xf\aPT\`z6\`G v�\ah�c'\pP*� � yTI v�\aP�GT\pPT® h0� c'yTI
WC�l²�¬¡�@Z � ���
i¼cdhµ��IKPRcdOfznOfPTP�h2j.I3�Tg��Ty�h2jd��y�O?cdI3±!²�W°²k³4�TH.I?��\ah�F�j@YpJ/O8G2j.h0H�v0I�G¼cdh/OnzM\`XKH@hlc'\tcdIKH4��YaO?cdI�S
¯nOlj�G0\ j���Y`O�X�I�G$vTJ)\aP�XKH@I�Olj@\aPT®)X�h0P�X�I�Plc'H@O=c'\ah0P�j�h��|c'y�I¢OKP�O�Yah0®�F*I�jN� � y�I>v0h�F�P�G$WC�l²�¬ �.Z � ����i�¯MO�j
c'yTI�PÌG�I?cdIKH�zM\aP�I�GºF�j@\aPT®ºc'yTI X8h�F���YaIºj�c'H.IK��cdO?��\aGT\aPl¬'��IKH@h���\aGTOlj�I O�PTG Â·²0� j�F�v�j�c'H.ONcdIÈvTJ hT��c'\aX�ORY
GTIKP�j@\mcd\aI�j<z�I�O�j�F�H@I�z�I�Plc@j Olj<GTI�j@X�H�\Vv*I�Gµ\aP � ����I�H�\az�I�PlcdO�Y��TH@h�X�I�GlF�H.Ilj=�T��P��TH@I�Yp\`z6\aP�OKH�J/IK����IKH@\az�I�Plc@j
c'yTI°znI?c'yTh�G�¯nOlj�j�cdO�PTG�OKH@GT\V¸RI�GÈvTJÄc'y�IÃGTI?cdIKH�zM\aP�O?cd\]hTP¶h0�[c'y�I�z�OK��\]z�O�YoX�hTPTXRI�Plc'H@O&c'\ahTPÈh��[²�WB²
O�G�j.h0H�v0I�G[cdh[c'yTIwz¼\`XKH.h�c'\mcdI�H(��YaO=cdIwOfP�G[cdh�c'y�I|WC�l²�¬ �.Z � ����i6X�hTPTX8IfPRc'H@O?c'\ahTP3H@I8ÁlF�\VH.I�Gncdhµj@O?c F�H@ONcdI|c'y�I
O�G�j.h0H�v0I�G[²�W°²Ç± � \V®�F�H@I � ³=�

H
A

L author m
anuscript    inserm

-00144764, version 1



�

� \a®�F�H@I � � �nI&cdIKH�zM\aP�O?c�\eh0PMhT��²�W°²ÇO�G�j@hTH��lc'\eh0PM\aPMz6\`X�H@hlc'\mcdIKH�¯nIKYaY j�O�PTG[WC�l²�¬ �.Z � ����i3v�\pP�GT\aPT®��
EM� � y�I¼v�\pP�GT\aPT®Bh0�<���V����®��tz[b�� � WC�l²�¬ �@Z � �T��i cdh�\pP�XKH@I�O�j@\aPT®ÅX�hTPTXRI�Plc'H.ONc'\ahTP�j·h��£²�W°²ËO�G�j@hTH�v0IlG
hTP3zM\]X�H@h�c'\tcdIKH(�TYaO?cdI|¯nOlj�I?�0O�YeF*O=cdI�G[F�j@\pP�®3c'yTI[j�c'H.IK�lcdO?��\`GT\aP�I?¬ ��IKH.h���\`GTOlj.I��TH@h�X8I�GlF�H@I��
{�� � yTIwH@I?cdIKPRc'\ah0P�hT����OKH@\ah�F�jiX�hTPTX�I�Plc'H.O?c'\ahTP�jih��,W��l²�¬¡�@Z � ���
i�±��nc!h ����®���z3b�� � ³#c!hnc'y�I�zM\`XKH@hT��YeO?cdI
�TH@I?��\eh�F�j@YaJÃj@O?c F�H.O?cdI�G¢¯3\tc'y � �T����®��mzob � �£²�W°²C¯nOlj�GTI?cdIKH�zM\aP�I�GÅO��]cdIKHoh��0IKH�PT\a®�ylc´\aPTX?F�v*O?c'\ahTPÅO?c´�
�&xw�

� H@hTz c'yTIlj.I[z�I�Olj�F�H.Ifz�I�Plc@j#h���c'yTI�H@I�XRIK��cdh�H�v�\aP�G0\aPT®µ\aP3c'yTIw�TH@Ilj@I�P�X�I[hT�(\aP�XKH@I�ORj@\pPT®>X�hTPTX�I�Plc'H.O?c'\ahTP�j
hT�3OKP�O�YahT®�F*Ilj ' S 2�S )°hTH(l��4¯MIKH.I�G�H@O?¯�PCGTh2j.I�g�\aPTyT\pv�\tc�\ah�PCX?F�H���I�j�± � \a®�F�H@I��T³M� H@hTz ¯nyT\]X�y°¯nIKH@I
GTI?cdIKHdz¼\aP�I�G[c'y�I��@x # � ��O�YmF*Ilj
H@IK��hTH!cdI�G3\aP[cdO?v�Y`I � �

PMP (µg.mL-1) 

0,3 

0,6

0 100 200 

A 

B
o

u
n

d
 M

6P
/IG

F
2R

b
 (

O
D

 4
50

n
m

) 

B
o

u
n

d
 M

6P
/IG

F
2R

b
 (

O
D

 4
50

n
m

) 

M6P/IGF2Rb (µg.mL-1) 

0,4 

0,8 

1,2 

0 1 2 3 4 5 

B H
A

L author m
anuscript    inserm

-00144764, version 1



�

� \a®�F�H@I���� ��\]jd��Y`ORX�I�z�IfPRckhT�2²�WB²Å� H@hTz»WC�l²�¬ �@Z � �T�Ii[vTJoWC�l²ÇOfP�O�Yah0®�F*I�jN�

� \VH=j�c>OKP�OfYaJ�j@\ j�h0�3c'y�IÃG�O?cdO°®�\V��I�PÆ\aPËcdO=v�Y]I � j@y�h�¯�j6c'yTO=c¼W��l²Ì�TH.Ilj@IKPRc@jµ�@x # � �0OfYVF*Ilj/\aPÆ®�h�h�G
O�X�X8h0H@GTO�PTX�I|¯M\tc'y[c'yTh�j@I�H@I��ThTH!cdI�G3\aP[c'y�I�Ya\mcdIKH.O?c F�H@I�� � �

� O?v�Y`I � �f{·\pP�G0\aP�®6O��'��\aP�\tc�\`I�j��'h0H�W��l²,¬¡�@Z � �����
x<h0z���h�F�P�G �@x # � ±!WÃ³ �<{wE x|hTz3��h�F�PTG �@x # � ± WÃ³ �<{wE

W��l² ���t� � � � #���������� 	 � �t� ²�W°² ���t� � � � $ �
��� 
������ � ��� �
' ���t� � � � #������������ � 	 ���t� ) �C�M� � � � P�O�s
2 ����� � � � #������ ����� � 	 ���t� l � ��� � � � #������������ � 	 � �t�

�·I�Y]O=c'\e�*I|{·\aPTGT\pPT®�E[�'��\aP�\mc�J��µ��{wE
�/�@x # ����� $� "! ¬��@x # �#�%$'&dU)(�*�+),"-.! �as�P�O���PTh�ckOK�T�TYa\`X�OKv�Y`I��

� yTIËF*P�j.O?c F�H@O?cdI8Gº\]j@h�j�cdI�H�\aX»O�P�O�YahT®�F*I ' v�\aP�G�j$c!hÀWC�l²�¬¡�@Z � ���
i¹Olj$¯¼IfYaY/O�jÅWC�l²¿¯MyT\`Y]IÈc'yTI
j@O=c F�H@ONcdI8G¢\ j@h�j�cdIKH�\eX6O�PTO�YahT®�F*I 2�v�\aPTG�j|cdh6c'yTIMH@I�X�I���c'hTH ¯�\mc'y�O¢j@Ya\p®�ylcdYVJ¢¯nI�OK­*IKH·Of�'�'\pP�\mc'J¢c'y�O�P�GTh�Ilj
WC�l²i� � yT\ j4\ jiO[X8h0PT�'\aH�z�O?cd\ahTP�h0��c'yTIwH@I�j�F*Ymc@j��TH@IK��\ah�F�j@YVJ>h�v�cdO�\aPTI�G¼vTJ>I�YVFTc�\ahTP�h��,c'y�I�H.I�X�IK��cdh�H�� H@h�z
²�W°² O����d\pPT\tc�J X�hTYmF*zMP�j=����!È��P�G�I8I�GTS$\mcÃ¯nOljËGTIfznh�P�j'c'H@O?cdI�GÌc'yTO?cC���V� z[W h��°c'yTIÌX8h0P=Q�F�®*O?cdI�G
GTIKH@\V��O?cd\V��I ' I�YmFTcdI�G�c'y�IÇWC�l²�¬¡�@Z � ���wS�H.INcdOK\aP�I�G¶h0PC�TyThT�TyThTz�OfPTP�O�PÊj.IK��y�OKH@h�j@IBX�h0YtF�zMP�SwOljMc'yTI
WC�l² ¯3y�IKH@I�O�j 2¶O�YpYeh�¯�I8G)c'y�I$I�YmFTcd\ahTPCh0�wc'yTI�H@I8X�IK�Tc'hTHMONcnO�yT\V®�yTIKH�X�hTPTX�I�PRc'H@O?c'\ahTPC±��Ãz[W)³=� � h
I?����Y`O�\aPnc'yT\ jiGT\p�d��IKH.IfP�X�Iw\pPMv�\aP�G0\aPT®µO��'��\aP�\tc�J�S�\mc
\ j£�TH.Ilj�F�znI�G[c'yTO?c�c'yTI�®�I8h�zMI?c'H�J¼h0��c'yTIoGTh�FTv�Y]I�v�hTPTG

0,4 

0,8 

Analogues (M)

 10 -3 10 -4 10 -5 10 -6 10 -7 10 -80 

0,4 

0,8 

Unsaturated 2 
Saturated 3 
non isosteric 6 

 B
o

u
n

d
 M

6P
/IG

F
2R

b
 (

O
D

 4
50

 n
m

) 

A 

-3 -4 -5 -6 -7-80

Malonate 
PMP 
M6P  B

o
u

n
d

 M
6P

/IG
F

2R
b

 (
O

D
 4

50
 n

m
) 

 
Analogues (M) 

10 10 10 10 10 10 

B 

H
A

L author m
anuscript    inserm

-00144764, version 1



�

\aP ' Y]I8O�G2jkcdh¼®TH@I�O&cdIKH�\aPlcdIKH@O8X?c'\ahTP[¯M\mcdy[c'yTI�WC�l²
g�v�\aP�G0\aPT®/j@\mcdIljih0��c'yTI�WC�l²�¬ �.Z � ���·S�\aP>X�h�z3��OKH@\ j@hTP
¯M\mc'yÆc'yTI»j@\aPT®�Y`IÄv�hTPTG \aP 2��oÂwP»c'yTIÈh�c'yTI�H�yTO�PTGTS3c'yTIÈPThTP \ j@h�j�cdIKHd\aXÆGTIKH@\e�*O=c'\e�*I )À\ j�¯nI�OK­�YpJ
H@I�X8h0®TPT\V¸fI�G>vTJ�c'yTI�W��l²�¬ �@Z � �T�
i����ËI¼j�F��T��h�j@Iwc'yTO?c�)µG�h�IljiPTh�c(z�O?cdXKy>IK��O�X?cdYVJMc'y�I�WC�l²
g!v�\aP�GT\pPT®
j@\mcdIlj#h0��c'yTI�H.I�X�IK��c!h0H�v�I�X�O=F�j�I|c'yTIwGT\]j�cdOKP�XRI|v�I?c ¯nI�I�P[c y�I�P�IK®�O?cd\V��IwX�yTOKHd®�IwOfP�G[c'yTI��TJ�H.OKPTh�j@I�H@\aP�®�\]P
)6\ j4P�h�c
\pP3c'y�Inj�O�z�I�H.OfP�®�I[O�j(c'yTO=c�\pP3c'y�I�WC�l²i����P�GTIRI�GTS0c'yT\]jiGT\!j'cdO�PTX�I[\aP )TS*vTJ>X�h�z3��OKH@\ j@hTPncdh3c'yTI
\ j@h�j�cdIKHd\]X|W��l²ÅO�P�OfYeh0®�F*I 2�S�\ j�Y`I�P�®�c'yTI�P�I�G3vTJ�O�PMh��TJ�®�IKPMO?cdhTzº\aP3c'yTIwz6\`GTGTY`Iwh���c'yTIwY]O=cdIKH@O�Y�X�OKH�v�hTP
XKy�Of\aPBO�PTG c'yT\ jwY`I�P�®�c'y�I�PT\pPT®Çh��£c'yTI6Y`O?cdI�H@O�Y(X�yTO�\aP��TH�h�v0O?v�YpJÇ\]zM��O�\pH�j|c'y�I¼v�\pP�GT\aPT®ÅO�����\aPT\mc'J���E yT\p®�y
v�\aP�G0\aPT®¹O�����\aP�\mc'Jº¯nOlj)h�v�cdOf\aP�I�G ¯n\mc�y»c'y�I»z�OfYeh0P�O?cdI l»¯MyT\`X�yº\ j)O�j�¯nI�Y]Y�H@I�X�hT®TPT\a¸RI�GºvTJ c'yTI
WC�l²�¬¡�@Z � ���
iBOljwc'yTI6WC�l² \mc@j.IfY`�@� � yT\ j3Y`Olj'cwH@IRj�F*YmcoGTh�IljoPThlc�XKhTH�H.IfYeO?cdI¢I=��O�X?cdYVJÅ¯M\mcdy$�.x # � ��O�YmF*I�j
GTI?cdIKHdz¼\aP�I�GµvTJ¢{�IKH�­�h�¯3\mc'¸	��� ��������� ��h�¯nI?�0IKH@S2c'y�I�\VH|v�\aP�GT\pPT®/cdIlj�ci�'h�YaYah�¯MI�G�O¼�TH@h�X�I�GlF�H@IM\aP ¯�yT\`Xly
c'yTI W��l²�¬ �@Z � ��� ¯MO�j¾X�h���O�Y`I�PlcdYVJuv0h�F�P�G c'h O ��IK�TyTOKH.h2j.I½H@Ilj@\aPTS°¯MyT\]Y`I¿\aP h�F�H¾X�Olj.I c'yTI
WC�l²�¬¡�@Z � ���
i ¯nO�jÈP�h�cÃv0h�F�P�G c'h O j�F��T��h0H c@� � yT\ jÆGT\]�'��I�H@I�P�X�IÌX�h�F�YeG½��IKH�y�OK��jËI8����Y`O�\aP½c'yTI
GT\p�'�dIKH@I�PTXRIlj�h�v�j.IKH���I�G[v*I?c ¯nI�IKPoc'yTI|v�\aP�G0\aPT®�O����d\pP�\mcd\`Ilj��
� yTI¢j�cdO=v�\pY`\mc'JBO��]cdIKHwOM�°GTOKJ�g�\aP�X8F�v�O=c'\ah0PÅ\aPÅylF*z�OfPBj�IKH�F*z¿O?c´�T����xºhT�4c'yTIµO�PTO�YahT®�F*Ilj ' S 2ÅO�P�G l
¯nOlj/X�h�z���OKH@I�GÄcdhËW��l²i� � \_®�F�H@IÃ�Àj@y�h�¯nI�GÄc'yTO?c�c yTIÃO�P�O�YahT®�F*Ilj ' S 2 OfP�G l¶¯nIKH@I°H.I�X�hT®TPT\p¸�I�G
j@\az6\`Y]O�H�YaJÆO�Yah�P�®Äc'\az�I�S|¯MyT\`Y]I�WC�l² j@y�h�¯�PÈOBGTI�XKH@IROlj.I�GÈO��'��\aP�\mc'JÆ�'hTH¼c'y�I$H@I�X8IK��c'h�H>OK�]cdIKH6�ËGTO8J�g
\aP�X?F�v�O?cd\ahTP¼\aP/j@IKH�F*zµ�lW�h0H.I�h��0IKH@S�Ow��yTg�\aP�X?F�v�O?cd\ahTPMOK����I�OKH@I�G6j'F��'��\`X�\]I�PRc,cdh�GTI�XKH@I8Olj@I|c'y�I·v�\aP�GT\pP�®µh��
WC�l² vTJ¶��� 0 ± � \a®�F�H@IÅ�Ä\aP�j�IKH�c'³�� � yT\ jµ\aPTGT\`XRO?cdIljMc'yTO?c!S�\pPChT�T��h�j@\mcdI¢c'h�W��l²»¯�yT\]X�yÈ\ jMH@O���\`GTYpJ
GTIK®TH@O8GTI�G[vTJ6y�J0G�H@hTY]ORj@I�j@S�OKPTG3��OKH'c�\aX=F�Y`OKH@YpJ���yTh�j���yTO?cdOlj.Ilj@S�O�Y]YTc'yTIwO�PTO�YahT®�F*Ilj�cdIRj�cdI�GMOKH@I[j'cdO?v�YaIwO��]cdIKH
OwYah0P�®�I?�T��h�j�F�H@Iw\aP3ylF*z�O�P6j�IKH�F*zµ�

H
A

L author m
anuscript    inserm

-00144764, version 1



� �

� \a®�F�H@Iw�����lcdO?v�\aY`\mc�Jnh���c'yTIwO�PTO�YahT®�F*I�j�\aPMylF*z�OfP�j@IKH�F*zµ�
� yTI�v�\aP�GT\pP�®µh���W��l²�¬ �@Z � ���Ècdh¼²�W°²�¯MOljizMI�Olj'F�H@IRG6\aPnc'y�I[OKv�j.IfP�X�Io±�X�hTPlc'Hdh0YV³ihTH4\aPnc'y�I��TH.Ilj@I�PTXRI
hT�#c'y�I¼O�PTO�YahT®�F*I�j´ORj´GTIlj@XKH@\Vv*I�G¢\aP � �T�*IKH@\az6I�PRcdOfY��TH@hTX8I�GlF�H@IljN� � yTIMX�hTz3��I?cd\mc�\eh0P6vTJµc'y�I¼O�P�OfYeh0®�F*I�j
¯nOljw��IKH@�'hTH�znI�G$\aP¢c'y�IµO8v�j.I�PTX�IµhTHw�TH@Ilj.IKPTX�Iµh���j.IKH�F�z I�\mcdyTI�HoG0\VH.I�X?cdYeJ$±��ÅGTO8J��»j.IKH�F*z3³oh0HoO��]cdIKH
\aP�X?F�v�O?cd\ahTP»�'hTH¢�¾GTOKJ�jÇO?c/�T� ��xw� � y�IC\pP�j�I�H�c/\VPTGT\`X�O?cdIljµc'y�IÈX�h�z3��I=c�\mcd\ahTPÊvTJ¾� � � � !¢W WC��²
\aP�X?F�v�O?cdI�G3�'hTH�c'yTI�\aPTGT\`X�O?cdI�G[c'\az�Ilj�O?c
�T� �&xC\pPoc'yTI��THdIlj@I�PTX8Iwh0�kylF*z6O�P6j.IKH�F*zµ�

WChTH@I�h��0IKH@S�¯nI3I?��O�YmF*O=cdI�G¼c'yTI3XKJRcdhlc'h���\aX�\mc'J>h���c'yTI3O�P�OfYeh0®�F*Ilj ' S 2/OKPTG�l�h0PMWCx � �µhTH£W ��Eog!W°{·g
��� � ylF*z�O�P$vTH.I�O�j�c�X�OKP�X�IKHMX8IfYaY´Yp\aP�I�jM± � \a®�F�H@I/�T³=�(Ew�]cdIKH3�CGTOKJ�jM\pPÅc'yTI�X=F�Ymc F�H.IÇznI�G0\VF*zMS<O�Y]Y£c'y�I
X�hTz3��h�F�PTG�j�OK�T��I�OKH@I8GÄPThTPCXKJlcdhlc!h���\eX°IK��I�PCO?c�yT\V®�yÈX�hTPTX8IKPlc'H@O=c'\ah0PC± � � � !nW)³�h0P°c'y�Ilj�I¢c ¯�hÈX�IKY`Y
Y]\aP�IljN�

0 

20 

40 

60 

80 

100 

120 

Control M6P 
5.10-4 3 

5.10-4 9 
10-5 

Analogues (M) 

B
o

u
n

d
 M

6P
/IG

F
2R

b
 (

%
 o

f 
co

n
tr

o
l)
 

2 Days 37°C 
2 Days 37°C + serum 
O Day + serum 

2 
10-4 

B
in

d
in

g
 %
 

20 
40 
60 

0 3 6 
hours 

M6P 

H
A

L author m
anuscript    inserm

-00144764, version 1



�T�

� \a®�F�H@I6����Ewv�j@I�P�XlIµh���XKJRcdh�c'h���\aX�\mc�J$h��4c'yTIµO�P�O�Yah0®�F*IRj[\aPBylF*z6O�PBX�I�Y]YiY]\aP�Ilj=��W �MEog!WB{·g���� � OfP�G
WCx � �ÌX�I�YaY j°¯nIKH@IÊ®TH.h�¯�PÌ�'hTH°� GTO?J�jÃ\aP c'y�IÊ�TH@IRj@I�PTX�I h��¢c'y�I»\pP�G0\`X�O=cdI�GÌX�hTPTX�I�PRc'H@ONc'\eh0P�jÃh��
OKP�OfYeh0®�F*I�jBO�PTGÀc'y�IÆX�I�Y]Y6®TH.h�¯oc'y»¯MORjÃIK��O�YVF*O?cdI�G¾\pP»c'H@\V��Ya\`XlO=cdIÊORjBGTI�j.XKH@\Vv*I�Gº\aP � �T��IKH@\az�IfPRcdOlY
�TH@h�X�I�GlF�H@IRj=�T�lcdOKP�GTOKH@GMGTI?��\`O?cd\ahTP�j�hT��c'yTIwzMI�O�P�j�¯nIKH@IoOfYt¯MOKJ�j�\aPT�dIKH@\ah0H�c!h � 0 �

2 ��� � � ª - 
�¦�� � �

� yT\!j<j'c F*GlJ3F�P�GTIKH@Ya\pP�I�j�c'y�I��dO�X?c�c'y�O?c
O[j@\pP�®�Y`I[P�IK®�O?cd\V�*IwXfy�OKH�®�IwhTPMO�PM\!j.h2j'cdIKH@\aXwO�P�O�Yah0®�F*IwGTI�H�\V�*O?cd\V��I
hT�¼WC�l²7\]jBj�F*���d\]X�\`I�PlcMc'h»�TH.Ilj@IKH'��I°c'yTIÃH@I�X�hT®TP�\mcd\ahTPÊvTJÈc'y�I)W��l²�¬ �@Z � ���3� � y�IÄO��'��\aP�\mc'J h��Mc'yTI
X�hTP=Q�F�®�O?cdI�G/O�PTO�YahT®�F*I ' ¯�Oljw\aPµc'yTIµj@O�z�I6hTH@GTIKH4c'yTOKP/�'hTH|WC�l²
S�¯MyT\aY]I3c'yTIµj@O?c F�H@O=cdI�G¢GTI�H�\V�*O?c'\V��I 2

¯nOlj[j@Y`\a®�yRc�YVJ�Y]I�j�j|¯nI�Y]Y(H@I�X8h0®TPT\a¸RI�G¢vTJ/c'yTI3WC�l²�¬ �@Z � �����(��\az�\]Y`OKH@YVJ¢cdh¢WC�l²
S�c'yTI6znOfYeh�PTO?cdI(l�X�O�P
I?��\ j�ckF�P�GTIKHiO3G0\`O�PT\ah�PT\`X¼j'cdO?cdIoONc
�Ty�J�j@\ah�Yeh0®�\`X�O�Y,���>� � yT\ j X�h�F�YeGµI8����Y`O�\aP¼c'y�I��0IKH�J�®�h�h�G6O��'��\aP�\mc�J>h��
l¼�'hTH,c'y�I�H@I�X�I���c'hTH&��WCh�H@I�h���IKH@S�c'yTI|c ¯�h�X�OKH�v0h��TJ�Ya\]XoORX�\aG¼� F�P�X?cd\ah0P�j�O?c�c'yTI|cdI�H�zM\pP�O�Y*X�OKH�v0h0PnXfy�O�\aPMh��
lMG�\aG¼P�h�c
j@I�I�z»c'hM\az¼��O�\VH�c'y�I�H@I�X�hT®TPT\mcd\ahTP3��y�I�PTh�zMI�P�hTP[vTJ�j�cdIKH@\aXwyT\aP�G�H@OKP�X�I��
� yTIKH@I��'hTH@IµX�hTz3��h�F�PTG�j ' S 2BOfP�G l�c'y�O?c´�TH@Ilj.IKPlc<��I�H�JÅ®�h�h�GÅOK�'��\aP�\mcd\]IRj[�'hTH�WC�l²�¬¡�@Z � ��� X�h�F*YaGÇv*I
®�hTh�GÃX�OKPTGT\`GTO?cdIljM�'hTH[c'yTIµc'H@I�O?c'zMI�PRc�h0�w��OKH@\ah�F�jMGT\ j=I8Olj@IljN� � hTHM\aP�j�cdO�P�X�I�S£c'yTIKJCX8h�F*YaG�v0I F�j.I�G$cdh
\]zM�TH@h���I$¯nh�F�PTG»yTI8OfY`\aPT®Ë¯nyT\]X�y \!j>­�P�h�¯MPCcdhËv�IÃ�dO8�0h�F�H.I�GÄvTJÊW��l² GTI�Y`\e�*I�H.JÊh0PÈc'yTIÈj@\mcdIÃh��
¯nh�F�P�G�j=� �%� EwP�h�c'y�IKH OK�T��Yp\`X�O=c�\ahTP X�h�F�YeG v�I \pP I�PT¸�JTz�IÌH@IK��Y]O8X�I�z6I�PRcÄc'y�IKH@OK�TJ�S°Iljd��IlX�\`O�YaYpJ \pP
YpJ*j@h�j@h�znOfY�GT\ j@I�O�j@IRj=�w��P �dO�X?cµc'yTIÆj@h�F�H@X�IÄ�'hTH�H@I�X�h�z3v�\aP�O�Plc�I�P�¸�J�z�IÊj�JTPRc�y�I�j@\ jÅ\ j�H.Ilj�c'H@\aX?cdI8GÊc'h
z�O�z6z�O�Y]\`O�PÌX�I�Y`Y!jÅvTJ cdyTIÊ�dO�X?c/c'yTO=cÅhlc'y�IKHBh0H�®�O�PT\]j@zµjÃGThºP�h�c��Th�j&j.Ilj&jÅc'yTIÈWC�l² H@I�X�hT®TPT\mcd\ah�P
��O?c'yR¯MOKJ*� � y�IÅX�h�F���Ya\aPT®ÈhT�6j�cdO=v�Y]I¢W��l²¾O�P�O�Yah0®�F*IRjµX�h�F�YaGÃ��IKH@z6\mcoc'yTI¢F�j.I$h��3h�c'yTIKHµj.h�F�H@X8Ilj�h0�
H@I�X8h0z3v�\aP�O�Plc
IKPT¸�J�z�Inj'F*XfynO�j(v0OlX=cdIKH�\aOoh0H�\aP�j�I�X=c(X8IfYaY'j�O�PTG[cdh6\aPTXKH@I8Olj�I|c'yTI|cdOKHd®�I?c'\aP�®µI��'��\`X�\]I�P�X8J¼h2�
c'yTI�\aPT� F�j.I�GMIKPT¸�JTz�I�j�cdh�c'\]j=j'F*Ilj�I�P�H@\`X�yTI�GM\aP[WC�l²�H@I�X�I���c'hTH&j=�

0 

50 

100 

-4 -5 -6 

PBS 

MCF7 

MDA 

M6P PM6P 2 3 

-4 -5 -6 -4 -5 -6 -4 -5 -6 

Analogues (log M) 

-4 -5 -6 

9 

C
el

l g
ro

w
th

 (%
 c

on
tr

o
l)H

A
L author m

anuscript    inserm
-00144764, version 1



� �

_ ��� %�� * ¨ �&f * � §.© -���¨ �Tª * 	�
k¨ * ¦

_ � ����� *1�0* ¨�©�-�¤M¦�� * ªK§�¦K«�E[YaY�j.h�YV��I�Plc@jk¯MIKH.IwG�H�\`I�G3�TH@\ hTH,c!hnF�j.IwO�X�X�hTH@G�\aP�®3cdh j'cdOKPTGTO�H@G¼zMI=c'yTh�G�j=� �%���

EoPTO�YpJRcd\]X8OfY � bix�¯nIKH@I���I�H��'hTH@zMI�G3F�j@\pPT®>O�YmF�z�\aP�F�z�g@X�h�ONcdI�G � bix���Y`O?cdIlj��T�Tg � � # ! ±!W�IKH@XK­T³N�	�M²(YeO?cdIlj
¯nIKH@ICGTI?��I�YahT��I�GË¯n\mc�y ± � ³µ~�
 Yp\a®�ylc ±����R�»P�z3³@S3OKP�G»±��T³/\az6z�IKH&j@\eh�P»\aP O � � 0 � � ��Â ! ¬ � cdÂ1�
j@hTYmFTcd\ahTP��¹��\aY]\`X�O°®�I�Y�X�h�YmF*zMP»X�y�H@h�zMO?cdhT®�H.OK�Ty�JÄ¯¼Oljµ��IKH@�'hTH�z�I�GÄ¯M\mc'y j@\]Y`\`X�O°®�I�Y3�T�TE ±�x<OKH@Yah
� H�v�OK³N�
�¾Âw�lc'\aX8OfY�H@h�cdO&c'\ahTP�jµ¯nIKH@IÄz�I�O�j�F�H.I�G»O?cMc'y�IËj.h�G�\mF*z �ng�Yp\aP�I�¯n\mc'y O)²
IKH�­�\aPTg � Y]z�IKH@g��T� �
��hTYaOKH@\az6I=cdIKH=��� � YaI�X=c'H@h0P/\ahTPT\a¸RO?cd\ah0P/z�Olj&joj���I8X?c'H@OM±����/I�
o³4¯MIKH.InH.I�XKhTH@GTI�Gµ\aPµ��h2j@\tc�\V��IMhTH<PTIK®�O?c'\V�*I
zMh�GTI6hTP�O �ÆO=cdIKH&j<WC\]X�H@h�W�Olj&j������ � �¹�3W°�7�T��I�X?c'H@O3¯MI�H@I3H@I�X�h0H@GTI8G¢hTP�O3{´H���­�IKH �o��� ���T�
±����T�$W �3¸�³.S|O=co��� �=x���x<yTI�z6\`X�O�Y[j@yT\`�]c@j�±

δ
³nOKH@I¢®�\p�0IfPC\aPÃ�T��z O�PTG°H@I��dIKH@IKP�X�I8G$F�j@\aPT®ÃH@Ilj@\`GlF*ORY

j@hTYV�*I�Plcoj@\V®�PTO�Y j3±d��� �T�Å�T��z �'hTHox �Mx<Y � OfP�G����m�T���T��z �'hTH �MÂ �3³N� � yTIµ�'h�YaYah0¯M\aP�®ÃOKvTvTH@IK��\`O?c'\ahTP�j
¯nIKH@I F�j.I�G$cdhÄI=�T��YaO�\pP°c'y�I$j@\a®�P�O�Y�z3F�Ytc�\a��Y]\`X�\mc�\`Iljnh0HnXKyTOKH.O�X?cdIKH@\]j'c�\aX�j?� jM±@j@\pPT®�Y`I?c'³@S<GÃ±�G�h�FTv�YaI=c'³@S<GTG
±�GTh�FTv�YaIµGTh�FTv�Y]I=c'³@S£GTGTG�±�G�h�FTv�YaIµGTh�FTv�Y]IµGTh�FTv�Y`I?c'³@S,c´± c H�\V��Y`I?c'³@S,cdGÅ±]c H�\V��Y`I?c·GTh�FTv�YeI?c'³@S�Á$±dÁlF*O?H cdINc'³.S#z
±�z[F*Ymc�\_��Y`I?c'³=��� � �@x°�3W°�¾�T��I�X?c¡H@O�¯MIKH.I�H@I8XKhTH@GTI�GMhTPMO·{´H���­�I�H �o��� ���T�6± � �T���m�3W ��¸�³=�Tx4y�IfzM\`X�ORY
j�yT\`�]c@j´±

δ
³´OKH@I3®�\e�0I�P¢\aP/�T��z H@I�Y`O?cd\e�0I[cdh � WÆ��Olj´OKP�I?��cdIKHdPTO�Y�H@I��'IKH.IfP�X8I���� � y�I3��IfPRcdO�zMO�PTPTh�j@IM�Tg

�TyTh�j��Ty�O=cdI¢±!²�WB²�³w¯nOlj3�]F*PTX?cd\ahTPTO�Y]\a¸RI8GÇ¯M\mcdy
β
g�± �´g�OKz�\aPThT��y�IfP�J�Y_³&I=c'y�JTY`OlzM\aP�I�S#c'y�IfPÅH@I8GlF*XlI8GÇ¯M\mcdy

j@h�G�\mF*z cdI?c'H@OKy�J�G�H@h�v�hTH@O&cdI�SÅOKPTG½�'\aP�OfY`YpJ X�h�F���YaI�G hTP¿x(�n{´HÆO8X?c'\V��O?cdI�G ��IK�Ty�OKH@h�j@IÌYaIRO�GT\aP�®½cdh
�TyTh�j��Ty�h�z�O�P�P�O�P���IK��yTOKH.h2j.I�� �%!��µ{<F����dIKH&j´O�P�G¢j@h�YmFTcd\`h0P�j£F�j.I�G \aP6c'y�In��F�H@\a��\`X�O?cd\ahTPµh���W��l²�¬ �@Z � �T�
OKP�G¢\aP c'y�I � b��=��EÌOlj=j.OKJ�j4¯nIKH@I/�*v�F��'�dIKH�E ±����¢zoW \az6\`GTOK¸Rh�Y����7��� � ���¢z3W �6ORx|Y����>znW

β
g

®�YeJ0X�IKH@hT�TyTh�j��Ty�O=cdI������t��� 0 � Hd\mcdh0PM��g � �T�µ± ¯[¬`�T³�³ �T²k{3��± � �t�6z[W �6O � � ²
Â ! S���� � z3W �6O � ²(Â ! OKPTG
� �R�6zoW �6ORx<YaS0���À�����T³ �TX8OKH�v�hTPTO?cdI|v�F��'��I�H�±���� � W �6O��Mx<Â � ¬a��O � x<Â � S0���À���t��³ �l¯nOljdyT\pPT®Mv�F*���dIKH�±��
zM®��mz3b � ��®�IfY`O?cd\aPTIw\aPn²�{��T³ ��Â�²0�¾±�hTg��Ty�IKP�J�Y`I�P�I�G0\`O�z6\aP�I � zM®��mz3b � ��\aP�Xf\tc'H@O?cdI|v�F*�'��IKH(���¹���t�¼O�P�G �
�0b)�T� 0 � � Â � ��³

_ �"'(�!� §#"  -#"�f * §#"  -�" ��$ g#) �Rn-g
	�� 	 * ��%  g ' � 2 �;_-gd§@¨ �Rg % g�§@¨��4f * §#"  - ¦,��-  -Rg
αααα
g'&/g)(+*!,�,�-�g �TªK§�g#)�g

*1� ���  ¨K© � �T¦,��	 $ 
�¨�� � ©�§ *+�

� \aP�I�YpJÃ®TH.h�F�P�GÃOfP�G$c'yThTH�h�F�®TYVJCG�H@\`I�GÃX�y�H@h�z¼\VF*z ±�
3��³�h���\eGTI$±'���e�Å®�S4�T���V�T�ÅzMzMh�YV³3¯nIKH@I
j�F�jd��I�PTGTI�Gµ\aP/G�H.J>GT\`XfyTYeh0H@h�zMI?c'yTO�P�I3±����µznb�³ X�h0PRcdOK\aPT\aPT®/G�H.J��TJTH@\`G0\aP�I3±'�¢z[b�³N� � yTI3zM\V��c F�H@Iw¯MO�j
j�c'\_H�H@I�GÃO?coHdhThTz cdIKz3�*IKH@O?c F�H.I¢�'h0Hn�T�$zM\aP�� � yTI�P�Sic'y�I�z¼\V��c F�H@I ¯nOljMX�h�hTYaI�GÃO?c�����x O�PTGÃz6I=c'y�J�Y
��Sa�TSV�TSa�Tg¡cdI&c'H@O�g).wg¡c'H�\az�I?c'y�J�Y j@\]YaJ�Yag

α
g �Mg�zMO�PTPThT�TJ�H.OfP�h2j@\¡GTI���$B±��¿®�S���� � � zMzMh�YV³ÆGT\ j=j@h�YV�0I�G \aP G�H�J

GT\aX�yTYah0H.h0z�I?c'y�OfP�I°±��Èz3b�³¼¯nOlj>O�GTGTI�G��<E[�]cdI�H � yÃc'yTI°z�\e��c F�H@IÇ¯nOljµ�d\pYtc@IKH.I�GÈh���IKH/j@\pY`\`X�O$®�I�Y�cdh

H
A

L author m
anuscript    inserm

-00144764, version 1



���

�����	��
���
��������������������������	
�������� �!�#"������%$��'&)()�%�+*,
-�/.,��01.2�43506�5���7� �����6.,��0'.2��$8
��9
�0:�1�!�;0�*<*,�%��$%
=�%>
.,�%�?0���$%����@7$%�?A � &CB%DE>�F%G ��H�I .,� 01.�3506�J�K����$#*,�7�K.,�%�L���1M�.N�,.2�O"#3#
P.,�%����.Q*-���<.,�%���)"����R
�*<
��S01.2
��7�!&

(T�U0V�,�K�R"��O����
����W�%*YXZ0'[\AR]�^ H F?B�_�DW�#>�F#^�& �%� �Z�	��� I 
��W(J[#`aA<BW�#b I 3	0S��0�$%$%��$V.,�R
��'.,��@��
"%�%���R"%� �7� ��0:���1.201.2�	A<B��#bcFJ]�&P]%]��	�	��� I &%d?�S0��'.,
��7��3	06�Y�<.,
e�R����$�*,�%� � _��Z
��f0'.g�2�%�7�h.2���#"��O��01.i������F
.,�%���j0E���7�/�%.2
��%�j�%*J.,�%�Y�O�<�!$%�#0���$%����@�$%�#
��j(J[k`8A � _Z�#b I 3	0S�l0�$%$%��$m$����%"�3	
i����&%()�%�Y����0��1.2
��%�#3	0��
�	���%
P.2�7���:$5�%@4(nbpoqAR�-
�>��6.n"��1.,�R�%���1�!�#r-sT.,t�uv]6r � 
�r�
 I 0O� $��<.2
��R���:$Z*,�7� � _Z�Z
��Z����*,�%���Y���7���:���S.,��0w.,
=�%>
���%$%���?����$6�!����$+"%���S�w�<������&J()�%�Z���6��
�$6�!�E350 �x$7
����%.2��$�3	
/.,�foN[ t oy� t 0�� $�.,�%�j�%�R>�0O�%
��j��0:@7�O�L3506���%��$
3	
/.,�#� �z
�����F�$���
���$mA-XZ0 t'{ ux| I F7*,
��/.�������$	0��%$	���%�%�S���6.,��0w.,��$k��� $��O�)����$6�!����$#"%���6�'�,������&�(}� �L���6��
�$6�~�y3	0��
"�����
�*<
���$V�%@���
=��
��60+>����Y�����P���	�����������	0'.2�7>���0O"%��@�AR��
=>��6.�"��1.,�2�7���1���#r�sN. t u�]���rR�f.,�%�O��]6r � 
�ri
 I .2�
0�*<*,�%��$��WA � &CD�>�F#G%_ H+I 06�f0�@7���=��� 3���
��i&Y(N�%�W�R"!���1.,�2�~�����7"%
��q$%01.20�35�O���V
���0������%��$%0O� ����3	
/.2�
�-
P.2�O��01.i������&=� |

�%���%�����%�!�-�K���R���O�������!�<�l�R���% �¡6���¢���K����£6���
αααα
�R¤¢¥2¦j§%¨K¨�©%���%ªO�R��������«K�%¬��!­O®%«K�%¯w�������K­O�%«K®����L°

og±LX�A<B�]�^+��>�FN_�&��SD9�	�	��� I 3	0��Y0:$%$%��$�.2�80����7�P�%.,
����f�%*Y��A � & � >�F)BK&PG�B8�	�	��� I $7
i�'������
���$f
=�²0
�Z
�M�.i�����³��*�A2oc[�´�o)X#r-[ t u ]���rR�µ
�ri
�F � �¶�5b I &W(}� �·����0:�1.R
��7�¸350����	���%
/.2�7����$¶�%@¹()bco
A<±Y��uLsT.ir-º��:u»[¼]�B�rR^#
�ri
 I &%±Y*-.2�O�gB�_j�Z
��+�<.2
��R��
���>�01.T���%�7�½.2���#"�����01.i������F%.,�%�#�	
�M�.i�����x3506�l$%
-���%.2��$
3	
/.,�¾oN[#t�ol��t'&T(}� �+�7�2>�0O�%
��+��0:@7�O�k350��k3506���%��$835
/.R�f[#t�ukFN�%��
�����Fl$��R
���$;A-Xm0Ot { u | I FN*,
-�P.2�O����$;0��%$
���%�%�����S.,��0¿.2�:$¶��� $%�O�h����$6�!����$µ"%���6�À�<������&�s).,��@%��AR�Z�'.,��@��vAÁs I�ÂRÃ F�G Â $�
�$%����M%@ Â α ÂiÄcÂÁÅkÆ%Ç%Ç�È�Â ���w. ÂRÃ%Â
�O� �7"%@���0��%����
�$�� I �����%�%01.2� ARG � B��#>�F#É6�!0O�S.R
P.201.,
�
�� I 3506�Ê����.20�
��%��$W"������V0S�+0��������%�R�����w�Ê��
��i&»(N�%�
�R"��:�1.,�R�����:�7"%
��?$%0'.20y3	�O���L
=�50������%��$%0O� ���y3	
/.,�	�-
P.2�O��01.i������& � |

s).,��@%�!AR�m�1.,��@%�!AÁs I�ÂRÃ F�G Â $�
�$%��� M%@ Â α ÂÁÄcÂiÅkÆ%Ç%Ç�È�Â ���w. ÂRÃ%Â �'�%�%"%@���0�� �~��
�$ I �����%�%01.2�?ARG%_%_Y�#>�F7BK& Ã G#�	�	��� I
3506�T$%
Á�À������
7��$E
��#BYXËXm0�uL[ÌA<B�_#�#b I 01.Q_	ÍÀox&�()�%�y�m
�M�.i�����y3506�g�,.,
��R����$	*,�7� � �	0��%$#�%�1�%.,��0���
�ÎS��$
3	
/.,�5_�&��ÏXv[	og���!�6.2
=�%"�[ÐG�&#()�%�O� F�
��%�	�1M!���%0���>��L���6��
��	AÁÑ5� 35�1Mj��_�Ò�ÓkB�FSXZ0�Ôg*,�7�2�	F7B�_#> I 3506�
0�$%$%��$�&S±Y*-.2�O�g�<.,
��2�z
���>Z0'.K�R�%�%�Ë.2���#"��O��0'.i�����L*,�7�)B��%F6.i� �L���6��
��k3m0S�N*,
-�P.2�O����$	�%*<*Q0��%$k350 ��� ��$k3	
/.,�
[ t uËA � _%_#�kb I &�()�%�L*,
-�/.,��01.2�y3	0S�)*i������ÎS�?$���
���$	*i�����Ë[ t uË0�*<*,�%��$%
=��> ° A Ã ��_5��>�F�]�� H+I 0S�T0y3#�%
P.2�
*,��0��4&�()�%�k�2"����'.,�R�������%"%
��?$%01.20y35�O���L
��	0:�����%��$%0O�%�:�»3	
P.,�E��
/.2����01.i������& � |

�%���%���!�%�¢���K���R���O�������!�% =¡S���K�-�K����£S���
αααα
�RÕY�<¦j§�¨K¨¢©%���%ª1���%¬��!­�®%«K�%¯w�-�����K­��%«K®����L�

±������/�%.R
��7�m��* ° A Ã _%_Z�	>�F�BK& � Dj�E�5��� I 
��EsT.2u»[aA<B�_Z�#b I 3	0��Ï�<.,
��R����$E
�
�>��7�����K�R��@m��� $%�O�}[�tRÖP×RØ�*,�7�
Dq�q
��;.,�%�f"%���6����� ���9��* � _ H Ù $ Â oÚ06�4��0w.20���@!�<.À&l(J�%�9�m
�M�.i�����+3	06�4*<
��/.2�O����$;���%$%�O�4�����-
/.2��Fy.,� �O�

H
A

L author m
anuscript    inserm

-00144764, version 1



� D

3506���%��$�3	
P.R�+sT.2u»[ A � _%_8�kb I 0�� $9���%�%�����S.,��01.2��$�&K()�%�j�O�,�!$%� "%����$6�!�w.y3506�?"�����
�*R
���$+�%@;�:���/�!�Z�
�O�������	01.2�%>���0O"%��@²�%� d ÙnÂO� ^f��
-��
���0 >����)�J��
��%>+3501.2�O��06�Y�����!���S.À&¢±Y*-.2�O�Y*i�À���OÎS��$��R@%
��%>�F � Az� Ã ^+�	>�F
]�D H+I 3506�¾� ��.20O
�����$h06��0U3	�%
/.2�v*,��0�� . ()�%�½�R"!�S�1.,�2�~���O�%"%
��v$%01.20U35�O���v
��h0������%��$%0O� ���U3	
/.2�
�-
P.2�O��01.i������& � |

�%���%�����O�R������°� ��� =�S�R��­��=���Ï���K��«
	����=�������L���<°%����
����-���¢���<������£S���R°��7£ �%�O���������R�
αααα
�2Õk����®%«K«K�%¬!�!­�®%«K�%¯w���¢�?�

(T�80j���%�/�%.,
��%�f�%*L�m�1.,��@%�TB�F � F�D Â .,�R
 Â��kÂ ������Î�@�� Â α Â Ñ Â �m0��%�%�%"7@���0�� �~��
�$%� ��� Az�%^ � �	>�F � &CB����E�5��� I 
-�
$��R@�ÑYº;`�Az�Ê�5b I F¢Xm01[ A Ã _ H F}B�_%_+�#> I 3506�Y0:$%$%�6$���� $%�O�Y0O�R>��%��&Q(}� �Z����0��'.,
��7��3m06�#�,.R
��2����$f01.
���%�%� .2���#"��O��01.i�����E*,�%� � ��&K()�%���%F�������� Â ���%.<@ �}� ���%�	��0:���1.201.2�	A � &�^SB+�#bcF � BK& � Bf�E�5��� I 350��?0:$%$%�6$
$����%"�3#
����j01.l�2�%�%� .2���#"��O��0'.i�����Z0O� $ .,�%�Z�m
�M�.i�����#3m06�Y�<.2
��R����$+*,�%� � �!&K(}� �����%�/�%.2
��7�j3m06�»$%
-���%.2��$
3	
/.,�¼oc[ t ol� t A � _%_��#b I 0�� $Ð.,�%���7�2>�0O�%
��Ð��0O@��O�93506�f3	0���� ��$Ð3	
/.2�½� �z
�����A � _%_��5b I Fj$��z
���$
A-Xm0 t'{ u?| I FY*<
��/.2�O����$%F����7� �����6.,��0'.2��$Ë0O� $U"�����
�*R
���$Ë�%@���
-��
��S0�>����m�����P���	�v���������	01.2�%>���0O"%��@�A���
�>��6.
"��1.,�2�7���1���#r�sN. t u ]6r � .,� ���9^�riBf
�ri
 I .2�f>%
�
!� � A�� � G8�	>�FNG�D HÊI 06��0j�������%�����6�'�Y��
��,&����L_�&��%�ÊAR��
=>��6.
"��1.,�2�7���1���#r,±Y��uLsT.	^�riB I &�� α  "!

t$#&% B�]�& �%Ã A(' � & � rYoN[	ol� ´ I & � [ X#º;d ARoNÑ5oy� ´ I F δ ) � & � B�Az��Fl]6[5F
� o+*Z´ I�,�� & � GZAz��F � [5F�uvo+*Z´ I-,�� & Ã _ZAR�	F � [5F7[ Â � I�,�� & Ã GZA2$%F � [	F/. t�0 ´21+BK& � [�ÎSF7[ Â B I�,�� &PG%_ZA2$�F�B�[5F
.�354�t�07681 � &PGE[#Î�F![ ÂRÃ 0O�%$ Ã:9�I�,!� &PG�^mAR$%$%F � [�F;. ´ 0 | 1²]�& � [#ÎSF%[ ÂR��I-,�� &�^ � A .ÁF � [5F<. | 07681 ]�& � [#Î�F7[ Â
D I�,!� &P] � Az��F�B�[	F�[ Â Gj0O� $jG 9=I-, DK&CD�^ Â DK& Ã%� A<�5Fn��[5FKo=* t Ù � I�, DK&���]jAz��F � [5F7[ ÂO�'I�, DK&�^ � AR$�F � [5F<.�> 0 ? 1
� _�&�^8[�ÎSFÏo@* t Ù � I-, G�& � _ Â G�&CB%DqA,�	F � ��[5F � ��[ Â 0O� I & � ´ oÌX5º²d ARoNÑ5oy��´ I F δ ) B�^�& � B�FyB�^�&CD � FlB�^�&��%�
A ��A [�´ I�, �%��& � ^	A2u A [�´ I�,�Ã ]�&PG�BjA2o Â G I�, G%_�&P]%]ZARo ÂRÃ�I-, G�BK&CB�_mARo Â � I�, G�BK&��SD�F�G � & �%� A,B A [ t Ù � I�, G�DK&/]�^
ARo Â B I�, G���&CB�_	ARo Â D I�, G���& D � A A [ t Ù � I�, ^�_�& Ã%� ARo ÂR��I�, ^ � &PG���A A ARoN[#´ I ´ I-, ]%]�&CD%DmARo ÂO�'I�,Q� B�G�&P]�D ÂO� B�^�&PG��
A � � A [ Â 0O��� I�,Q��� ^�&PG%G%F ��� ^�&P]�^SF ��� ]�&P_%G#A � oCB7D Â 0O��� I�,J� G�_�&P_��#A2oyu I &�º { s {�E Ô'F ÅGFIH ) Ã _ � �=º

% Xm0  Ô:&

�%���%�����O�R������°� ��� =�S�R��­��=���Ï���K��«
	����=�������L���Rª�®%­��¢�%£6�~���O�À�!�����R�
αααα
�RÕY����®%«K«K�%¬��!­O®%«K�%¯À�-�K�?¯w�%�K�-�K� ¯w®����2�

(T�Z0k���7�/�%.2
��%�	�%* � Az� � BZ�	>�F�_�&P]�BZ�	�	��� I 0�� $k.,�R
�*R���K�%�R��0����w.,
��Y0���
�$EA2] � ^KJ%bcF �%� &P]�Bm�Z�	��� I

��;oN[�t�oy��t�A<B;�#b I F}.,�R
��'.,��@��Á��
���0�� ��A �%Ã%Ã J7bcFTBK& B�]f�Z�	��� I 3E06��0�$%$��:$ �!�%$%�O��0O�R>��%�²01.,�	���R"��%�O����&
()�%�+����0��'.R
��%�;3	06���<.2
��R����$V0'.#���%�%� .2���#"��O��01.i�����8*,�%� � �²��&g±Y*-.2�O�m�O
�0O"��%��01.,
��7����*m������
����S.���Fp.,� �
���6��
�$6�!� 3	0��5$7
i�w������
���$835
/.R�f3	0'.2�O�#A���_9�kb I 0��%$;�S01.,
��%�;�OM7��� 0���>������S��
=��
��8.,� �ZXZ0�Ôj*,�7��� 3506�
0�$%$%��$�&S±Y*-.2�O�g�<.,
��2�z
���>Z0'.J���%�7�Ë.2�O��"��O��01.i�����L*,�%� � �%F�.i� �L���6��
��#3	0��T*<
��/.2�O���:$E�%*,*)0��%$k3506������$Z���O
�����06�
.,
��m�6�L3	
/.,��3	01.2���'&K(}� �Z0�É6�!�:� �K�Ï"%�%06�À�#3	0S�k��@ �%"��%
��-
�ÎS��$ .2�f0O*,*,�%��$ � A<D Ã%Ã �#>�F)]%G HÊI 06�»053	�%
P.��
���%��
�$�&L� � _�& ��� A,�=
�>��6.Q"��1. �R�%���1�!�Ðr,±Y�:u»sT.T��rR� I &
� α  "!

t"# Â BK&P]%]#A"' � &�^LrQoN[5oy� ´ I & � [�X5º²dWA2ocÑ5oy� ´ I F δ )
� & ��� Az��F � [5F%oN[v´�u I�, � & D�_ ÂR� &��SD	A<�	F � [5F [ Â ��F6[ ÂRÃ 01� $ Ã:9�I�,%� &PG%_	AR$%$%F � [5F�. t�0 � 1 � &CB5[�ÎSF5. t�0 ´�1�BK&��
[�ÎSF7[ Â B I�,�� & Ã B ÂR� &PG � A,�	F�B�[5F7[ Â Gj0�� $ZG 9=I-,�� &PG%GmAR$%$%F � [5F<. ´ 0 | 1 ]�&��Y[	ÎSF7[ ÂR��I�,7� &/]%GmAÁ.2F � [5F<. | 076M1
]�&��Z[�ÎSF¢[ Â D I�, DK&CD�^�Az��FJB�[5F)o+* t Ù � I�, DK&�� � AR$%F � [5F
.�> 0N? 1 �%� F-�Z[�ÎSF)o+* t Ù � I�, DK& Ã DfA2$%F � [	F¢[ ÂO�'I�,

H
A

L author m
anuscript    inserm

-00144764, version 1



� �

DK&PG � AR$%F � [	F<. >�� 0 ? � 1 � BK&�^k[�ÎSF�o+*mt Ù � I�, DK&�^ � AR$%F�B�[	F�B�o+*mt Ù � I�, G�& � D Â G�&CB�]ZA,�	F � ��[5F � ��[ Â 0O� I & � ´ o
X#º9daARoNÑmol� ´ I F δ ) �%��&��%^�ARu A [ ´ I�,QÃ G�&P] Ã A2o Â G I�,QÃ ]¢&P_ Ã A2o Â2Ã�I�, G%_�&�� � ARo Â � I�, G�BK& � DfARo Â B I-, G�BK&���_
A A [ t Ù � I�, G � & � _;ARo Â D I�, G � & D��²A A [ t Ù � I�, G���&��SB�A A [ t Ù � I-, ^�_�&���_;ARo ÂR��I-,#� _%_�&CB��²ARo ÂO�'I�,Y� B�G�&�^ ��Â
� B�]�&P_%]fA � � A [ Â 0��R� I�,Ï��� G�&��SD�F ��� ^ & � ]%F ��� ^�&�� Ã A � oCB D Â 0O�2� I�,Ï� G Ã &P_�^�ARolu I &~º { s {�E Ô'F Å F H ) �SD�� & � �
�=º % [  Ô &

�%��¡%�����O�R�����!�����Ï���Rª�®%­��K��£6�~���O���!�����R�
αααα
�RÕY����®%«K«K�%¬���­�®%«K�%¯w�-�K�?¯À�%�¢���K��¯w®%���T�

(T�90+���%�/�%.,
��%�9��* � A�^�G8�#>�Fg_�& � G9�	�	��� I 
�� sT.2uL[�Az�+�kb I 350 ��0�$%$%�:$ � ��_9�#>¾�7* � _ H Ù $6r,o?&
±Y*-.2�O�E�,.,
��R��
��%>8��� $%�O�x[ tRÖP×<Ø *,�%�kD²�%FJ.,�%���	
�M�.i�����Z350 ��*<
��/.2�O���:$ .,����� ��>%�²ol���=
P.2� "�0�$%FJ.,�%���+3506���%��$
3	
/.,�9sT.2uL[³A � _%_;�kb I 0��%$����%�%�����6.,��0¿.2��$9���%$%���5
70S�1�%���4&g()�%�f�O�<�!$%�+"%����$6�!�¿.?3506�	"����R
�*,
��6$9�%@
���%�/�!�E���������%�	01.2�%>%��0O"%��@ �7�Ú���1
��O�À�À��$ "%� 0����hAÁd ÙnÂO� ^�F+[ t u I &j±k*-.2�O�W��@ �7"��%
-��
�ÎS01.2
��7� F � 3	0S�
����.20O
��%�:$v0 � 0�3	�%
/.2�q"���3	$%���fA � GË�#>�FZ^%^ H+I &C� � _�&CB���A-X5[ | uL[kr�[#t�u»r 
 Ù ��u»[ � r � r2^ I & � α  "!

t�#
% D���&PG��	A"'�_�&�^kr�Ñ�t�u I & � [�X5º²d�AÁÑ�t�u I F δ ) � F�B�]mAz��F � [	F!uvo@* ´ I�,7� F ÃJ��Â2� F ^ � A<�5F Ã [	F%[ Â B�F � F�D�F¢��F
Ã�I�, D�F � _8A���F)B�[�FNo+* t u I-, D�F Ã DfAz��F � [5F¢[ ÂO�'I�, � ´ oWXkº9d¼AÁÑ t u I F δ ) �SDK&�^%� ARu A [�´ I�,nÃ ^�&CB � ARo Â G I�,
Ã ]�&P] � ARo ÂRÃ6I�, Ã%Ã &���G%F Ã ]�&�^SB%F�G%_�& � ��F%G � & ��� ARo Â B%F � F�D%F-� I�,J� _%_�&P]�DmARo ÂO�'I�,Q� G���&PG�B	ARolu I &
º { s { E 0 F ÅGFIH ) B�� � &CB�_K�=º Â Xm0  

0 &

�%���%� ���O�2�����h�R���O��������°� ��� ����<��­O�����L���¢�:« 	��!�=���% =¡����¢���K����£S����¡����R���O���K��£6�!ª:®�­��K�%«!�!���R�
αααα
�2Õk�,¦j§%¨K¨¢©��

�%ªO���%¬��!­�®%«K�%¯w�-�����K­��%«K®����?¡
(T�j0E�2�7�/�%.2
��%�j�%*T$7
��m�1.,��@��K�Z0������%01.2�#A2_�& Ã%Ã > FJ�%&P_Z�	�	��� I 
��j(J[#`²A � �m�kb I FJ����$�
/�!����@7$���
�$%�#AR_�& �
>�F%BK&��Y�	�	��� I 3	0��T0�$%$%�:$�&�()�%�?�	
�M�.i�����y350 �c�<.2
��R����$k��� $%�O�N�%
P.,���7>����E*,�%� � _#�	
=� F .,� ���	05���7�P�%.R
��%�	��*
�m�1.,��@�� B�F � F�D Â .,�R
 Â��YÂ �7����Î�@�� Â2Ã%Â��kÂ .,�R
�*<���!�%���7�5�1.,�%0��%���R�!��*,����@%� Â α Â Ñ Â �	0��%�%�%"%@���0�� �~��
�$%� ��� A � & � D >�F
� &P]�Bj�	�	��� I 
��j(J[#`²A<D��kb I 3506�p0�$%$%��$j$����%"�3#
i����&�(}� �5�	
�M�.i�����x3	0S�g����*,����M��:$ *,�%� � �	�%FK0�������3	��$
.,�j�:�%�7�K0'.T�R�%�%�½.2�O�#"�����01.i������FKÉ6�!�O� �O�%�:$E3	
/.2����0'.i����01.2��$j0O�	�	���%
��!�h���%���%��
-$%��0�� $j�1M�.,��0��1.2��$E3�
/.,�
�1.,� �O�'&#()�%�W�%�R>�0O�%
��U��0O@����83506�8350����%��$Ë3	
/.2�v�%��
�����Fm$���
���$%FZ*,
-�/.2�O����$�0��%$Ì���%�%�S���6.,��0w.2��$Ë���%$%�O�
����$6�!�:��$½"%���6�À�<������&	(}� �U���6��
�$6�!� 3506�9"�����
�*R
���$½�%@Ú��
��-
���0W>����j�����P���	�h�������7�m01.Á�7>%��0�"%��@aA���
�>��6.
"��1.,�2�7���1���#r�sN. t u ^�r Bq.,�%�O��G6r � 
�ri
 I 0�*,*,�7��$7
��%> ¡ A�G�B%Bv�#>�F Ã � H+I 06�f0��������7�����6�'�Ê��
��i&2���Y_�&���]
AÁs). t uLri��
�>��6.?"��w.,�2�7���'��� Ã riD I & � α  !

t�# % �%Ã &CD²A"' � &CB�] rÏoN[5oy��´ I &g�=[ X#º9d ARoNÑ5oy��´ I F�� ) B�&P_�D²AR$%$%$%F
� [5F .	� � 076�1+]�&P]k[�ÎSF .
� � 0��
1 � DK&P_k[#ÎSF5.
� � 0 � 1�DK&/Gk[�ÎSF�[ Â<Ã:9�I�, BK&���_	AR$%$%$%F � [5F .
��076�1�BK&CD#[#Î�F .
��0 � 1 � _�&PG
[�ÎSF~[ ÂRÃ�I�,~� & � ]�Az��F � [�FJuYo+*Z´ I�,K� &CD�G�A .2$�F � [5F . 6"0 | 1²]�&/]Z[�ÎSF~[ Â � I-,K� &���G ÂR� & Ã ^mA<�	F � [	F�[ Â B�FKD+�w.
G I�, � & Ã%� �'. � & Ã DmA<B���F Ã [5F7B�uYo+* ´ I-,%� &PG Ã AR$%$%F � [	F5. ´ 0CtM1 � &P_k[�ÎSF . ´ 0 | 1Ê]�& Ã [�ÎSF�[ ÂR��I�, DK&�� � A���F%B�[	F
o+* t Ù � I�, DK&��SDmAR$%F � [5F . � 0Ct 1 � &��?[#Î�F [ ÂO�'I�, DK&��%^YAR$%F � [5F .�> 0 ? 1 � _�&P]k[�ÎSF�o+* t Ù � I�, DK& ÃJ� AR$%F � [5F .�>�� 0

H
A

L author m
anuscript    inserm

-00144764, version 1



��Ã

? � 1 � BK& � [#ÎSF)o+*mt Ù � I�, DK& Ã GÊAR$%F � [	F)o+*mt Ù � I�, DK&�^ Ã AR$%F � [	F)o+*mt Ù � I�, G�& � ^ Â G�&CB�]+AR�	F � ��[5F � ��[ Â
0O��� I & � ´ o;X5º²dvA2ocÑ5oy� ´ I F δ ) �J� &PG%GjARo ÂRÃ�I�, D�_�&�^ � ARu A [ ´ I�, �SBK&P]%_%FJ�SBK&/] � A,B�u A [ ´ I�, �%��& � ]jARo Â G I�,
Ã ]�&CD�^mARo Â � I�, G�BK& Ã BjA A [ t Ù � I�, G � &CB�^mA A [ t Ù � I�, G���&P_ Ã ARo Â B I�, G���& Ã _jA A [ t Ù � I�, G%]�& � _jARo Â D I�, ^�_�&�� �
ARo ÂR��I�, ]%]�&���G�ARo ÂO�'I�,j� B�^�&P_%_ ÂO� B�^�&PG�� A � � A [ Â 0��R� I�,j��� ^�& Ã%Ã%ÂO��� ^�&�^SD�A � oCB D Â 0���� I-,j� G%_�&P_%_%F � G%_�&CB�^
A<B�olu I &�º { s { ERÔ F ÅGFIH ) Ã _ � &CB�^ �=º % Xm0  Ô &

�%���%�g�I�Ë���R�����g°� ��� ����<��­O�����L���¢�:« 	��!�=���% =¡����¢���K����£6����¡���ª�®%­��K�%£6���
αααα
�RÕk�,¦j§%¨K¨K©%���%ªO����¬!�!­�®%«K�%¯w���~���¢­��%«K�-ª

®%ª���� �

(T��0#���%�%����$jAR_�Íwo I �����/�%.2
��7�4��*)D	XÌXZ0�uL[¼A � F � �#b I 3506�l0:$%$%��$j$����%"�3	
-�À�#0E�����/�%.2
��%�j��* ¡ Az�%^SD
�	>�F � &P_ � �Z�	��� I 
=� (n[Y`�r�3m01.2�O��A<D�r Ã 
�ri
7F8�h�Eb I &4(}� �½�Z
�M�.i������3m0S�Ë���%�%
���01.2��$ 01.;���%�7�
.2�O�#"�����01.i������
��²0��+���/.,��06���%�%
�� ��01.,�!&)±k*-.2�O� � �f�	
���Fc.,� � ����0��1.,
��%�+3	0���������"����1.2��Fc06�Y���1
!��0�����$8��@
(Jbcox&!(}� �E�	
�M�.i�����k3506�Ï0S��
-$%
�*R
���$Z3	
/.2��04�����/�%.2
��%���7*L��X [5oy�K���6.2
=�Q"�[hDK&P_�0��%$Z.,�%���%FQ�:M�.,��0��1.2�:$
���O
7�O��0���.R
��m�6�J35
/.R�5�1.,��@���0S���1.201.2�S&�()�%�Ï�7�2>�0O�%
��?�-0O@7�O�J3	0S�J3	0S���%��$k3	
/.2�k� �z
�����F�$���
���$	A-Xm0 t'{ u?| I 0O�%$
���%�%�����S.,��0¿.2�:$�&q()�%� ���6��
�$6�!� 3m0S�h"����z
�*R
���$ �%@ ��
��-
���0 >����Ì���7�P���	� �������7�	0'.2�7>%��0�"%��@\AR�-
�>��6.
"��1.,�2�7���1���#r,±Y��uLsT.?]���r2�j
�ri
 I 0�*,*,�7��$7
��%>9�m0������%
���0���
i$ � Az�SB�^+��>�FN]�� H+I 0S�#0E35�%
/.2� "���35$%�O�'&����
_�&��SB+A,±Y��u»sT.ir-º���uL[ ]6r �'I & � α  "!

t�#�% � _�&��jA(' � & ��� rloN[5oy� ´ I & � [ÐXEº9daARoNÑ5oy� ´ I F δ ) BK&P_ � A��5F � [	F
[ ÂRÃ:9=I-, BK&CD�]	AÁ.,F � [5F . �$0�� ��1 � DK&P_k[�ÎSF . ��0 � 1 � _�&PGk[#ÎSF6[ ÂRÃ�I�, � & ��Ã Az��F � [	F�uYo@*m´ I�, � &��SDmA .QF � [5F . 6(0 |
1
.M6"0���� 1+]�&��?[#Î�F [ Â � I�,%� & Ã � ÂR� &PG%_	A<�	F � [5F [ Â G I�,�� & Ã BmAÁ.ÁF � [5F . | 0 ´ 1Ê]�&��?[#ÎSF�[ Â D I�,�� & Ã%Ã AR$%$%F � [	F5.%t�0 �
1 � &��Z[�ÎjF
.%t�� ´ 1;BK& � [�ÎSF¢[ Â B I�,Q� &PG%G+AR$%$%F � [5F¢[ ÂR��I-, DK& D�]ÊAz��FJB�[5F)o+*Zt Ù � IL, DK&��%��A2$%F � [	F¢[ ÂO�'I�,
DK&��%^�AR$�F � [�F8.�> 0 ? 1 � _�&/];[#ÎSF?o+* t Ù � I�, DK& ÃJ� A2$%F � [5F8.�>�� 0 ? � 1 � BK& � [#Î�F?o@* t Ù � I-, DK& Ã G�AR$�F � [�F
o+* t Ù � I�, DK&�^ Ã AR$%F � [5Fgo+* t Ù � I�, G�&P_%] Â G�&CB�G9A<�5F � �6[5F � ��[ Â 0O��� I-,?� _�& Ã ]9AÁ� �E��FNB�u»[ I & � ´ oËX#º;d
ARoNÑ5oy��´ I F δ ) �J� & D%B¾ARo ÂRÃ�I , D�^�&PG�^ ARu A [�´ I�, �%��&��SD¾Azo Â G I-,TÃ ]�& � ^fARo Â � I�, G�BK&PG ��Â G � & � B;A,B A [ t Ù � I-,
G���&P_%G9ARo Â B I-, G���&�^SD;A A [�t Ù � I-, G%]�& � _9ARo Â D I�, ^�_�& �%Ã ARo ÂR��I�, ]%]�&��SB¾ARo ÂO�'I�,?� B�^�& � D ÂO� B�]�&/_ Ã A � � A [ Â
0O��� I-,J��� ^�&CD Ã%ÂO��� ^ &/G Ã A � oCB7D Â 0O��� I�,Q� G�DK&���]%F � G�DK&P] � A<B%olu I &�º { s { E 0 F ÅGFIH ) �SD�]�& � D �=º Â [  

0 &

�%� ��� ���!�%�¢���K���I�Ë���R�����!�% =¡����¢���K����£S����¡���ª�®%­��K�7£S���
αααα
�RÕY�R¦j§�¨K¨K©%���%ªO���%¬!�!­�®%«K�%¯w���~���¢­��%«K®������

±��,�K�R"!�O����
�������* � Az� � B+�	>�FJ_�&P] � �m�	��� I 0�� $ Ù $6r2o�A � _ H F¢B�_%_��#> I 
��jsN.2uL[kr ±Y��uLsN.pARG6r � 
 ) 
 I
A<B�_+�#b I 3	0S�x
�
�>������R���K����@;�<.2
��R����$����%$%�O�Y0���[�tY01.i�5�~�2"����O��� *,�%�?Df��&Q(}� �Z����0��1.,
��7��3506�Y*R
��/.2�O����$
.,����� ��>%�²0�oy���=
P.2� "�0�$%Fc0O�%$²���7� �����6.,��0'.2��$����%$%�O�Y����$6�!���:$8"%���6�À�<������&)()��.,�%�j���6��
�$6�!��$7
i�'������
���$9
��
3501.2�O�lAz��_Z�Yb I 3	0S�l0�$%$���$E.,�%����01.2
��7�4�OM����%0���>��Y������
=��
��Z.,�%�LXm0 Ô *,�%���j&%±k*-.2�O�cB�� F!.,� �k���6��
��	3m06�
*R
��/.��O����$	�%*<*n0��%$53506������$Z���:
!����0��7.,
��m���J3	
��E3501.2�O�'&�(J�%�Y0�É6�!�����K�)"��%06���»3506�c�=@ �7"��%
��-
�Î���$	0�*<*,�%��$%
=�%>

H
A

L author m
anuscript    inserm

-00144764, version 1



� G

� A,B�]�B9�#>�Fg]%G HÊI 06��0Z3	�%
/.2�j"�� 35$%�O�'&M� � _�&CB�^ A-Xk[ | u»[Yr-[�t�uLr,
 Ù ��u»[ � r � rR^ I & � α  (!
t(# % D���&PG�^ÊA"'

� & � �?r�[#t�u I & � [WX#º9d AÁÑ#t�u I F δ ) � &/]%_ ÂO� &P] Ã A<�	F � [	F�[ Â2Ã:9=I�, BK& � ^ Â BK&CD%BmA<�	F � [	F�[ Â2Ã�I�,%� &CB Ã Az��F � [5F
uYo@*m´ I�,7� & D�_mAÁ.2F � [5F<.%| 0 ´ 1K.%| 076 1 ]�& � [#Î�F7[ Â D IL,7� & D%D Â2� & D�^5A<�	F�B�[5F7[ Â ��F7[ Â G I�,�� & ÃJ� AR$%$%F � [5F<.%´ 0Ct
1 � & D#[�ÎSF�[ ÂR��I-,%� &�^SBmAR$%$�F � [5F .%t$0 � 1 � &��x[�Î:F [ Â B I�, DK& ÃJ� A2$%F � [�F�[ Â��wI & � ´ o8X#º9d AÁÑ�t�u I F δ ) � _�&P]�D
ARo ÂRÃ�I , �SBK&/]�D ARu A [�´ I�, �SDK&P]%GqARo Â G I�,ÏÃ ]�&�^�G%F?G%_�&CB%B�F?G%_�& � G%F?G%_�& Ã ]�ARo Â B%F � F�D%F-� I�,	� _%_�&�^SDWARo ÂO�'I-,
� G�DK&PG � F � G���&P_%G#A<B�olu I &Oº { s { E 0 F ÅGFIH ) B�G%]�& � ]K�=º Â BSXm0 % [  

0 &

�%� �%� ���T�K­O���2�-ª�®����-�%«����J���K�+���������	��
)°
�
º Ã6Ù r E�� `~B�d½3m0S�?"�����
-*R
���$f�%�90Z"��%���R"%� ���	0��%��0�� Â �À��"%�%0O�������j0�*,*R
���
P.<@¾�����P���	�%FT0S�����%��$�
���>f.2�Ê.,� �
�m�1.,�%��$+$%�6���O��
�����$��%@��Ï������
��-���1. ��� �/� Æ���� &�`Q�1.20��)��0��-*Y���O�,��� A2`¢o { I A<B�_%_+�kb I $%
-���%.2��$+
������!*,*R�O�?±
A<B�_%_j�#b I 3506�l"�0��w����$�� 
7�O�g.,�%� Ù º ÙnÂ 0�*<*2
=��
/.,@Ê�����/�!�	��&!(N�%�	�����P���	�j3	06�g3E06���%��$Z3	
/.2�j���!*<*2�O�L±
A<D�_	�5b I .,�	���O�	��
!�L�����������%$E"%���6.2�O
���&%()�%���#.,�%�Lº Ã�Ù r E�� `KB�dq3506�l�R"��S��
�*R
���0��-�=@4�����%.2��$535
/.,�j���#º
�m0��%�%����� Ã%Â "��%���R"%� 01.2��&Y()�%�q$%
-*,*R�������6.Ê*i��0��1.2
��%����3m�O���q0��%0��=@!����$Ð�%@ { Ñ { Â "��%��@�0S�O�R@%��0��Z
�$%�q>��6�
�������1.,���7"%� �7���S�R
i�cA Ù ± � s I A � B H 0��O�R@%��0��	
�$�� I 0��%$	"%�w�6.2��
=�mA<B�G%_���Ñ	0 I 3	0S�g$��1.2���'.2��$5�%@4ol���%�	06�'��
��
�����!�k�<.20�
��%
��%>K& Ã G�B J�>5�7*�º Ã6Ù r E�� `~B�dV35�O���L���:��� 
7�O����$#*i�����vB�_%_E�kb¾�%*¢`Qo { ���O�<�!�j&

�%� � °����?���6����«!����®������%«����Q�R�K���Ë����������
)°
�
X Â [#@ $�����M%@��<�!�:��
���
-�m
-$Ú��
�� .2
�� 
���$7
��m�1.,��@��V�,����*,�7M�
�$%� A � _ �	>K&/�#b 0 � I 0�� $ .,� �aº Ã6Ù r E�� `~B�d
A � �#>K&/�Yb 0 � I 
�� Ù � { 35�O���?�	
�M!�:$E
��	0L��01.,
��53��%
-���#���6�<�!�/.2��$	
=� �%� _ J�>	�%*J�S�<.2�O�)"��O�)��>Z�%*K��������"�.,�%�w&
()�%�Z�Z
�M�.i�����5350��?
����1���701.2��$+��� $+� 
7�O�?��� $8*,�%�?G��²01.l�2�%�%� .2���#"��O��0'.i������&K()�9�<.Á�7"j.,�%�	����0��1.2
��%�%F
0��	�	���%
���� ���%���%��
-$%�YB ºµ350��l0�$%$%��$�0��%$+�<.2
��R��
���>j3	0S�����O"�.c*,�7� � _ �m
=�!&�()�%���Z.,�%�Y�����S�O"�.,�%�N3506�
$%
�0��=@��À�:$+0O>�0�
����<. Ù � { .2�+���O�	��
!�Z�OM��S�6�À�Y��*g��
���.R
��!&K(}� � Ù � { 350��?���%0���>���$j.2���l��*,*R�����½�7��*,�%���
�K���?
��k.,�%�y��
���$%
��%>Z0S�w�À0O@!& t$#

�%� � �����?��«��K�-« �	®%¯w¯w®6�!�2�%­L��®%«K«¢�%¯À�?����¬K�K�%¯w¬K�K®����?®�«K®����
�%�K��¯w�
Ù �%���R"%� ���	0��%�%0������%���k*i��0�>��m���6.cA#" � � ��Ù º Ù *-�����1.,
��7� 0���
�ÎS��$Z3	
/.,� β

Â A $ Â 0��E
�� �7"��%����@�� I �1.,��@���0��Z
���� I
A<B�_%_ J7bf3	���=��FkB�_%_ J�>K&P�kb 0 � 
=��ol0O�<���%��01.2�%�l��*,*,�O� I 3506�Ê0�$����7�<�7��$ .Á�Ë�	
-�����6.,
/.2�O�j3	�����i�Ê��*j0��
sTb E'{ ±Ú"���01.2�+A2] Ã 3	���-�i� I � 
7�O���%
�>��S.�01.YD�Íwo?&T(N�%���9.,� � 3	�����Á�#35�O���9��01.i����01.2��$9*,�%� � ��01.Y���%�7�
.2�O�#"�����01.i�����Z3#
P.,� �'H >�����01.,
�����AR()@�"���±Ú*i���7� Ù �7����
�� � { ��
=� I 
�� Ù � { A<D�_%_ J7b I 0O�%$+3	06��� ��$��
.,
��m�6�#3	
/.2�93	0����%
��%>V����*,*R���ZA,D�_%_ J%b I &g()�%�f0��%0�����>��!�S�mA � _ 0 ´ º .2� � _ 0 � º ���%�%�����6.,��0¿.,
��%� I 0��%$
º Ã6Ù r E�� `~B�d'&;A,BK&�� J�>K&/�kb 0 � I Fl$%
����%.2�:$�
��%�l��*,*2�O�(� % B��	>K&/�#b 0 � >�����01.2
��%��FN35�O���+
����1����01.2��$9B�_
�Z
��!&)(N�%���+.,�%�������Z
�M�.i�����6��A<B�_%_ J%b I 35�O���j"���0S����$9
��¾��0S���+35���-�l*,�7�YB;�²01.?���%�7�Ú.2�O�#"!�O��01.i������&

H
A

L author m
anuscript    inserm

-00144764, version 1



� ^

±Y*-.2�O� � 350����%�6��F5.,�%�V3m�����i�835�O���W
����:����0'.2��$½*,�%� � �a01.+�2�%�%��.2���#"!�O��0'.i�����V3#
/.,� �Ú� _ 0 � º
�<.,���O"6.201
�
�$7
��v"!�O����M�
�$%0�����&Y±k*-.2�O��3	06���%
��%>�F	u Ù Ñ ���%���%.2
��%�U350��f0�$%$���$vAR_�&CDÌ�#>K&/�#b 0 � I 0��%$Ë.,�%�
01�K���7�<�70O�����y3506�T�m��06�<������$	0�*-.2��� � �k�	
��m01.QD���_#���j&

�%� � �%���!��­O�K� ¯z��®��K�=�����<�4®%«¢��ª��O�����~��®�­Lª1����������£%�iª����<�4®%¯w¯À®6�!¯
()�%�+0��%0����%>��!�8�,.20:��
���
/.<@²3	0��	�m��06�,������$;01. � G;ÍÀoh0�*-.2���E
�� �1���!0'.,
��7�;*,�%�k
!0O��
����K�k.,
��m��"��O��
���$��	
-�
�6�!�m0��q���O�<�!� ARG�� H FN
�ri
 I &T(}� � ��
���$%
=�%>�0�*,*R
���
P.<@���*x.,� �f0�� 0����7>��!�S�Z*,�%�kº Ã6Ù r E�� `~B7dh350 �Y.,�%���
.2�6�i.2��$k�K�R
���>5.,� �?06�'��0O@50��=����0�$�@m$%�����O��
�����$�&
()�%�Y�:@S.2�6.Á� M�
���
/.,@m��*¢.,� �k0�� 0����7>��!�6�)350��g�S�<.2
=�m01.2�:$Z
=�m�6�!�m0��	�%���:06�<. Â �:0O�%�����g�������¢��
����6�)º;Ñ	± Â º%� Â
B �J� 0O� $Eº�op`QG�&�º9Ñ5± Â º%� Â B �J� 0��%$Eº�op`QGE35�O���#�m0�
��6.20�
�����$ 
��ZÑY�����!��������� 9 �l�5��$%
-*R
���$Esp0O>���� 9 �
�m��$%
��!� AÁÑYº9sTº I 0��%$j
�� ` � B�r-Ñ#º²sNº¶���6�R"��S�1.,
�
!���=@ F�3	
/.2� � _ H *,�1.20��Q��0��-*l���O�<�!� 0��%$+� J�>K&/�Yb 0 �
>��O�S.20��#@7��
��²
=� 0�� 01.R�5�~�2"%���O���j�%*x� H olu t &�`K�%�Y��0��O�f�OM%"��O��
��Z���S.2Fp��_%_%_+�:�����i�L35�O���Z"���01.2��$f
��6.2�
B%D Â 35���=�Ï"���01.2�+*,�%�	B%DV��0��%$9.,�%���;>%��� 3���*,�7�	D�$%01@��#3	
P.R���1�!�/.i�����:$V�m��$7
�0f���%�6.20�
��%
��%>V
�0O��
����K�
���%�%�����S.,��0¿.,
��7���?
��+º Ã6Ù �%�?
/.��»0��%0����%>��?A � _ 0 | º .2� � _ 0�� º I &K()���Z�����-�T���!�5�!���y3506�Y�O
�0����!01.2��$���@
º�(T(�A �%Â A<D%F-� Â $�
��m�1.,��@%�P.R�%
�0�ÎS��� Â B Â @ � I�Â B�F-� Â $%
�"��%����@��/.2�O.,��0OÎ:�%�=
��!�¸�%���%�	
�$%��F { 
=>��m0 I 06�'��0O@!& �Ï��
-��*,�=@7F
��_%_ J7b¼�7*�0�º�(T( ���%�/�%.,
��%��A � �#>K&P�#b 0 � 
=� Ù � { I 3506�m0�$%$%��$;"��O�#35�����»0�� $¾.,� �8�	
�M�.i������3506�
0������ 35��$+.2�V�Á.20��%$9*,�%�kD²�90'. � G9ÍÀo?&)(}� ��� .,� �4º�(g(½���%�/�%.2
��%� 3506�Y�����	�7
7��$90�� $ .,�%��*,�7���	0�ÎS0��
�O�R@��<.20��i�y35�O���m$7
i�'������
���$+
���Ñ#º { uLr-sT.2uL[j&K()�%�m���7� ���O�S.,��01.,
��%�+��*y*,�%���	0OÎ�0�� 350��y.,� ���+�O
�0����!01.2��$
�K��
���>�0k�#�!�/.2
�"���01.2�?����0:$%�O�y�2"����1.,���%"%�%�6.Á�7�5�1.2�O�cA �?
��%�20�$ Ã ^�_ I 01.g�SD�_	�%�j&6sp0����m$%01.20x"��%
��6.n���6�<�!�/.2��$
*i�����Ë.,�2
�"���
���01.2�6�¿&

H
A

L author m
anuscript    inserm

-00144764, version 1



� ]

��� �2�6­:��«Kª���¯g®%«K��«¢������¯

� & { .2�O
��%F�ºW& ,�� 
 �À$����R�%0��%$ Â �?���S� �����	�������%F���& s?& , � �'��ÎS��F�[j& , [	06��
���
 ��F7±	& , 
7�7�#`Q
�>�����0�F��m&��
	�� � .
� �	�%¡ F�
�F7B Ã G%G Â B Ã ^ � &

BK&�u ��0�F��m& , d»�%ÎS� � F bÏ& ºW& , ogÎS���O� F º & Ù &�. � � " È����MA�� � Å � � �	��� F���
���F%]�D � � Â ]�D%D%B!&
� &���0O��>�F���&CÓm& , bc
�F��m&��C� È ' ���?Æ � ����� ' Æ��
��� ' " ����� � � � �%¡ F�!#"�F ���%Ã G ��ÂO���%Ã G Ã &
DK&�ÒW��3 ��F6º & sÏ& , ()��0O"�0O�%
�F���&C±	&$	 "�'�� È &��&% Æ%Ç��('wÇ*) �5'/� " È�Çm° � � � F+
�F%G��SB Â G��%^%&
��&�Ñ	�O���%
i��F Ù &C±	& , d?
-* ��
=� F Ñ4& ��&��C� È ' �,�?Æ � ��� � ' Æ������ ' " �-����� � � � �SF�.�.�F��%^�_ Â �%^SD�&
Ã &�u 9 � ���2�Z0�� F Ñ4& �#& , ÒW��
i�'��F���& , [	�'.-.,
�0O��01.2�O�%
�F�±	& , `Q
��R.,� F { & º & , { ���6.-.ÁF%o?& Ñ4&/� Ç���È '���" Ç�È
�-È�0�1�° � � ° F

2 "�3%F7D%B�^�G Â D%B�]�D�&
G�&�u5�2
�"���F�o?& , Ñ5���R�	0��%F { & , `K��0�� ��*201.2�O��F�±	&��54#$ �MA � ��� �G�&% ��° � ���SF���
6"%F � ^%^ ÂR� ] Ã &
^�&�()�7��>�F Ù &7�	& , � ����>����<@ F7Òv& , ���%�R�%*,����$%F { &�. � � " È
���MA�� � Å � � �	� � F���
6"%F%G%] Ã B Â G%] Ã ]�&
]�&�[��7*,��0�� ��F��#& , `����w
-�5� .2�%F��m& , ���%�R�%*,����$%F { &�. � � " È
����A�� � Å � � �	�%¡ F���
��%F � B ��ÂO� B�]�&
� _�& { ����01.2F�Ñj& s»& , bc��������F Ù &�. � � " È
� �:A�� � Å � � � �%¡ F��
8&��F%G �J��Â G � ^�&
�%� & � 01�7����F�o?&C±	& , ol�~�,.2�O������F�o?& s?& , d»��
��%� �7��$%F�9m& X�& , �Y���RÎSF�bÏ& , ���%�R�%*,����$%F { &�. � � " È
���MA�� � Å � � �	�%� F

��:�!�F ��� G Ã B Â���� G Ã ]�&
� BK&�`K�����OÎ���F [4& [m& � � ' ��� � " È ' � � Å � � " È $ ��1 % � � �	��� F��;"�3%F Ã ]%_ ÂRÃ ] � &
��� &�()�7��>�F Ù &7�	& , ���7�R�%*,����$%F { &�. � � " È
� � A5� � Å � � �	� � F���
6"%F�G%]%G%_ Â G%]%G�� &
� DK&�9k
�$%0���F { & , � 0�����
�0�F�ºW& , º��7�S.2�O�2��F��:& Â bÏ& , º��%�$<'����F�±	&���" È%È � 0 � 	 � � �:A�� � Å �%° � � ° F 2 ��F�D�_�� ��Â

D�_�� Ã &
� ��&�º�0O���<3	0���$%F�d�& , ()�%��
-��F�`T& , { ���%
�� ��F�[j& , { ���6350O�RÎSF { & ,SÙ 0��=�m��F�[4& Â ��& , Ò �O���O��F � &L. � �C� Æ�= � �:A�� � Å �

� �	�%� F+3���. F�G%G%G Â G�^ �
��Ã &�9k
�$%
-� &/F�o , 9�
-$%0���F { & , º��%�$<O����F%±	& , º��%�6.2���R��F���& Â bÏ&/� ��È % $ ��È ��>�%/? � > � ) >�� Æ%Ç��@� " � "�' È�Çm° � � ��F 2 :�.%F

� B�� ÂO��� ]�&
� G�& �Ï�7�BAO�%F�[j& ��& , s��%��
���$%F;�m& , � 0����O>%>�F Ù &���& , bT
��%$��!���2>�F �Y& ,SÙ 
�����.-.,
�F%±	& � '/� Æ A5� � Å ��� ' Æ%Ç���� � �%¡�° F

��
�F7D � D �%Â D � D Ã &
� ^�&�9k
�$%0���F { & , º��%�6.2�O�2�%F���& Â bÏ& , bc�O@ $%�1.2F%±	& , º��7�$<����OF�±	&�� ��È % $ ��È ��>�%C? � > � ) >�� Æ%Ç��D� " � "�' È�ÇZ° � � ° F

2 8�8�F7B �%Ã%�%Â B � G%G�&
� ]�& �L�2����
=�����1.2F��:& ÂÁÙ & , ÑY��*,������F6`T& , bc���m0��E@ F � & , � 0O����
 0�F�ºW& , { �O�%�/��"�FSX�& , � ���O�%
��O��F���& , º�0O�%
�F���& Â o?& ,

d»���O� ��*,�7�<.ÁF [m& ANÆ%Ç '5���Y� � �%¡ F
8&!%F%B ��� B Â B ���%Ã &
B�_�&�op����
-�<.2�O�������%F�ºW& �m& , º�����$�0���F º & , �»��� ��F;�m& , ol�7��$��6��F�[4& , º������R
/.����O�%F { & , sc�i���%�O��F�[4&L. �:A�� � Å �

��È ' � ?������ = " ÇFE � Æ%Ç % 2 � � �%� F � B�]%] ÂO���J� _�&
B � & �?��� �%��3#
P.,ÎSF Ñ4& ��& , º�0�
P.R
�F � & , og�%0O���1.i.2��F ��&�Ñm& , Ñ#����
���F�ox&�Ñ4& , º�0:�1Ñ	�%�%0���$%F�d#& � & � � 0 ��G � ��� �

° � � � F�
�F7D�]�B ��Â D�]�B%D�&
B%BK&�`Q�O�R>��K���7� F º &�Ò�&,�:& , º��wXZ��
�>��6.2F�Ñm&�bÏ& Ù ol( E �S.À&O±?"%"��i&6Ò uË]%G	_���F~^%^ � F � ]%]%G�&
B � & Ù ���<�R
�� F Ñ4&�Ñ4& , ±Y�	0O���O>���F�Ò�&�bÏ&�`T&��H>���" ) "�' Æ � " È�Ç	ÈI)JG}Æ & È � Æ � È � 1 A5� � Å " ' Æ�� %1F �,KML ��$�& ,SÙ �O�R>�0��	�%�

Ù ���6�w� ) Xm�13N���7� �%F � ]�^%^%&
B%DK& { ����$���
�F�ºW&�sÏ& , Ò 0O��$%F�d#&�ºW& , �Ï�����%$�@%F���&S±	&���" È ' � " Å � ��" È $ ��1 % � � '/� Æ � �%¡�� F�3+�6"%F�D%D�] Â D�� Ã &

H
A

L author m
anuscript    inserm

-00144764, version 1


