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���������

w ^ ���]MOG � � ��� � ! � � !$# ��413 -A: !"! %'!), �4-$��,1��,$#o9��8: !H:C29!0�936��,C�.-$243 �93 %62936�93C5 � , �>413�%��'&���( -0,=5
%��'&��') �+*1/1# 24-)%P�9��!0,:�hB-,�!)(*3 -H::!.! ����� 3 %'243'�93V5 -)�0/1&�� -0,=5 �2&��.B

���43 576�8:9�;<8<=>���?�0
��@��9

b ^ M _�� � K5NO^`R]�Hn e F e I K5MONO^`_ � GSa _ U R NOKX^`R G+�~KX_ N � �
U R]GlK5I U |�PQU � GS_�� � G ����N K � a�UCK5I�U � ^ I�UXI�M UXN�GS^`R b KXR��
f ( K5I U b KXR��QK5I�U f *$�qrV\]G n e F e ILK5MONO^`_ � GSahK5MOGla�GS_ M GJN�GS� _JK5MOM �q^`R�� U R � �
K5I U |H�qKXR��QK5I�U b ^`ahKX���]GS�
W MOU PvMOGSa�GJM �XU ^ M ah^ R c F e � d W N�GJM�K5ILI�MOU��]^`PQK5N�G � � 
 P ^`R ��N�GSa K ILK5MONO^ _ � GV^`aZW � � � �AG � �L^ I�I�GS� �x^ NO\/K5I�U b
KXR��D^`a,MOGSKX�$� N�U/�]G � ^!�XGJM,W K5N�N"��KX_J^`��a�N�U/I�GJM ^ I \]GJM K � NO^ aOa��]GSa��ZrV\L^`a,�]G � K��*K � � U��xa�W UXM NO\]GpILK5M NO^`_ � GSa�N�U
��G ��G � � ��^`a�N�M ^`���]N�GS�*^`R�NO\]G I � KXaOPQK
��GJW UXM G NO\]Gz\��~�]MOU � �qaOK5NO^`U RD� GJ� ^ R�a��
n e F e I K5MONO^`_ � GSa � U a�G>NO\]GS^`M rly _ U R N�GSR N*KXa NO\]G�K5I�U b KX_ NO^ �	K5N�GSa NO\]G � ^ I�UXI�MOUXN�GS^`R � ^ I KXa�G ( e 2 e *
^`R NO\]G�_JK5I ^ � � K5M ^`GSa UXW
NO\]G I�GJM ^`IL\]GJM K � NO^`aOa��]GSa�� rV\]G�K5I�U | P/U � GS_�� � G ^`a���G � ^ G��XGS�=N�U�� ^`R��=N�U�K
a�I�GS_J^&. _VI�MOUXN�GJUX� � �~_JKXR U R NO\]GH_ G � � �,K � � KXRL�QNO\]GHR]GS^ � \ � UXM ^`R]� e 2 e ^ a KX_ NO^!�5K5N�GS� ���/NO\]GHK5I U b � e 2 e
\#�q�]M U � �qaOGSaVNO\]G��CKXR�� �/GSa�N�GJM � ^`R �5K5�XGzUXWZNO\]G rly N�U W UXM P ��� PQU R]U KX_ � � � � �q_ GJM U � KXR�� ��R�� GSa�N�GJM ^&.LGS�
W K5N�N"�"KX_J^`��a��Crx\]G
N��]M R]U��XGJM M K5N�G/UXW e 2 e ^`apK5I�ILMOU��]^`PQK5N�G � � �J��P/U � GS_�� � GSaHI�GJM a�GS_ U R��-�/upR]G e 2 e
_ U P/I � G+�/KX_ NO^ R]�CU R KXR K �XGJM K5�XG aO^��JGS�Qn e F e UXW �BA 
�C	�J� 
 rHy<P/U � GS_�� � GSa ��U�� � �/M GS����_ GxNO\�GxR �LPC��GJM
UXWpP/U � GS_�� � GSaQ�#� 
5�=( ^`R�M U��]� \ � ��� \]U��]M a���rx\]G�N�M��]G�NO^`PQG�W UXM a���_ \�M GS����_ NO^ U R�^`a/aOG��XGJM K � � W U � �
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� GSaOaS�ha��]�X�XGSa�NO^ R]�"NO\�K5N/a�G��XGJM K � e 2 e aO^`P�� � NOKXR�GJU���a � ��KX_ N/U R�K[n e F e P/U � GS_�� � G
� w]UXMQNO\�G � K5MO�XGJM
b \#� � U PQ^`_ MOU R�a ( K5I�I�M U��]^`PQK5N�G � � ��C �J� 
 rly P/U � GS_�� � GSa *hK%
5�=( MOGS����_ NO^`U R W MOU P K e 2 e ��U�� � �*NOK �XG
�D\]U��]M ap�x\]GJMOGSKXa NO\�GQP/GSKXa��]MOGS��� ��� � ^`a �J� � ��
>PQ^`R��]N�GSa��
moNz\LKXazK � a�U���GJGSR aO\]U��xR"NO\�K5NzNO\�G/M K5N�G
UXW \��~�]MOU � �~aO^`a�UXW _ \�� � U PQ^ _ MOU R�a ^`R�_ M GSKXa�GSa,�x^ NO\DNO\]G R���PA� GJM,UXW K5I�U b I GJM I K5MONO^`_ � GX�]K � a�U/^`RL��^`_JK5NO^`R]�
NO\�K5NxaOG��XGJM K � e 2 e _JKXR�KX_ NlaO^`P�� � NOKXR�GJU���a � �QU R�KQaO^`R]� � GHI K5MONO^`_ � G	� ����� �
rV\]GCILK5MONO^`_ � G ^`axR�UXNxW � � � �D\��~�]MOU � �qa�GS��^`R>U R]G a�N�GJI � ���]Nx^ aVI�MOUX� K5� � �D��^`a � U~_JK5N�GS�>W MOU P NO\]G K5M N�GJM ^`K �
�,K � � KXR���MOG � KXa a�Uq_J^ K5N�GS��a�G��XGJM K � NO^`P/GSa��
d aCNO\]G�� A=��*7��#\APE1�FE _ U R NO^`R��]GSaJ� NO\]G ��GSR�aO^ N���^`R�_ MOGSKXa�GSa KXR�� �x\]GSR�NO\�G*�]GSRLaO^ N"�"MOGSKX_ \]GSa NO\]G � � �X�����
� � � ���"� !	P � M KXR]�XG�^ N/^`a
�]G+. R]GS��KXaQKXR�m}F e I K5MONO^`_ � G
��msF e ^`a
K"a��]�LaON�M K5N�GDW UXMQ_ \]U � GSa�N�GJMOU � GSaON�GJM
N�M KXR�aOW GJM/I�M UXN�GS^`R ( b fhr*2 *$�ZrV\]G b fhr 2 _JK5NOK � �~a�GSa/NO\]GDG+�]_ \�KXR]�XG�UXWHrly W UXM b fv��GJNo��GJGSR�K5I�U |
_JK5MOM �~^`R]� � ^`I UXILMOUXN�GS^`R�aAKXR�� c F e � �5� s 
5�=( UXWlNO\�G�m}F e ^ a _JK5NOK5��U � ^ a�GS���#� ��
��=�N��A2$,�PE1�FE KXa/NO\]G
K5I�U | KXR��[K5I�U f K � � U � NO\]GAILK5MONO^`_ � GSalN�U*�L^`R���N�U*NO\]G e F e � M GS_ GJI�N�UXMS��I�M ^`P K5M ^ � �*^`R>NO\]G � ^!�XGJM��VrV\]G
� K5MO�XGJMHn e F e ILK5MONO^`_ � GSalK5MOG
R]UXNpa��]�LaON�M K5N�GCW UXMpNO\�^`aJ� P/U a�N � ^!�XG � �D��GS_JK
��a�G UXW NO\]G � K5MO�XGJMpaO^��JG
�HrV\]G
MOGSa�NlUXW NO\]GCmsF e �LR��]GJMO�XU/W �]MONO\]GJMH\��~�]MOU � �qaOK5NO^`U R���R��]GJMxNO\]GCKX_ NO^ U R�UXW \]GJILK5NO^`_zN�M ^ � � �~_ GJM ^`�]G � ^ ILKXa�G
( c rly e UXM cle * KXR�� � UqU a�GCNO\]GS^`MlK5I�U b KXRL��K5I�U f=N�U c F e KXR���ILMOUq����_ GCK*_ \]U � GSaON�GJMOU � � M ^`_ \ e F e
ILK5MONO^ _ � G
� w ^ ���]MOG%� � �/a \]U �xaxKQaO_ \�GSPQK5NO^`_ �~^ GJ� UXW � ^ I�UXI�MOUXN�GS^ R*PQGJNOK5� U � ^`aOP'�
rV\]G e F e K5MOGHM ^`_ \ ^`R*_ \]U � GSa�N�GJMOU � KXR��*K5MOGH_ U P P/U R � � �~R]U �lR KXa ��)/��� � ��#@��E1$8��*T��# ( ^ � G
� K5NO\]GJMOUX�XGSRL^`_
� ^ I�UXI�M UXN�GS^`R�a *$�,rV\]G c F e ^`aVNO\�G ?/�.�N� � � ��# �1E1$8��*T�2# �prV\]G e F e ILK5MONO^`_ � GSal_JKXR���GAW �]M NO\]GJMx_ � KXaOa ^&.LGS���
^`R N�GJM PQa,UXW NO\]GS^ M �]GSR�aO^`N"�X�]^`R N�U e F e m �qmOmhKXRL� m mOm$�~rV\]GSaOGH_JKXRD��GpW U��LR�� ^ R No��U/I�UqU � a e F e ����KXR��
e F e �	� �~�x\�^`_ \ K5M ^`aOGxW MOU P �L^&% GJM GSRTN�a�U��]M _ GSa�� 2 K5MONO^ _ � GSa�aOGS_ MOGJN�GS��^`R N�UCn e F e�� � GS_ U PQGSa�KXR e F e �	�
ILK5MONO^ _ � GlKXR��*NO\]G e F e ����ILK5MONO^ _ � GSa�K5M ^`a�GHW MOU P ILK5MONO^ _ � GSa�aOGS_ MOGJN�GS��^`R N�U NO\�Gln e F e�� �qmsF e KXRL� e F e
a��]�LW M KX_ NO^`U R�aJ� KXaCa \]U �xR ^`R .L���]MOG)� � ���*rV\]G e F e ILK5MONO^`_ � GSa _ U RTNOKX^`R�R]U�UXM �XGJM � � ^`N�N � GQK5I�U b KXR��
K5I�U f*�

LDL
B

FFA
FFA

VLDL
IDL

C
C

C

E
EB

B

LDL-receptor

HTGLLPL

w ^`���]MOG%� � � � ,1%�4136( -8�4��%�5���3�
 !0#m9��;::!<:129!0�93 � , (+3'�4-0/:!<9 �7�9(

���
� � ���?�	
�8�6�� ��� ��6 ����� �������?
���
 ������� �0
�8���� 6@�@9 ;

rV\]GHP/GJNOK5��U � ^`aOP�UXW�n e F e I K5MONO^`_ � GSa�^`ahP KX^`R � � �XU �XGJM R�GS�D�#�Q\#�q��MOU � �~aO^`aZ��� e 2 e � r U
a�U P/GHG+�qN�GSR N
��^ M GS_ N MOGSP/U �5K � UXW�ILK5MONO^`_ � GSap�#� e F e UXMCn e F e MOGS_ GJI�N�UXM azPQ^ � \ N Uq_J_���M��/n e F e�� PQ^ � \ Np��GQa��]� �
a�N�M K5N�GCW UXMV_ \]U � GSa�N�GJMOU � GSa�N�GJMVN�M KXR�aOW GJM I�M UXN�GS^`R ( b fhr 2 *$�]rV\]G b f�r*2�MOGSP/U��XGSaxrlyv^`R*G+�~_ \�KXR]�XGzW UXM
b fx�T\]GSR�_ GlNO\]GlK5�LaOU � �]N�GxKXP/U��LRTN�UXW b f�_JKXR*^`R�_ M GSKXa�Gl����M ^`R]� KzI K5MONO^`_ � GSa � ^ W GJNO^`P/G
� d _ U RLa�G � ��GSR�_ G
UXW NO\�^ a�^`a�NO\�K5N,NO\]GpKXP/U���R N,UXW rly2^`R*KCILK5M NO^`_ � Gl_ U�� � � ��Gp_ \�KXR��XGS� �l^ NO\]U��]N�_ \�KXR]� ^ R]�ANO\�Gp��GSR�aO^ N��
UXW NO\]G ILK5MONO^ _ � G
�
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VLDL2
IDL/LDL

VLDL1

Increased VLDL1
plasma TG >1.5

LDL I/II

LDL I/II

LDL III

clearanceproduction

RT = 2 d

RT = 5 d

CETP

CETP

TGCE

TG

TG

CE

TG
CE CE

CE

TG

PL

TG

(lpl      CIII )

HDL

HL (> 15 U/I)

LIVER

�

�

�

�

w ^ ���]MOG � � � ������,13'�4��% 3 5 �O5A3 ,C%'3.�+* # #03 � � � ��4C-8�*�>4C3 �	
 ! (*36�4-0/:!<9 �7%6-H989;?,5A��� �9��,C%'��: !�!H97�*� , �2&��
�
	 -0,=5���
*-029�7� 3 # 29!)( 5A� 7M362436, � �9! *12 %'3 �hB,M&!�!H9�	 ���J�>4C3 ( -�� !02J�>: 3 %'��3 ��5A36�93 %P�93V5 ��, � *1/�� 3 %P� �

 � ��409�! 
 �4! ,1!024( -A9	:)97-0�9(+- �924� #H9;?�%63624�;513��L3���
 9�365)3h97�hB �2&�� 
 � ��4 �>413���� ,C3'�9�7% :124!H: 3629�9��3 �*!$#
::!�!<9�� 243 � *)9 � # 29!)(/513h9��8:1�O51-$�9��!0, !$# %��2&�� (ABK3	4C3 �	
 !J�2&�� �N: 3 %6� 3 ��4:- 503"� *1/C� �4-$, �4��-H989;?�5A�87M362436, �
293 � �O5A3 ,C%'3 �9��(+3 ���
�K3�
*��, ��413 %'��24%@*)97-8�9��!0,$B �2&���� /+/ / #)36,13 24-$�9��!0, �7�*#<- 50!)293V5 
�4136, �>4C3 :=9�-)� ( -
�924� #<98?A%63624�;5A3 9�365)3h9 �����! #" T.(+(+!H9%$ 9 B Q���:)97-0�9( -.�924� #<98?A%63624�;5A3 9�365)3h97� 24���93HG�%��2&�� ( -0%6%@*1(�*=9�-$�93
/:3 %6- *C� 3+!0# !8503 2>:C29!�5 *C%'�9��!0, !02 5A3'# 3 %P�4� 5)3 293 (*!858-H9LB�3	413 -0%'�9��!0, !$#'&�� 293 (+!8503 � 9��8:C�;5 # 24!0( ��413
�2&���� /+/ �9! # !)29( �2&���� /+/ /&BeDFE�G)%�41!H9�3 � �93 29!<9A3 � �9362VIeDFEZ3�MKG0%�41!<9 3 � �43624!H9A3 � �93 2 �92 -$,:� # 3 2X:129!0�93 � , IeM ��G
:)41! �N:)4C!H9��8:1�O51�CB

rV\]GlKX_ NO^!�q^`N"�
UXW e 2 e \�KXah��GJGSRQaO\]U��xRQN�U �]GJI�GSR��
U RQNO\]GHK5I�U b ( K5I�U b mOm KXR�� K5I�U b m mOm�* �XK5I�U fV� NO\]G
_ U P/I�U aO^ NO^`U R�UXW,a��]M W KX_ GQ_ U P/I�U R]GSR NOazKXR��"NO\�GQrly N�U�K5I�U | M K5NO^ U��
rV\]GJMOG/^`a K � aOU>K�_ U P/I�GJNO^ NO^ U R
W UXM e 2 e GSR����qPQGSap� GJNo��GJGSR�n e F e KXR��"_ \#� � U PQ^`_ MOU R�aS���x\�^`_ \[^ a K5I�ILK5MOGSR N K5N � GSKXa�NzK5W N�GJMzK�P/GSK �
( I�U a�N�I�M KXRL��^`K � * � 
 � �
r M KX��^ NO^ U RLK � � �X��NO\]G*�]G+. R�^ NO^`U R�UXW,NO\]G ��^&%�GJMOGSRTNAa��]��_ � KXaOa�GSa ^ a �LKXa�GS� U R�NO\]G ��GSR�aO^ N���UXW,NO\]G ILK5MONO^ �
_ � GSaJ��KXa ^`R�NOK5� � G � � � � ( ^ NO\�^`R�NO\]G +X-QM KXR]�XGSapUXW n e F e � KXR��[n e F e � NO\]G _ U PQI U a ^ NO^ U R���KXR��[NO\]G
��^`KXPQGJN�GJM aJ��PQK ���5K5M �*�x^`�]G � �
� rV\�^`a,_ U P/I � ^`_JK5N�GSaV��UXNO\DNO\]GzILM KX_ NO^`_JK � KXR��DNO\�GJUXMOGJNO^`_JK � KXRLK � �qa ^`a��
w]UXMVKAILK5MONO^`_ � GX� � GJN �)(/��GHNO\]GHKXPQU���RTN�UXW rly
�+*-,HNO\]GpKXP/U���R N�UXW b fV�/.�0�NO\]GpKXP/U���R N,UXW 2 e � 0�� NO\]G
KXP/U���R NzUXW,w b KXR��2143>NO\]G KXPQU���RTN UXW R]U R � K5I U | I�M UXN�GS^`R�a�� e GJN65 # ( �7(98:*-,�8;.�0<8 0�� 8=143 *$� klU �>5
_JKXR>��G MOGJILMOGSa�GSR N�GS�>���DKQI U ^ RTN ^`R@? 
BA � e GJN�+�(C5 *���G NO\]G +.-/^`R��]G+�*UXWZK/ILK5MONO^`_ � G UXW _ U PQI U a ^ NO^ U R
5 � � GJNED (C5 *�NO\]GC��^ KXP/GJN�GJMVUXW NO\]GzILK5MONO^ _ � G KXR�� � GJN � (C5 *���G NO\]Gz��GSR�aO^ N��
�
e GJN d # ( dGFIH 8 dGJLK 8 d i�M 8 d - J 8 dGNPO *

F
��G NO\]G �XGS_ N�UXM�UXW ��GSR�aO^ NO^ GSa UXW NO\]Gx_ U P/I�U R]GSR NOa ^`R NO\]GV_ U PQI U a ^ NO^ U R

�XGS_ N�UXMQ5�KXR�� � GJN lD��G NO\]GC_ UXMOMOGSaOI U RL��^`R]� �XGS_ N�UXMHUXW aOI GS_J^�. _ �XU � ��P/GA^ � G
��lSR # � g<d R ��rV\]GC��GSR�aO^ N��
�5K � �]GSa ��a�GS�D^`a,��� ����

W UXMVrly ����� ��
�
 �/W UXM b f � � � �����
W UXMVw b � � � ����� W UXM*2 e �~W UXM I�MOUXN�GS^`RLa�K/��GSR�aO^ N��
UXW � � �����/� !	P � ��KXa1��a�GS����KXaV_JK � _�� � K5N�GS��^ R � ��
 � �
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rV\]G NO\�GJUXMOGJNO^`_JK � �L^`KXP/GJN�GJMx_JKXR���Gz_JK � _�� � K5N�GS�>^`R���^�% GJMOGSR N �,K��~a��
��� yp^!�XGSR�NO\]GA_ U P/I�U aO^ NO^ U RDUXWZK
ILK5MONO^ _ � GX�]NO\]GCK5I�I K5MOGSRTN �XU � ��P/G UXWZK/ILK5MONO^ _ � G ^`a � ^!�XGSR����

��(C5 * # 5��.l3#�� D�� g �+8
UXM

D (C5 * # 	
 �P5 � l g ��A
��� rV\]G IL\�U a�IL\]U � ^`IL^`�CKXRL�/W M GJGx_ \]U � GSa�N�GJMOU � a \]G � � \�KXaZ��GJGSRQPQGSKXa��]MOGS�/N�UA��GVK5I�I�MOU��~^`P K5N�G � �
���xR�P'�
yp^!�XGSR>NO\]GzKXP/U���R N UXW�2 e KXR���w b ^`RDK/ILK5M NO^`_ � GpNO\]G �XU � ��PQG UXW NO\]GzaOIL\]GJM ^`_JK � aO\�G � � _JKXR���Gz_JK � _����
� K5N�GS�>KXRL��W M U P NO\�^`a,NO\]GA��^`KXP/GJN�GJMVUXW NO\]GzI K5MONO^`_ � G _JKXR>��Gz_JK � _�� � K5N�GS�-�
��� d RLK � UX�XU���a � � NO\]Gx�L^`KXP/GJN�GJMhUXW�NO\]G � ^ IL^`�
_ UXMOGH_JKXRQ��GV_JK � _�� � K5N�GS�QW MOU P NO\]Glrly<KXR�� b f�_ U R N�GSR N��

rV\]G/�]GSRLaO^ N"��UXWhNO\]G/ILK5M NO^`_ � G
_JKXR"� G/_JK � _�� � K5N�GS�"W M U P NO\]G
ILK5MONO^`_ � G
PQKXaOa �L^!�q^ �]GS������NO\�G,�XU � ��P/G
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Leucine (apoB), Basal and Clamp Enrichments
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Glycerol (TG),  Basal and Clamp Enrichments
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Clamp: Insulin, plasma glucose, FFA and plasma TG, 
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Basal and Clamp TG to ApoB ratios
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Leucine (apoB), Basal and Clamp Enrichments
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Glycerol (TG),  Basal and Clamp Enrichments
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Clamp: Insulin, plasma glucose, FFA and plasma TG, 
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Basal and Clamp TG to ApoB ratios
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