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2TKOCT[�+I#�PGRJTQRCVJ[�
+I#0��KU�CU�

UQEKCVGF� YKVJ� GNGXCVGF� NGXGNU� QH� EKTEW�

NCVKPI�+I#�CPF�KU�EJCTCEVGTK\GF�D[�FGRQ�

UKVKQP� QH� RTKOCTKN[� +I#�� KP� VJG� TGPCN

OGUCPIKWO��+V�JCU�PQV�[GV�DGGP�ENCTKHKGF

YJKEJ� OGEJCPKUOU� IQXGTP� VJG� FGRQUK�

VKQP�QH�+I#��KP�VJG�OGUCPIKWO��1PG�QH

VJG� HCEVQTU�� YJKEJ� OC[� RNC[� C� TQNG� KP

VTCRRKPI�QH�+I#�KP�VJG�OGUCPIKCN�CTGC��KU

VJG�KPVGTCEVKQP�QH�+I#�YKVJ�URGEKHKE�+I#

TGEGRVQTU� 
(Eα4+�� %&���� QP� VJG� OGU�
CPIKCN� EGNNU�� +P� VJG� RTGUGPV� UVWF[� +I#

FGTKXGF� HTQO� RCVKGPVU� YKVJ� +I#0� CPF

EQPVTQNU�YCU� KPXGUVKICVGF�HQT� KVU� KPVGTCE�

VKQP� YKVJ� JWOCP� %&���� GZRTGUUGF� QP

VJG� UWTHCEG� QH� VJG� OWTKPG� $� EGNN� NKPG

++#����� +I#� DKPFKPI� VQ�%&��� GZRTGUU�

KPI�EGNNU�YCU� URGEKHKE��EQPEGPVTCVKQP�FG�

RGPFGPV�CPF�DKPFKPI�QH�F+I#�CPF�R+I#

QEEWTTGF� KP� C� OQTG� GHHKEKGPV� HCUJKQP

VJCP� VJCV� QH� O+I#�� +I#� DKPFKPI� VQ

%&��� FKTGEVN[� HTQO� UGTWO� QH� RCVKGPVU

EQORCTGF� VQ� EQPVTQNU� UJQYGF� PQ� UKI�

PKHKECPV� FKHHGTGPEG�� *QYGXGT� VJGUG� GZ�

RGTKOGPVU�CTG�CHHGEVGF�D[�FKHHGTGPEGU�KP

+I#�EQPEGPVTCVKQP�CPF�EQODKPCVKQPU�QH

FKHHGTGPV� UK\GU� QH� +I#�� 7UKPI� RWTKHKGF

HTCEVKQPU�QH�O+I#��F+I#��CPF�R+I#�KUQ�

NCVGF� HTQO� UGTWO�� C� UKIPKHKECPVN[� TG�

FWEGF�DKPFKPI�QH�O+I#� VQ�%&��� HTQO

RCVKGPVU� EQORCTGF� VQ� EQPVTQNU� YCU� QD�

UGTXGF��(KPCNN[��VJG�DKPFKPI�QH�C+I#��VQ

%&��� YCU� NGUU� KPJKDKVGF� WUKPI� O+I#

HTQO� RCVKGPVU� YKVJ� +I#0� EQORCTGF� VQ

EQPVTQNU��6JG�TGFWEGF�DKPFKPI�QH�O+I#

VQ� %&��� UGGOU� VQ� EQPVTCFKEV� C� FKTGEV

TQNG� HQT� %&��� KP� FGRQUKVKQP� QH� +I#�

*QYGXGT� TGFWEGF� DKPFKPI� QH� O+I#� VQ

%&���OC[�CHHGEV�+I#�ENGCTCPEG��NGCFKPI

VQ� JKIJGT� UGTWO� +I#�� (WTVJGTOQTG�

UKPEG� KV� JCU� DGGP� FGOQPUVTCVGF� VJCV

O+I#� ECP� KPVGTHGTG� YKVJ� DKPFKPI� QH� FK�

CPF� R+I#�� %&��� EQWNF� UVKNN� EQPVTKDWVG

VQ� R+I#� FGRQUKVKQP� KP� VJG� OGUCPIKCN

CTGC�
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2TKOCT[�+I#�PGRJTQRCVJ[�
+I#0��KU�C�EQOOQP�HQTO�QH�RTKOCT[�INQOGTWNQPGRJTKVKU

YKVJ�C�DTQCF�URGEVTWO�QH�ENKPKECN�RTGUGPVCVKQPU��NGCFKPI�VQ�RTQITGUUKXG�TGPCN�HCKNWTG

KP� C� UWDUVCPVKCN� RTQRQTVKQP� QH� RCVKGPVU� 
������ 6JG� FKUGCUG� KU� EJCTCEVGTK\GF� D[

KPETGCUGF�RTQFWEVKQP�QH�RNCUOC�+I#��D[�VJG�DQPG�OCTTQY�CPF�D[�FGRQUKVU�QH�+I#�

KP�VJG�INQOGTWNCT�OGUCPIKWO�
������6JG�OGUCPIKCN�+I#�JCU�DGGP�HQWPF�VQ�EQPUKUV

CV� NGCUV� KP� RCTV� QH� RQN[OGTKE� +I#� 
R+I#��� 6JG� OGEJCPKUOU� TGURQPUKDNG� HQT� VJG

OGUCPIKCN�FGRQUKVKQPU�TGOCKP�WPENGCT�
���

+I#��EQPVCKPKPI� KOOWPG� EQORNGZGU� CTG� VJQWIJV� VQ� DG� QH� RCVJQIGPKE

KORQTVCPEG� KP� +I#0�� #P� KORQTVCPV� GNKOKPCVKQP� OGEJCPKUO� QH� +I#�EQPVCKPKPI

KOOWPG�EQORNGZGU�KP�XKXQ��PGZV�VQ�ENGCTCPEG�XKC�VJG�CUKCNQIN[EQRTQVGKP�TGEGRVQT��KU

VJQWIJV� VQ� QEEWT� XKC� +I#� (E� TGEGRVQT�OGFKCVGF� RJCIQE[VQUKU� 
������ +V� JCU� DGGP

HQWPF� VJCV� VJG� DKPFKPI� QH� +I#�KOOWPG� EQORNGZGU� ECP� CEVKXCVG�OCETQRJCIGU� CPF

VJWU�NGCF�VQ�VJG�GNKOKPCVKQP�QH�+I#�EQPVCKPKPI�KOOWPG�EQORNGZGU�
����+P�RCVKGPVU

YKVJ� +I#0� C� FGHGEVKXG� ENGCTCPEG� QH� +I#� JCU� DGGP� UWIIGUVGF� 
���� 1VJGT� +I#

OGFKCVGF� GHHGEVQT� HWPEVKQPU� NKMG� #&%%�� UWRGTQZKFG� IGPGTCVKQP�� CPF� TGNGCUG� QH

E[VQMKPGU� CPF� KPHNCOOCVQT[� OGFKCVQTU� JCXG� DGGP� NKPMGF� VQ� VKUUWG� FCOCIG� 
���

6JGUG�HWPEVKQPU�CTG�TGIWNCVGF�XKC�DKPFKPI�QH�+I#�VQ�KVU�EQIPCVG�(E�TGEGRVQT�VGTOGF

(Eα4+�QT�%&���
������+P�CFFKVKQP��R+I#�CPF�F+I#��DWV�PQV�O+I#��DKPF�GHHKEKGPVN[
VQ�OGUCPIKCN�EGNNU�CPF�GPJCPEG�+.���GZRTGUUKQP�
���

6JG� +I#� (E� TGEGRVQT�� %&��� JCU� DGGP� ENQPGF� HTQO� VJG� OQPQE[VKE� EGNN� NKPG

7���� 
���� %&��� KU� GZRTGUUGF� QP� PGWVTQRJKNU�� GQUKPQRJKNU�� CPF� EGNNU� QH� VJG

OQPQE[VG� CPF� OCETQRJCIG� NKPGCIG� 
���� 6JG� DKPFKPI� QH� +I#� VQ� %&��� KU� UK\G

FGRGPFGPV��RQN[OGTKE�+I#�CPF�FKOGTKE�+I#�DKPF�VQ�C�DGVVGT�GZVGPV�VQ�VJG�TGEGRVQT

VJCP�OQPQOGTKE� +I#� 
����%QPVTQXGTUKCN� FCVC� EQPEGTPKPI� GZRTGUUKQP� QH�%&���QP

OGUCPIKCN�EGNNU�JCU�DGGP�TGRQTVGF�
��������0GXGTVJGNGUU�%&���OKIJV�DG�KPXQNXGF

KP� DKPFKPI� CPF� FGRQUKVKQP� QH� +I#� KP� VJG� MKFPG[� ECWUKPI� VKUUWG� FCOCIG� XKC�%&��

GHHGEVQT�HWPEVKQPU�

+P� VJG� RTGUGPV� UVWF[�YG� KPXGUVKICVGF� VJG� DKPFKPI� EJCTCEVGTKUVKEU� QH� +I#� HTQO

UGTC�QH�RCVKGPVU�YKVJ�+I#0�CPF�EQPVTQNU�VQ�%&����9G�HQWPF�VJCV�OQPQOGTKE�+I#

QH�RCVKGPVU�YKVJ�+I#0�UJQYU�C�FKOKPKUJGF�DKPFKPI�VQ�%&���EQORCTGF�VQ�EQPVTQNU�

3$7,(176�$1'�0(7+2'6

3DWLHQWV

5GTWO�UCORNGU�YGTG�EQNNGEVGF�HTQO����RCVKGPVU�YKVJ�+I#0�
���OCNGU����HGOCNGU�

OGCP� CIG� ��� [GCTU� 
TCPIG� ������ [GCTU��� #NN� RCVKGPVU� JCF� ENKPKECNN[� SWKGUEGPV

FKUGCUG�� YKVJ� DKQRU[�RTQXGP� +I#0�� FGHKPGF� D[� OGUCPIKCN� FGRQUKVU� QH� +I#� CU� VJG
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FQOKPCPV� KUQV[RG�� .CDQTCVQT[� FCVC� QH� RCVKGPVU� YGTG�� ETGCVKPKPG� ENGCTCPEG� � ��

ON�OKP��WTKPCT[�RTQVGKP����I���J��#U�EQPVTQNU�YG�WUGF�UGTWO�UCORNGU�HTQO���

OCVEJGF�JGCNVJ[�XQNWPVGGTU��0GKVJGT�RCVKGPVU��PQT�EQPVTQNU��JCF�U[ORVQOU�QT�UKIPU

QH�OWEQUCN�KPHGEVKQP�KP�VJG���YGGMU�RTGEGFKPI�VJG�UVWF[�

5HDJHQWV

%&���YCU�FGVGEVGF�D[�VJG�O#D�#���
OQWUG�+I)����MKPFN[�RTQXKFGF�D[�&T��4��%�

/QPVGKTQ�
�����(QT�KPJKDKVKQP�GZRGTKOGPVU�EWNVWTG�UWRGTPCVCPVU�HTQO�ENQPG�/;��


OQWUG�+I/��YGTG�WUGF�
�����MKPFN[�RTQXKFGF�D[�&T��.K�5JGP��#�RCPGN�QH�O#DU

YKVJ� URGEKHKEKV[� HQT�JWOCP� +I#�� +I#��CPF� +I#��TGUR�� ENQPG��'���ENQPG��������

CPF�ENQPG��������*��
CNN�OQWUG�+I)���
�����YGTG�WUGF�HQT�FGVGEVKQP�QH�JWOCP

+I#�� /QWUG� O#DU� YGTG� GKVJGT� FGVGEVGF� YKVJ� 2'�NCDGNGF� IQCV�CPVK�OQWUG� +I)�

RQN[ENQPCN� CPVKUGTWO� D[� HNQY� E[VQOGVT[� 
5QWVJGTP� $KQVGEJPQNQI[�� $KTOKPIJCO�

#.�� QT� YKVJ� *42�NCDGNGF� IQCV�CPVK�OQWUG� +I)� RQN[ENQPCN� CPVKUGTWO� D[� '.+5#


6CIQ��$WTNKPICOG��%#��

&HOO�FXOWXUH

6JG� OWTKPG� $�EGNN� NKPG� ++#���� 
���� YCU� EWNVWTGF� KP� 42/+� ����� OGFKWO� 
.KHG

6GEJPQNQIKGU�� $TGFC�� 6JG�0GVJGTNCPFU�� UWRRNGOGPVGF�YKVJ� ����JGCV�KPCEVKXCVGF

(%5�
.KHG�6GEJPQNQIKGU���++#����YCU�VTCPUHGEVGF�YKVJ�%&���E&0#�CPF�UVCDNG�EGNN

UWTHCEG� GZRTGUUKQP�YCU�OCKPVCKPGF�D[� EQVTCPUHGEVKQP�QH� JWOCP� γ�EJCKP� E&0#�� CU
FGUETKDGF� RTGXKQWUN[� 
����� 6JG� %&���VTCPUHGEVCPVU� YGTG� ITQYP� KP� VJG� UCOG

OGFKWO�UWRRNGOGPVGF�YKVJ�IGPGVKEKP�
)���������OI�ON��.KHG�6GEJPQNQIKGU��CPF

OGVJQVTGZCVG�
/6:�����OOQN�N��2JCTOCEJGOKG��*CCTNGO��6JG�0GVJGTNCPFU���6JG

JWOCP�OQPQE[VKE�NKMG�EGNN� NKPG��7����YCU�EWNVWTGF�KP�42/+������UWRRNGOGPVGF

YKVJ�����JGCV�KPCEVKXCVGF�(%5�

'HWHFWLRQ�RI�&'��

%&���VTCPUHGEVGF� CPF� EQPVTQN� EGNNU� YGTG� VGUVGF� HQT� %&��� GZRTGUUKQP� D[� (#%5

CPCN[UKU� WUKPI� %&��� O#D� #���� %GNNU� 
�Z����� YGTG� YCUJGF� VYKEG� YKVJ� (#%5

DWHHGT� 
2$5�����$5#�� CPF� KPEWDCVGF� HQT� �� J� CV� �u%� YKVJ� #��� EWNVWTG

UWRGTPCVCPV�FKNWVGF�KP�(#%5�DWHHGT��(QNNQYKPI�KPEWDCVKQP��EGNNU�YGTG�YCUJGF�VYKEG


(#%5�DWHHGT��CPF� KPEWDCVGF� HQT���J�YKVJ�C�IQCV�CPVK�OQWUG� +I)��2'�RQN[ENQPCN

CPVKUGTWO� FKNWVGF� KP� (#%5� DWHHGT�� #HVGT� YCUJKPI� VYKEG� YKVJ� (#%5� DWHHGT�� EGNNU

YGTG� HKZGF� KP����RCTCHQTOCNFGJ[FG� KP�2$5�CPF�CPCN[\GF�QP�C�(#%5ECP�
$GEVQP

&KEMKPUQP��5CP�,QUG��%#���&CVC�CESWKUKVKQP�CPF�CPCN[UKU�YGTG�EQPFWEVGF�YKVJ�.[UKU

++�
$GEVQP�&KEMKPUQP��
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3XULILFDWLRQ�RI�,J$

*WOCP� +I#� HTQO� UGTC� QH� OWNVKRNG� O[GNQOC� RCVKGPVU� YKVJ� +I#�� QT� +I#�

RCTCRTQVGKPU� YCU� KUQNCVGF� D[� GWINQDWNKP�� <P51�� CPF� 
0*���51�� RTGEKRKVCVKQP

HQNNQYGF� D[� &'#'� 5GRJCET[N� 
2JCTOCEKC�� 7RRUCNC�� 5YGFGP�� CPKQP� GZEJCPIG

EJTQOCVQITCRJ[�� CPF� 5GRJCET[N� 5����� 
2JCTOCEKC�� IGN� HKNVTCVKQP�� CU� FGUETKDGF

RTGXKQWUN[�
�����6JG�+I#�RTGRCTCVKQPU�YGTG�UJQYP�VQ�EQPVCKP�������QH� +I)�QT

+I/�D[�'.+5#�CPF�YGTG� HTGG�QH� QVJGT� RTQVGKP� EQPVCOKPCPVU� CU� CUUGUUGF� D[� 5&5�

2#)'�CPCN[UKU�WPFGT�TGFWEKPI�EQPFKVKQPU�

%LQGLQJ�DQG�GHWHFWLRQ�RI�SXULILHG�,J$�WR�&'���WUDQVIHFWHG�FHOOV

%&���VTCPUHGEVGF� CPF� EQPVTQN� EGNNU� YGTG� VGUVGF� HQT� DKPFKPI� QH� RWTKHKGF� +I#

RTGRCTCVKQPU�� D[� (#%5� CPCN[UKU�� %GNNU� YGTG� YCUJGF� VYKEG� 
(#%5� DWHHGT�� CPF

KPEWDCVGF�HQT���J�YKVJ�XCT[KPI�EQPEGPVTCVKQPU�QH�RWTKHKGF�+I#�RTGRCTCVKQPU��FKNWVGF

KP� (#%5� DWHHGT�� (QNNQYKPI� KPEWDCVKQP�� EGNNU� YGTG� YCUJGF� CPF� DQWPF� +I#� YCU

FGVGEVGF�D[�KPEWDCVKQP�YKVJ�C�RCPGN�QH�O#DU�YKVJ�URGEKHKEKV[�HQT�JWOCP�+I#��+I#�

QT� +I#�� CPF� UWDUGSWGPVN[� YKVJ� 2'�NCDGNGF� IQCV� CPVK�OQWUG� +I)�� RQN[ENQPCN

CPVKUGTWO�� 6JG� IGQOGVTKE� /GCP� (NWQTGUEGPEG� +PVGPUKV[� 
/(+�� YCU� WUGF� CU� C

OGCUWTG�HQT�DKPFKPI�QH�+I#�

,QKLELWLRQ�RI�,J$�ELQGLQJ�WR�&'���WUDQVIHFWHG�FHOOV

6Q�FGHKPG�VJG�URGEKHKEKV[�QH�+I#�DKPFKPI�VQ�%&����DNQEMKPI�UVWFKGU�YGTG�RGTHQTOGF

WUKPI�%&���O#D�/[����$TKGHN[��/[���EWNVWTG�UWRGTPCVCPV�FKNWVGF�����KP�(#%5

DWHHGT�QT�CP�KUQV[RG�OCVEJGF�KTTGNGXCPV�EQPVTQN�O#D�YCU�CFFGF�VQ�PQPVTCPUHGEVGF

QT� %&���VTCPUHGEVGF� ++#���� EGNNU� CPF� KPEWDCVGF� HQT� ��� OKP� CV� �u%�� 8CT[KPI

EQPEGPVTCVKQPU�QH�RWTKHKGF�+I#�YGTG�CFFGF�CPF�EGNNU�YGTG�CPCN[\GF�HQT�+I#�DKPFKPI

D[�(#%5�CPCN[UKU�CU�CDQXG�

4XDQWLILFDWLRQ�RI�,J$�LQ�VHUD

5GTC� HTQO� RCVKGPVU� YKVJ� +I#0� 
P����� CPF� EQPVTQNU� 
P����� YGTG� CPCN[\GF� HQT

VQVCN�+I#��+I#��CPF�+I#��EQPEGPVTCVKQPU�D[�'.+5#�WUKPI��'������������CPF����

����*��O#DU��TGURGEVKXGN[�
����

)UDFWLRQDWLRQ�RI�VHUXP�,J$

4CPFQON[�UGNGEVGF�UGTC�HTQO�RCVKGPVU�YKVJ�+I#0�
P����CPF�EQPVTQNU�
P����YGTG

UGRCTCVGF� D[� UK\G� QP� C� ���� Z� ��� EO� 5GRJCET[N� 5���� EQNWOP�� $TKGHN[�� ���� ON

CNKSWQVU�QH�UGTC�YGTG�FKNWVGF�YKVJ�CP�GSWCN�XQNWOG�QH�2$5�NC[GTGF�QP�VJG�EQNWOP

CPF� HTCEVKQPU� QH������ON���OKP�YGTG� EQNNGEVGF��6JG� HTCEVKQPU�YGTG� CPCN[\GF� HQT
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VQVCN�+I#�D[�'.+5#�CPF�VJG�DKPFKPI�QH�+I#�VQ�%&���VTCPUHGEVGF�++#����EGNNU�YCU

VGUVGF�CU�FGUETKDGF�CDQXG�

%LQGLQJ� RI� ,J$� �,J$�� DQG� ,J$��� GLUHFWO\� IURP� VHUXP� RI� SDWLHQWV

DQG�FRQWUROV�WR�&'���WUDQVIHFWHG�FHOOV

$KPFKPI� QH� +I#� FKTGEVN[� HTQO� UGTC� QH� RCVKGPVU� YKVJ� +I#0� CPF� EQPVTQNU� YCU

FGVGTOKPGF� CU� HQNNQYU�� UGTC� YGTG� FKNWVGF� ����� KP� (#%5� DWHHGT� CPF� CFFGF� VQ

PQPVTCPUHGEVGF�QT�%&���VTCPUHGEVGF�++#����EGNNU��#HVGT�KPEWDCVKQP�HQT���J�CV��u%�

EGNNU�YGTG�CPCN[\GF�HQT�VQVCN�+I#��+I#��CPF�+I#��DKPFKPI��YKVJ�TGURGEVKXGN[�O#D

�'�����������CPF��������*��CU�FGUETKDGF�CDQXG�

6WDWLVWLFDO�$QDO\VLV

#NN� UVCVKUVKECN� ECNEWNCVKQPU� YGTG� RGTHQTOGF� WUKPI� 5255� 
HQT� YKPFQYU�� TGNGCUG� ���

UQHVYCTG�RCEMCIG���6JG�EQPEGPVTCVKQPU�QH�+I#�CPF�+I#�UWDENCUUGU�KP�UGTC�QH�RCVKGPVU

CPF� EQPVTQNU� YGTG� VTCPUHQTOGF� NQICTKVJOKECNN[� RTKQT� VQ� CPCN[UKU�� %QORCTKUQPU

DGVYGGP� ITQWRU� YGTG� RGTHQTOGF� D[� QPG�YC[� CPCN[UKU� QH� XCTKCPEG� 
#018#��

HQNNQYGF�D[�5EJGHHGNU�RTQEGFWTG��6JG�DKPFKPI�QH�+I#�VQ�%&���GZRTGUUGF� KP�/(+�

YCU� PQTOCNN[� FKUVTKDWVGF�� CPF� EQPUGSWGPVN[� CPCN[\GF� D[� 
VYQ�VCKNGF�� V�VGUV� HQT

KPFGRGPFGPV�UCORNGU�CPF�GZRTGUUGF�CU�CTKVJOGVKE�OGCPU�v�5'/��$KPFKPI�EWTXGU�QH

RCVKGPV�CPF�PQTOCN�+I#�VQ�%&���YGTG�CPCN[\GF�WUKPI�TGITGUUKQP�NKPG�UVCVKUVKEU��(QT

CNN�VGUVU�2�XCNWGU�������YGTG�EQPUKFGTGF�UKIPKHKECPV�

5(68/76

)$&6�DQDO\VLV�RI�,J$�ELQGLQJ�WR�&'��

+P�QTFGT�VQ�CUUGUU�DKPFKPI�QH�+I#�VQ�%&���YG�WUGF�%&���VTCPUHGEVGF�++#����EGNNU

CU�C�OQFGN�
�����6JGUG�%&���VTCPUHGEVGF�++#����EGNNU�UVCKPGF������RQUKVKXG�HQT

%&���WUKPI�O#D�#����YJGTGCU�PQPVTCPUHGEVGF�EGNNU�YGTG�PGICVKXG� 
(KIWTG��#��

+P� CITGGOGPV� YKVJ� VJKU� QDUGTXCVKQP� RWTKHKGF� +I#� DQWPF� UVTQPIN[� VQ� %&���VTCPU�

HGEVGF�++#����EGNNU��YJKNG�JCTFN[�CP[�DKPFKPI�YCU�UGGP�VQ�PQPVTCPUHGEVGF�EGNNU�
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Figure 1. FACS analysis of IgA binding
to CD89-transfected IIA1.6 cells A.  FACS
histograms of IIA1.6 control cells (left) and
CD89-transfected IIA1.6 cells (right) are
shown. Surface expression of CD89 was
detected with mAb A77(anti-CD89) (top)
and binding of polymeric IgA (50µg/ml) to
CD89 was detected with mAb 4E8 (anti-
IgA) followed by Gt-anti-Ms IgG1-PE
(bottom). Filled histograms represents the
conjugate controls, open histograms
represent either CD89 expression (top) or
pIgA binding (bottom). B. FACS histo-
grams of CD89-transfected IIA1.6 cells are
shown. IgA binding was detected as
described above, using aggregated IgA
(50µg/ml) in the presence of an irrelevant
IgM mAb (left) or in the presence of IgM
mAb MY43 (anti-CD89) (right).
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FCVC�PQV�UJQYP��

Figure 2. Detection of IgA binding to CD89-
transfected cells with IgA specific antibod-
ies.  PIgA, dIgA and mIgA were purified from
sera of a myeloma patient and tested for bind-
ing to CD89 transfected cells. Binding of 25
µg/ml of pIgA, dIgA and mIgA was analyzed
with either Gt-α-Hu-IgA polyclonal detected
with PE conjugated Rb-α-Gt polyclonal (open
bars), or Ms-α-Hu-IgA mAb (4E8) detected with
PE conjugated Gt-α-Ms IgG1 polyclonal (filled
bars). Indicated is the MFI, as a measure for binding, which is calculated as described in
patients and methods.
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Figure 3. Binding to CD89-trans-
fected IIA1.6 cells of IgA directly from
serum of IgAN patients and controls.
Sera of patients (closed circles) with
IgAN (n=23) and controls (open cir-
cles)(n=17) were tested for binding to
CD89-transfected IIA1.6 cells. Binding
of IgA was detected as described in fig-
ure 1. Indicated is the MFI, as a meas-
ure for binding, which is calculated as
described in patients and methods.

6L]H�IUDFWLRQDWLRQ�RI�VHUXP�,J$

9G�FGOQPUVTCVGF�RTGXKQWUN[�VJCV�RWTKHKGF�R+I#�DKPFU�DGVVGT�VQ�%&���VJCP�O+I#


����6JGTGHQTG�VJG�COQWPV�QH�+I#�DQWPF�VQ�%&���KU�PQV�QPN[�FGVGTOKPGF�D[�EQP�

Table 1. IgA binding to CD89-transfected cells

IgA1 IgA2

Controls 69.59 ± 2.7 25.65 ± 2.3

Patients 70.70 ± 3.4 31.30 ± 2.3

Binding of serum IgA in MFI ± SEM. of patients with IgAN (n=23) and controls
(n=17) to CD89-transfected cells. Binding of IgA1 or IgA2 was determined as
described in the patients and methods section.

M
F

I

0

25

50

75

100

Control (n=17) IgAN (n=23)



Chapter 5

88

EGPVTCVKQPU�QH�+I#�CU�FGUETKDGF�CDQXG��DWV�CNUQ�D[�VJG�EQPVGPV�CPF�TCVKQ�QH�RQN[�

OGTKE��FKOGTKE�CPF�OQPQOGTKE�+I#�KP�VJG�UGTC��+P�QTFGT�VQ�QDVCKP�KPUKIJV�KP�VJG�GH�

HGEV�QH�UK\G�QP�VJG�DKPFKPI�VQ�%&���QH�+I#�HTQO�RCVKGPVU�YKVJ�+I#0��UGTC�QH�RC�

VKGPVU� CPF� EQPVTQNU� YGTG

HKTUV� HTCEVKQPCVGF� D[� IGN�

HKNVTCVKQP� EJTQOCVQITC�

RJ[�
(KIWTG����

Figure 4. Fractionation of
IgAN and control serum on
S300 Sephacryl.  Sera of
controls (A) with IgAN and
patients (B) were
fractionated by size on a
S300 Sephacryl column.
Fractions were test-ed for
IgA concentrations (closed
squares) and asses-sed for
binding to CD89-transfected
IIA1.6 cells (open circles).
One representative example
from each group, which
contains 6 individuals, is
shown.
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Figure 5. Binding of monomeric and poly-
meric IgA from controls and IgAN patients
to CD89-transfected IIA1.6 cells A.  The
peak fractions of the gelfiltration columns
representing monomeric IgA were tested for
binding to CD89-transfected cells at a
concentration of 25 µg/ml. From each group
(n=6) one representative flow cytometry
histogram is shown: controls (left), patients
with IgAN (right). Filled histograms represent
the conjugate controls, open histograms
represent the binding of mIgA to CD89-
transfected cells. B,C. The peak fractions of
the gelfiltration columns representing mono-
meric (B) and polymeric (C) IgA from sera of patients (closed circles) with IgAN (n=6) and
controls (open circles) (n=6) were tested for binding to CD89-transfected IIA1.6 cells. IgA was
tested in a dose response with the fixed concentration of resp. 0.25, 2.5, 25 µg/ml. Mean ± SEM
are depicted, (*:P<0.05).

Table 2. IgA size distribution from patients with IgAN and controls

pIgA dIgA mIgA

Controls 13.36 ± 1.9 28.92 ± 1.4 57.72 ± 2.0

Patients 9.70 ± 1.0 27.92 ± 2.1 62.38 ± 2.9

Distribution of polymeric, dimeric and monomeric IgA from fractionated sera of
patients with IgAN (n=6) and controls (n=6) given as percentages ± SEM.
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Figure 6. Inhibition of aIgA2 binding to U937 cells. Inhibition of
heat aggregated IgA2 (50 µg/ml) binding to U937 by preincubation
with mIgA (50 µg/ml) of controls (n=3; 34.23±4.43%), patients with
IgAN (n=3; 11.68±2.70*). From each group (n =3) one
representative flow cytometry histogram is shown: aIgA2 (top),
inhibition of aIgA2 binding by mIgA from patients with IgAN (middle)
and as above with mIgA from controls (bottom). Filled histograms
represent the conjugate controls, open histograms represent the
binding of aIgA2 to U937 cells. Values in percentage aIgA2 binding
inhibition ± SEM (*:P < 0.05).
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UJQYU�VJCV�KPFGGF�O+I#�KUQNCVGF�HTQO�EQPVTQNU�TGUWNVU�KP�C�UKIPKHKECPVN[�UVTQPIGT�KP�

JKDKVKQP�QH�VJG�C+I#��DKPFKPI��CU�EQORCTGF�VQ�O+I#�HTQO�+I#0�RCVKGPVU��6JG�HCEV

VJCV�YG�FGOQPUVTCVGF�C�EQORCTCDNG�DKPFKPI� VQ�%&���QH� +I#��CPF� +I#���YQWNF

CNUQ�KORN[�CP�KPETGCUGF�FGRQUKVKQP�QH�+I#���*QYGXGT��KV�KU�VJQWIJV�VJCV�FGRQUKVU�QH

+I#�KP�+I#0�OCKPN[�EQPUKUV�QH�+I#��
�����

$KPFKPI�QH�+I#�EQPVCKPKPI�KOOWPG�EQORNGZGU�VQ�OGUCPIKCN�EGNNU�KPFWEGU�TGNGCUG

QH�KPHNCOOCVQT[�HCEVQTU�UWEJ�CU�UWRGTQZKFG�CPKQP��RNCVGNGV�CEVKXCVKPI�HCEVQT�
2#(��

+.���CPF�60(α�
���������6JG�DKPFKPI�QH� +I#�VQ�OGUCPIKCN�EGNNU� KU�PQV� UQNGN[�FG�
RGPFGPV� QP� VJG� RTGUGPEG� QH� %&���� (QT� KPUVCPEG� +I#� QT� +I#�EQPVCKPKPI� KOOWPG

EQORNGZGU�ECP�DG�DQWPF�XKC� VJGKT�OCPPQUG�TGUKFWGU�CPF�VCTIGVGF� HQT�GPFQE[VQUKU

XKC�VJG�OCPPQUG�TGEGRVQT�
�����'ZRTGUUKQP�QH�VJG�OCPPQUG�TGEGRVQT�QP�OGUCPIKCN

EGNNU� ECP� DG� WRTGIWNCVGF� KP� XKVTQ� D[�60(α� CPF� +.��α� 
����� 6JGTGHQTG� KV� KU�OQUV
NKMGN[�VJCV�OWNVKRNG�TGEGRVQTU�OKIJV�DG�TGURQPUKDNG�HQT�DKPFKPI�QH�+I#�KP�VJG�MKFPG[�
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#P� KORQTVCPV� GNKOKPCVKQP�OGEJCPKUO�QH� +I#�+%� KP� XKXQ� PGZV� VQ� ENGCTCPEG� XKC� VJG

CUKCNQIN[EQRTQVGKP� TGEGRVQT� KU� VJQWIJV� VQ� QEEWT� XKC� %&���OGFKCVGF� RJCIQE[VQUKU


���� +P� +I#0�RCVKGPVU�� CP� KORCKTGF� GPFQE[VQUKU� QH� UWTHCEG�DQWPF� +I#� D[� HTGUJN[

KUQNCVGF�OQPQE[VGU�CPF�PGWVTQRJKNU�YCU�HQWPF�CHVGT�ETQUU�NKPMKPI�QH�VJG�+I#�(E�TG�

EGRVQTU�
�����6JKU�OKIJV�EQPVTKDWVG�VQ�VJG�JKIJGT�UGTWO�+I#�EQPEGPVTCVKQPU�HQWPF

KP�+I#0�RCVKGPVU�NGCFKPI�VQ�VJG�FGRQUKVKQP�QH�+I#�+%�KP�VJG�MKFPG[�
�������+P�CFFK�

VKQP��CNUQ�%&���QP�OGUCPIKCN�EGNNU�OKIJV�DG�KPXQNXGF�KP�ENGCTCPEG�QH�FGRQUKVGF�+I#

EQPVCKPKPI� KOOWPG�EQORNGZGU�HTQO�VJG�INQOGTWNK�� UKPEG�+I#�CIITGICVGU�CTG�VCMGP

WR�CPF�ECVCDQNK\GF�D[�OGUCPIKCN�EGNNU�QXGT�VKOG�
�����6JGTGHQTG�YG�VJKPM�KV�KU�OQUV

NKMGN[�VJCV�C�HCKNWTG�QH�OGUCPIKCN�ENGCTCPEG�EQWNF�HCXQT�CEEWOWNCVKQP�QH�+I#�+%�QP

OGUCPIKCN�EGNNU�CPF�VJGTGD[�RTQOQVG�FKUGCUG�RTQITGUUKQP�

#P� CDGTTCPV� KPVGTCEVKQP� DGVYGGP� +I#� CPF� KVU� (E� TGEGRVQT� KP� +I#0� RCVKGPVU

NGCFKPI�VQ�C�FGHGEVKXG�ENGCTCPEG�QH�+I#�OKIJV�DG�ECWUGF�GKVJGT�D[�C�FGHGEV�KP�+I#

QT�CNVGTCVKQPU�QH�VJG�(E�TGEGRVQT��+V�JCU�DGGP�FGOQPUVTCVGF�VJCV�+I#�DKPFU�VQ�%&��

XKC� KVU�%α�� CPF�%α�� TGIKQP� 
�����&GIN[EQU[NCVKQP� QH� VJG�0�NKPMGF� ECTDQJ[FTCVG
TGUKFWGU� KP� VJKU�%α��CPF�%α��TGIKQP� KPVGTTWRVU�DKPFKPI� VQ�%&���
����� +P� +I#0
RCVKGPVU�C�NCEM�QH�ICNCEVQUG�TGUKFWGU�KP�VJG�1�NKPMGF�UWICTU�QH�VJG�+I#��JKPIG�TGIKQP

JCU�DGGP�TGRQTVGF�
�������������5KPEG�VJGUG�TGUKFWGU�CTG�PQTOCNN[�TGEQIPK\GF�D[

VJG�CUKCNQIN[EQRTQVGKP� TGEGRVQT��DWV�EQWNF�CNUQ�DG�QH� KORQTVCPEG� HQT� +I#� KPVGTCE�

VKQPU�YKVJ�%&����VJKU�EQWNF�DG�C�RQUUKDNG�GZRNCPCVKQP�HQT�GUECRG�QH�+I#�EQPVCKPKPI

KOOWPG� EQORNGZGU� HTQO� GHHGEVKXG� TGEGRVQT� OGFKCVGF� ENGCTCPEG�� VJWU� NGCFKPI� VQ

JKIJGT�UGTWO�+I#�NGXGNU�CPF�FGRQUKVKQP�QH�+I#�+%NU�
�������

4GRQTVU�QH�TGEWTTGPV�+I#�FGRQUKVU�KP�PQTOCN�MKFPG[U�VTCPURNCPVGF�KP�+I#0�TG�

EKRKGPVU�RTQXKFG�GXKFGPEG�VJCV�VJG�DCUKE�CDPQTOCNKV[�KP�VJKU�EQPFKVKQP�NKGU�YKVJKP�VJG

+I#�KOOWPG�U[UVGO�TCVJGT�VJCP�KP�VJG�MKFPG[�
������6JG�QDUGTXCVKQP�VJCV�VJG�+I#

FGRQUKVU� FKUCRRGCT�YJGP� C� ITCHV� EQPVCKPKPI�OGUCPIKCN� +I#�FGRQUKVU� KU� CEEKFGPVCNN[

VTCPURNCPVGF� KP� C� TGEKRKGPV�PQV� UWHHGTKPI� HTQO� +I#0�� HWTVJGT� UVTGPIVJGPU� VJG� KFGC

VJCV� U[UVGOKE� HCEVQTU�CTG� KPXQNXGF� KP� VJG�RCVJQIGPKEKV[�
�����0GXGTVJGNGUU��CNVGTC�

VKQPU�QH�%&���GZRTGUUKQP�JCXG�DGGP�FGUETKDGF�KP�RCVKGPVU�YKVJ�+I#0�KPENWFKPI�F[U�

HWPEVKQP�KP�XKXQ�QH�%&���QP�DNQQF�RJCIQE[VKE�EGNNU�
�����(WTVJGTOQTG��VJG�FKHHGT�

GPV� URNKEG� XCTKCPVU� QH� %&��� VJCV� JCXG� DGGP� FGUETKDGF� UQ� HCT�� YJKEJ� NCEM� EGTVCKP

RCTVU� QH� VJG� GZVTCEGNNWNCT� +I#� DKPFKPI� FQOCKP�� EQWNF� RQUUKDN[� RNC[� C� TQNG� KP� VJG

RCVJQIGPGUKU�QH�+I#0�
���

+P�EQPENWUKQP�YG�JCXG�FGOQPUVTCVGF�C�UKIPKHKECPVN[�TGFWEGF�DKPFKPI�VQ�%&��

QH�O+I#� HTQO�RCVKGPVU�YKVJ� +I#0��6JKU�OKIJV� JCXG� FKTGEV� EQPUGSWGPEGU� HQT� VJG

ENGCTCPEG� QH� VJG� +I#�OQNGEWNG�� +P� CFFKVKQP� DGECWUG� QH� VJG� TGFWEGF� KPVGTHGTGPEG

YKVJ�R+I#�DKPFKPI��VJKU�EQWNF�CNUQ�EQPVTKDWVG�VQ�R+I#�FGRQUKVKQP�KP�VJG�MKFPG[�
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5()(5(1&(6

��� (GGJCNN[�� ,�� ������ +I#� PGRJTQRCVJ[��C� FKU�

QTFGT�QH�+I#�RTQFWEVKQP!�3,/��������

��� XCP� 'U�� .�� #��� ,�� 9�� FG� (KLVGT�� CPF�/�� 4�

&CJC��������2CVJQIGPGUKU�QH�+I#�PGRJTQRCVJ[�

0GRJTQNQI[�����

���XCP�FGP�9CNN�$CMG��#��9���/��4��&CJC��,��,�

*CCKLOCP�� ,��4CFN��#�� XCP�FGT�#TM�� CPF�.��#�

XCP� 'U�� ������ 'NGXCVGF� RTQFWEVKQP� QH� RQN[�

OGTKE� CPF�OQPQOGTKE� +I#��D[� VJG� DQPG�OCT�

TQY�KP�+I#�PGRJTQRCVJ[��-KFPG[�+PV���������

���/QTVQP��*��%���/��XCP�'IOQPF��CPF�,��)��,�

XCP�FG�9KPMGN��������5VTWEVWTG�CPF�HWPEVKQP�QH

JWOCP�+I#�(E�TGEGRVQTU�
(E�CNRJC�4���%TKV�4GX
+OOWPQN��������

��� /CNKU\GYUMK�� %�� 4��� .�� 5JGP�� CPF� /�� 9�

(CPIGT��������6JG�GZRTGUUKQP�QH� TGEGRVQTU� HQT

+I#�QP�JWOCP�OQPQE[VGU�CPF�ECNEKVTKQN�VTGCVGF

*.����EGNNU��,�+OOWPQN����������

���4QEECVGNNQ��&���)��2KEEKQVVQ��/��6QTEJKQ��4�

4QRQNQ�� /�� (GTTQ�� 4�� (TCPEGUEJKPK�� )�

3WCVVTQEEJKQ��)��%CECEG��4��%QRRQ��CPF�.��/�

5GPC�� ������ 4GOQXCN� U[UVGOU� QH� KOOWPQ�

INQDWNKP� #� CPF� KOOWPQINQDWNKP� #� EQPVCKPKPI

EQORNGZGU�KP�+I#�PGRJTQRCVJ[�CPF�EKTTJQUKU�RC�

VKGPVU��6JG�TQNG�QH�CUKCNQIN[EQRTQVGKP�TGEGRVQTU�

.CD�+PXGUV��������

��� /CNKU\GYUMK�� %�� 4��� %�� ,�� /CTEJ�� /�� #�

5EJQGPDQTP�� 5�� )KORGN�� CPF� .�� 5JGP�� �����

'ZRTGUUKQP� ENQPKPI�QH� C� JWOCP�(E� TGEGRVQT� HQT

+I#��,�'ZR�/GF����������

���4GVGTKPM��6�� ,��(���9��'��/��5EJTQGKLGTU�� .�

#��XCP�'U��CPF�/��4��&CJC��������&KOGTKE�CPF

RQN[OGTKE� +I#�� DWV� PQV� OQPQOGTKE� +I#�� GP�

JCPEG� VJG� RTQFWEVKQP� QH� +.��� D[� JWOCP� TGPCN

OGUCPIKCN�EGNNU��/GFKCV�+PHNCOO�������

���4GVGTKPM��6��,���)��XCP�<CPFDGTIGP��/��XCP

'IOQPF��0��-NCT�/QJCOCF��%��*��/QTVQP�� ,�

)��XCP�FG�9KPMGN��CPF�/��4��&CJC��������5K\G�

FGRGPFGPV�GHHGEV�QH�+I#�QP�VJG�+I#�(E�TGEGRVQT


%&�����'WT�,�+OOWPQN���������

����9GUVGTJWKU��4���)��XCP�<CPFDGTIGP��0��#�

/��8GTJCIGP��0��-NCT�/QJCOCF��/��4��&CJC�

CPF� %�� XCP� -QQVGP�� ������ *WOCP� OGUCPIKCN

EGNNU�KP�EWNVWTG�CPF�KP�MKFPG[�UGEVKQPU�HCKN�VQ�GZ�

RTGUU� (E� CNRJC� TGEGRVQT� 
%&����� ,� #O� 5QE
0GRJTQN��������

����)QOG\�)WGTTGTQ�� %��� '�� )QP\CNG\�� CPF� ,�

'IKFQ��������'XKFGPEG�HQT�C�URGEKHKE�+I#�TGEGR�

VQT�KP�TCV�CPF�JWOCP�OGUCPIKCN�EGNNU��,�+OOWPQN
����������

����/QPVGKTQ�� 4�� %��� /�� &�� %QQRGT�� CPF� *�

-WDCICYC�� ������ /QNGEWNCT� JGVGTQIGPGKV[� QH

(E�CNRJC�TGEGRVQTU�FGVGEVGF�D[�TGEGRVQT�URGEKHKE

OQPQENQPCN�CPVKDQFKGU��,�+OOWPQN����������

���� 5JGP�� .��� 4�� .CUUGT�� CPF� /�� 9�� (CPIGT�

������/[�����C�OQPQENQPCN�CPVKDQF[�VJCV�TG�

CEVU�YKVJ�JWOCP�O[GNQKF�EGNNU�KPJKDKVU�OQPQE[VG

+I#� DKPFKPI� CPF� VTKIIGTU� HWPEVKQP�� ,� +OOWPQN
���������

����FG�(KLVGT��,��9���#��9��XCP�FGP�9CNN�$CMG�

%��#�� $TCCO�� .��#�� XCP� 'U�� CPF�/�� 4�� &CJC�

������ +OOWPQINQDWNKP� #� UWDENCUU� OGCUWTG�

OGPV� KP� UGTWO� CPF� UCNKXC�� UGPUKVKXKV[� QH� FGVGE�

VKQP�QH�FKOGTKE� +I#�� KP�'.+5#�FGRGPFU�QP�VJG

CPVKDQF[�WUGF��,�+OOWPQN�/GVJQFU���������

���� /QTVQP�� *�� %��� +�� '�� 8CP� FGP� *GTKM�

1WFKLM�� 2�� 8QUUGDGNF�� #�� 5PKLFGTU�� #�� ,�

8GTJQGXGP�� 2�� ,�� %CRGN�� CPF� ,�� )�� ,�� XCP� FG

9KPMGN�� ������ (WPEVKQPCN� CUUQEKCVKQP� DGVYGGP

VJG� JWOCP� O[GNQKF� KOOWPQINQDWNKP� #� (E� TG�

EGRVQT� 
%&���� CPF� (E4� ICOOC� EJCKP�� /Q�

NGEWNCT�DCUKU� HQT�%&���(E4� ICOOC� EJCKP� CUUQ�

EKCVKQP��,�$KQN�%JGO�����������

����*KGOUVTC��2��5���,��$KGYGPIC��#��)QTVGT��/�

'��5VWWTOCP��#��(CDGT��.��#��XCP�'U��CPF�/��4�

&CJC��������#EVKXCVKQP�QH�EQORNGOGPV�D[�JW�

OCP� UGTWO� +I#�� UGETGVQT[� +I#� CPF� +I#�� HTCI�

OGPVU��/QN�+OOWPQN��������

����%JGP��#���.��(��5JGW��5��.��&KPI�� CPF�9�

*�� .GG�� ������/QPQOGTKE� KOOWPQINQDWNKP�#

RTQVGEVU�INQOGTWNWU�CICKPUV�RQN[OGTKE� KOOWPQ�

INQDWNKP� #� KOOWPG� EQORNGZ� KP� GZRGTKOGPVCN

KOOWPQINQDWNKP� #� PGRJTQRCVJ[�� .CD� +PXGUV
�������

����)QOG\�)WGTTGTQ��%���/��,��.QRG\�#TOCFC�

'��)QP\CNG\�� CPF� ,�� 'IKFQ�� ������ 5QNWDNG� +I#

CPF� +I)�CIITGICVGU� CTG� ECVCDQNK\GF�D[� EWNVWTGF
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TCV� OGUCPIKCN� EGNNU� CPF� KPFWEG� RTQFWEVKQP� QH

60(�CNRJC�CPF�+.����CPF�RTQNKHGTCVKQP��,� +OOW�
PQN����������

���� .KW�� <�� *��� )�� '�� 5VTKMGT�� /�� 5VGVNGT�

5VGXGPUQP�� 2�� (WMWUJKOC�� #�� 2CVGN�� CPF� .�� ,�

5VTKMGT�� ������ 60(�CNRJC� CPF� +.��� CNRJC� KP�

FWEG� OCPPQUG� TGEGRVQTU� CPF� CRQRVQUKU� KP� INQ�

OGTWNCT�OGUCPIKCN�DWV�PQV�GPFQVJGNKCN�EGNNU��#O
,�2J[UKQN�����%�����

���� /QPVGKTQ�� 4�� %��� $�� )TQUUGVGVG�� #�� 6�

0IW[GP�� 2�� ,WPIGTU�� CPF� #�� .GJWGP�� �����

&[UHWPEVKQPU� QH� (E� CNRJC� TGEGRVQTU� D[� DNQQF

RJCIQE[VKE� EGNNU� KP� +I#� PGRJTQRCVJ[�� %QPVTKD
0GRJTQN���������

����6QOCPC��/���-��/CVQWUQXKE��$��#��,WNKCP�

,�� 4CFN�� -��-QPGEP[�� CPF� ,��/GUVGEM[�� �����

)CNCEVQUG�FGHKEKGPV� +I#�� KP� UGTC� QH� +I#� PG�

RJTQRCVJ[�RCVKGPVU�KU�RTGUGPV�KP�EQORNGZGU�YKVJ

+I)��-KFPG[�+PV��������

����%CTC[CPPQRQWNQU��.���,��/��*GZJCO��CPF�,�

&��%CRTC��������.QECNK\CVKQP�QH�VJG�DKPFKPI�UKVG

HQT�VJG�OQPQE[VG�KOOWPQINQDWNKP�
+I��#�(E�TG�

EGRVQT� 
%&���� VQ� VJG� FQOCKP� DQWPFCT[� DG�

VYGGP�%CNRJC��CPF�%CNRJC�� KP�JWOCP�+I#���,
'ZR�/GF����������

����.CUUGWT��%���#��%��#NNGP��%��&GOKPKGTG��/�

#RCTKEKQ�� ,�� (GGJCNN[�� CPF� %�� %QODG�� �����

*GPQEJ�5EJQPNGKP� RWTRWTC� YKVJ� KOOWPQINQDW�

NKP�#�PGRJTQRCVJ[� CPF� CDPQTOCNKVKGU� QH� KOOW�

PQINQDWNKP� #� KP� C� 9KUMQVV�#NFTKEJ� U[PFTQOG

ECTTKGT��#O�,�-KFPG[�&KU��������

����%JWCPI��2��&��CPF�5��.��/QTTKUQP�������

'NKOKPCVKQP�QH�0�NKPMGF�IN[EQU[NCVKQP� UKVGU� HTQO

VJG� JWOCP� +I#�� EQPUVCPV� TGIKQP�� GHHGEVU� QP

UVTWEVWTG�CPF�HWPEVKQP��,�+OOWPQN���������

����#NNGP��#��%���5��,��*CTRGT��CPF�,��(GGJCNN[��

������)CNCEVQU[NCVKQP�QH�0��CPF�1�NKPMGF�ECT�

DQJ[FTCVG�OQKGVKGU�QH�+I#��CPF�+I)�KP�+I#�PG�

RJTQRCVJ[��%NKP�'ZR�+OOWPQN���������

����/GUVGEM[��,���/��6QOCPC��2��#��%TQYNG[�

0QYKEM�� <��/QNFQXGCPW�� $�� #�� ,WNKCP�� CPF� 5�

,CEMUQP�� ������ &GHGEVKXG� ICNCEVQU[NCVKQP� CPF

ENGCTCPEG� QH� +I#�� OQNGEWNGU� CU� C� RQUUKDNG

GVKQRCVJQIGPKE�HCEVQT�KP�+I#�PGRJTQRCVJ[��%QP�
VTKD�0GRJTQN����������������

���� 5CPHKNKRRQ�� (��� $�� 2�� %TQMGT�� CPF� 4�� 4�

$QNNKPIGT�� ������ (CVG� QH� HQWT� ECFCXGTKE� FQPQT

TGPCN� CNNQITCHVU� YKVJ� OGUCPIKCN� +I#� FGRQUKVU�

6TCPURNCPVCVKQP��������


