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2U����DO���V�DUFK��U��FO�

'LDJQRVWLF�9DOXH�RI�&�WRNHUDWLQ�����LQ�%HQLJQ�DQG�0DOLJQDQW��
%UHDVW�/HVLRQV

9LVKDNKD�6DLQL���5DMQL�%KDUWL���3RRMD�1DJD�DFK����MD��6DLQL�

�XWKRU�V� �IILOLDWLRQ�� �6HQLRU� 5HVLGHQW�� 'HSDUWPHQW� RI� 3DWKRORJ\�� 5DMLY� *DQGKL� 6XSHU� 6SHFLDOLW\�
+RVSLWDO��'LOVKDG�*DUGHQ��'HOKL��������� ,QGLD�� �3URIHVVRU�DQG�+HDG�� ��VVLVWHQW� 3URIHVVRU��'HSDUWPHQW�RI�
3DWKRORJ\��6DURMLQL�1DLGX�0HGLFDO�&ROOHJH���JUD��8WWDU�3UDGHVK���������,QGLD���3RVW�*UDGXDWH��'HSDUWPHQW�
RI�&RPPXQLW\�0HGLFLQH��8QLYHUVLW\�&ROOHJH�RI�0HGLFDO�6FLHQFHV�DQG�*XUX�7HJ�%DKDGXU�+RVSLWDO��'HOKL��
��������,QGLD�

&RUUHVSRQGLQJ��XWKRU���MD�� 6DLQL��3RVW�*UDGXDWH�� 'HSDUWPHQW� RI� &RPPXQLW\�0HGLFLQH��8QLYHUVLW\�
&ROOHJH�RI�0HGLFDO�6FLHQFHV�DQG�*XUX�7HJ�%DKDGXU�+RVSLWDO��'HOKL����������,QGLD�

(�PDLO��DMD\QVDLQL#JPDLO�FRP

�EVWUDFW

�DFNJUR��G��7KH�SUHVHQFH�RI�HSLWKHOLDO�OD\HU�DORQJ�ZLWK�P\RHSLWKHOLDO�OD\HU�LV�WKH�EDVLV�RI�EHQLJQLW\�IRU�DQ\�EUHDVW�
OHVLRQ��7KLV�VWXG\�VRXJKW�WR�GHWHUPLQH�LI� WKH�9DOXH�RI�F\WRNHUDWLQ����� LQ�EHQLJQ�DQG�PDOLJQDQW�EUHDVW�OHVLRQV�LV�
GLDJQRVWLF��&\WRNHUDWLQV�DUH�LQWHUPHGLDWH�ILODPHQWV�SUHVHQW�LQ�DOO�HSLWKHOLDO�FHOOV�VR�LW�V�SRVLWLYLW\�LQ�P\RHSLWKHOLDO�
FHOOV�GLIIHUHQWLDWH�EHQLJQ�OHVLRQV�IURP�PDOLJQDQW�OHVLRQV�

�D�HULDO� D�G� �H�KRGV��+RVSLWDO� EDVHG� REVHUYDWLRQDO� VWXG\�� FDUULHG� RXW� RQ� ELRSV\� VDPSOHV� UHFHLYHG�� 7LVVXH�
ZHUH� IL[HG� LQ� IRUPDO� VDOLQH�� SDUDIILQH� EORFNV�ZHUH�SUHSDUHG� DQG� VWDLQHG�ZLWK�+DHPDWR[\OLQ� DQG�(RVLQ� �+�(���
,PPXQRKLVWRFKHPLFDO��,+&��VWDLQLQJ�IRU�F\WRNHUDWLQ�����ZDV�DSSOLHG�RQ�SDUDIILQ�HPEHGGHG�VHFWLRQV�RI����VDPSOHV�
XVLQJ�DYLGLQH�ELRWLQ�SHUR[LGDVH� WHFKQLTXH�ZLWK�PRXVH�DQWLKXPDQ�SRO\FORQDO�'����%��DQWLERG\�DQG�YLVXDOL]HG�
ZLWK�'�%��7KH�SDWWHUQ�DQG�LQWHQVLW\�RI�VWDLQLQJ�RI�WXPRU�FHOOV�ZDV�REVHUYHG�DQG�JUDGHG�

�L�GL�JV�����FDVHV�RI�EUHDVW�OHVLRQV�ZHUH�WDNHQ��RXW�RI�ZKLFK����ZHUH�EHQLJQ�DQG����ZHUH�PDOLJQDQW���OO���������
FDVHV�RI�EHQLJQ�OHVLRQV�FRPSULVLQJ�RI�ILEURDGHQRPD�DQG�ILEURF\VWLF�GLVHDVH�ZHUH�VWURQJO\�SRVLWLYH��2XW�RI���������
FDVHV����FDVHV�RI�,'&�126��DQG���FDVH�RI�PHGXOODU\�FDUFLQRPD�EUHDVW�����������FDVHV�RI�,'&�126��ZHUH�&.�����
SRVLWLYH�ZLWK�YDULDEOH�VWDLQLQJ�LQGH[��%HQLJQ�OHVLRQV�ZHUH�VWURQJO\�SRVLWLYH�DV�FRPSDUH�WR�PDOLJQDQW�OHVLRQV��

&R�FO�VLR���%HQLJQ� OHVLRQV�DUH�VWURQJO\�SRVLWLYH� IRU�&.����EXW� LI�PDOLJQDQW� OHVLRQV�DUH�SRVLWLYH� IRU�&.����� LW�
LQGLFDWHV�SRRU�RXWFRPH�GXH�WR�EDVDO�PROHFXODU�VXEW\SH�DQG�KDYH�DQ�DJJUHVVLYH�EHKDYLRU�

.H��RUGV��%UHDVW�OHVLRQV��&\WRNHUDWLQ������,PPXQRKLVWRFKHPLFDO�VWDLQLQJ��2EVHUYDWLRQDO�VWXG\��)LEURDGHQRPD��
ILEURF\VWLF�GLVHDVH�

,QGLDQ�-RXUQDO�RI�3DWKRORJ\��5HVHDUFK�DQG�3UDFWLFH��
9ROXPH���1XPEHU����6HSWHPEHU���'HFHPEHU�����

'2,��KWWS���G[�GRL�RUJ����������LMSUS���������;��������

+R��WR�FLWH�WKLV�DUWLFOH�

9LVKDNKD�6DLQL��5DMQL�%KDUWL��3RRMD�1DJD\DFK��HW�DO��'LDJQRVWLF�9DOXH�RI�&\WRNHUDWLQ�����LQ�%HQLJQ�DQG�
0DOLJQDQW�%UHDVW�/HVLRQV��,QGLDQ�-�3DWKRO�5HV�3UDFW�������������������

,QWURGXFWLRQ

%UHDVW� FDQFHU� LV� WKH�PRVW� FRPPRQ�PDOLJQDQF\� LQ�
ZRPHQ���GYDQFHV� LQ� LPDJLQJ� WHFKQLTXHV� DQG� WKH�
LQFUHDVHG�XVH�RI�QHHGOH�ELRSV\�KDYH�JUHDWO\�DVVLVWHG�
WKH� SUHRSHUDWLYH� HYDOXDWLRQ� RI� EUHDVW� OHVLRQV� EXW��
LQ� D� ODUJH� SURSRUWLRQ� RI� FDVHV�� GLIIHUHQWLDWLRQ�
EHWZHHQ�EHQLJQ�DQG�PDOLJQDQW�OHVLRQV�VWLOO�UHVWV�RQ�
KLVWRORJLF� H[DPLQDWLRQ��� 7KH� ULVLQJ� SUHYDOHQFH� RI�
EUHDVW�FDQFHU�DQG�PROHFXODU�GLDJQRVLV�RI�WKH�EUHDVW�
FDQFHU� YDULDQWV� FRQWLQXH� WR� FRQFHUQ� WKH� PHGLFDO�

FRPPXQLW\�� 0ROHFXODU� GLDJQRVLV� RI� WKH� EUHDVW�
FDQFHU�W\SHV�GHSHQGV�RQ�KLJKOLJKWLQJ�ZLWK�WXPRU�
PDUNHU�VWDLQV��WKH�PROHFXOHV�FRQVLGHUHG�DV�VLJQDOV��
V\PEROV�RU�UHSUHVHQWDWLYHV�RI�WXPRU�FHOOV�DQG�ZKLFK�
DUH�LQFUHDVHG�LQ�WKH�FDQFHURXV�FRQGLWLRQV��1RUPDO�
FHOOV�DOVR�H[SUHVV�PRVW�RI� WKH� WXPRU�PDUNHUV�� EXW�
TXDQWXP� RI� PDUNHU� PROHFXOHV� GLVWLQJXLVKHV� WKH�
WXPRU�FHOOV�IURP�WKH�QRUPDO�FHOOV���

,Q� WKH� PDMRULW\� RI� FDVHV�� GLDJQRVLV� RI� EHQLJQ�
DQG�PDOLJQDQW� HSLWKHOLDO� OHVLRQV� RI� WKH�EUHDVW� DUH�
DFKLHYDEOH� XVLQJ� KHPDWR[\OLQ� DQG� HRVLQ� �+�(��
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PLFURVFRSLF� VHFWLRQV� DORQH�� +RZHYHU�� LQ� VRPH�
FLUFXPVWDQFHV�� VXFK� DV� LQ� DW\SLFDO� DQG� ERUGHUOLQH�
EUHDVW� OHVLRQV�� DV� ZHOO� DV� LQ� FRUH� QHHGOH� ELRSV\�
�&1%��� WKLV� PRUSKRORJLFDO� GLVWLQFWLRQ� FDQ� EH�
SUREOHPDWLF��,Q�DGGLWLRQ��LQWHU�REVHUYHU�YDULDELOLW\�
H[LVWV� DPRQJ� SDWKRORJLVWV� ZKHQ� LQWHUSUHWLQJ�
dif�cult�and�borderline�lesions�of�breast.�Therefore,�
XVLQJ�LPPXQH�KLVWRFKHPLFDO��,+&��VWDLQV�FDQ�EH�RI�
KHOS�ZKHQ�GHDOLQJ�ZLWK�WKHVH�FKDOOHQJLQJ� OHVLRQV��
SDUWLFXODUO\� LQ� FDVHV� IRU� ZKLFK� WKH� GLDJQRVLV�
carries� a� signi�cant� impact� on� management� and�
SURJQRVLV����� &\WRNHUDWLQ�&.��� DQ� LQWHUPHGLDWH�
�lament� protein,� re�ects� the� epithelial� cell� type,�
VWDWH� RI� WLVVXH� JURZWK�� GLIIHUHQWLDWLRQ�� IXQFWLRQDO�
status�and�is�used�for�the��ngerprinting�of�various�
FDUFLQRPDV��

0DWHULDOV�DQG�0HWKRGV

7KH�VWXG\�LV�FDUULHG�RXW�RQ�ELRSV\�VDPSOHV�UHFHLYHG�
RQ�EUHDVW�WLVVXH��LQ�+LVWRORJ\�FOLQLF�RI�'HSDUWPHQW�
RI�3DWKRORJ\�� 6��1��0HGLFDO�&ROOHJH���JUD�ZLWK� D�
FOLQLFDO� GLDJQRVLV� RI� EUHDVW� OXPS� RI� ��� SDWLHQWV��
6WXG\�KDV� EHHQ� FDUULHG�RXW� IRU� RQH� DQG�KDOI� \HDU�
GXUDWLRQ�� &XUUHQW� VWXG\� LQYROYH�� )LEURDGHQRPD��
Fibrocystic� disease� of� breast,� In�ltrating� ductal�
FDUFLQRPD�126�DQG�0HGXOODU\�FDUFLQRPD�7LVVXHV�
were��xed�in�formal�saline,�processed�for�paraf�n�
VHFWLRQV�DQG�VWDLQHG�ZLWK�+DHPDWR[\OLQ�DQG�(RVLQ�
�+�(���3RO\�/�O\VLQH�K\GUREURPLGH��������FRDWHG�
VOLGHV�ZHUH�XVHG�WR�SHUIRUP�LPPXQRFKHPLVWU\�IRU�
&.�����3ULPDU\�DQWLERG\�'DNR�)/(;�0RQRFORQDO�
PRXVH� DQWLKXPDQ� &\WRNHUDWLQ� ���� FORQH� '�����
%��ZDV�XVHG��YLVXDOL]DWLRQ�REWDLQHG�ZLWK�'�%�����
���'LDPLQR� EHQ]LGLQH��� 3UHVVXUH� FRRNHU� XVHG� IRU�
WDUJHW� DQWLJHQ�UHWULHYDO�� 6OLGHV�ZHUH�H[DPLQHG� IRU�
VWDLQLQJ�SDWWHUQ��F\WRSODVPLF�RU�PHPEUDQRXV��DQG�
LQWHQVLW\�RI�VWDLQLQJ�LQ�WXPRU�FHOOV��

7KH� LQFOXVLRQ� FULWHULD� ZHUH� IHPDOH� SDWLHQWV�
FOLQLFDOO\�SUHVHQWHG�ZLWK�EUHDVW�OXPS�DQG�VXUJLFDOO\�
UHVHFWHG� EUHDVW� WLVVXH�� ([FOXVLRQ� FULWHULD� ZHUH�
IHPDOH�SDWLHQW�OHVV�WKDQ����\HDUV�DQG�PRUH�WKDQ����
\HDUV��/DFWDWLQJ�DGHQRPD�

5HVXOWV�

7RWDO����FDVHV�ZHUH�VWXGLHG�IRU�LPPXQRVWDLQLQJ�RI�
F\WRNHUDWLQ�����RYHU�KLVWRORJLFDO�VHFWLRQV�RI�EUHDVW�
OHVLRQV� UHFHLYHG� LQ�+LVWRORJ\� ODE��2XW� RI���� FDVHV�
���FDVHV�ZHUH�EHQLJQ�DQG����FDVHV�ZHUH�PDOLJQDQW��
22�were�of��broadenoma�of�breast,�4�cases�were�of�
�brocystic� disease,� 13� cases� of� in�ltrative� ductal�
126�DQG���FDVH�RI�PHGXOODU\�FDUFLQRPD�RI�EUHDVW��

7DEOH����&\WRNHUDWLQ�����SRVLWLYLW\�LQ�EHQLJQ�EUHDVW�GLVHDVH�

6�1R
+LVWRORJLFDO�W�SH�

RI�OHVLRQ
7RWDO�
FDVHV

&DVHV�
�LWK�

SRVLWLYH�
VWDLQLQJ�

&DVHV�
�LWK�

QHJDWLYH�
VWDLQLQJ�

� )LEURDGHQRPD �� �� ��

� )LEURF\VWLF�GLVHDVHV � � ��

7RWDO�FDVHV �� �� ��

7DEOH���VKRZ�WKDW�WRWDO����EHQLJQ�FDVHV�RI�EUHDVW�
was� taken.� All� 22� (100%)� cases� of� �broadenoma�
VKRZV� SRVLWLYH� LPPXQRVWDLQLQJ� IRU� F\WRNHUDWLQ�
����ZLWK�VWDLQLQJ�LQGH[�UDQJLQJ�IURP�����DQG�WKH\�
VKRZ�PHPEUDQRXV�DV�ZHOO�DV�F\WRSODVPLF�VWDLQLQJ��

All�4�(100%)�cases�of��brocystic�disease�of�breast�
DOVR�VKRZ�SRVLWLYH�LPPXQRVWDLQLQJ�IRU�&.�����ZLWK�
strong�staining�index�(6–9)�just�like��broadenoma.�
Pattern� of� staining� was� similar� to� �broadenoma�
�PHPEUDQRXV� DQG� F\WRSODVPLF�� ERWK��� �OWKRXJK�
LQWHQVLW\� RI� VWDLQLQJ� DQG� SURSRUWLRQ� RI� SRVLWLYH�
VWDLQLQJ�YDULHV�DPRQJ�WKH�FDVHV�EXW�DOO�UDQJH�����RI�
VWDLQLQJ�LQGH[�

7DEOH����&\WRNHUDWLQ�����SRVLWLYLW\�LQ�PDOLJQDQW�EUHDVW�GLVHDVH�

6�1R /HVLRQV
7RWDO�
&DVHV

&DVHV�
�LWK�

SRVLWLYH�
VWDLQLQJ

&DVHV�
�LWK�

QHJDWLYH�
VWDLQLQJ

� ,'& �� � �

� 0HGXOODU\�FDUFLQRPD � � �

7RWDO �� � �

7DEOH���VKRZV�WKDW����FDVHV�RI�PDOLJQDQW�OHVLRQV�
of�breast.�Out�of�13�in�ltrating�ductal�carcinomas�6�
FDVHV�ZHUH� LPPXQH�QHJDWLYH�IRU�&.�����VWDLQLQJ��
7KH���FDVHV�RI� ,'&�VKRZ�SRVLWLYH�VWDLQLQJ� IRU�&.�
���� EXW� WKH\� KDYH� ORZHU� VWDLQLQJ� LQGH[� WKDQ� WKH�
benign� lesions�and�most�of� them�only� shows��ne�
JUDQXODU�F\WRSODVPLF�SRVLWLYLW\�H[FHSW�IRU����FDVH�RI�
,'&�WKDW�VKRZV�PHPEUDQRXV�SRVLWLYLW\�DOVR��7KXV�
WRWDO�����FDVHV�RI�DOO�PDOLJQDQW�FDVHV�VKRZ�SRVLWLYH�
LPPXQRVWDLQLQJ�ZLWK�&.�����RU��������FDVHV�RI�DOO�
,'&�VKRZV�SRVLWLYH�LPPXQRVWDLQLQJ���QG���FDVH�RI�
PHGXOODU\� FDUFLQRPD� VKRZV�QHJDWLYH� VWDLQLQJ� IRU�
&.�����LPPXQRVWDLQLQJ�

7DEOH� ��� &RUUHODWLRQ� EHWZHHQ� EHQLJQ� EUHDVW� GLVHDVH� DQG�
F\WRNHUDWLQ�����H[SUHVVLRQ�

6��1R /HVLRQV
1R�RI�
FDVHV

�JH�
��HDUV�

&.�
�YH�
FDVHV

6WDLQ�
VFRUH�
UDQJH

� )LEURDGHQRPD �� ����� �� ���

� )LEURF\VWLF�GLVHDVH � ����� � ���

7DEOH���VKRZV� WKDW� VWDLQLQJ�VFRUH� IRU�DOO�EHQLJQ�
OHVLRQV�UDQJH�IURP������WKDW�PHDQV�VWURQJ�SRVLWLYLW\�
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IRU�&.�����ZLWK�PHPEUDQRXV�DV�ZHOO�DV�F\WRSODVPLF�
in�both��broadenoma�as�well�as��brocystic�disease.

7DEOH� ��� &RUUHODWLRQ� EHWZHHQ� PDOLJQDQW� EUHDVW� GLVHDVH� DQG�
F\WRNHUDWLQ�����H[SUHVVLRQ�

6��1R /HVLRQ
1R��
RI�

FDVHV

�JH�
��HDUV�

&.�
�YH�
&DVHV�

&.�
�YH�
FDVHV

6WDLQ�
VFRUH�
UDQJH�
LQ��YH�
FDVHV

� ,'& �� ����� � � ���

� 0HGXOODU\�
FDUFLQRPD

� �� � � ��

7RWDO �� � �

7DEOH���VKRZV�WKDW�LQ����PDOLJQDQW�FDVHV�����ZHUH�
RI�,'&�DQG�RQH�ZDV�RI�PHGXOODU\�FDUFLQRPD��2XW�RI�
���FDVHV������������VKRZV�SRVLWLYH�LPPXQRVWDLQLQJ�
with� CK� 5/6� and� the� staining� pattern� was� �ne�
JUDQXODU� F\WRSODVPLF� VWDLQLQJ�ZLWK� VWDLQLQJ� VFRUH�
UDQJLQJ� IURP� ����� H[FHSW� IRU� �� FDVH� WKDW� VKRZV�
F\WRSODVPLF� DV�ZHOO� DV�PHPEUDQRXV� VWDLQLQJ� DQG�
VFRUH�ZDV�DOVR�IURP�UDQJH������ZKLOH���FDVHV�ZHUH�
QHJDWLYH� IRU� LPPXQRVWDLQLQJ� ZLWK� &.� ���� DQG�
WKH� VWDLQLQJ� ZDV� ���� 2QO\� RQH� FDVH� RI�PHGXOODU\�
FDUFLQRPD�ZDV�DOVR�LPPXQRVWDLQLQJ�QHJDWLYH�ZLWK�
VWDLQLQJ�VFRUH����

7DEOH����&RUUHODWLRQ�RI�PDOLJQDQW�FDVHV�ZLWK�WXPRU�VL]H��QHFURVLV��
D[LOODU\�O\PSK�QRGH�PHWDVWDVLV�DQG�JUDGH�RI�WXPRU�

&OLQLFR�SDWKRORJLFDO�
YDULDEOHV�

&.�����
SRVLWLYH�
FDVHV�
�Q ����

&.�����
QHJDWLYH�
FDVHV�
�Q ����

7RWDO�
&DVHV�
�Q ���

0HDQ�DJH���HDUV�

0HDQ�DJH ����� ����� ����

+LVWRSDWKRORJLFDO�GLDJQRVLV

,'&�126 ������ ��������� ����������

0HGXOODU\�FDUFLQRPD � ��������� ��������

7XPRU�VL]H

�YHUDJH�VL]H�FP� ��� ��� �

7XPRU�QHFURVLV

3UHVHQW ���������� ���������� ����������

�EVHQW ���������� ���������� ����������

/�PSK�QRGH�PHWDVWDVLV

3UHVHQW ���������� ���������� ����������

�EVHQW ���������� ���������� ����������

�UDGH�RI�WXPRU

*UDGH�, � ���������� ���������

*UDGH�,, ���������� ���������� ����������

*UDGH�,,, ���������� � ����������

7DEOH���VKRZV�WKDW�2XW�RI����FDVHV����FDVHV�VKRZ�
SRVLWLYH�LPPXQRVWDLQLQJ�IRU�&.�������YHUDJH�VL]H�
RI� WXPRU�ZLWK�SRVLWLYH� FDVHV�ZDV� ���� FP�ZKHUHDV�
IRU�QHJDWLYH�FDVHV�LW�ZDV�����FP��RXW�RI����LPPXQR�
SRVLWLYH� FDVHV� ��� ��������� FDVHV� VKRZ� WXPRU�
QHFURVLV�ZKHUHDV�RQO\�������������FDVHV�RI�LPPXQH�
QHJDWLYH� FDVHV� VKRZ� WXPRU� QHFURVLV�� �[LOODU\�

O\PSK�QRGH�PHWDVWDVLV�IRXQG�LQ������������FDVHV�RI�
&.� ���� SRVLWLYH� FDVHV�� ZKHUHDV� RQO\� ��� ���������
FDVH� ZLWK� QHJDWLYH� LPPXQRVWDLQLQJ� VKRZ� O\PSK�
QRGH�PHWDVWDVLV��0RVW�RI�FDVHV�WKDW�VKRZV�SRVLWLYH�
LPPXQRVWDLQLQJ� ZLWK� &.� ���� ZDV� RI� JUDGH� ,,,�
���������IROORZHG�E\�JUDGH�,,�����������QRW�D�VLQJOH�
FDVH�RI�JUDGH� ,�ZDV� IRXQG�WR�EH�LPPXQH�SRVLWLYH��
,Q� FDVH� RI� LPPXQH�QHJDWLYH� FDVHV� JUDGH� ,� WXPRUV�
ZHUH�DOVR�IRXQG�

7DEOH����&RPSDULVRQ�RI�&.�����SRVLWLYH�FDVHV�LQ�EHQLJQ�EUHDVW�
GLVHDVH�

�NKWDU�
HW�DO

%KDOOD�
HW�DO

-DLQ�HW�DO
3UHVHQW�
VWXG�

)LEURDGHQRPD ������
������

����
������

������
������

������
������

)LEURF\VWLF ����
������

������
������

������
������

����
������

/DFWDWLQJ�DGHQRPD � ����
����

�������� ���

8'+ ����
������

��� ����
������

���

'XFW�HFWDVLD ����
������

����
������

����
������

���

7RWDO ���
������

������
�������

������
�����

������
������

7DEOH� �� VKRZV� WKDW� WKH� SUHVHQW� VWXG\� �����
RI� WKH� EHQLJQ� EUHDVW� GLVHDVH� VKRZ� SRVLWLYH�
LPPXQRVWDLQLQJ�ZLWK�&.�����MXVW�OLNH�RWKHU�VWXGLHV�
RI��NKWDU�HW�DO��%KDOOD�HW�DO�DQG�-DLQ�HW�DO�

7DEOH� ��� &RPSDULVRQ� RI� &.� ���� SRVLWLYH� FDVHV� LQ� PDOLJQDQW�
EUHDVW�GLVHDVH�

�NKWDU�
HW�DO

%KDOOD�
HW�DO

-DLQ�HW�
DO

3UHVHQW�
VWXG�

'&,6 ���� ��� ���� ���

,'& ���� ���� ����� ����

0HGXOODU\�FDUFLQRPD ��� ��� ��� ���

7RWDO �� �� �� ��

7DEOH���VKRZV�WKDW�LQ�SUHVHQW�VWXG\�PDMRULW\�RI�
FDVHV�EHORQJV�WR�,'&��2XW�RI����FDVHV����FDVHV�VKRZ�
SRVLWLYH� LPPXQRVWDLQLQJ� ZLWK� &.� ����� 6LPLODU�
UHVXOWV� ZHUH� DOVR� VHHQ� LQ� GLIIHUHQW� VWXGLHV� H�J��
�NKWDU� HW� DO��%KDOOD�HW� DO� DQG� -DLQ�HW� DO��2QO\�RQH�
FDVH�RI�PHGXOODU\�FDUFLQRPD�ZDV� IRXQG� LPPXQH�
QHJDWLYH�LQ�SUHVHQW�VWXG\��DOWKRXJK�-DLQ�HW�DO�IRXQG�
LPPXQH�SRVLWLYLW\�EXW�ZLWK�ORZ�VWDLQLQJ�LQGH[�

�PRQJ� ��� FDVHV� RI� EUHDVW� GLVHDVH� VWXGLHG�
SUHVHQWO\����� ������FDVHV�ZHUH�RI�EHQLJQ�OHVLRQV�RI�
EUHDVW�DQG����������ZHUH�PDOLJQDQW�EUHDVW�FDUFLQRPD��
�OO�WKH�EHQLJQ�FDVHV�RI�EUHDVW�VKRZHG�SRVLWLYH�&.�
����H[SUHVVLRQ�ZLWK�YDULDEOH�VWDLQLQJ�VFRUH��

,PP��RV�DL�L�J�L��ILEURDGH�RPD�FDVHV�

)LEURDGHQRPD� VKRZHG� SUROLIHUDWLQJ� EUHDVW� GXFWV�

9LVKDNKD�6DLQL��5DMQL�%KDUWL��3RRMD�1DJD\DFK��HW�DO����'LDJQRVWLF�9DOXH�RI�&\WRNHUDWLQ�����LQ�%HQLJQ�DQG�
0DOLJQDQW�%UHDVW�/HVLRQV
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with� predominantly� �brous� stroma� around�
GLODWHG� DQG� FRPSUHVVHG� GXFWV� ZLWK� F\WRSODVPLF�
DQG� PHPEUDQRXV� &.� ���� SRVLWLYLW\� LQ� WKH� RXWHU�
P\RHSLWKHOLDO�FHOO�OD\HU�RQO\��)LJ�����

)LJ������,+&��� ,PPXQRKLVWRFKHPLFDO� VWDLQLQJ�ZLWK�F\WRNHUDWLQ�
����LQ�D�FDVH�RI�ILEURDGHQRPD��+�&(�����[��

)LJ������,+&��� ,PPXQRKLVWRFKHPLFDO� VWDLQLQJ�ZLWK�F\WRNHUDWLQ�
����LQ�D�FDVH�RI�ILEURDGHQRPD��+�(�����[�

,PP��RV�DL�L�J�L��ILEURF�V�LF�GLVHDVH�FDVHV�

)LEURF\VWLF�GLVHDVH�VKRZHG�F\VWLFDOO\�GLODWHG�GXFWV�
OLQHG� E\� F\WRSODVPLF� DQG� PHPEUDQRXV� &.� ����
positive��attened� epithelium�with�mild� pericystic�
�brosis�and�in�ammation.(Fig.1.2)

)LJ�������,+&���,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�RI�F\WRNHUDWLQ�����
LQ�FDVH�RI�ILEURF\VWLF�GLVHDVH�RI�EUHDVW��+�(�����[��

)LJ�������,+&���,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�RI�F\WRNHUDWLQ�����

LQ�FDVH�RI�ILEURF\VWLF�GLVHDVH�RI�EUHDVW��+�(�����[��

,PP��RV�DL�L�J�L��L��DVL�H�G�F�DO�FDUFL�RPD�FDVHV�

2XW� RI� ��� FDVHV� RI� PDOLJQDQW� EUHDVW� GLVHDVH�
LQFOXGLQJ�PDMRULW\� RI� FDVHV� RI� ,'&� ���� FDVHV��� WKH�
��FDVHV�VKRZHG�QHJDWLYH�&.����� LPPXQRUHDFWLRQ�
in�luminal�cells�and�faint��ne�granular�cytoplasmic�
VWDLQLQJ�LQ�EDVDO�FHOOV�ZLWK�VWDLQLQJ�VFRUH����ZKLOH���
FDVHV�VKRZHG�SRVLWLYH�F\WRNHUDWLQ�H[SUHVVLRQ�ZLWK�
VWDLQLQJ�VFRUH������)LJ�����

)LJ�������,+&���,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�ZLWK�F\WRNHUDWLQ�
LQYDVLYH�GXFWDO�FDUFLQRPD��+�(����[��

)LJ������,+&���,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�����LQ�FDVH�RI�ZLWK�
F\WRNHUDWLQ�����LQ�FDVH�RI�,'&��+�(�����[���
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,PP��RV�DL�L�J�L���HG�OODU��FDUFL�RPD�FDVHV�

2QH� FDVH� RI� PHGXOODU\� FDUFLQRPD� DOVR� VKRZHG�
negative� expression� of� cytokeratin� with� �ne�
JUDQXODU�F\WRSODVPLF�VWDLQLQJ�ZLWK�VWDLQLQJ� LQGH[�
���

7KH� PHDQ� DJH� RI� SUHVHQWDWLRQ� LQ� �� FDVHV� RI�
QHJDWLYH�F\WRNHUDWLQ�H[SUHVVLRQ�RI�LQYDVLYH�GXFWDO�
FDUFLQRPD� DQG� �� FDVHV� RI� SRVLWLYH� F\WRNHUDWLQ�
H[SUHVVLRQ�RI� LQYDVLYH� FDUFLQRPD�ZHUH� ����� \HDUV�
DQG� ������ \HDUV� UHVSHFWLYHO\�� �[LOODU\� O\PSK�
QRGH� PHWDVWDVLV� ZDV� SRVLWLYH� LQ� �� ��������� FDVHV�
DQG� QHJDWLYH� LQ� �� FDVHV� RXW� RI� WKH� �� FDVHV� ZLWK�
SRVLWLYH� LPPXQRVWDLQLQJ�� 2QO\� �� ��������� FDVH�
RI� LPPXQH�QHJDWLYH� FDVHV� RI� ,'&� VKRZHG� O\PSK�
QRGH� PHWDVWDVLV�� �YHUDJH� WXPRU� VL]H� IRU� &.� ����
SRVLWLYH� H[SUHVVLRQ� RI� ,'&� ZDV� ���� FP� DQG� ����
FP� IRU� QHJDWLYH�&.� ���� H[SUHVVLRQ� FDVHV� RI� ,'&��
7XPRU�QHFURVLV�ZDV�IRXQG�LQ������������FDVHV�RXW�
RI� �� FDVHV� RI� &.� ���� SRVLWLYH� H[SUHVVLRQ�� RQO\� ��
���������FDVHV�RXW�RI���FDVHV�ZLWK�QHJDWLYH�&.�����
H[SUHVVLRQ�VKRZHG�WXPRU�QHFURVLV��

&.�����SRVLWLYH�H[SUHVVLRQ�ZDV�IRXQG�LQ�JUDGH�
,,,� ��������� WXPRUV� SUHGRPLQDQWO\� IROORZHG� E\�
JUDGH�,,����������WXPRUV��1RW�D�VLQJOH�FDVH�RI�,'&�
ZLWK�JUDGH�,�ZDV�IRXQG�&.�����SRVLWLYH�

'LVFXVVLRQ

7KH�QRUPDO�EUHDVW�WLVVXH�FRQVLVWV�RI� WKH�IROORZLQJ�
�ve� distinct� cell� populations:� Committed� stem�
�SURJHQLWRU�� FHOOV� �&.����� JODQGXODU� SUHFXUVRU�
FHOOV� �&.� ���&.� ������������� JODQGXODU� HQG� FHOOV�
�&.��������������P\RHSLWKHOLDO�SUHFXUVRU�FHOOV��&.�
�����60����DQG�P\RHSLWKHOLDO�HQG�FHOOV��60�����

&.� �� SRVLWLYH� FHOOV� UHSUHVHQW� SURJHQLWRU� FHOOV�
IRU� ERWK� JODQGXODU� DQG� P\RHSLWKHOLDO� OLQHDJHV� RI�
PDPPDU\�HSLWKHOLXP��7KHUH�LV�D�JUDGXDO�GHFUHDVH�
RI�&.���H[SUHVVLRQ��DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�LQ�
H[SUHVVLRQ�RI�&.���������LQ�WKH�JODQGXODU�FHOOV��DQG�
VPRRWK� PXVFOH� DFWLQ� �60��� LQ� WKH�P\RHSLWKHOLDO�
FHOOV� DORQJ� WKH� SDWKZD\V� RI� GLIIHUHQWLDWLRQ�� 7KH�
WHUPLQDOO\� GLIIHUHQWLDWHG� FHOOV� GR� QRW� H[SUHVV�
&.� ��� ,Q� WKH� ODFWDWLQJ� EUHDVW� WKHUH� LV� VHJUHJDWLRQ�
RI� HSLWKHOLDO� VWUXFWXUHV� LQWR� &.� ����� H[SUHVVLQJ�
VHFUHWRU\� ]RQH� DQG� WKH� SUROLIHUDWLYH� ]RQH� ZKLFK�
KDUERUV� FHOOV� RI� ERWK� JODQGXODU� �&.� ������� DQG�
EDVDO�P\RHSLWKHOLDO� �&.� ������ W\SH�� /DFWDWLQJ�
DGHQRPD�LV�D�EHQLJQ�WXPRU�FRPSULVHG�RI�WHUPLQDOO\�
GLIIHUHQWLDWHG� VHFUHWRU\� FHOOV� DQG� LV� WKXV� &.� ����
QHJDWLYH���

7KH�SUROLIHUDWHG� OXPLQDO� FHOOV� LQ� EHQLJQ� OHVLRQV�

VKRZ� D� ODUJH� QXPEHU� RI� &.� ���� SRVLWLYH� FHOOV�
EHFDXVH� RI� SUROLIHUDWLRQ� RI� ERWK� JODQGXODU� DQG�
EDVDO� FHOOV�� 0RVW� PDOLJQDQFLHV� DUH� GHULYHG� IURP�
GLIIHUHQWLDWHG� JODQGXODU� FHOOV� DQG� GR� QRW� UHYHDO�
LPPXQH�KLVWRFKHPLFDO� VWDLQLQJ�ZLWK�&.����� WKXV�
H[SODLQLQJ�LWV�QHJDWLYLW\�LQ�PRVW�OHVLRQV�RI�DW\SLFDO�
K\SHUSODVLD�DQG�GXFWDO�FDUFLQRPD�LQ�VLWX�����

Breast�cancer�is�traditionally�classi�ed�based�on�
WKH� KLVWRORJLFDO� W\SH� RI� WKH� WXPRU�� 7KH� GHFLVLRQ�
DERXW�WKH�WUHDWPHQW�DQG�SURJQRVWLFDWLRQ�LV�ODUJHO\�
EDVHG� RQ� FHUWDLQ� FOLQLFRSDWKRORJLFDO� SDUDPHWHUV�
OLNH� WXPRU� VL]H�� O\PSK� QRGH� VWDJH�� KLVWRORJLFDO�
W\SH��WXPRU�JUDGH��YDVFXODU�LQYDVLRQ�DQG�SDWLHQW�V�
DJH���

�&XUUHQWO\�IRXU�PDLQ�PROHFXODU�FODVVHV�RI�EUHDVW�
FDUFLQRPD� DUH� UHFRJQL]HG� QDPHO\�� OXPLQDO�� +HU�
�� HQULFKHG�� EDVDO� OLNH� DQG� QRUPDO� OLNH�� �PRQJVW�
WKHVH�� EDVDO� OLNH� LV� WKH�PRVW� DJJUHVVLYH�ZLWK�SRRU�
SURJQRVLV� DQG� UHGXFHG� VXUYLYDO�� ,W� LV� UHVLVWDQW�
WR� H[LVWLQJ� PROHFXODUO\�WDUJHWHG� WUHDWPHQW�
PRGDOLWLHV���������

&\WRNHUDWLQ�����EHLQJ�EDVDO�PDUNHUV��HVVHQWLDOO\�
identi�es� majority� of� the� basal� like� tumors.� In�
addition,� the�gene�expression�pro�le� (GEP)�of�CK�
����SRVLWLYH�EUHDVW�FDUFLQRPD�LV�VDLG�WR�EH�OLNH�WKDW�
RI�%5&���PXWDWLRQ�SRVLWLYH�WXPRUV��7KLV�ZDUUDQWV�
WKH�VFUHHQLQJ�RI�%5&���JHQH�LQ�SDWLHQWV�KDYLQJ�&.�
����SRVLWLYH�WXPRUV��������

Breast� cancer� has� been� classi�ed� into� distinct�
PROHFXODU� VXEW\SHV� EDVHG� RQ� JHQH� H[SUHVVLRQ�
pro�ling� studies.� Each� subtype� is� a� distinct�
HQWLW\� ZLWK� FOLQLFDO�� ELRORJLFDO� DQG� WKHUDSHXWLF�
LPSOLFDWLRQV�� 7KH� EDVDO� OLNH� JURXS� RI� WXPRUV�
SRVVHVV� DQ� H[SUHVVLRQ� VLJQDWXUH� VLPLODU� WR� EDVDO�
P\RHSLWKHOLDO�FHOOV�RI�EUHDVW�DQG�LV�UHSRUWHG�WR�KDYH�
WUDQVFULSWRPLF� VLPLODULWLHV�ZLWK� WXPRUV� DULVLQJ� LQ�
EUHDVW�FDQFHU����%5&����JHUPOLQH�PXWDWLRQ�FDUULHUV�

%DVDO�OLNH�EUHDVW�FDQFHUV�DUH�SRRUO\�GLIIHUHQWLDWHG��
high�grade�in�ltrating�carcinomas�with�large�central�
DFHOOXODU�DUHDV��7KH\�DUH�DQ�LQGLFDWRU�RI�DJJUHVVLYH�
EHKDYLRU�DQG�SRRU�SURJQRVLV��LQGHSHQGHQW�RI�QRGDO�
status�and�tumor�size.�They�show�a�speci�c�pattern�
RI�GLVWDQW�PHWDVWDVLV�ZLWK�DQ�LQFUHDVHG�SURSHQVLW\�
IRU�YLVFHUDO�PHWDVWDVLV�WR�EUDLQ�DQG�OXQJ���

,Q� WKH� 3UHVHQW� VWXG\� ��� FDVHV� ZHUH� WDNHQ��
�PRQJVW� ��� FDVHV�� ��� EHQLJQ� FDVHV�� PD[LPXP�
were� of� �broadenoma� (55%),� showed� 100%�
LPPXQRSRVLWLYLW\� IRU� &.� ���� ZLWK� KLJK� VWDLQLQJ�
LQGH[� ������ LQ� P\RHSLWKHOLDO� FHOOV� DQG� JODQGXODU�
HSLWKHOLXP� ZLWK� PHPEUDQRXV� DQG� F\WRSODVPLF�
VWDLQLQJ�RI�YDU\LQJ�GHJUHH��2XW�RI����FDVHV�PD[LPXP�
��� �������� ZHUH� LQYDVLYH� GXFWDO� FDUFLQRPD� DQG�
��� ������� FDVH� RI� PHGXOODU\� FDUFLQRPD�� ��� FDVHV�

9LVKDNKD�6DLQL��5DMQL�%KDUWL��3RRMD�1DJD\DFK��HW�DO����'LDJQRVWLF�9DOXH�RI�&\WRNHUDWLQ�����LQ�%HQLJQ�DQG�
0DOLJQDQW�%UHDVW�/HVLRQV
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of� IDC� were� CK� 5/6� positive� with� �ne� granular�
F\WRSODVPLF�VWDLQLQJ�ZLWK�VWDLQLQJ�LQGH[������H[FHSW�
LQ�RQH�FDVH�WKDW�VKRZHG�PHPEUDQRXV�VWDLQLQJ�DOVR��
These��ndings�are�similar�to�the�other�studies.

<DQSLQJ� '� HW� DO� ���������� VWXGLHG� ��� FDVHV� RI�
EHQLJQ� EUHDVW� OHVLRQV�� SRVLWLYH� UDWH� RI� WKH� &.�
���� H[SUHVVLRQ� ZDV� ������ ,Q� DOO� FDVHV�� SRVLWLYH�
H[SUHVVLRQ� RI� YDU\LQJ� GHJUHHV� ZDV� VHHQ� LQ�
P\RHSLWKHOLDO� FHOOV� DQG� JODQGXODU� HSLWKHOLXP�� ,Q�
��FDVHV� RI� DW\SLFDO�GXFWDO�K\SHUSODVLD�� WKHUH�ZHUH�
RQO\�IHZ�SRVLWLYH�FHOOV� LQ� WKH�GXFWV�� ,Q����FDVHV�RI�
'&,6��QR� WXPRU� H[SUHVVHG�&.������ ,Q����FDVHV� RI�
LQYDVLYH� GXFWDO� FDUFLQRPD��QR�&.� ���� H[SUHVVLRQ�
ZDV�REVHUYHG�

%KDOOD� HW� DO� �������� VWXGLHG� ��� FDVHV� RI� EHQLJQ�
DQG� ��� FDVHV� RI� PDOLJQDQW� EUHDVW� OHVLRQV� IRU�
LPPXQRVWDLQLQJ�RI�&.�����

�OO� EHQLJQ� OHVLRQV� VKRZHG� SRVLWLYH�
LPPXQRUHDFWLRQ��ZLWK� WKH� VWDLQLQJ� LQGH[� YDU\LQJ�
IURP������H[FHSW�ODFWDWLQJ�DGHQRPD��7KH�PDOLJQDQW�
OHVLRQV� FRPSULVHG� ��� FDVHV� RI� GXFWDO� FDUFLQRPD�
in� situ� (DCIS)� and� 22� cases� of� in�ltrating� ductal�
carcinoma,� not� otherwise� speci�ed,� IDC� (NOS).�
1RQH� RI� WKH� '&,6� FDVHV� VKRZHG� D� SRVLWLYH�
LPPXQRUHDFWLRQ�� �PRQJ� WKH� ,'&� �126�� OHVLRQV��
��� FDVHV� RI� JUDGH� ,,,� EUHDVW� FDUFLQRPD� H[KLELWHG�
D� SRVLWLYH� LPPXQRKLVWRFKHPLFDO� UHDFWLRQ�� WKH�
VWDLQLQJ� LQGH[� RI� ZKLFK� YDULHG� IURP� ����� 7KH�
VWDLQLQJ� UHDFWLRQ� LQ� PDOLJQDQW� OHVLRQV� ZDV� RQO\�
cytoplasmic�and�the�intensity�was�signi�cantly�less�
WKDQ�WKDW�RI�EHQLJQ�OHVLRQV�

� Akhtar� Ka�l� et� al� (2015)�� VWXGLHG� ��� SDWLHQWV�
RI� EUHDVW� OHVLRQV�� �PRQJVW� WKH� ��� FDVHV� RI� EUHDVW�
OHVLRQV�������������FDVHV�ZHUH�EHQLJQ�EUHDVW�GLVHDVH��
��� �������� ZHUH� GXFWDO� FDUFLQRPD� LQ� VLWX� DQG� ���
��������FDVHV�ZHUH�RI�PDOLJQDQW�EUHDVW�FDUFLQRPD��
2XW� RI� ��� FDVHV� RI� PDOLJQDQW� EUHDVW� GLVHDVH�� ���
�������� FDVHV� VKRZ� QHJDWLYH� F\WRNHUDWLQ� UHDFWLRQ�
ZLWK� VWDLQLQJ� VFRUH� RI� ��� DQG� �� �������� FDVHV� RI�
WULSOH� QHJDWLYH� EUHDVW� FDUFLQRPD� �71%&�� VKRZHG�
SRVLWLYH�F\WRNHUDWLQ�H[SUHVVLRQ�ZLWK�VWDLQLQJ�VFRUH�
RI�����

-DLQ� HW� DO� �������� VWXGLHG� ���� FDVHV� RI� EUHDVW�
QHRSODVP�RXW�RI�ZKLFK����ZHUH�EHQLJQ�DQG����ZHUH�
PDOLJQDQW��0D[LPXP�QXPEHU�RI�EHQLJQ�FDVHV�ZHUH�
�broadenoma� (54%).� All� the� benign� lesions� were�
SRVLWLYH� IRU� &.���� ZLWK� WKH� VWDLQLQJ� LQGH[� ����
H[FHSW�IRU�WZR�FDVHV�RI�ODFWDWLQJ�DGHQRPD�

7KHUH�ZHUH����FDVHV�RI�,'&�����FDVHV�RI�'&,6�DQG�
��FDVH�RI�PHGXOODU\�FDUFLQRPD���OO�WKH�FDVHV�RI�'&,6�
ZHUH�LPPXQH�QHJDWLYH�IRU�&.����VWDLQLQJ�����FDVHV�
RI�,'&�DQG���FDVH�RI�PHGXOODU\�FDUFLQRPD�VKRZHG�
SRVLWLYLW\� IRU� &.���� EXW� KDG� VWDLQLQJ� LQGH[� OHVV�

WKDQ�EHQLJQ�OHVLRQV�LQ�PRVW�RI�WKH�FDVHV��0D[LPXP�
CK5/6�positive�cases�of�in�ltrating�carcinoma�had�
DJH� EHORZ� ��� \HDUV� ������� ���� RI� WULSOH� QHJDWLYH�
FDVHV�ZHUH�&.����SRVLWLYH�DQG�����FDVHV�RI�&.����
positive�in�ltrating�carcinoma�were�triple�negative.

&RQFOXVLRQ

%HQLJQ�OHVLRQV�VKRZV�VWURQJ�LPPXQRKLVWRFKHPLFDO�
VWDLQLQJ�ZLWK�&.���� LQ�P\RHSLWKHOLDO� OD\HU��:LWK�
WKH�KHOS�RI�,+&�PDUNHU�&.����ZH�FDQ�GLIIHUHQWLDWH�
EHQLJQ� OHVLRQV� IURP� PDOLJQDQW�� 0DOLJQDQWOHVLRQV�
VKRZLQJ�VWDLQLQJ�ZLWK�&.����KDYH�ZHDN�SRVLWLYLW\��
EXW� WKH\� DUH� EDVDO� W\SH� DFFRUGLQJ� WR� PROHFXODU�
classi�cation�and�have�an�aggressive�behavior�and�
SRRU�UHVSRQVH�WR�WKHUDS\�

5HIHUHQFHV

��� &DUWHU�'��6FKQLWW�6-��0LOOLV�55��7KH�EUHDVW��,Q��0LOOV�
6(�� 6WHUQEHUJ�6�� 'LDJQRVWLF� 6XUJLFDO� 3DWKRORJ\��
�7+�HG�������S������

��� %KDOOD����0DULGX�0��.DKORQ�6.��3DUERGK�.��1LNLWD�
.�� &\WRNHUDWLQ� ���� H[SUHVVLRQ� LQ� EHQLJQ� DQG�
PDOLJQDQW� EUHDVW� OHVLRQV�� ,QG� -� 3DWKRO� 0LFURELRO�
��������������

��� 5RVDL� -�� %RUGHUOLQH� HSLWKHOLDO� OHVLRQV� RI� WKH� EUHDVW��
�P�-�6XUJ�3DWKRO�����������������

��� 6FKQLWW� 6-�� &RQQROO\� -/�� 7DYDVVROL� )��� HW� DO��
,QWUDREVHUYHU� UHSURGXFLELOLW\� LQ� WKH� GLDJQRVLV� RI�
GXFWDO�SUROLIHUDWLYH�EUHDVW�OHVLRQV�XVLQJ�VWDQGDUGL]HG�
FULWHULD���P�-�6XUJ�3DWKRO�������������������

��� &RRSHU� '�� 6FKHPHU� ��� 6XQ� 77�� &ODVVLILFDWLRQ�
RI� KXPDQ� HSLWKHOLD� DQG� WKHLU� QHRSODVPV� XVLQJ�
PRQRFORQDO� DQWLERGLHV� WR� NHUDWLQV�� 6WUDWHJLHV��
DSSOLFDWLRQV�DQG�OLPLWDWLRQV��/DE�,QYHVW�������������
���

��� �EG� (L� 5HKLP� '0�� 3LQGHU� 6(�� 3DLVK� &(�� %HOO� -��
([SUHVVLRQ� RI� OXPLQDO� DQG� EDVDO� F\WRNHUDWLQV� LQ�
KXPDQ�EUHDVW�FDUFLQRPD��-�3DWKRO������������������

��� <DQSLQJ� '�� 4LXURQJ� 5�� 7KH� 9DOXH� RI� S���
DQG� &.� ���� ([SUHVVLRQ� LQ� WKH� 'LIIHUHQWLDO�
'LDJQRVLV� RI� 'XFWDO� /HVLRQV� RI� %UHDVW�� -2851�/�
2)� +XD]KRQJ� 8QLYHUVLW\� RI� 6FLHQFH� DQG�
7HFKQRORJ\��������������������

��� .DILO� �NKWDU�6DQMD\� %KDUGZXDM�0RKDPPHG�
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���� )DGDUH�2��:DQJ�6���DQG�+LOHHWR�'��7KH�H[SUHVVLRQ�
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