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2%-(&7,9(�� 7R� HYDOXDWH� &\FOLQ'�� DV� D� ELR-PDUNHU� IRU� 6TXDPRXV� FHOO� FDUFLQRPD� DQG� WR� VHH� LW¶V�
SURJQRVWLF�UROH�LQ�GLVHDVH�RXWFRPH� 
0(7+2'2/2*<��7KLV�'HVFULSWLYH� FURVV-VHFWLRQDO� VWXG\�ZDV� FRQGXFWHG� DW� VHFWLRQ�RI�+LVWRSDWKRORJ\��
'HSDUWPHQW� RI� 3DWKRORJ\� 	� 0LFURELRORJ\� DW� $JD� .KDQ� 8QLYHUVLW\� KRVSLWDO� IURP� 6HSWHPEHU� ����� WLOO�
$XJXVW�������&RQYHQLHQW�VDPSOLQJ�WHFKQLTXH�ZDV�XVHG�DQG����UHVHFWLRQ�VSHFLPHQV��3DUDIILQ�%ORFNV��RI�
LQYDVLYH� 6TXDPRXV� FHOO� FDUFLQRPD� RI� RURSKDU\Q[� RI� VWDJH� ,,,� 	� ,9� DV� SHU� 710� FODVVLILFDWLRQ� ZHUH�
LQFOXGHG�LQ�WKH�VWXG\�DQG�,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�IRU�&\FOLQ�'�ZDV�SHUIRUPHG��'DWD�DQDO\VLV�ZDV�
GRQH�RQ�6366�YHUVLRQ�������0HDQ��VWDQGDUG�GHYLDWLRQ��IUHTXHQFLHV�DQG�&KL�VTXDUH�WHVW�ZHUH�DSSOLHG�DQG�
S�YDOXH�OHVV�WKDQ�RU�HTXDO�WR������ZDV�WDNHQ�DV�VLJQLILFDQW� 
5(68/76��0RUH� WKDQ� ���� VWDLQLQJ� IRU� &\FOLQ� '��ZDV� VHHQ� LQ� ������Q ���� RI� WKH� FDVHV�ZKLOH�� �����
�Q ����VDPSOHV�VKRZHG�������VWDLQLQJ� 
&21&/86,21��,Q�FRQFOXVLRQ��RXU�UHVXOWV�VKRZHG�WKDW�F\FOLQ�'��LV�RYHUH[SUHVVHG�LQ�PDMRULW\�RI�SDWLHQWV�
ZLWK�RUDO�6&&�DQG�LV�DVVRFLDWHG�ZLWK�DJJUHVVLYH�FOLQLFRSDWKRORJLFDO�IHDWXUHV� 

.(<�:25'6��6TXDPRXV�FHOO�&DUFLQRPD��&\FOLQ'���710�VWDJLQJ� 

,1752'8&7,21 

6TXDPRXV� FHOO� FDUFLQRPD� �6&&�� LV� RQH� RI� WKH�PRVW�
FRPPRQ� PDOLJQDQW� WXPRUV� IRXQG� LQ� KXPDQ� DQG�
DFFRXQWV� IRU� DOPRVW� ���� RI� PDOLJQDQFLHV� RI� RUDO�
FDYLW\���6&&�LV�UHSRUWHG�WR�EH�WKH�VL[WK�PRVW�FRPPRQ�
PDOLJQDQW�OHVLRQ�LQ�KXPDQV��6&&�LQ�RUDO�FDYLW\�WHUPHG�
DV�2UDO� VTXDPRXV�FHOO�&DUFLQRPD� �26&&�� LV� XVXDOO\�
VHHQ�LQ�PLGGOH�WR�ROG�DJHG�SHUVRQV���+DELW�RI�WREDFFR�
XVDJH� DQG� DOFRKRO� GULQNLQJ� JUHDWO\� LQFUHDVHV� WKH�
FKDQFHV� RI� GHYHORSPHQW� RI�26&&�� %XW� VWXGLHV� KDYH�
VKRZQ� KLJK� LQFLGHQFH� RI� 26&&� LQ� SHUVRQV� ZLWK� QR�
NQRZQ� ULVN� IDFWRUV���7KRXJK�� WKHUH�DUH�PDQ\�VWDWH�RI�
WKH�DUW�UHFHQW�DGYDQFHV�DUH�VHHQ� LQ�FDQFHU�WUHDWPHQW�
EXW� VWLOO� RYHUDOO� VXUYLYDO� UDWH� RI� 26&&� LV� VLJQLILFDQWO\�
FRQVWDQW� LQ� ODVW� ��� \HDUV����� &XUUHQWO\�� WKH� PRVW�
LPSRUWDQW� SURJQRVWLF� HYDOXDWLRQ� IDFWRU� IRU� 26&&� LV�
O\PSK� QRGH� PHWDVWDVLV� �710�� VWDJLQJ�� EXW� LQ� PDQ\�
FDVHV�� WKH� WXPRUV� ZLWK� VDPH� GLDJQRVWLF� VWDJLQJ�
UHVSRQGV� YHU\� GLIIHUHQWO\� WR� DOO� WKH� WUHDWPHQW�
PRGDOLWLHV� DQG� KHQFH� SRVVHVV� GLIIHUHQW� SURJQRVLV���
.HHSLQJ�WKLV�LQ�PLQG��PDQ\�UHVHDUFKHV�DUH�LQ�SURFHVV�
LQ�WKLV�UHJDUG�WR�LGHQWLI\�QRYHO�ELRORJLFDO�DQG�PROHFXODU�
ELR-PDUNHUV� ZKLFK� PLJKW� KROG� LPSRUWDQW� SURJQRVWLF�
UROH�LQ�GLVHDVH�RXWFRPH� 
26&&� FDUFLQRJHQHVLV� UHTXLUHV� �-��� JHQHWLF� HYHQWV�
ZKLFK� XOWLPDWHO\� OHDG� WR� GLVUXSWLRQ� RI� SDWKZD\V� WKDW�
UHJXODWH� EDVLF� FHOOXODU� IXQFWLRQV�� FHOO� F\FOH� DQG� FHOO�
GHDWK� SDWKZD\V��� +HQFH�� LW¶V� D� PXOWLVWHS� SURFHVV� LQ�
ZKLFK� VHYHUDO� IDFWRUV� VXFK� DV� 7XPRU� VXSSUHVVLRQ�
JHQHV��2QFRJHQHV�HWF��DUH�LQYROYHG���� 

$OWHUDWLRQ�LQ�FHOO�F\FOH�SDWKZD\V�LV�VHHQ�WR�EH�LQYROYHG�
LQ� GLIIHUHQW� FDQFHUV� DQG� WZR� LPSRUWDQW� FDQFHU�
VXSSUHVVRU� JHQHV� LQ� WKLV� UHJDUG� DUH� 5HWLQREODVWRPD�
JHQH� �5E�� DQG� WKH� S��� JHQH����� 7KHVH� WZR� UHJXODWHV�
WUDQVLWLRQ� EHWZHHQ� GLIIHUHQW� SKDVHV� RI� FHOO� F\FOH� DW�
FKHFNSRLQWV��5E�SDWKZD\�SURWHLQV��S����5E�DQG�&\FOLQ�
'�� JHQH� SURGXFWV�� DUH� UHVSRQVLEOH� IRU� WKH� UHJXODWLRQ�
RI�*�-6�WUDQVLWLRQ�-��� 
5E�KROGV� WKH�FHOO� F\FOH� LQ�*��SKDVH��EXW�ZKHQ�5E� LV�
SKRVSKRU\ODWHG� WKH� WUDQVLWLRQ� IURP*��WR�6�SKDVH�FDQ�
RFFXU��7KH�SKRVSKRU\ODWLRQ�RI�5E�SURWHLQ� LV�DFKLHYHG�
E\� &\FOLQ� 'HSHQGHQW� .LQDVHV� �&'.V�� &'.�� DQG�
&'.�HQFRGHG� E\� &\FOLQ� '�� JHQH� ORFDWHG� RQ�
FKURPRVRPH���T���&\FOLQ�'-&'.��&'.��FRPSOH[HV�
SKRVSKRU\ODWHV� 5E� SURWHLQ� DV� D� UHVXOW�� LW� JHWV�
GLVVRFLDWHG� IURP� WKH� (�)� WUDQVFULSWLRQ� IDFWRU� DQG�
KHQFH� SURFHVV� RI� '1$� UHSOLFDWLRQ� LV� LQLWLDWHG�-����
5HVHDUFKHV�KDYH�VKRZQ�WKDW�RYHUH[SUHVVLRQ�RI�&\FOLQ�
'�� OHDGV� WR� DFFHOHUDWHG� FHOO� F\FOH� WXUQRYHU� ZLWK� OHVV�
UHTXLUHPHQW� RI� JURZWK� IDFWRUV� LQ� PDQ\� FDQFHUV� DQG�
26&&�LV�QRW�DQ�H[FHSWLRQ�������2QH�VWXG\�VKRZHG�WKDW�
������ RI� WKH� VDPSOH� WXPRUV� �26&&�� VKRZHG� ORZ�
LPPXQH-UHDFWLYLW\� DQG� ������ VKRZHG� KLJK� LPPXQH-
UHDFWLYLW\� IRU�&\FOLQ�'�����&XUUHQWO\� WKH�GDWD�RQ�F\FOLQ�
'��LQ�3DWLHQWV�ZLWK�FDUFLQRPD�RI�RURSKDU\Q[�LV�VFDUFH�
DQG� VHFRQGO\� LW� LV� FRPSDUDWLYHO\� QHZHU�PRGDOLW\� WKDW�
VKRZV� RYHUH[SUHVVLRQ� LQ� KXPDQ� WXPRUV�� ,I� WKH�
RYHUH[SUHVVLRQ� LV� IRXQG� WR� EH� KLJKHU� LQ� SDWLHQWV�ZLWK�
FDUFLQRPD�RI�RURSKDU\Q[� WKHQ� IXUWKHU�VWXGLHV�PD\�EH�
XQGHUWDNHQ� WR� DVVHVV� LWV� YDOLGLW\� IRU� XVH� RI� WKLV�

Frequency of Cyclin D1 Insquamous Cell Carcinoma: Does this 
have any Prognostic Implications? 

 

Anita George, Durr-e-Sameen, Uzma Bukhari, Shahid Parvez 

Original Article 

7KLV�DUWLFOH�PD\�EH�FLWHG�DV� *HRUJH�$��6DPHHQ�'��%XNKDUL�8��3DUYH]�6��)UHTXHQF\�RI�&\FOLQ�'��,QVTXDPRXV�
&HOO�&DUFLQRPD��'RHV� WKLV�KDYH�DQ\�3URJQRVWLF� ,PSOLFDWLRQV"�-�/LDTXDW�8QL�0HG�
+HDOWK�6FL�����������������-���GRL�����������MOXPKV���������� 



 

-�/LDTXDW�8QL�0HG�+HDOWK�6FL�-8/<-6(37(0%(5�������9RO�����1R���� 

PRGDOLW\�DV�VFUHHQLQJ�WHVW� 
6R�� NHHSLQJ� WKH� LPSRUWDQFH� RI� LGHQWLILFDWLRQ� RI� QHZ�
ELRORJLFDO�DQG�SURJQRVWLF�IDFWRUV�ZKLFK�FDQ�FRQWULEXWH�
WR�WKH�DJJUHVVLYHQHVV�RI�26&&�ZH�GLG�WKLV�VWXG\�ZLWK�
WKH�REMHFWLYH��WR�GHWHUPLQH�WKH�IUHTXHQF\�RI�F\FOLQ�'��
RYHUH[SUHVVLRQ� LQ� SDWLHQWV� ZLWK� VTXDPRXV� FHOO�
FDUFLQRPD�RI�RURSKDU\Q[� 

0(7+2'2/2*< 

7KLV�'HVFULSWLYH�FURVV�VHFWLRQDO�VWXG\�ZDV�FRQGXFWHG�
DW�VHFWLRQ�RI�+LVWRSDWKRORJ\��'HSDUWPHQW�RI�3DWKRORJ\�
	�0LFURELRORJ\�DW�$JD�.KDQ�8QLYHUVLW\�KRVSLWDO�DQG����
FDVHV� RI� 6TXDPRXV� FHOO� FDUFLQRPD� RI� RURSKDU\Q[�
ZHUH� LQFOXGHG� XVLQJ� 1RQ� SUREDELOLW\�� FRQVHFXWLYH�
VDPSOLQJ�WHFKQLTXH�� 
7KH�LQFOXVLRQ�FULWHULD�ZDV�WKDW�DOO�UHVHFWLRQ�VSHFLPHQV�
�WLVVXH� EORFNV�� RI� LQYDVLYH� 6TXDPRXV� FHOO� FDUFLQRPD�
RI� RURSKDU\Q[� RI� VWDJH� ,,,� 	� ,9� DV� SHU� 710�
FODVVLILFDWLRQ��GRQH�LQ�FROODERUDWLRQ�ZLWK�RQFRORJLVW��RI�
PRUH� WKDQ� �� PRQWKV� GXUDWLRQ� RI� HLWKHU� JHQGHU� ZHUH�
LQFOXGHG�DQG�VFDQW\�ELRSV\�VSHFLPHQ��SRRUO\� IL[HG�RU�
DXWRO\]HG� VSHFLPHQ� ZHUH� H[FOXGHG�� 'DWD� DQDO\VLV�
ZDV� GRQH� RQ� 6366� YHUVLRQ� ������ 0HDQ�� VWDQGDUG�
GHYLDWLRQ�� IUHTXHQFLHV� DQG� &KL� VTXDUH� WHVW� ZHUH�
DSSOLHG� DQG� S� YDOXH� OHVV� WKDQ� RU� HTXDO� WR� ����� ZDV�
WDNHQ�DV�VLJQLILFDQW� 
,00812+,672&+(0,&$/�67$,1,1*�)25�&<&/,1�'� 
7KH�F\FOLQ�'��H[SUHVVLRQ�ZDV�VWXGLHG�LQ�IRUPDOLQ�IL[HG�
DQG�SDUDIILQ�HPEHGGHG�WXPRU�VDPSOH�E\�WKH�VWDQGDUG�
LPPXQRKLVWRFKHPLFDO� WHFKQLTXH� RQ� ��PLFURQ� SDUDIILQ�
VHFWLRQ� XVLQJ� VWUHSWDYLGLQ� –ELRWLQ� XQLYHUVDO� GHWHFWLRQ�
V\VWHP� XVLQJ� DXWRPDWHG� LPPXQRVWLDQHU� $XWRVWDLQHU�
OLQN� ��� �'$.2�'HQPDUN��� $IWHU� SURFHVVLQJ� VHFWLRQV�
ZHUH� ZDVKHG� DQG� WUHDWHG� ZLWK� SULPDU\� DQWLERG\� RI�
&\FOLQ� '�� >0����@� IROORZHG� E\� WUHDWPHQW� ZLWK�
ELRWLQ\ODWHG� VHFRQGDU\� DQWLERG\� IRU� ��� PLQ�� DW� URRP�
WHPSHUDWXUH��6OLGHV�ZHUH�PDGH� DQG� H[DPLQHG� XQGHU�
OLJKW�PLFURVFRSH��3UHVHQFH�RI�EURZQ�QXFOHDU�VWDLQLQJ�
DQG� !���� RI� WKH� QXFOHL� ZHUH� ODEHOOHG� DV� &\FOLQ� '��
H[SUHVVLRQ�SRVLWLYH����9DULDEOHV�LQFOXGLQJ�DJH��JHQGHU��
SDWLHQW� LGHQWLILFDWLRQ� DQG� &\FOLQ� '�� H[SUHVVLRQ� ZHUH�
REWDLQHG�RQ�D�SUHGHVLJQHG�IRUP� 

5(68/76� 

2XU� VDPSOHV� LQFOXGHG� ���� IHPDOHV� �Q ���� DQG� ����
PDOH� �Q ����� 2Q� WKH� EDVLVRI� PRUSKRORJ\� ������
�Q ����ZHUH�PRGHUDWHO\�GLIIHUHQWLDWHG�6TXDPRXV�FHOO�
FDUFLQRPD�DQG�������Q ���ZDV�ZHOO�GLIIHUHQWLDWHG�� ,Q�
RXU� VDPSOHV� WKH� PRVW� FRPPRQ� VLWH� ZDV� OHIW� EXFFDO�
PXFRVD��IROORZHG�E\�ULJKW�EXFFDO�PXFRVD�DQG�WRQJXH�
�)LJXUH� ,��� 0RVW� RI� RXU� SDWLHQWV� ZHUH� LQ� 7�� VWDJH�
IROORZHG� E\� 7�� DQG� LQ� QRGDO� VWDJLQJ� PRVW� SDWLHQWV�
ZHUH�LQ�1��VWDJH�IROORZHG�E\�1��7DEOH�,�� 
$V� IDU� DV� VWDLQLQJ� SHUFHQWDJH� RI� &\FOLQ� '�� LV�
FRQFHUQHG�� PRUH� VDPSOHVVKRZHG� !���� VWDLQLQJ�
�7DEOH�,,���&RPSDULVRQ�RI�&\FOLQ�'��RYHUH[SUHVVLRQ�LQ�

GLIIHUHQW� VWXG\� SDUDPHWHUV� VXFK� DV� JHQGHU�� 7� DQG�1�
VWDJH�DQG�6LWH�RI� WXPRU� LV�GRQH�E\�XVLQJ�&KL�6TXDUH�
WHVW� DQG� LV� VKRZQ� LQ� 7DEOH� ,,,�� FRPSDULVRQ� ZLWK� DJH�
DQG�GXUDWLRQ�RI�GLVHDVH�LV�H[SUHVVHG�LQ�7DEOH�,9�� 
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2UDO� VTXDPRXV� FHOO� FDUFLQRPD� �26&&�� LV� RQH� RI� WKH�
PRVW�SUHYDOHQW�W\SH�RI�PDOLJQDQW�GLVRUGHU�DQG�LW�LV�WKH�
VL[WK�PRVW�FRPPRQ�FDQFHU�ZRUOGZLGH�DQG�IXUWKHUPRUH�
LQ�GHYHORSLQJ�FRXQWULHV� LW� LV�HVWLPDWHG� WR�EH� WKH� WKLUG�
PRVW� FRPPRQ� PDOLJQDQF\���� 0XOWLSOH� IDFWRUV� DUH�
WKRXJKW�WR�EH�LQYROYHG�LQ�WKH�FDUFLQRJHQLF�SDWKZD\�RI�
6TXDPRXV� FHOO� FDUFLQRPD� LQ� ZKLFK� PXOWLSOH� JHQHWLF�
FKDQJHV� DUH� FRQVLGHUHG� WR� SOD\� WKH� PRVW� LPSRUWDQW�
UROH�� 7KHVH� PXWDWLRQV� HLWKHU� WKURXJK� IRUPDWLRQ�
DEQRUPDO� SURWHLQV� RU� WKURXJK� IRUPDWLRQ� RI� QRUPDO�
SURWHLQV�LQ�LQFUHDVHG�DPRXQWFDXVHV�WKH�ORVV�RI�FRQWURO�
RQ�FHOO�F\FOH��7KHVH�PXWDWLRQV�DUH�DOVR�UHVSRQVLEOH�IRU�
WKH� DFWLYDWLRQ� RI� RQFRJHQHV� DQG� DOWHUHG� IXQFWLRQV� RI�
WXPRU� VXSSUHVVRU� JHQHV�� $V� D� UHVXOW�� XQFRQWUROOHG�
JURZWK� DQG� XOWLPDWHO\� LQYDVLRQ� RI� WKHVH� FHOOV� RFFXU�
ZKLFK�LV�WKH�KDOOPDUN�RI�WKH�PDOLJQDQW�GLVRUGHUV��� 
:RUOGZLGH�� WKHUH� DUH� �-���� PRUWDOLW\� LV� EHFDXVH� RI�
2UDO� VTXDPRXV� FHOO� FDUFLQRPD� �6&&����� RQH� RI� WKH�
PDMRU� UHDVRQ� IRU� WKLV� FRXOG� EH� ODWH� GLDJQRVLV� RI� WKH�
GLVHDVH�� EXW� ZLWK� WKH� DGYHQW� RI� QHZ� GLDJQRVWLF� WRROV�
HDUO\�GLDJQRVLV�LV�DOVR�EHFRPLQJ�SRVVLEOH�ZKLFK�ZRXOG�
XOWLPDWHO\� OHDG� WR� EHWWHU� SURJQRVLV� IRU� WKH� SDWLHQWV�
VXIIHULQJ�IURP�WKLV�GLVHDVH��� 
&\FOLQ� '�� LV� D� FHOO� UHJXODWRU� DQG� FDQ� VHUYH� DV� DQ�
DWWUDFWLYH� SRWHQWLDO� PDUNHU� IRU� WXPRU� DJJUHVVLYHQHVV��
6R��LW�FDQ�EH�XWLOL]HG�DV�D�SURJQRVWLF�WRRO�IRU�+HDG�DQG�
1HFN�6&&�DFURVV�DQDWRPLF�VXEVLWHV��7KHUH�DUH�PDQ\�
PHWKRGV� IRU� DQDO\]LQJ� &\FOLQ� '�� H[SUHVVLRQ� UDQJLQJ�
IURP� URXWLQH� LPPXQRKLVWRFKHPLFDO� H[SUHVVLRQ� WR�
VRSKLVWLFDWHG�WRROV�OLNH�DPSOLILFDWLRQ��-����6RPH�VWXGLHV�
VXJJHVW� WKDW�&\FOLQ�'�� LV� IRXQG� WR�EH�RYHUH[SUHVVHG�
E\�JHQH�DPSOLILFDWLRQ�RU�E\�VLJQDOLQJ�G\VUHJXODWLRQ� LQ�
PRUH� WKDQ� ���� RI� QRQ–+39-UHODWHG� KHDG� DQG� QHFN�
6&&������� ZKLFK� LV� LQ� FRQFRUGDQFH�ZLWK� WKH� UHVXOWV� RI�
RXU� VWXG\� ZKHUH� ZH� IRXQG� ������ FDVHV� ��������
VKRZHG�&\FOLQ�'��SRVLWLYLW\�� 
5HVHDUFK� VWXGLHV� KDYH� HYDOXDWHG� 3URJQRVLV� RI� 2UDO�
6TXDPRXV� FHOO� &DUFLQRPD� ZLWKWKH�
LPPXQRKLVWRFKHPLFDO� H[SUHVVLRQ� RI� F\FOLQ� '�� DQG�
KDYH� FRQFOXGHG� WKDW� WKH� FDVHV� ZKLFK� VKRZ� RYHU�
H[SUHVVLRQ� RI� &\FOLQ� '�� RQ� ,PPXQRKLVWRFKHPLVWU\�
H[KLELWV�PRUH�DJJUHVVLYH�EHKDYLRU�DQG�VKRUWHU�RYHUDOO�
VXUYLYDO��-����7KLV�LV�DOVR�HODERUDWHG�E\�WKH�ILQGLQJV�RI�
RXU� VWXG\� ZKHUH� ��� RXW� RI� ��� FDVHV� ZKLFK� VKRZHG�
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5�PD[LOOD ������� ������� 

5HWURPRODU ������� ������� 

WRQJXH ����� ����� 

7RQJXH ��������� ������� 

XSSHU�OLS ����� ����� 

/LS ������� ����� 

6H[� 

'H�
PRJUDSKLFV� $WWULEXWHV� 

&\FOLQ��Q ���� 
3-YDOXH� 

3RVLWLYH 1HJDWLYH 

$JH�*URXSV�� 
����<HDUV ��������� ������� ������ 

!���<HDUV ��������� ���������  

���<HDUV ��������� ������� ����� 

!��<HDU ��������� ���������  

'XUDWLRQ�
'LVHDVH�� 
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SRVLWLYLW\�IRU�F\FOLQ�'��ZHUH�7��OHVLRQV��ZKLOH����ZKLOH�
7������ZHUH�7��DQG�WZR�ZHUH�7��OHVLRQV�VKRZLQJ�WKDW�
PRVW� FDVHV� KDYLQJ� &\FOLQ� '�� RYHUH[SUHVVLRQ�
EHORQJHG�WR�DGYDQFHG�7�VWDJHV�DQG�KHQFH�EHDU�SRRU�
SURJQRVLV� 
6LPLODUO\� IRU� QRGDO� VWDJLQJ� ��� RXW� RI� ��� FDVHV� ZKLFK�
VKRZHG� F\FOLQ� '�� RYHU� H[SUHVVLRQ� ZHUH� 1�� OHVLRQV��
���ZHUH�1��DQG����ZHUH�1��OHVLRQV��7KLV�VKRZV�WKDW�
F\FOLQ�'���RYHUH[SUHVVLRQ�DUH�DVVRFLDWHG�ZLWK� O\PSK�
QRGH� PHWDVWDVLV� DQG� WKXV� SRRU� SDWLHQW� SURJQRVLV� LQ�
RUDO�6TXDPRXV�FHOO�FDUFLQRPDV� 
2Q� WKH� RWKHU� KDQG� /DP� .<� ������� FRQFOXGHG� WKDW�
KLJKHU� H[SUHVVLRQ� RI� F\FOLQ� '�� LV� VHHQ� LQ� RUDO�
VTXDPRXV� FHOO� FDUFLQRPDV� �26&&�� ZLWK� ORZ� DQG�
LQWHUPHGLDWH�JUDGHV�RI�GLIIHUHQWLDWLRQ�DV�FRPSDUHG� WR�
WKDW� ZLWK� KLJK-JUDGH� RI� GLIIHUHQWLDWLRQ�� ,Q� RXU� VWXG\�
������FDVHV�ZHUH�PRGHUDWHO\�GLIIHUHQWLDWHG�VTXDPRXV�
FHOO� FDUFLQRPD� DQG� RQO\� RQH� FHDVH� ZDV� RI� ZHOO�
GLIIHUHQWLDWHG� FDUFLQRPD� KHQFH� ZH� FRXOG� QRW� GR� WKLV�
FRPSDULVRQ�RI�&\FOLQ�'��H[SUHVVLRQ�LQ�RXU�VWXG\� 
2XU� VWXG\� VKRZHG� WKDW� F\FOLQ� '�� RYHUH[SUHVVLRQ� LV�
DVVRFLDWHG� ZLWK� KLJKHU� 7� VWDJH� DQG� O\PSK� QRGH�
PHWDVWDVLV� DQG� WKXV� SRRU� SDWLHQW� SURJQRVLV� LQ� RUDO�
6TXDPRXV�FHOO�FDUFLQRPDV� 

&21&/86,21 

,Q� FRQFOXVLRQ�� DUH� UHVXOWV� VKRZHG� WKDW� F\FOLQ� '�� LV�
RYHUH[SUHVVHG� LQ� PDMRULW\� RI� SDWLHQWV� ZLWK� RUDO�
6TXDPRXV� FHOO� FDUFLQRPD� DQG� LW� LV� DVVRFLDWHG� ZLWK�
DJJUHVVLYH� FOLQLFRSDWKRORJLFDO� IHDWXUHV� LQFOXGLQJ�
DGYDQFHG� WXPRU� VWDJH�� O\PSK� QRGH� PHWDVWDVLV� DQG�
SRRU�SDWLHQW�SURJQRVLV� 

$&.12:/('(0(17 

:H�ZDQW�WR�WKDQN�WHDP�RI�+LVWRSDWKRORJ\�GHSDUWPHQW�
RI� $JD� .KDQ� 8QLYHUVLW\� +RVSLWDO� IRU� VDPSOH�
SURFXUHPHQW�DQG�WHFKQLFDO�VXSSRUW� 

&RQIOLFW�RI� LQWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�
LQ�DXWKRUV� 

)XQGLQJ��7KHUH�ZDV�QR�IXQGLQJ�IURP�DQ\�DJHQF\� 

$87+25�&2175,%87,216 

*HRUJH�$��6DPSOH�&ROOHFWLRQ��$QDO\VLV 
6DPHHQ�'��:ULWLQJ���DQDO\VLV 
%XNKDUL�8��:ULWLQJ��&ULWLFDO�UHYLHZ 
3DUYH]�6��&RQFHSWLRQ��$QDO\VLV 

5()(5(1&(6 

�� 5HQMLWK� 6��&KDQGUDQ�6��&XUUHQW� 7UHQGV� RI�'UXJV�
$FWLQJ� RQ� 2UDO� 6TXDPRXV� &HOO� &DUFLQRPD�
�26&&��� ,Q�� 8QGHUVWDQGLQJ� &DQFHU� 7KHUDSLHV��
&5&�3UHVV�������0DU����S����-���� 

�� 3RUWHU� 6�� *XHLURV� /$�� /HmR� -&�� )HGHOH� 6�� 5LVN�
IDFWRUV� DQG� HWLRSDWKRJHQHVLV� RI� SRWHQWLDOO\�
SUHPDOLJQDQW� RUDO� HSLWKHOLDO� OHVLRQV��
2UDO 6XUJ 2UDO 0HG 2UDO 3DWKRO 2UDO 5DGLRO��
������������������-����GRL����������M�RRRR������������� 

�� 0DUWLQH]� (È�� /ySH]� $3�� 3DODFLR� 0�� 6DODV� =&��
*ULVDOHV� +�� 6XUYLYDO� RI� FDQFHU� SDWLHQWV� RUDO�
VTXDPRXV�FHOO�WUHDWHG�IRU�WKH�ILUVW�WLPH�LQ�RQFRORJ\�
FHQWUHV� LQ� WKH� SHULRG� ����-������ 0HGHOOLQ�
&RORPELD�� ,QW -�2UDO�0D[�6XUJ��������������������
GRL���������M�LMRP������������� 

�� &KRX�+&�� /LQ�+:��<DQJ� -+�� /LQ�3<��&KHQJ�6-��
:X� <+� HW� DO�� &OLQLFDO� RXWFRPHV� RI� RUDO� FDQFHU�
SDWLHQWV� ZKR� VXUYLYH� IRU� PRUH� WKDQ� �� \HDUV� LQ�
7DLZDQ�� -� )RUPRV� 0HG $VVRF�� ������ ���������
����-����GRL����������M�MIPD������������� 

�� 0RHFNHOPDQQ�1�� (EUDKLPL� $�� 7RX� <.��*XSWD� 5��
/RZ�7+��$VKIRUG�%��HW�DO��3URJQRVWLF� LPSOLFDWLRQV�
RI� WKH� �WK� HGLWLRQ� $PHULFDQ� -RLQW� &RPPLWWHH� RQ�
&DQFHU� �$-&&�� VWDJLQJ� V\VWHP� LQ� RUDO� FDYLW\�
VTXDPRXV� FHOO� FDUFLQRPD��2UDO� 2QFRO�� ������ ����
��-�� 

�� -DLQ� $�� 0ROHFXODU� 3DWKRJHQHVLV� RI� 2UDO�
6TXDPRXV� &HOO� &DUFLQRPD�� ,Q�� 6TXDPRXV� &HOO�
&DUFLQRPD-+DOOPDUN� DQG� 7UHDWPHQW� 0RGDOLWLHV��
,QWHFK�2SHQ��������0D\�����3����-���� 

�� -LD� +��:DQJ� ;�� 6XQ� =�� ([SORULQJ� WKH� PROHFXODU�
SDWKRJHQHVLV� DQG� ELRPDUNHUV� RI� KLJK� ULVN� RUDO�
SUHPDOLJQDQW� OHVLRQV� RQ� WKH� EDVLV� RI� ORQJ�
QRQFRGLQJ� 51$� H[SUHVVLRQ� SURILOLQJ� E\� VHULDO�
DQDO\VLV� RI� JHQH�H[SUHVVLRQ��(XU� -�&DQFHU�3UHY��
����������������-����GRL���������&(-������������
�������� 

�� -RKQVRQ�-��7KLMVVHQ�%��0F'HUPRWW�8��*DUQHWW�0��
:HVVHOV� /)�� %HUQDUGV� 5�� 7DUJHWLQJ� WKH� 5%-(�)�
SDWKZD\� LQ� EUHDVW� FDQFHU�� 2QFRJHQH�� ����� �� ��
����������-����GRL� ��������RQF��������� 

�� /L�7��;LRQJ�<��:DQJ�4��&KHQ�)��=HQJ�<��<X�;�HW�
DO�� 5LERFLFOLE� �/((����� VXSSUHVVHV� FHOO�
SUROLIHUDWLRQ� DQG� LQGXFHV� DSRSWRVLV� RI� 0'$-0%-
���� E\� LQKLELWLQJ� &'.���-F\FOLQ� '-5E-(�)�
SDWKZD\�� $UWLI &HOOV 1DQRPHG� %LRWHFKQRO�� ������
�����������-����GRL������������������������������� 

��� )LVFKHU� 0�� 0�OOHU� *$�� &HOO� F\FOH� WUDQVFULSWLRQ�
FRQWURO�� '5($0�0XY%� DQG� 5%-(�)� FRPSOH[HV��
&ULW�5HY�%LRFKHP�0RO�%LRO������������������-���� 

��� ;LRQJ�<��/L�7��$VVDQL�*��/LQJ�+��=KRX�4��=HQJ�<��
HW� DO�� 5LERFLFOLE�� D� VHOHFWLYH� F\FOLQ� '� NLQDVH� ����
LQKLELWRU�� LQKLELWV� SUROLIHUDWLRQ� DQG� LQGXFHV�
DSRSWRVLV�RI�KXPDQ�FHUYLFDO�FDQFHU�LQ�YLWUR�DQG�LQ�
YLYR��%LRPHG��3KDUPDFRWKHU�������������������� 

��� 7\DJL�1��'HVKPXNK�6.�� 6ULYDVWDYD�6.�� $]LP�6��
$KPDG�$��$KPHG�$*��HW�DO��(79��)DFLOLWDWHV�&HOO-
&\FOH� 3URJUHVVLRQ� LQ� 3DQFUHDWLF� &HOOV� WKURXJK�
7UDQVFULSWLRQDO� 5HJXODWLRQ� RI� &\FOLQ� '��� 0RO�
&DQFHU�5HV������������������-��� 

��� 0D�-��5HQ�<��=KDQJ�/��.RQJ�;��:DQJ�7��6KL�<��HW�
DO�� .QRFNLQJ-GRZQ� RI� &5(37� SURKLELWV� WKH�
SURJUHVVLRQ�RI�RUDO�VTXDPRXV�FHOO�FDUFLQRPD�DQG�
VXSSUHVVHV�F\FOLQ�'��DQG�F-0\F�H[SUHVVLRQ��3OR6�
RQH�������������� 

��� &DUORV�GH�9LFHQWH� -��+HUUHUR-=DSDWHUR�$��)UHVQR�
0)��/RSH[�$UUDQ]�-6��([SUHVVLRQ�RI�F\FOLQ�'��DQG�

)UHTXHQF\�RI�&\FOLQ�'��,QVTXDPRXV�&HOO�&DUFLQRPD 

��� 
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NL-��� LQ� VTXDPRXV� FHOO� FDUFLQRPD� RI� WKH� RUDO�
FDYLW\�� &OLQLFRSDWKRORJLFDO� DQG� SURJQRVWLF�
VLJQLILFDQFH�� 2UDO� 2QFRO�� ������ ������� ���-��� 
GRL����������V����-�������������-�� 

��� &DUORV� GH� 9LFHQWH� -�� -XQTXHUD� *XWLpUUH]� /0��
=DSDWHUR�$+��)UHVQR�)RUFHOOHGR�0)��+HUQiQGH]-
9DOOHMR� *�� /ySH]$UUDQ]� -6�� 3URJQRVWLF�
VLJQLILFDQFH� RI� S��� H[SUHVVLRQ� LQ� RUDO� VTXDPRXV�
FHOO� FDUFLQRPD�� :LWKRXW� QHFN� QRGH� PHWDVWDVHV��
+HDG�1HFN��������������-��� 

��� 7RNX]HQ� 1�� 1DNDVKLUR� .,�� +DPDNDZD� +��
'HWHFWLRQ�RI�VRPDWLF�PXWDWLRQV� LQ�H[RVRPDO�51$�
IURP� KXPDQ� RUDO� VTXDPRXV� FHOO� FDUFLQRPD� FHOOV�
>DEVWUDFW@�� ,Q�� 3URFHHGLQJV� RI� WKH� $PHULFDQ�
$VVRFLDWLRQ�IRU�&DQFHU�5HVHDUFK�$QQXDO�0HHWLQJ�
������ �-��� :DVKLQJWRQ�� '&�� 3KLODGHOSKLD� �3$���
$$&5��&DQFHU�5HV�������������6XSSO�������� 

��� 0LU]D� '�� 5D]D� *�� %DVLW� $�� 1DTYL� .�� $KPHG� 6��
$EDVVL� =$�� 2UDO� VTXDPRXV� FHOO� FDUFLQRPD�
�26&&��LQ�.DUDFKL�FLW\--D�UHWURVSHFWLYH�VWXG\��3DN�
2UDO�'HQW�-������������������-��� 

��� <DDTRE� 0$�� +DLURQ� 60�� .DQQDQ� 73�� 5DKPDQ�
1$�� )DFWRUV� DVVRFLDWHG� ZLWK� PRUWDOLW\� RI� RUDO�
VTXDPRXV� FHOO� FDUFLQRPD� �26&&�� SDWLHQWV�
PDQDJHG�DW�+RVSLWDO�860��$UFKL�2URID�6FL��������
���������-��� 

��� 6KHUU� &-�� 6LFLQVNL� 3�� 7KH� '-W\SH� F\FOLQV�� D�
KLVWRULFDO� SHUVSHFWLYH�� ,Q�� '-W\SH� &\FOLQV� DQG�
&DQFHU��6SULQJHU��&KDP��������S���-��� 

��� /L�=��&XL�-��<X�4��:X�;��3DQ�$��/L�/��(YDOXDWLRQ�RI�
&&1'�� DPSOLILFDWLRQ� DQG� &\FOLQ'�� H[SUHVVLRQ��
GLIIXVH� DQG� VWURQJ� VWDLQLQJ� RI� &\FOLQ� '�� FRXOG�
KDYH� VDPH� SUHGLFWLYH� UROHV� DV� &&1'��
DPSOLILFDWLRQ� LQ�(5�SRVLWLYH�EUHDVW�FDQFHUV��$P�-�
7UDQVO�5HV������������������ 

��� %DKQDVV\� $$�� =HNUL� $5�� 6DOHK� 0�� /RWD\HI� 0��
0RQHLU� 0�� 6KDZNL� 2�� 7KH� SRVVLEOH� UROH� RI� FHOO�
F\FOH� UHJXODWRUV� LQ� PXOWLVWHS� SURFHVV� RI� +39-
DVVRFLDWHG� FHUYLFDO� FDUFLQRPD�� %0&� &OLQSDWKRO��
�������������� 

��� -RKQ� 55�� 0DODWKL� 1�� 5DYLQGUDQ� &�� $QDQGDQ� 6��
0LQL�UHYLHZ��0XOWLIDFHWHG�UROH�SOD\HG�E\�F\FOLQ�'��
LQ� WXPRU� EHKDYLRU�� ,QG� -� 'HQW� 5HV�� ������ �������
���� 

��� $QVDUL� 66�� 6KDUPD� $.�� =HSS� 0�� ,YDQRYD� (��
%HUJPDQQ�)��.|QLJ�5�� HW� DO��8SUHJXODWLRQ� RI� FHOO�
F\FOH� JHQHV� LQ� KHDG� DQG� QHFN� FDQFHU� SDWLHQWV�
PD\� EH� DQWDJRQL]HG� E\� HUXIRVLQH¶V� GRZQ�
UHJXODWLRQ�RI�FHOO� F\FOH�SURFHVVHV� LQ�26&&�FHOOV��
2QFRWDUJHW������������������-������GRL�����������
RQFRWDUJHW������� 

��� 6PHHWV�6-��%UDDNKXLV�%-��$EEDV�6��6QLMGHUV�3-��
<,VWUD� %�� YDQ� GH� :LHO� 0$�� HW� DO�� *HQRPH-ZLGH�
'1$� FRS\� QXPEHU� DOWHUDWLRQV� LQ� KHDG� DQG� QHFN�
VTXDPRXV� FHOO� FDUFLQRPDV� ZLWK� RU� ZLWKRXW�
RQFRJHQH-H[SUHVVLQJ� KXPDQ�
SDSLOORPDYLUXV� 2QFRJHQH� ������������������-����
GRL����������VM�RQF��������� 

��� 5DPRV-*DUFLD�3��*LO-0RQWR\D�-$��6FXOO\�&��$\pQ�
$��*RQ]iOH]�5XL]�/��1DYDUUR-7ULYLxR�)-��HW�DO��$Q�
XSGDWH� RQ� WKH� LPSOLFDWLRQV� RI� F\FOLQ� '�� LQ� RUDO�
FDUFLQRJHQHVLV�� 2UDO� 'LV�� ������ ������� ���-�����
GRL����������RGL������� 

��� 0LFKDOLGHV� 5-�� 9DQ� 9HHOHQ� 1�� .ULVWHO� 303�� +DUW�
$$0�� /RIWXV� %0�� +LOJHUV� )-0�� HW� DO��
2YHUH[SUHVVLRQ� RI� F\FOLQ� '�� LQGLFDWHV� SRRU�
SURJQRVLV� LQ� VTXDPRXV� FHOO� FDUFLQRPDV� RI� WKH�
KHDG� DQG� QHFN�� $UFK� 2WRODU\QJRO� +HDG� 1HFN�
6XUJ�������������������-���� 

��� 5DPRV-*DUFtD�3��*RQ]iOH]-0ROHV�0È��*RQ]iOH]-
5XL]� /�� $\pQ� È�� 5XL]-ÈYLOD� ,�� %UDYR� 0�� HW� DO��
&OLQLFRSDWKRORJLFDO�VLJQLILFDQFH�RI�WXPRU�F\FOLQ�'��
H[SUHVVLRQ�LQ�RUDO�FDQFHU��$UFK�RUDO�ELRO������������
���-����GRL����������M�DUFKRUDOELR������������� 

��� /DP�.<��1J�,2��<XHQ�$3:��.ZRQJ�'/:��:HL�:��
&\FOLQ� '�� H[SUHVVLRQ� LQ� RUDO� VTXDPRXV� FHOO�
FDUFLQRPDV�� FOLQLFRSDWKRORJLFDO� UHOHYDQFH� DQG�
FRUUHODWLRQ� ZLWK� S��� H[SUHVVLRQ�� -� 2UDO� 3DWKRO�
0HG���������������-����� 

$QLWD�*HRUJH��'XUU-H-6DPHHQ��8]PD�%XNKDUL��6KDKLG�3DUYH] 

��� 

$87+25�$)),/,$7,21� 
 
'U��$QLWD�*HRUJH 
'HSDUWPHQW�RI�3DWKRORJ\ 
'RZ�'LDJQRVWLF�5HIHUHQFH�RU�5HVHDUFK�/DE 
'8+6��.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��'XUU-H-6DPHHQ� 
�&RUUHVSRQGLQJ�$XWKRU� 
'HSDUWPHQW�RI�3DWKRORJ\ 
'RZ�,VKUDW-XO-(EDG�.KDQ�,QVWLWXWH�RI� 
2UDO�+HDOWK�6FLHQFHV 
.DUDFKL��6LQGK-3DNLVWDQ� 
(PDLO��GXUUH�VDPHHQ#GXKV�HGX�SN 

 
 

'U��8]PD�%XNKDUL 
'HSDUWPHQW�RI�3DWKRORJ\ 
'RZ�,QWHUQDWLRQDO�0HGLFDO�&ROOHJH 
.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��6KDKLG�3DUYH] 
'HSDUWPHQW�RI�+LVWRSDWKRORJ\ 
$.8+��.DUDFKL��6LQGK-3DNLVWDQ� 


