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INTRODUCTION 
� (QGRWKHOLDO� FHOOV� �(&�� KDYH� RIWHQ� EHHQ� VXJJHVWHG� DV� XVHIXO�

YHKLFOHV�IRU�HIILFLHQW�GHOLYHU\�RI�SURWHLQV�WR�WKH�FLUFXODWLRQ�EHFDXVH�RI�

WKHLU� HDVH� RI� LVRODWLRQ�� FXOWXUH�� DQG� WUDQVIHFWLRQ� LQ� YLWUR�� DQG� PRVW�

LPSRUWDQWO\�� WKHLU� GLUHFW� FRQWDFW� ZLWK� WKH� IORZLQJ� EORRG�� :KHQ�

LPSODQWHG� LQ� YLYR�� SUH�IRUPHG� PLFURYDVFXODU� QHWZRUNV� �091�� KDYH�

WKH�SRWHQWLDO�WR�LQFRUSRUDWH�ZLWK�WKH�KRVW�YDVFXODWXUH�SURYLGLQJ�GLUHFW�

FRQWDFW� EHWZHHQ� JHQHWLFDOO\� PRGLILHG� (&� DQG� WKH� IORZLQJ� EORRG��

HQDEOLQJ� HIILFLHQW� GHOLYHU\� RI� WKHUDSHXWLF� SURWHLQV� WR� WKH� FLUFXODWLRQ��

:H� SUHYLRXVO\� GHPRQVWUDWHG�� XVLQJ� KLJK�SDVVDJH� ERYLQH� DRUWLF�

HQGRWKHOLDO� FHOOV�� WKDW� LW� ZDV� SRVVLEOH� WR� SURORQJ� FHOO� YLDELOLW\� DQG�

GHOLYHU\�RI�K*+�E\�LQFOXGLQJ�QRQ�VHFUHWLQJ�ILEUREODVWV�LQ�RXU�V\VWHP��

+RZHYHU�� WKH� FKDOOHQJH� UHPDLQV� WR� LQFUHDVH� DQG� SURORQJ� (&�

LQFRUSRUDWLRQ� LQWR� EORRG� YHVVHOV� WR� IDFLOLWDWH� HIILFLHQW� GHOLYHU\� RI�

GLIILFXOW�WR�GHOLYHU�SURWHLQV�WR�WKH�FLUFXODWLRQ��

� 6HYHUDO�JURXSV�KDYH�UHFHQWO\�VKRZQ�WKDW�LPSODQWDWLRQ�RI�(&�WKDW�

DUH�HLWKHU� ORZ�SDVVDJH�RU�JHQHWLFDOO\�PRGLILHG� IRU�VXUYLYDO�DGYDQWDJH�

�H�J�� ZLWK� EFO��� RU� WHORPHUDVH�� VKRZ� LPSURYHG� VXUYLYDO�� 091�

IRUPDWLRQ�LQ�YLWUR��DQG�LQFRUSRUDWLRQ�LQWR�WKH�KRVW�YDVFXODWXUH�LQ�YLYR�

>���@��$QRWKHU�DSSURDFK�WR�LPSURYLQJ�FHOO�VXUYLYDO�DQG�LQFRUSRUDWLRQ�

PD\� EH� WR� XVH� HQGRWKHOLDO� SURJHQLWRU� FHOOV� RU� FLUFXODWLQJ� HQGRWKHOLDO�

FHOOV�� ZKLFK� D� QXPEHU� RI� JURXSV� KDYH� UHSRUWHG� LVRODWLQJ� IURP� DGXOW�

KXPDQ�SHULSKHUDO�EORRG�RU�ERQH�PDUURZ��%ORRG�RXWJURZWK�HQGRWKHOLDO�

FHOOV� �%2(&��� REWDLQHG� IURP� SHULSKHUDO� EORRG� RI� DGXOW� KXPDQV��

H[SUHVV� HQGRWKHOLDO� PDUNHUV� ZKLOH� PDLQWDLQLQJ� D� KLJK� SUROLIHUDWLYH�

FDSDFLW\� �XS� WR� ����� IROG� H[SDQVLRQ�� >�@� QRW� W\SLFDOO\� H[KLELWHG� E\�
PDWXUH� KXPDQ� (&�� 7KHVH� FHOOV� DUH� DWWUDFWLYH� IRU� XVH� LQ� FHOO�EDVHG�

WKHUDSLHV� EHFDXVH�� LQ� WKHRU\�� WKH\� FRXOG� EH� H[SDQGHG� WR� REWDLQ� D�

WKHUDSHXWLFDOO\� XVHIXO� QXPEHU� RI� FHOOV� ZKLOH� PDLQWDLQLQJ� WKH�

FKDUDFWHULVWLFV�RI�³\RXQJ´�FHOOV��+HUH�ZH�UHSRUW�RQ� LPSURYHG� LQ�YLWUR�

091�IRUPDWLRQ�E\�%2(&�UHODWLYH�WR�RWKHU�DGXOW�KXPDQ�(&��

� 7R� H[DPLQH� WKH� SRWHQWLDO� RI� %2(&�� ZH� HPSOR\HG� DQ� LQ� YLWUR�

PRGHO� RI� DQJLRJHQHVLV� WR� FRPSDUH� WKHLU� VXUYLYDO�� HORQJDWLRQ�� DQG�

OXPHQ� IRUPDWLRQ� WR� WKUHH�KXPDQ� HQGRWKHOLDO� FHOO� OLQHV� DW� FRPSDUDEOH�

SRSXODWLRQ� GRXEOLQJV�� � $V� ZLWK� PDWXUH� HQGRWKHOLDO� FHOOV�� VHUXP�

FRQFHQWUDWLRQ�� SUHVHQFH� RI� VXSSOHPHQWDO� JURZWK� IDFWRUV�� DQG� SKRUERO�

P\ULVWDWH� DFHWDWH� �30$�� PRGXODWH� %2(&� SHUIRUPDQFH� EXW� XQGHU�

FRPSDUDEOH� FRQGLWLRQV�� %2(&� FRQVLVWHQWO\� SHUIRUPHG� EHWWHU� WKDQ�

PDWXUH�HQGRWKHOLDO�FHOOV����
�

METHODOLOGY 
� %2(&�� KXPDQ� XPELOLFDO� YHLQ� HQGRWKHOLDO� FHOOV� �+89(&��� DGXOW�

KXPDQ� GHUPDO� PLFURYDVFXODU� FHOOV� �DG+'09(&��� DQG� QHRQDWDO�

+'09(&��QHR+'09(&��ZHUH�FXOWXUHG�LQ�(*0���PHGLD��&ORQHWLFV��

ZLWK�����IHWDO�ERYLQH�VHUXP��)%6��RQ�FROODJHQ�FRDWHG�IODVNV��/LTXLG�

W\SH�,� UDW�WDLO� FROODJHQ� �%HFWRQ�'LFNLQVRQ�� ZDV� SUHSDUHG� DV� GLUHFWHG�

DQG�PL[HG�ZLWK�FHOOV��*HOV�RI�����PO�ZHUH�FDVW�LQWR����ZHOO�SODWHV�DQG�

DOORZHG� WR� VROLGLI\� DW� ��R&�� OHDYLQJ� WKH� FHOOV� VXVSHQGHG� LQ� ��PJ�PO�

FROODJHQ�JHOV�DW���[�����FHOOV�PO��*HOV�ZHUH�WUDQVIHUUHG�WR�ODUJHU�ZHOOV�

DQG�FXOWXUHG�IRU���GD\V�LQ�PHGLD�FRQWDLQLQJ�HLWKHU���RU�����)%6�DQG�

VXSSOHPHQWHG� ZLWK� E)*)�� 9(*)�� DQG� 30$� �DOO� ��� QJ�PO�� DV�

LQGLFDWHG�� 6DPSOHV� ZHUH� IL[HG� DQG� SUHSDUHG� IRU� KLVWRORJ\� RU� VWDLQHG�

ZLWK�WROXLGLQH�EOXH�DQG�PRXQWHG�EHWZHHQ�D�VOLGH�DQG�FRYHUVOLS��,PDJHV�

RI�PRXQWHG�JHOV�ZHUH�WDNHQ�ZLWK�D�&&'�FDPHUD�DW���;�DQG�WR�TXDQWLI\�

091� IRUPDWLRQ�� LPDJHV� ZHUH� WKUHVKROGHG�� PDGH� ELQDU\�� DQG�

VNHOHWRQL]HG�XVLQJ�6FLRQ�,PDJH��7KH�DYHUDJH�VNHOHWRQL]HG�OHQJWK�ZDV�

REWDLQHG� IRU� ����JHOV� SHU� WUHDWPHQW��)RU�PHFKDQLVWLF� VWXGLHV�� LQWHJULQ�

EORFNLQJ� DQWLERGLHV� �&KHPLFRQ�� ZHUH� DGGHG� WR� FXOWXUH� PHGLD� DW� ���

PJ�PO��1�QLWUR�/�DUJLQLQH�PHWK\O� HVWHU� �/�1$0(��ZDV� DGGHG� DW� �����

���DQG����P0��DQG�GLHWK\OHQHWULDPLQH�QLWULF�R[LGH��'(7$��ZDV�DGGHG�

DW� �� DQG� ��� P0�� 781(/� VWDLQLQJ� ZDV� SHUIRUPHG� RQ� KLVWRORJLFDO�

VHFWLRQV�DV�GLUHFWHG�E\�WKH�PDQXIDFWXUHU��%RHKULQJHU�0DQQKHLP���
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%2(&��)LJ������:LWKRXW�30$�PDQ\�IHZHU�RI�WKHVH�FHOOV�HORQJDWHG�DV�

IUHTXHQWO\� UHSRUWHG� E\� RWKHUV� ZRUNLQJ� ZLWK� DGXOW� KXPDQ� (&� >�@��
6LPLODU� WUHQGV�ZHUH� VHHQ�ZLWK� ����)%6� �QRW� VKRZQ���:KLOH� OXPHQV�

ZHUH�DOVR�IUHTXHQWO\�VHHQ�ZKHQ�+89(&�ZHUH�FXOWXUHG�LQ�WKH�SUHVHQFH�

RI�30$��WKH�+'09(&�FHOOV�UDUHO\�IRUPHG�WKHP��

�

Figure 1. Images of fixed, toluidine blue stained BOEC 
cultured with GF (a) or GF and PMA (b) for 2 days. 
� �

� 7R� LQYHVWLJDWH� WKUHH� SRWHQWLDO� PHFKDQLVPV� IRU� LPSURYHG� 091�

IRUPDWLRQ� E\� %2(&� ZH� DVVHVVHG� FHOO� VXUYLYDO�� LQWHJULQ� LQYROYHPHQW�

DQG� QLWULF� R[LGH� LQYROYHPHQW�� :H� ILUVW� DVVHVVHG� FHOO� VXUYLYDO� XQGHU�

GLIIHUHQW� FRQGLWLRQV� E\� SHUIRUPLQJ� D� 781(/� VWDLQ� RQ� KLVWRORJLFDO�

VHFWLRQV� RI� FROODJHQ� JHOV� FRQWDLQLQJ� FHOOV� DQG� FXOWXUHG� LQ� PHGLD�

FRQWDLQLQJ�����)%6��+LJK� OHYHOV�RI�FHOO�GHDWK�ZHUH� VHHQ� IRU�DOO�FHOO�

W\SHV� FXOWXUHG� LQ� PHGLD� RQO\�� 7KH� DGGLWLRQ� RI� JURZWK� IDFWRUV�

VLJQLILFDQWO\�LPSURYHG�VXUYLYDO�DQG�IXUWKHU�DGGLWLRQ�RI�30$�LPSURYHG�

LW�RQO\�VOLJKWO\�IRU�DOO�FHOO�W\SHV��QRW�VKRZQ���6XUSULVLQJO\�WKH�IUDFWLRQ�

RI� 781(/�SRVLWLYH� %2(&�ZDV� VLPLODU� WR� WKDW� RI� QHR+'09(&� DQG�

JUHDWHU�WKDQ�+89(&��

�

Figure 2. Quantification of MVN formed by cells cultured in 
2% FBS. * Significantly different from BOEC under same 
conditions by Tukey-Kramer HSD test. 
�

� 7R� QH[W� LQYHVWLJDWH� WKH� LQYROYHPHQW� RI� LQWHJULQV� LQ� 091�

IRUPDWLRQ�� JHOV� ZHUH� LQFXEDWHG� ZLWK� YDULRXV� LQWHJULQ�EORFNLQJ�

DQWLERGLHV�� ,Q� D� VLPLODU� V\VWHP��EORFNLQJ�D�E�� EXW� QRW�DYE�� LQWHJULQV�

LQKLELWHG� YDFXROH� IRUPDWLRQ� �D� SUHFXUVRU� WR� 091� IRUPDWLRQ�� E\�

+89(&� LQ� FROODJHQ� >�@�� ,Q� RXU� V\VWHP��091� IRUPDWLRQ� E\� %2(&�

ZDV�GRVH�GHSHQGHQWO\� LQKLELWHG�E\�DGGLQJ�D�EORFNLQJ�DQWLERG\� WR�WKH�

E�� LQWHJULQ� VXEXQLW�� )XUWKHU� 091� IRUPDWLRQ� E\� ERWK� %2(&� DQG�

+89(&�LQ�WKH�SUHVHQFH�RI�JURZWK�IDFWRUV�DQG�30$�ZDV�LQKLELWHG�E\�

WKH� DGGLWLRQ� RI� DQWLERGLHV� WR� E�� RU� D�E�� EXW� QRW� WR� DYE�� �DOO� DW� ���

PJ�PO���

� $V� QLWULF� R[LGH� �12��KDV� DOVR�EHHQ� VKRZQ� WR�SOD\� DQ� LPSRUWDQW�

UROH� LQ�091�IRUPDWLRQ� >�@��ZH�H[SORUHG� WKH�DELOLW\�RI�DQ�/�DUJLQLQH�

DQDORJXH��/�1$0(��WR�EORFN�091�IRUPDWLRQ�DV�ZHOO�DV�WKH�DELOLW\�RI�

DQ� 12� GRQRU�� '(7$�� WR� VWLPXODWH� LW�� /�1$0(� GRVH�GHSHQGHQWO\�

LQKLELWHG�091�IRUPDWLRQ�E\�%2(&�LQ�WKH�SUHVHQFH�RI�JURZWK�IDFWRUV�

DQG�30$�IURP�����WR����P0�DOWKRXJK�WR[LFLW\�ZDV�DSSDUHQW�DW�KLJKHU�

FRQFHQWUDWLRQV�� 6XUSULVLQJO\� LQ� WKLV� V\VWHP� /�1$0(� GLG� QRW� EORFN�

+89(&�091� IRUPDWLRQ� H[FHSW� DW� WKH� KLJKHU�� WR[LF�� FRQFHQWUDWLRQ��

'(7$� DSSHDUHG� WR� VOLJKWO\�� EXW� QRW� VLJQLILFDQWO\� DXJPHQW� 091�

IRUPDWLRQ� E\� DOO� �� FHOO� W\SHV� LQ� WKH� SUHVHQFH� RI� JURZWK� IDFWRUV� DQG�

30$�DV�ZHOO�DV�LQFUHDVLQJ�091�IRUPDWLRQ�E\�%2(&�LQ�WKH�SUHVHQFH�

RI�MXVW�JURZWK�IDFWRUV��

 
DISCUSSION 
� 7KH� FKDOOHQJH� RI� FHOO�EDVHG� JHQH� WKHUDS\� LV� WR� PDLQWDLQ�

HQGRWKHOLDO�VXUYLYDO�DQG�WR�DFKLHYH�DGHTXDWH�LQFRUSRUDWLRQ�LQWR�EORRG�

YHVVHOV�WR�IDFLOLWDWH�HIILFLHQW�GHOLYHU\�RI�GLIILFXOW�WR�GHOLYHU�SURWHLQV�WR�

WKH� FLUFXODWLRQ�� 7RZDUGV� WKLV� HQG� ZH� KDYH� EHJXQ� WR� H[SORUH� WKH� XVH�

HDVLO\� REWDLQDEOH� DGXOW� KXPDQ� %2(&� WKDW� PD\� EHKDYH� OLNH� ORZ�

SDVVDJH�FHOOV�DV�WKLV�PD\�SURPRWH�LQFUHDVHG�VXUYLYDO��091�IRUPDWLRQ��

DQG�YDVFXODU�LQFRUSRUDWLRQ�ZLWKRXW�WKH�XVH�RI�RQFRJHQHV��$OWKRXJK�WKH�

XVH�RI�ORZ�SDVVDJH�FHOOV�PD\�EH�EHQHILFLDO��LW�LV�OLNHO\�WR�EH�FOLQLFDOO\�

GHVLUDEOH�WR�H[SDQG�FHOOV�LQ�RUGHU�WR�REWDLQ�D�UHOHYDQW�TXDQWLW\��)RU�WKLV�

UHDVRQ�WKH�XVH�RI�%2(&�LV�YHU\�DWWUDFWLYH��,Q�DQ�LQ�YLWUR�DQJLRJHQHVLV�

PRGHO�%2(&�VKRZ�LPSURYHG�091�IRUPDWLRQ�RYHU���OLQHV�RI�KXPDQ�

DGXOW� HQGRWKHOLDO� FHOOV� XQGHU� D� YDULHW\� RI� FXOWXUH� FRQGLWLRQV��

([SORUDWLRQ�RI�WKH�PHFKDQLVP�RI�LPSURYHG�091�IRUPDWLRQ�VKRZ�WKDW�

%2(&� DSSHDU� WR� EH� VLPLODU� ZLWK� UHVSHFW� WR� VXUYLYDO� DQG� LQWHJULQ�

LQYROYHPHQW� LQ� WKLV� V\VWHP� DOWKRXJK� WKH\� PD\� EH� VOLJKWO\� PRUH�

GHSHQGHQW�RQ�QLWULF�R[LGH��%DVHG�RQ�WKHVH�IDYRUDEOH�LQ�YLWUR�UHVXOWV�LQ�

YLYR�H[SORUDWLRQ�RI�%2(&�DSSHDU�WR�EH�ZDUUDQWHG��
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