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ABSTRACT 
� $OWKRXJK�LVOHW�WUDQVSODQWDWLRQ�KROGV�JUHDW�SURPLVH�DV�D�WUHDWPHQW�

IRU�GLDEHWHV��D�PDMRU�OLPLWDWLRQ�WR�LWV�IXWXUH�FOLQLFDO�XVH�LV�D�VKRUWDJH�RI�

GRQRU� WLVVXH�� � 'XULQJ� ERWK� IHWDO� GHYHORSPHQW� DQG� DGXOW� SDQFUHDWLF�

UHJHQHUDWLRQ�� SDQFUHDWLF� GXFWDO� HSLWKHOLDO� FHOOV� �3'(&�� GLIIHUHQWLDWH�

LQWR� HQGRFULQH� FHOOV�� � 7KH� JRDO� RI� WKLV� SURMHFW� LV� WR� DSSO\� H[LVWLQJ�

XQGHUVWDQGLQJ�RI� WKHVH�SURFHVVHV� WR�VWLPXODWH� LVOHW�FHOO�GLIIHUHQWLDWLRQ�

LQ�YLWUR�� �)ROORZLQJ�������GD\V�RI�FXOWXULQJ�DGXOW�KXPDQ�3'(&�LQ�D�

VWDQGDUG� FHOO� FXOWXUH� HQYLURQPHQW� �WLVVXH� FXOWXUH� WUHDWHG�SODVWLF������

)%6��� WKH\�WUDQVGLIIHUHQWLDWH�WR�E�FHOOV�DW�DQ�H[WUHPHO\�ORZ�HIILFLHQF\�

�������������������� �E�FHOO�GLIIHUHQWLDWLRQ�ZDV�HQKDQFHG���IROG�������

���� ������� ZKHQ� 3'(&� ZHUH� JURZQ� RQ� D� ORZ� DGKHVLYH� VXEVWUDWH�

�QRQWUHDWHG� SODVWLF�� DQG� LQ� D� ORZ� VHUXP� PHGLXP� ���� 1X� VHUXP���

FRQGLWLRQV� ZKLFK� DUH� SHUPLVVLYH� WR� FHOO� GHWDFKPHQW� DQG� FOXVWHULQJ���

:KLOH� WKH�RYHUDOO�HIILFLHQF\�RI� WUDQVGLIIHUHQWLDWLRQ�ZDV�VWLOO�YHU\�ORZ��

WKH�UHVXOWV�VXJJHVW�WKDW�LQGXFHG�FHOO�FHOO�LQWHUDFWLRQV�DQG�RU�FHOO�VKDSH�

FKDQJHV�PD\�EH�FULWLFDO�WR�VWLPXODWLQJ�E�FHOO�SURGXFWLRQ�LQ�YLWUR���:H�

DUH� FXUUHQWO\� H[SORULQJ� DGGLWLRQDO� IDFWRUV� �(&0� IDFWRUV�� JURZWK�

IDFWRUV�� WUDQVFULSWLRQ� IDFWRUV�� WKDW� PD\� LPSURYH� WKH� HIILFLHQF\� RI�

WUDQVGLIIHUHQWLDWLRQ� LQ� RUGHU� WR� RSWLPL]H� WKH� FUHDWLRQ� RI� WLVVXH�

HQJLQHHUHG�LVOHWV����

.H\ZRUGV����GLDEHWHV��WLVVXH�HQJLQHHULQJ��WUDQVGLIIHUHQWLDWLRQ��LVOHWV�

�

INTRODUCTION 
� 7\SH� ,� GLDEHWHV� LV� DQ� DXWRLPPXQH� GLVRUGHU�ZKLFK� UHVXOWV� LQ� WKH�

GHVWUXFWLRQ� RI� SDQFUHDWLF� LVOHW� E� FHOOV� DQG� WKH� HQVXLQJ� ORVV� RI� WKHLU�

VHFUHWRU\�SURGXFW�LQVXOLQ��D�NH\�UHJXODWRU�RI�JOXFRVH�KRPHRVWDVLV���7KH�

VWDQGDUG� WUHDWPHQW� IRU� WKLV� GLVHDVH� LV� LQVXOLQ� LQMHFWLRQ�� EXW� WKH�

LQWHUPLWWHQW� QDWXUH� RI� WKLV� WKHUDS\� PDNHV� WKH� WLJKW� FRQWURO� RI� EORRG�

JOXFRVH�LPSRVVLEOH�WR�DFKLHYH��RIWHQ�UHVXOWLQJ�LQ�K\SRJO\FHPLF�DWWDFNV�

DQG� ORQJ�WHUP� FRPSOLFDWLRQV� VXFK� DV� FDUGLRYDVFXODU� GLVHDVH�� NLGQH\�

IDLOXUH�� QHXURSDWK\�� DQG� EOLQGQHVV�� � 5HFHQWO\�� WKH� LQMHFWLRQ� RI� GRQRU�

DOORJHQLF� LVOHWV�KDV�EHHQ�VKRZQ� WR�FXUH�GLDEHWHV� LQ�FOLQLFDO� WULDOV� >�@���

$OWKRXJK� WKLV� UHVHDUFK� KDV� OHDG� WR� QHZ� KRSH� IRU� GLDEHWLFV�� D� PDMRU�

EDUULHU� WR� LWV�ZLGHVSUHDG�XWLOLW\� LV� D� VFDUFLW\�RI�GRQRU� WLVVXH�� DV� WKHUH�

DUH�RQO\�HQRXJK�GRQRU�LVOHWV�DYDLODEOH�WR�WUHDW�D�YHU\�ORZ�SHUFHQWDJH�RI�

WKH�GLDEHWLF�SRSXODWLRQ��

�� $OWKRXJK�VHYHUDO� DSSURDFKHV�KDYH�EHHQ� LQYHVWLJDWHG� LQ�DQ�HIIRUW�

WR� JHQHUDWH� ODUJH� DPRXQWV� RI� FHOOV� FDSDEOH� RI� VHFUHWLQJ� LQVXOLQ� LQ�

UHVSRQVH� WR� JOXFRVH�� SHUKDSV� WKH�PRVW� DWWUDFWLYH�PHWKRG� LV� WR� WLVVXH�

HQJLQHHU�LVOHWV�E\�UHFDSLWXODWLQJ�LVOHW�QHRJHQHVLV��D�QRUPDO�SURFHVV�WKDW�

RFFXUV� GXULQJ� ERWK� IHWDO� GHYHORSPHQW� DQG� DGXOW� SDQFUHDWLF�

UHJHQHUDWLRQ� E\� ZKLFK� SDQFUHDWLF� GXFWDO� HSLWKHOLDO� FHOOV� �3'(&��

WUDQVGLIIHUHQWLDWH� LQWR� LVOHW� WLVVXH�� � :KLOH� RWKHU� JURXSV� KDYH�

GHPRQVWUDWHG�WKH�IHDVLELOLW\�RI�WUDQVGLIIHUHQWLDWLQJ�3'(&�WR�LVOHW�FHOOV�

LQ�YLWUR��\LHOG�KDV�EHHQ�IDU� WRR� ORZ�WR�EH�FOLQLFDOO\�XVHIXO�>���@�� �7KH�

JRDO�RI� WKLV�ZRUN�LV�WR�RSWLPL]H�WKH�WLVVXH�HQJLQHHULQJ�RI�LVOHW�E�FHOOV�

WKURXJK�FRQWUROOHG�FHOO�FOXVWHULQJ����

�

MATERIALS AND METHODS 
Isolation of and culture of PDEC  

+XPDQ� LVOHW� LVRODWLRQV� ZHUH� SHUIRUPHG� E\� WKH� +XPDQ� ,VOHW�

,VRODWLRQ� &RUH� )DFLOLW\� DW� WKH� 8QLYHUVLW\� RI� 3HQQV\OYDQLD� XVLQJ� WKH�

5LFRUGL� 0HWKRG� >�@�� � $IWHU� FHQWULIXJDWLRQ� WKURXJK� D� GLVFRQWLQXRXV�

)LFROO�JUDGLHQW��WKH�OD\HU�RI�WLVVXH�EHORZ�WKH�LVOHW�OD\HU��HQULFKHG�ZLWK�

GXFWDO� IUDJPHQWV� DQG� H[RFULQH� WLVVXH�� ZDV� FROOHFWHG� ����� LVOHWV����

7LVVXH� IURP� WKLV� OD\HU� ZDV� VXVSHQGHG� LQ� &05/� �� ���� )%6� WR�

LQDFWLYDWH�UHVLGXDO�FROODJHQDVH��ZDVKHG�WKUHH�WLPHV�LQ�+%66�����P0�

JOXFRVH� �� ��� P0� &D&O��� UHVXVSHQGHG� LQ� &05/� �� ���� )%6�� DQG�

SODWHG�RQ�HLWKHU�WLVVXH�FXOWXUH�WUHDWHG�SODVWLF��7&3��DW�D�GHQVLW\�RI����

��� P/� FHOO� SHOOHW���ZHOO� SODWH� RU� QRQ�WUHDWHG� WLVVXH� FXOWXUH� SODVWLF�

�173��DW�D�GHQVLW\�RI�������P/�FHOO�SHOOHW���ZHOO�SODWH���$IWHU����KRXUV�

DQG� ��� KRXUV�� UHVSHFWLYHO\�� QRQ�DGKHUHQW� WLVVXH� ZDV� UHPRYHG� IURP�

ERWK� WKH� 7&3� DQG� 173� SODWHV�� DQG� FXOWXUHV� ZHUH� UH�IHG� ZLWK� IUHVK�

&05/�������)%6���$IWHU���ZHHN�RI�FXOWXUH��PHGLXP�IURP�KDOI�RI�WKH�

FXOWXUHV�ZDV� FKDQJHG� WR� 6)'0��� ���1X�6HUXP� ,9�� D�ZHOO�GHILQHG��

ORZ�VHUXP�PHGLXP�IRU�GXFWDO�HSLWKHOLDO�FHOO�JURZWK���&XOWXUH�PHGLXP�

ZDV�UHSODFHG�HYHU\�����GD\V����
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Phenotypic Analysis  

7KH� GXFWDO� SKHQRW\SH� RI� WKH� PRQROD\HU� FXOWXUHV� ZDV� FRQILUPHG�

ZLWK� LPPXQRF\WRFKHPLVWU\� IRU� F\WRNHUDWLQ� ���� D� ZHOO�HVWDEOLVKHG�

3'(&�PDUNHU�� �,QVXOLQ�H[SUHVVLRQ�ZDV�TXDQWLILHG�XVLQJ�GLSKHQ\OWKLR�

FDUED]RQH� �'7=�� VWDLQLQJ� DQG� LQVXOLQ� LPPXQRKLVWRFKHPLVWU\� �,+&����

'7=�LV�D�]LQF�FKHODWRU� WKDW�TXLFNO\�DQG�VSHFLILFDOO\�VWDLQV�E�FHOOV�UHG�

DQG�ZDV�GLUHFWO\�DSSOLHG�WR�FHOO�FXOWXUHV�IRU�DQDO\VLV���,QVXOLQ�,+&�ZDV�

SHUIRUPHG�RQ�SDUDIILQ�VHFWLRQV�RI�3'(&�HPEHGGHG�LQ�DJDURVH�XVLQJ�D�

�R�JXLQHD�SLJ�DQWL�KXPDQ�LQVXOLQ�P$E�DQG�D��R�)LW&�FRQMXJDWHG�DQWL�

JXLQQHD�SLJ�$E���)ROORZLQJ�'7=�DQG�,+&�VWDLQLQJ��WKH�SHUFHQWDJH�RI�

E� FHOOV� ZDV� GHWHUPLQHG� E\� UDQGRPL]HG� FHOO� FRXQWV�� � 'DWD� ZDV�

DFFXPXODWHG�IURP�H[SHULPHQWV�IURP���VHSDUDWH�LVRODWLRQV��

�

RESULTS 
,PPHGLDWHO\�IROORZLQJ�LVRODWLRQ��WKH�IUDFWLRQ�RI�LVOHW�E�FHOOV�LQ�WKH�

GXFW�DFLQDU�HQULFKHG�OD\HU�RI�SDQFUHDWLF�GLJHVW�ZDV��������%\�GD\���RI�

FXOWXUH�� WKH� LQLWLDO� DGKHUHQW� WLVVXH� KDG� EHJXQ� WR� VSUHDG� DQG� IRUP� D�

PRQROD\HU�� $W� WKLV� WLPH�� QR�'7=�� FHOOV�ZHUH� GHWHFWHG� �)LJXUH� ��� DV�

LVOHW�WLVVXH�KDV�EHHQ�GHPRQVWUDWHG�WR�DWWDFK�WR�SODVWLF�PXFK�OHVV�UHDGLO\�

WKDQ�GXFWDO� DQG�DFLQDU� WLVVXH� � >�@�� �%\�GD\���� WKH�FHOOV�KDG�VSUHDG� WR�

IRUP� D� PRQROD\HU� ZLWK� WKH� PDMRULW\� RI� FHOOV� H[SUHVVLQJ� WKH� GXFWDO�

PDUNHU� &.���� EXW� VWLOO� QR� '7=�� FHOOV� ZHUH� GHWHFWHG� LQ� DQ\� RI� WKH�

FXOWXUHV�� � $W� WKLV� WLPH� WKH� PHGLXP� IURP� KDOI� RI� WKH� FXOWXUHV� ZDV�

FKDQJHG� WR� 6)'0� �� ��� 1X�� ZLWK� WKH� RWKHU� KDOI� RI� WKH� FXOWXUHV�

UHPDLQLQJ�WR�EH�IHG�ZLWK�&05/�������)%6���

� 5HODWLYHO\� VRRQ� DIWHU� DGGLWLRQ� RI� 6)'0� �� ��� 1X� �ZLWKLQ� ���

KRXUV��� 3'(&� JURZQ� RQ� 173� DSSHDUHG� WR� ORVH� WKHLU� VSUHDG�

PRUSKRORJ\�DQG� WLJKW�DWWDFKPHQW� WR� WKH�VXEVWUDWH�DQG�WDNH�RQ�D�PRUH�

URXQGHG� VKDSH�� �'XULQJ� WKH�QH[W� ��ZHHNV��3'(&�JUDGXDOO\�GHWDFKHG�

IURP� WKH� VXEVWUDWH� �HVSHFLDOO\� DW� WKH� HGJHV�RI� WKH� HSLWKHOLDO� FRORQLHV��

DQG� IRUPHG� FHOO� DJJUHJDWHV� WKDW� PRUSKRORJLFDOO\� UHVHPEOHG� LVOHWV���

$OWKRXJK�VRPH�E�FHOOV�ZHUH�REVHUYHG� LQ� WKH�PRQROD\HU� UHJLRQV�� WKH\�

ZHUH�SUHIHUHQWLDOO\� ORFDWHG�ZLWKLQ� WKH� FHOO� DJJUHJDWHV�� �$OWKRXJK� OHVV�

SURQRXQFHG�� FHOO� FOXVWHULQJ�DOVR�RFFXUUHG� LQ�FXOWXUHV�RI�3'(&�HLWKHU�

JURZQ� RQ� 173� RU� IHG� ZLWK� 6)'0� �� ��� 1X� 6HUXP�� EXW� ZDV� QRW�

REVHUYHG�LQ�FXOWXUHV�JURZQ�RQ�7&3�DQG�IHG�ZLWK�&05/�������)%6�����
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Figure 1: Percentage of dithizone-stained cells 
function of time and culture environment (degree o

clustering is listed in parentheses) 
�

3KHQRW\SLF� DQDO\VLV� EHWZHHQ� GD\V� ������ UHYHDOHG� WKH� SUHVHQFH� RI� D�

ORZ� SHUFHQWDJH� RI� '7=�� FHOOV� XQGHU� DOO� FRQGLWLRQV� WHVWHG� ����������

'7=� VWDLQLQJ� EHWZHHQ� GD\V� ������ UHYHDOHG� D� IXUWKHU� LQFUHDVH� LQ� WKH�

SHUFHQWDJH� RI� '7=�� FHOOV�� ZLWK� D� VLJQLILFDQWO\� KLJKHU� SHUFHQWDJH� LQ�

WKRVH� FXOWXUHV� JURZQ� RQ� 173�ZLWK� ���1X� 6HUXP� ������ ���� �������

WKDQ�XQGHU�DOO�RWKHU�FRQGLWLRQV�WHVWHG��)LJXUH������,QVXOLQ�LPPXQRKLVWR�

FKHPLVWU\�ZDV�GRQH�RQ�VDPSOHV�RI�SDUDOOHO�FXOWXUHV��IURP�GD\�����DQG�

WKH� SHUFHQWDJH� RI� LQVXOLQ�� FHOOV� ZDV� GHPRQVWUDWHG� WR� FRUUHODWH� YHU\�

ZHOO�ZLWK�WKH�SHUFHQWDJH�RI�'7=��FHOOV��)LJXUH�����
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Figure 2: Percentage of E cells at day 24 for a particular 
sample as calculated by insulin IHC and DTZ staining 

 
DISCUSSION 
� ,Q�WKLV�VWXG\��LVOHW�E�FHOOV�ZHUH�SURGXFHG�DW�D�YHU\�ORZ�HIILFLHQF\�

IURP� D� FXOWXUH� RI� QRUPDO� 3'(&� JURZQ� RQ� 7&3�� DV� GHWHUPLQHG� E\�

GLWKL]RQH� DQG� LQVXOLQ� VWDLQLQJ�� � 6LPSOH� PRGLILFDWLRQ� RI� WKH� FXOWXUH�

FRQGLWLRQV�WR�LQFOXGH�D�QRQ�DGKHVLYH�VXEVWUDWH�DQG�1X�VHUXP��D�VHUXP�

VXEVWLWXWH�UHGXFHG�LQ�DWWDFKPHQW�IDFWRUV��UHVXOWHG�LQ�FHOO�FOXVWHULQJ�DQG�

D� VLJQLILFDQW� HQKDQFHPHQW� RI� E�FHOO� SURGXFWLRQ�� � :KLOH� WKLV�

LPSURYHPHQW� VWLOO� GRHV� QRW� FRPH� FORVH� WR� DGGUHVVLQJ� WKH� FOLQLFDO�

VKRUWDJH�RI�GRQRU�WLVVXH��LW�SURYLGHV�LQVLJKW�LQWR�D�SRWHQWLDOO\�LPSRUWDQW�

UROH� RI� FHOO� VKDSH� FKDQJHV� DQG� FHOO�FHOO� LQWHUDFWLRQV� LQ� WKH�

WUDQVGLIIHUHQWLDWLRQ�SURFHVV�� �&XUUHQWO\��ZH�DUH�XVLQJ�PLFURDUUD\V�DQG�

57�3&5� WR� VWXG\� WKH� HIIHFWV� RI� YDULRXV� PRGLILFDWLRQV� LQ� FXOWXUH�

HQYLURQPHQW� RQ� 3'(&� WUDQVGLIIHUHQWLDWLRQ� WR� LVOHW� FHOOV�� � %\� � EHWWHU�

XQGHUVWDQGLQJ� WKH� PROHFXODU� HIIHFWV� �XSVWUHDP� RI� RYHUW�

GLIIIHUHQWLDWLRQ�� RI� GLIIHUHQWLDWLRQ� VWLPXOL�� ZH� KRSH� WR� EHWWHU� GHVLJQ�

SURWRFROV�IRU�WKH�WLVVXH�HQJLQHHULQJ�RI�LVOHWV���
�
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