
 SXSSlePeQWaU\ IQfRUPaWiRQ 

 SXSSOePeQWaU\ MaWeULaOV aQd MeWKRdV 

 CeOO cXOWXUe 
 8QOHVV  RWKHUZLVH  PHQWLRQHG,  DOO  WKH  FHOO  OLQHV  ZHUH  FXOWXUHG  LQ  KLJK-JOXFRVH  DXOEHFFR¶V 
 MRGLILHG  EDJOH  MHGLXP  (DMEM)  (GLEFR;  LLIH  7HFKQRORJLHV)  VXSSOHPHQWHG  ZLWK  10%  (YRO/YRO) 
 FHWDO  BRYLQH  6HUXP  (FB6)  (GLEFR;  LLIH  7HFKQRORJLHV)  DQG  1%  SHQLFLOOLQ-VWUHSWRP\FLQ 
 (PHQVWUHS)(GLEFR;  LLIH  7HFKQRORJLHV)  DW  37  �C  DQG  5%  CO2  LQ  KXPLG  FRQGLWLRQV.  7KH  FHOOV  ZHUH 
 ULQVHG  ZLWK  1%  PKRVSKDWH-EXIIHUHG  VDOLQH  (PB6),  IL[HG  ZLWK  4%  PDUDIRUPDOGHK\GH  (PFA)  IRU  10 
 PLQXWHV, ZDVKHG ZLWK PB6 DQG LQFXEDWHG ZLWK 1 ȝJ/PO HRHFKVW IRU 20 PLQV EHIRUH LPDJLQJ. 

 CHOO7UDFNHU  GUHHQ  (7KHUPRFLVKHU  6FLHQWLILF)  ZDV  XVHG  IRU  ODEHOOLQJ  WKH  F\WRSODVP  RI  HMF, 
 HME  DQG  BJ  FHOOV  (SVHXGRFRORXUV  ZHUH  DSSOLHG  WR  PDNH  WKHP  UHG,  JUHHQ  DQG  EOXH  UHVSHFWLYHO\). 
 LDEHOOLQJ  ZDV  FRQGXFWHG  E\  LQFXEDWLQJ  WKH  OLYH  FHOOV  ZLWK  3  �M  LQ  VHUXP  IUHH  PHGLD  IRU  30  PLQV 
 DV  SHU  WKH  PDQXIDFWXUHU¶V  SURWRFRO.  7KHUHDIWHU,  WKH  FHOOV  ZHUH  ULQVHG  WZLFH  ZLWK  PB6  DQG  FXOWXUHG 
 LQ FRPSOHWH FXOWXUH PHGLD DV GHVFULEHG DERYH. 

 CRQdLWLRQed PedLa 
 CRQGLWLRQHG  PHGLD  ZDV  SUHSDUHG  XVLQJ  DFWLYHO\  SUROLIHUDWLQJ  HME,  MCF10A  DQG  MDAMB231 
 FHOOV.  FUHVK  PHGLD  (KLJK-JOXFRVH  DMEM  ZLWK  10%  FB6  DQG  1%  PHQVWUHS)  ZDV  VXSSOLHG  ZKHQ 
 WKH  FXOWXUHV  UHDFKHG  DURXQG  70%  FRQIOXHQF\  DQG  ZDV  FROOHFWHG  EDFN  DIWHU  24  KRXUV.  7KH 
 FROOHFWHG PHGLD ZDV V\ULQJH-ILOWHUHG WKURXJK 0.45ȝP SRUHV WR UHPRYH FHOO GHEULV. 
 7KH  MCF10A  DQG  MDAMB231  FRQGLWLRQHG  PHGLD  ZHUH  GLOXWHG  WR  20%  DQG  60%  LQ  HME 
 FRQGLWLRQHG  PHGLD  DQG  WKHVH  ZHUH  VXEVHTXHQWO\  XVHG  WR  LQFXEDWH  HMF  FHOOV  IRU  3  KRXUV  DQG  3 
 GD\V.  100%  HME  FRQGLWLRQHG  PHGLD  ZDV  XVHG  DV  FRQWURO.  7KH  FHOOV  ZHUH  IL[HG  DQG  VWDLQHG  DV 
 GHVFULEHG DERYH. 

 IPaJLQJ Rf ceOO cXOWXUeV 
 A  40;  ZDWHU  REMHFWLYH  ZLWK  QXPHULFDO  DSHUWXUH  RI  1.25  ZDV  XVHG  RQ  D  NLNRQA15VL  FRQIRFDO 
 PLFURVFRSH  WR  LPDJH  WKH  FHOO  FXOWXUHV.  7KLV  FRQILJXUDWLRQ  ZDV  FKRVHQ  LQ  RUGHU  WR  REWDLQ  WKH 
 RSWLPXP  UHVROXWLRQ  ZKLOH  DOORZLQJ  IRU  ODUJH-ILHOG  LPDJLQJ.  7KH  SLQ-KROH  ZDV  NHSW  RSHQ  (3  DLU\ 
 XQLW)  DQG  VLQJOH  SODQH  LPDJLQJ  ZDV  FDUULHG  RXW.  7KH  ODVHU  SRZHU  ZDV  DGMXVWHG  VXFK  WKDW  WKH  ZKROH 
 UDQJH  RI  WKH  GHWHFWRU  ZDV  XVHG  ZLWKRXW  DQ\  VDWXUDWLRQ.  7KH  SL[HO  VL]H  ZDV  VHW  WR  0.12ȝP  DQG  WKH 
 DXWRPDWLF VWLWFK IXQFWLRQ ZDV XVHG WR LPDJH DUHDV RI 2PP E\ 2PP. 

 IQ YLWUR 3D WLVVXe cXOWXUe 
 HMF3A ILEUREODVW FHOOV ZHUH WU\SVLQL]HG IURP D 70% FRQIOXHQW FXOWXUH DQG 50,000 FHOOV ZHUH 
 DGGHG WR D 1 PJ/PO UDW WDLO FROODJHQ I (7KHUPRFLVKHU 6FLHQWLILF) VROXWLRQ ZKLFK ZDV QHXWUDOL]HG 
 ZLWK 0.1 N NDOH. 7KLV VROXWLRQ ZDV DOORZHG WR JHO DW 37�C IRU 3 KRXUV, DIWHU ZKLFK 0.5 PO RI 
 FXOWXUH PHGLD ZDV DGGHG DQG WKH VDPSOHV ZHUH NHSW IRU 24 KRXUV.NXFOHL ZHUH VWDLQHG XVLQJ 
 HRHFKVW DQG LPDJHG. 



 SXSSOePeQWaU\ TabOeV 

 SXSSOePeQWaU\ TabOe 1: FeaWXUe deVcULSWLRQ 

 FeaWXUe  DeVcUiSWiRQ  FeaWXUe 
 caWegRU\ 

 FeaWXUe W\Se 

 PURMHcWHd AUHa  PURMHcWHd aUHa RI WKH QXcOHXV  GORbaO 
 PRUSKRORJ\ 

 MRUSKRORJ\ 

 AVSHcW RaWLR  𝑀𝑎𝑗𝑜𝑟     𝑎𝑥𝑖𝑠    
 𝑀𝑖𝑛𝑜𝑟     𝑎𝑥𝑖𝑠 

 GORbaO 
 PRUSKRORJ\ 

 MRUSKRORJ\ 

 PHULPHWHU  PHULPHWHU RI WKH QXcOHXV  BRXQdaU\  MRUSKRORJ\ 

 SKaSH FacWRU  𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟  2    
 4π   𝑥     𝐴𝑟𝑒𝑎 

 GORbaO 
 PRUSKRORJ\ 

 MRUSKRORJ\ 

 RHOaWLYH CRQcaYLW\  𝐶𝑜𝑛𝑣𝑒𝑥     𝑎𝑟𝑒𝑎 − 𝑎𝑟𝑒𝑎    
 𝐶𝑜𝑛𝑣𝑒𝑥     𝑎𝑟𝑒𝑎 

 GORbaO 
 PRUSKRORJ\ 

 MRUSKRORJ\ 

 CHQWUH-CHQWURLd 
 MLVPaWcK 

 DLVWaQcH VHSaUaWLQJ WKH cHQWURLd RI WKH 
 QXcOHXV aQd WKH cHQWUH RI PaVV RI WKH 
 cKURPaWLQ LQWHQVLWLHV 

 IQWHQVLW\ 
 dLVWULbXWLRQ 

 ML[Hd 

 EQWURS\  SWaWLVWLcaO PHaVXUH RI UaQdRPQHVV LQ WKH 
 dLVWULbXWLRQ RI LQWHQVLWLHV JLYHQ b\ 
 -VXP(S.*ORJ2(S)), ZKHUH S cRQWaLQV WKH 
 QRUPaOL]Hd KLVWRJUaP cRXQWV. 

 IQWHQVLW\ 
 dLVWULbXWLRQ 

 IQWHQVLW\ 

 MHaQ, PHdLaQ, SD aQd 
 PRdH RI NRUPaOL]Hd 
 IQWHQVLWLHV 

 FUHTXHQc\ aQaO\VLV RI WKH QRUPaOL]Hd 
 SL[HO LQWHQVLWLHV 

 GORbaO 
 LQWHQVLW\ 

 IQWHQVLW\ 

 PHULSKHUaO dLVWULbXWLRQ 
 LQdH[     𝑃𝐷𝐼 ࡧ     𝑀  _  𝑎𝑐𝑡𝑢𝑎𝑙 

 𝑀  _  𝑟𝑒𝑓    ࡧ
∑ഉ 𝑟 

 𝑥 , 𝑦 ഉ ഊ
 2 *    𝐼 

 𝑥 , 𝑦 ഉ ഊ
ഊ

∑ഉ 𝑟 
 𝑥 , 𝑦 ഉ ഊ

ഊ 𝐼 ࡪ   * 2 

 : DLVWaQcH RI SL[HO ([,\) IURP WKH  𝑟 
 𝑥 , 𝑦 ഉ ഊ

 cHQWURLd RI WKH QXcOHXV 

 : IQWHQVLW\ RI SL[HO ([,\)  𝐼 
 𝑥 , 𝑦 ഉ ഊ

 : AYHUaJH LQWHQVLW\ RI WKH QXcOHXV ࡪ  𝐼 

 IQWHQVLW\ 
 dLVWULbXWLRQ 

 ML[Hd 

 HHWHURcKURPaWLQ 
 HXcKURPaWLQ UaWLRV 

 HHWHURcKURPaWLQ SL[HOV aUH dHILQHd aV 
 SL[HOV KaYLQJ LQWHQVLWLHV JUHaWHU WKaQ WKH 
 80  WK  SHUcHQWLOH RI aOO WKH SL[HOV RI WKaW 
 QXcOHXV. EXcKRUPaWLQ SL[HOV aUH dHILQHd 
 aV WKRVH ZLWK LQWHQVLWLHV bHORZ WKH 20  WK 

 SHUcHQWLOH RI WKH QXcOHXV. 

 GORbaO 
 LQWHQVLW\ 

 IQWHQVLW\ 



 CaOLSHU dLaPHWHUV  TKH OaUJHVW aQd VPaOOHVW VHSaUaWLRQ 
 bHWZHHQ WZR SaUaOOHO SOaWHV ZKLcK caQ ILW 
 WKH QXcOHXV ZLWKRXW ORVLQJ cRQWacW. 

 BRXQdaU\  MRUSKRORJ\ 

 LRcaO cXUYaWXUHV  TKH QXcOHaU bRXQdaU\ ZaV VPRRWKHQHd 
 XVLQJ a PRYLQJ aYHUaJH IXQcWLRQ ZLWK a 
 VSaQ RI 2 �P. TKH UadLXV RI cXUYaWXUH 
 ZaV WKHQ caOcXOaWHd IRU HacK SL[HO 
 XVLQJ VWUHWcKHV RI 1 �P RQ HacK VLdH. 
 TKH UadLXV ZaV WaNHQ aV QHJaWLYH LI WKH 
 cHQWUH RI WKH cLUcOH ZaV LQ WKH dLUHcWLRQ 
 RSSRVLWH WR WKH cHQWUH RI WKH QXcOHXV. 

 BRXQdaU 
 \ 

 MRUSKROR 
 J\ 

 BRXQdaU\ dLVWaQcHV  TKH dLVWaQcH RI HacK SRLQW RQ WKH 
 bRXQdaU\ IURP WKH QXcOHaU cHQWURLd. 

 BRXQdaU 
 \ 

 MRUSKROR 
 J\ 

 MRPHQWV  HX PRPHQW LQYaULaQWV  IQWHQVLW\ 
 dLVWULbXWL 
 RQ 

 ML[Hd 
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)LJXUH� 6�%�� &ODVVLILFDWLRQ� RI� WKUHH� QRQ�FDQFHURXV� KXPDQ� FHOO� OLQHV� EDVHG� RQ� VLQJOH� FHOO� FKURPDWLQ��
RUJDQL]DWLRQ�IHDWXUHV

D�� 5HSUHVHQWDWLYH� LPDJHV� RI� %-�� +0(� DQG� +0)� FHOOV� VWDLQHG� ZLWK� &HOO7UDFNHU� *UHHQ� �WRS� URZ�� DQG� '$3,��
�ERWWRP�URZ���'LIIHUHQW�SVHXGR�FRORXUV�KDYH�EHHQ�DSSOLHG�RQ�WKH�&HOO7UDFNHU�*UHHQ�FKDQQHO�RI�WKH�WKUHH�FHOO�OLQHV��
E��7KH�ILUVW� WKUHH�SULQFLSDO�FRPSRQHQWV�RI� WKH�VLQJOH�FHOO�FKURPDWLQ� �RUJDQL]DWLRQ�GDWD��(DFK�GRW� UHSUHVHQWV�RQH�
QXFOHXV��%OXH��%-�QXFOHL��*UHHQ��+0(�QXFOHL�DQG�5HG��+0)�QXFOHL��G��&RQIXVLRQ�PDWULFHV�GHSLFWLQJ�WKH�WUDLQLQJ�
�OHIW��DQG�WHVW��ULJKW��SHUIRUPDQFHV�RI�WKH�OLQHDU�GLVFULPLQDQW�FODVVLILHU�LQ�FODVVLI\LQJ�QXFOHL�IURP�WKH�GLIIHUHQW�FHOO�
OLQHV�DFFRUGLQJ�WR�WKHLU�FKURPDWLQ��RUJDQL]DWLRQ�IHDWXUHV��H��7RS�WHQ�LQWHUSUHWDEOH�IHDWXUHV�PRVW�FRUUHODWHG�ZLWK�WKH�
OLQHDU�GLVFULPLQDQW�D[HV��OHIW��%-�+0(�D[LV��PLGGOH��%-�+0)�D[LV�DQG�ULJKW��+0(�+0)�D[LV��
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)LJXUH�6�&��6HQVLWLYLW\�RI�FKURPDWLQ��RUJDQL]DWLRQ�IHDWXUHV�RI�QRUPDO�FHOOV�WR�H[SRVXUH�WR�WKH�VHFUHWRPH�RI�
FDQFHURXV�FHOOV

D�� 5HSUHVHQWDWLYH� QXFOHL� �'$3,� �� LPDJHV� RI� +0)� FHOOV� LQFXEDWHG� LQ� FRQWURO� FRQGLWLRQHG� PHGLD� �OHIW��� ����
0&)��$� FRQGLWLRQHG� PHGLD� �PLGGOH�� DQG� ���� 0'$0%���� FRQGLWLRQHG� PHGLD� �ULJKW��� E�� &ODVVLILFDWLRQ�
DFFXUDF\�RI� OLQHDU�GLVFULPLQDQW�FODVVLILHUV� LQ�GLVFULPLQDWLQJ�EHWZHHQ�QXFOHL�RI�+0)�FHOOV� WUHDWHG�ZLWK�FRQWURO�
FRQGLWLRQHG�PHGLD�DQG�WKRVH�WUHDWHG�ZLWK�HLWKHU�����0&)��$�FRQGLWLRQHG�PHGLD��OHIW��RU�����0'$0%����
FRQGLWLRQHG�PHGLD� �ULJKW���F��$FFXUDFLHV�RI� OLQHDU�GLVFULPLQDQW�FODVVLILHUV� LQ�GLVFULPLQDWLQJ�EHWZHHQ�QXFOHL�RI�
+0)� FHOOV� WUHDWHG� ZLWK� FRQWURO� FRQGLWLRQHG� PHGLD� DQG� WKRVH� WUHDWHG� ZLWK� 0&)��$� DQG� 0'$0%����
FRQGLWLRQHG�PHGLD�RI�GLIIHUHQW�FRQFHQWUDWLRQV�DQG�IRU�GLIIHUHQW�GXUDWLRQV�
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)LJXUH�6���+RHVFKW��VWDLQLQJ�LPSURYHV�WKH�VHQVLWLYLW\�WR�GLVFULPLQDWH�WXPRU�SURJUHVVLRQ

&RQIXVLRQ�PDWULFHV�GHSLFWLQJ�WKH�SHUIRUPDQFHV�RI�WKH�OLQHDU�GLVFULPLQDQW�FODVVLILHU�LQ�FODVVLI\LQJ�QXFOHL�IURP�QRUPDO�
DQG�PHWDVWDWLF�WLVVXHV�DFFRUGLQJ�WR�WKHLU�QXFOHDU�IHDWXUHV�LQ�+	(�VWDLQHG�WLVVXHV�D��DQG�+RHVFKW��VWDLQHG�WLVVXHV��E���
�F��&RUUHODWLRQ�EHWZHHQ�QXFOHDU�IHDWXUHV�DQG�WKH�OLQHDU�GLVFULPLQDQW�D[LV�IRU� WKH�+	(�VWDLQHG�QXFOHL��7KH�IHDWXUHV�
KDYH�EHHQ�FRORXU�FRGHG�DQG�JURXSHG�LQWR�PRUSKRORJLFDO�IHDWXUHV��PL[HG�IHDWXUHV�DQG�LQWHQVLW\�IHDWXUHV�
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)LJXUH�6���%XLOGLQJ�D�WUDMHFWRU\�RI�FKURPDWLQ��UHRUJDQL]DWLRQ�DVVRFLDWHG�ZLWK�%UHDVW�FDQFHU�SURJUHVVLRQ

D��'LVFULPLQDWRU\�SRWHQWLDO�RI�WKH�YDULRXV�PRGHOV�WR�GLVWLQJXLVK�QXFOHL�IURP�GLIIHUHQW�VWDJHV�RI�FDQFHU�LQ�WKH�WHVW�
GDWDVHW��E��&RQIXVLRQ�PDWUL[�GHSLFWLQJ�WKH�FODVVLILFDWLRQ�UHVXOWV�RQ�WKH�WHVW�GDWDVHW��F��,GHQWLI\LQJ�EUDQFKHV�RQ�
WKH� 'LIIXVLRQ� 0DS� RI� QXFOHL� IURP� YDULRXV� VWDJHV� RI� FDQFHU�� (DFK� GRW� UHSUHVHQWV� RQH� FHOO�� G�� 7KH� EUDQFK�
PHPEHUVKLS� IUDFWLRQ� RI� WKH� FHOOV� IURP� WKH� YDULRXV� FDQFHU� VWDJHV��7KH� FRORU� FRGH� LV� GLVSOD\HG� DORQJ� WKH� WRS�
PDUJLQ�IRU��F��DQG��G�
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)LJXUH�6���6LQJOH�FHOO�0HFKDQR�*HQRPLF�6FRUH�WKDW�UHIOHFWV�EUHDVW�FDQFHU�SURJUHVVLRQ

D��&RQIXVLRQ�PDWULFHV�RI�WKH�/'$�GLVFULPLQDWLQJ�EHWZHHQ�QXFOHL�IURP�QRUPDO�DQG�LQYDVLYH�FDQFHURXV�WLVVXH�RQ�
WKH�WHVW�GDWDVHW��E��)UDFWLRQ�RI�QXFOHL�WKDW�DUH�FRUUHFWO\�SUHGLFWHG�LQ�WKH�QRUPDO��EOXH��DQG�FDQFHU��UHG��WLVVXHV�E\�
WKH�FODVVLILHU��F��7KH�PHDQ�0*6�RI�70$V�DFURVV�EUHDVW�FDQFHU�VWDJHV��7KH�HUURU�EDU� UHSUHVHQWV� WKH�VWDQGDUG�
GHYLDWLRQ�DFURVV�70$V��2QH�ZD\�$129$�LQGLFDWHG�WKDW�WKHUH�ZHUH�VLJQLILFDQW�FKDQJHV�LQ�WKH�PHDQV��S�������

E�



)LJXUH�6�$��2ULHQWDWLRQDOO\�FRXSOHG�UHJLRQV�DUH�FKDUDFWHULVWLF�RI�HDUO\�EUHDVW�FDQFHU�VWDWHV

D��+0)�$� ILEUREODVWV� LQ� �'� FROODJHQ� JHO� LPDJHG� IRU�'1$� �UHG�� DQG�'LIIHUHQWLDO� ,QWHUIHUHQFH�&RQWUDVW� �',&�� LPDJH��
8SSHU�SDQHO�FRQWDLQV�D�UHSUHVHQWDWLYH�',&�LPDJHV�RI�FHOO�VKDSH�FKDQJHV�DQG�WKH�ERWWRP�SDQHO�FRQWDLQV�+RHVFKW�VWDLQHG�
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