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INTRODUCTION
:KHQ�LQMXULHV�RQ�DUUWLFXODU�FDUWLODJH�H[WHQGHG�LQWR�WKH�VXEFKRQGUDO

ERQH��FHOOV�IURP�WKH�ERQH�PDUURZ��%0��PLJUDWH�XS�WR�WKH�LQMXU\�DUHD
DQG� IRUP�QHZ�FDUWLODJH�OLNH� WLVVXH� >�@�� ,W� LQGLFDWHV� WKDW� FKRQGURJHQLF
GLIIHUHQWLDWLRQ� RI� ERQH� PDUURZ� FHOOV� FDQ� EH� LQGXFHG� E\� WKH
ELRPHFKDQLFDO�DQG�ELRFKHPLFDO�VWLPXOL�DW�WKH�LQMXUHG�VLWH�

$�UHFHQW�FDUWLODJH�UHSDLU�VWXG\�RI�UDEELW�NHHQ�MRLQWV�VKRZHG�WKDW�VL[
PRQWKV� DIWHU� WKH� WUDQVSODQWDWLRQ� RI� %0�GHULYHG� 06&V� �%0�06&V��
GLIIHUHQW� ORFDO� PHFKDQLFDO� HQYLURQPHQWV� UHVXOWHG� LQ� VXEVWDQWLDO
GLIIHUHQFHV� LQ� PHFKDQLFDO� SURSHUWLHV� RI� UHSDUDWLYH� WLVVXHV� RQ� WKH
SRVWHULRU� DQG� DQWHULRU� DVSHFWV� RI� WKH� UHSDLU� DUHD� >�@�� ,W� VXJJHVWV� WKDW
FKRQGURJHQLF� GLIIHUHQWLDWLRQ� RI� %0�06&V� FRXOG� EH� LQIOXHQFHG� E\
PHFKDQLFDO�VWLPXOL� 7KH�SUHYLRXV� LQ�YLWUR VWXGLHV�KDYH�GHPRQVWUDWHG
WKDW�WKH�WUHDWPHQW�RI�WUDQVIRUPLQJ�JURZWK�IDFWRU�E �7*)�E��FDQ�LQGXFH
FKRQGURJHQHVLV�RI�%0�06&V�>���@���)XUWKHUPRUH��PHFKDQLFDO�ORDGLQJ
VWXGLHV� RI� DJDURVH� FXOWXUHV� GHPRQVWUDWHG� WKDW� FRPSUHVVLYH� ORDGLQJ
VWLPXODWHG�FKRQGURJHQLF�GLIIHUHQWLDWLRQ�RI�FKLFN�DQG�PRXVH�HPEU\RQLF
06&V�>���@�DV�ZHOO�DV�PRGXODWHG�WKH�FDUWLODJH�VSHFLILF�PDFURPROHFXOH
ELRV\QWKHVLV� RI� PDWXUH� FKRQGURF\WHV� >�@�� � +RZHYHU�� WKH� HIIHFWV� RI
SK\VLFDO� VWLPXOXV� DVVRFLDWHG� ZLWK� WKH� PHFKDQLFDO� HQYLURQPHQW� RI
DUWLFXODU� FDUWLODJH� RQ� FKRQGURJHQHVLV� RI� %0�06&V� VWLOO� UHPDLQ
XQFOHDU�� � 7KH� K\SRWKHVLV� RI� WKLV� VWXG\� LV� WKDW� F\FOLF� FRPSUHVVLYH
ORDGLQJ�FDQ�SURPRWH� FKRQGURJHQHVLV� RI�%0�06&V� LQ� WKH� DEVHQFH�RI
F\WRNLQHV�� 7KHUHIRUH�� WKH� REMHFWLYH� RI� WKLV� VWXG\� LV� WR� H[DPLQH� WKH
HIIHFWV�RI�F\FOLF�FRPSUHVVLYH� ORDGLQJ�RQ�FKRQGURJHQLF�GLIIHUHQWLDWLRQ
RI�UDEELW�%0�06&V�LQ�DJDURVH�FXOWXUHV�

MATERIALS AND METHODS
Isolation of Rabbit BM-MSCs 5DEELW�%0�ZDV�KDUYHVWHG�IURP�WKH
WLELDV�RI�WKUHH�1HZ�=HDODQG�:KLWH�UDEELWV����PRQWKV�ROG��DQG�DVSLUDWHG
LQWR� D� ���PO� V\ULQJH� FRQWDLQLQJ� �� PO� RI� KHSDULQ� ������ 8�PO��� 7KH
DVSLUDWH�ZDV� WUDQVIHUUHG� LQWR����PO� WXEH�DQG�FHQWULIXJHG�DW����[J�IRU
��� PLQ�� 7KH� FHOOV� ZHUH� UHVXVSHQGHG� LQ� ��� PO� RI� ORZ�JOXFRVH
'XOEHFFR¶V� PRGLILHG� HDJOH¶V� PHGLXP� �'0(0�� �*LEFR%5/�� *UDQG
,VODQG��1<���$�VPDOO�DOLTXRW�RI�WKLV�FHOO�VXVSHQVLRQ�ZDV�PL[HG�ZLWK�DQ
HTXDO� YROXPH� RI� ��� DFHWLF� DFLG� WR� O\VH� WKH� UHG� EORRG� FHOOV� DQG� WKH

QXPEHU� RI� QXFOHDWHG� FHOOV� ZDV� FRXQWHG� ZLWK� D� KHPRF\WRPHWHU�� 7KH
FHOOV� ZHUH� SODWHG� LQ� ���FP� GLVK� DW� D� GHQVLW\� RI� �[� ��� FHOOV� DQG
FXOWXUHG�ZLWK�ORZ�JOXFRVH�'0(0�FRQWDLQLQJ�����IHWDO�ERYLQH�VHUXP
�)%6��DQG����DQWLELRWLFV�DW���R&� LQ� D�KXPLGLILHG� DWPRVSKHUH�RI� ��
&2�� DQG� ���� DLU�� $IWHU� �� GD\V� RI� FXOWXUH�� QRQDGKHUHQW� FHOOV� ZHUH
UHPRYHG�E\�FKDQJLQJ�FXOWXUH�PHGLXP���7KH�%0�06&V�ZHUH�H[SDQGHG
E\�UH�SODWLQJ�LQWR�WKUHH����FP�FXOWXUH�GLVNV�DIWHU����GD\V�RI�FXOWXUH�
Preparation of Cell-Agarose Constructs $IWHU� WU\SVLQL]LQJ�DQG
FHOO� FRXQWLQJ�� UDEELW� %0�06&V� ZHUH� VXVSHQGHG� LQ� KLJK�JOXFRVH
'0(0��DQG�WKHQ�PL[HG�ZLWK�DQ�HTXDO�YROXPH�RI�����ZW�YRO��DJDURVH
VROXWLRQ� DW� ��R&� WR� SURGXFH� PL[WXUHV� RI� �[��� FHOOV�PO�� 7KH� FHOO�
DJDURVH�FRQVWUXFWV����PP�LQ�GLDPHWHU�DQG�����PP�WKLFN��ZHUH�IRUPHG
E\�FDVWLQJ�FHOO�DJDURVH�PL[WXUH�LQ�D�FXVWRP�GHVLJQHG�PROG�DQG�JHOOLQJ
IRU����PLQ�DW�URRP�WHPSHUDWXUH�

&KRQGURJHQLF� SRWHQWLDO� RI� UDEELW� %0�06&V� ZDV� LQLWLDOO\
H[DPLQHG� E\� DJDURVH� FXOWXUHV�� 7KH� FHOO�DJDURVH� FRQVWUXFWV� RI� WKH
FRQWURO� JURXS� �Q ��� ZHUH� FXOWXUHG� LQ� GHILQHG� VHUXP�IUHH� PHGLXP
FRQVLVWLQJ� RI� KLJK�JOXFRVH� '0(0�� ��� ,QVXOLQ�7UDQVIHUULQ�6HOHQLXP
VXSSOHPHQWV� �*LEFR%5/�� ILQDO� FRQFHQWUDWLRQV�� ��� PJ�PO ERYLQH
LQVXOLQ������PJ�PO�WUDQVIHUULQ������QJ�PO VRGLXP�VHOHQLWH��������PJ�PO
ERYLQH�DOEXPLQ�������PJ�PO OLQROHLF DFLG�����PJ�PO SUROLQH�����PJ��PO
DVFRUELF� DFLG�� DQG� ���� 0� GH[DPHWKDVRQH �6LJPD�� 6W�� /RXLV�� 02��
ZKLOH� WKH� VHUXP�IUHH� PHGLXP� VXSSOHPHQWHG� ZLWK� ��� QJ�PO� 7*)�E�
�5	'� 6\VWHPV�� 0LQQHDSROLV�� 01�� ZDV� XVHG� IRU� WKH� WUHDWHG� JURXS
�Q ����$OO�DJDURVH�FXOWXUHV�ZHUH�SHUIRUPHG�LQ�D�KXPLGLILHG� LQFXEDWRU
PDLQWDLQHG�DW���R&� LQ����&2���7KH� H[SUHVVLRQV�RI� FDUWLODJH�VSHFLILF
PDUNHUV��FROODJHQ�W\SH�,,�DQG�DJJUHFDQ��DQG�FROODJHQ�W\SH�,�JHQH�ZHUH
H[DPLQHG� RQ� FHOO�DJDURVH� FRQVWUXFWV� DIWHU� D� ���GD\� FXOWXUH�� � 7KH
FXOWXUH�PHGLXP�ZDV�FKDQJHG�HYHU\�����GD\V�
Bioreactor system $� ELRUHDFWRU� ZDV� GHYHORSHG� WR� LQGXFH
PHFKDQLFDO� VWLPXOL� ZLWKLQ� DJDURVH� VSHFLPHQV� XQGHU� XQFRQILQHG
G\QDPLF� FRPSUHVVLYH� ORDGLQJ�� � ,Q� WKH� ELRUHDFWRU�� WZHOYH� VSHFLPHQV
FDQ� EH� VXEMHFWHG� WR� G\QDPLF� FRPSUHVVLYH� ORDGLQJ� VLPXOWDQHRXVO\
EHWZHHQ� SRURXV� ILOWHUV� DQG� DQ� LPSHUPHDEOH� SODWHQ� ZKLOH� WKH� ORDG
UHVSRQVH�RI�VSHFLPHQV�DQG�WKH�LPSRVHG�GLVSODFHPHQW�FDQ�EH�PHDVXUHG
E\� D� ORDG� FHOO� DQG� D� /9'7�� UHVSHFWLYHO\� �)LJXUH� ���� � ,Q� RUGHU� WR

EFFECTS OF DYNAMIC COMPRESSIVE LOADING ON CHONDROGENESIS OF RABBIT
BONE MARROW-DERIVED MESENCHYMAL STEM CELLS

C.-Y. Charles Huang (1,2) and Herman S. Cheung (1,2)

(1) Department of Biomedical Engineering
University of Miami

Miami, FL

(2) Research Service and Geriatrics Research,
Education, and Clinical Center

Veterans Affairs Medical Center
Miami, FL

Starting page #: 0263



2003 Summer Bioengineering Conference, June 25-29, Sone

6SHFLPHQ
/RDG�&HOO

3RURXV�)LOWHU0LQRU�+HLJKW
$GMXV

0DMRU�+HLJKW
$GMXVWPHQW�6FUHZ

/9'7

6LQXVRLGDO�GLVSODFHPHQW
JHQHUDWHG�E\�D�FDP�IROORZHU
V\VWHP

&DP�IROORZHU�V\VWHP

6LJQDO�JHQHUDWRU

/9'7

6WHS�PRWRU
GULYH

3RZHU�VXSSO\

/RDG�FHOO7HVWLQJ�FKDPEHU

PDLQWDLQ� WKH� YLDELOLW\� RI� FHOOV�� WKH� WHVWLQJ� FKDPEHU� ZDV� ILOOHG� ZLWK
FXOWXUH� PHGLXP� GXULQJ� WHVWLQJ� ZKLOH� WKH� ELRUHDFWRU� SHUIRUPHG� WKH
H[SHULPHQWV�LQ�D�KXPLGLILHG�LQFXEDWRU�PDLQWDLQHG�DW���R&�LQ����&2��
Dynamic Unconfined Compression Tests $IWHU� FHOO�DJDURVH
FRQVWUXFW� SUHSDUDWLRQ�� VSHFLPHQV� ZHUH� FXOWXUHG� LQ� D� VHUXP�IUHH
PHGLXP�� 8OWUD&8/785(� �%LRZKLWWDNHU�� :DONHUVYLOOH�� 0'��
FRQWDLQLQJ� ��� DQWLELRWLFV� RYHUQLJKW� ������� K�� DQG� WKHQ� GLYLGHG� LQWR
WKUHH� JURXSV�� FRQWURO� �Q ���� 7*)�E�� WUHDWHG� �Q ���� DQG� G\QDPLF
ORDGLQJ��Q ���JURXSV��6SHFLPHQV�RI� WKH�G\QDPLF� ORDGLQJ�JURXS�ZHUH
SODFHG� LQWR� WKH� WHVWLQJ� FKDPEHU� RI� WKH� ELRUHDFWRU� ILOOHG� ZLWK
8OWUD&8/785(�� $IWHU� WDUH� ORDGLQJ� RI� ��� VWUDLQ�� VLQXVRLGDO
FRPSUHVVLYH�ORDGLQJ�ZDV�DSSOLHG�WR�WKH�VSHFLPHQV�ZLWK�WKH�PDJQLWXGH
RI������VWUDLQ�DW�WKH�IUHTXHQF\�RI���+]���7KH�ORDGLQJ�H[SHULPHQW�ZDV
FDUULHG� RXW� �� KU�GD\� IRU� �� GD\V�� 'XULQJ� WKH� WHVWLQJ� SHULRG�� WKH
VSHFLPHQV�RI� WKH�FRQWURO�DQG�7*)�E�WUHDWHG�JURXSV�ZHUH� FXOWXUHG� LQ
8OWUD&8/785(�ZLWKRXW� DQG�ZLWK� WKH� VXSSOHPHQW� RI� ���QJ�PO 7*)�
E��� UHVSHFWLYHO\�� 7KH� H[SUHVVLRQV� RI� FDUWLODJH�VSHFLILF� PDUNHUV� DQG
FROODJHQ� W\SH� ,� JHQH� ZHUH� DQDO\]HG� IRU� WKUHH� JURXSV� DIWHU� D� ��GD\
WHVWLQJ�
Reverse Transcription–Polymerase Chain Reaction (RT–
PCR) Analysis 7KH� JHQH� H[SUHVVLRQ� RI� 5DEELW� %0�06&V� ZDV
H[DPLQHG�E\�WKH�57�3&5�DQDO\VLV��7KH�WRWDO�51$�ZDV�H[WUDFWHG�IURP
FHOO�DJDURVH�FRQVWUXFWV�XVLQJ�WKH�UHDJHQW�7UL]RO��*LEFR%5/��DFFRUGLQJ
WR� WKH� PDQXIDFWXUHU¶V� LQVWUXFWLRQV�� � 7KH� 57�3&5� ZDV� SHUIRUPHG� LQ
*HQH$PS�3&5�V\VWHP��3HUNLQ�(OPHU�&H\XV��1RUZDON��&7��XVLQJ�WKH
7KHUPR6FULSW� 57�3&7� V\VWHP� �*LEFR%5/��� � 7KH� 3&5� SULPHUV� DUH
VKRZQ�LQ�7DEOH�����$V�DQ�LQWHUQDO�FRQWURO��WKH�FRQVWLWXWLYHO\�H[SUHVVHG
KRXVHNHHSLQJ�JHQH��E�DFWLQ��ZDV�DOVR�V\QWKHVL]HG��7KH�3&5�SURGXFWV
ZHUH� DQDO\]HG� E\� HOHFWURSKRUHVLV� RQ� ��� DJDURVH� JHO� FRQWDLQLQJ
HWKLGLXP�EURPLGH� DQG� SKRWRJUDSKHG� XVLQJ� D� ORZ� OLJKW� LPDJH� V\VWHP
�&KHPL,PDJHU�������$OSKD�,QQRWHFK�&RUSRUDWLRQ��6DQ�/HDQGUR��&$��
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Table 1 Sequences of PCR primers

RESULTS AND DISCUSSION
$IWHU� D� ���GD\� DJDURVH� FXOWXUH�� WKH� 7*)�E�� WUHDWHG� VSHFLPHQV

H[KLELWHG�VWURQJHU�H[SUHVVLRQV�RI�FKRQGURJHQLF�PDUNHUV��FROODJHQ�W\SH
,,�DQG�DJJUHFDQ��DQG�ZHDNHU�H[SUHVVLRQ�RI�FROODJHQ� W\SH� ,�JHQH� WKDQ
WKH� VSHFLPHQV� ZLWKRXW� WKH� WUHDWPHQW� RI� 7*)�E�� �)LJXUH� �D��� ,W
GHPRQVWUDWHV�WKDW�WKH�DJDURVH�FXOWXUH�LV�DEOH�WR�VXSSRUW�FKRQGURJHQHVLV
RI�UDEELW�%0�06&V�XQGHU�WKH�WUHDWPHQW�RI�7*)�E��

,Q�WKH�FRPSUHVVLRQ�VWXG\�� WKH�VSHFLPHQV�RI� WKH�G\QDPLF� ORDGLQJ
JURXS�H[KLELWHG�VWURQJHU�H[SUHVVLRQ�RI�FROODJHQ� W\SH�,,�JHQH� WKDQ� WKH
VSHFLPHQV� RI� WKH� 7*)�E�� WUHDWHG� DQG� FRQWURO� JURXSV� ZKLOH� DOO
VSHFLPHQV�H[SUHVVHG�FROODJHQ�W\SH�,�JHQH��+RZHYHU��WKH�H[SUHVVLRQ�RI
DJJUHFDQ�JHQH�ZDV�QRW�GHWHFWHG�LQ�VSHFLPHQV�RI�WKH�WKUHH�JURXSV�DIWHU
��GD\V�RI�FXOWXUH�

6WURQJHU� H[SUHVVLRQ� RI� FROODJHQ� W\SH� ,,� JHQH� H[KLELWHG� E\
VSHFLPHQV�XQGHU�G\QDPLF�ORDGLQJ�VXJJHVWV�WKDW�G\QDPLF�FRPSUHVVLYH
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Figure 1 Schematics of the bioreactor.
sta Beach Resort in Key Biscayne, Florida

�PD\�SURPRWH�FKRQGURJHQHVLV�RI�UDEELW�%0�06&V���7KH�IXWXUH
� ZLOO� H[DPLQH� WKH� VKRUW�� DQG� ORQJ�WHUP� HIIHFWV� RI� G\QDPLF
�ZLWK�GLIIHUHQW� ORDGLQJ�SDUDPHWHUV� �PDJQLWXGH�� IUHTXHQF\��DQG
Q��RQ�FKRQGURJHQHVLV�RI�%0�06&V�
wledgments: 7KLV� ZRUN� LV� VXSSRUWHG� E\� 1,+� JUDQW� $5
DQG�D�9$�0HULW�5HYLHZ�*UDQW�
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re 2 Typical gene expressions of rabbit MB-MSCs (a)
 a 21-day agarose culture with or without the
ment of TGF-E1 and (b) after a 3-day agarose culture
 or without the treatment of TGF-E1 or with being
ected to dynamic compressive loading.
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