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!"+'!

!"#$%&'()(*+$'*,#$-.$/01$2#&'-2%$*.,#'$#+#3,'-4-'*,)-2$"+(!

P"#$&! :"):! &3&$6%-2-%'6"-#! &88"$"&#$"&(! '%&! -86&#! '$:"&/&5! '6! 6:&! &H2&#(&! -8! $&33!"+)!

(7%/"/'3?!A&! &/'37'6&5! (7%/"/'3! (7B(&Q7&#6! 6-!R&-#! &3&$6%-2-%'6"-#;!S#5&%! 2:'(&1"+*!

$-#6%'(6?!:&'36:9!#&7%-#'3!$&33(!'%&!&'("39!5"(6"#)7"(:&5!'(!6:&"%!$&33!B-5"&(!'%&!%-7#5!"+#!

'#5!2:'(&!B%"):6!'#5!5"(23'9!&H6&#("/&!#&7%"6&!-76)%-A6:?!'(!(:-A#!"#!6:&!8")7%&!T;!"+%!

C3&$6%-2-%'6"-#! -8! $&33(! 5-&(! #-6! '36&%! 5"88&%&#6"'6"-#! '#5! -76)%-A6:! -8! U*@!"++!

#&7%-#(;D+");! TF;! I=! :! '#5! =>! :! 2-(6! &3&$6%-2-%'6"-#?! #&7%-#'3! (7%/"/'3! %'6&(!A&%&!"+$!



!

!"#$$!

!

!
"#$%&'()*+,!

!

! !

"#$"!%$"&! '#(! )*+,-.! /-0/-.-12+2)3-! 45! "67! 141! 2/+1.5-82-9! 1-:/41.! +19! ##!"#$!

)*+,-.! /-0/-.-12+2)3-! 45! %(;! <=>?@=>! -A0/-..)1,! 1-:/41.B! +19! "C$D!DC$E&! ! '76!"#"!

)*+,-.!/-0/-.-12+2)3-!45!%D;!141!2/+1.5-82-9!1-:/41.!+19!CD!)*+,-.!/-0/-.-12+2)3-!"#%!

45!C"(!<=>?@=>!-A0/-..)1,!1-:/41.B!45!1+F3-G!:12/+1.5-82-9!8412/4H.!'=),$!#B$!"#&!

!"#'!

"#$%&$$#'(!"#(!

IH-82/404/+2)41G!J-8+:.-!45!)2.!-+.-!45!:.-G!/-0/49:8)J)H)2KG!L),L!-55)8)-18KG!L+.!J--1!"#)!

9-3-H40-9!+19!M)H9HK!:.-9!54/!)12/49:8)1,!3+/)4:.!*4H-8:H-.!)124!8-HH.$!N1!2L).!.2:9KG!"#*!

M-!9-.8/)J-! +1! 402)*)O-9!*-2L49! 54/! ,-1-! 9-H)3-/K! )124! -*J/K41)8!P@<!1-:/41.G!"#+!

M)2L!L),L!2/+1.5-82)41!-55)8)-18K!45!Q!%(&G!+19!H4M!8K2424A)8)2K$!!"##!

R.! 1-:/41.! 0/-.-12! +! 0+/2)8:H+/! 8L+HH-1,-! 24! .:88-..5:H! ,-1-! 2/+1.5-/G! +9-143)/:.!%$$!

'R9BG! +914S+..48)+2-9! 3)/:.! 'RRTB! '<H+2O-H! -2! +H$G! 7(((BG! L-/0-.! .)*0H-A! 3)/:.! 'UVTB!%$"!

'V24/-K!-2!+H$G!7((7BG!+19!H-12)3)/:.!'W:!-2!+H$G!7(DDB!L+3-!J--1!+00H)-9!)1!P@<!8-HH.$!%$%!

RH2L4:,L! 2L-K! -55-82)3-HK! 9-H)3-/! ,-1-.! )124! P@<! 8-HH.G! .-3-/+H! 3)/:.-.! 8+1! +55-82!%$&!

.-1.4/K!1-:/41!0LK.)4H4,K!'=+/X+.!-2!+H$G!D66#Y!=:X:9+!+19!Z:/+2+G!D6EDY![+-LH-1!-2!%$'!

+H$G!D66DB!+19!2L:.!H)*)2!2L-)/!:.-!)1!.4*-!-A0-/)*-12.$!%$(!

!%$)!

\L-!]-41^!2/+1.5-82)41!.K.2-*!/-.:H2-9!)1!+!*-+1!2/+1.5-82)41!-55)8)-18K!43-/!%(&!%$*!

)1! P@<! 1-:/41.G! ML)8L! 24! 4:/! X14MH-9,-G! ).! 2L-! L),L-.2! /-04/2-9! 54/! +! 1413)/+H!%$+!

2/+1.5-82)41!*-2L49G! +19! 8+1! J-! 84*0+2)JH-!M)2L! 3)/+H! )15-82)41$! ! _.:+HHKG! %! `! D(
"
!%$#!

8-HH.! +/-! /-a:)/-9! 54/! -+8L! -H-82/404/+2)41! 24! +8L)-3-! /-+.41+JH-! 1:*J-/! 45!%"$!

2/+1.5-82+12.!+19!,449!8-HH!.:/3)3+H$!U4M-3-/G!:.)1,!2L-!+00/4+8L!0/-.-12-9!L-/-)1!%""!

"S6!`!D(
#!
8-HH.!M-/-!.:55)8)-12!54/!-+8L!2/+1.5-82)41$!\L:.G!M)2L!2L-!8-HH.!4J2+)1-9G!54/!%"%!
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!!"##!

!

!
"#$%&'()*+,!

!

! !

"#$%&'"(! )*+%! +,"! -./01! "%2*3+(! )+4*! "'"56*+&+*$67+,8! 5$,! 2"! &"*)+*%"9(!:;75;!"#$!

'$*<"'3! "#&$,98! 6;"! "#&"*7%",6$'! 5+,9767+,8(! :;7'"! *"9457,<! 6;"! 6+6$'! ,4%2"*! +)!"#%!

"%2*3+8!,""9"9!)+*!5"*6$7,!63&"8!+)!"#&"*7%",680!=;"!+6;"*!%$7,!$9>$,6$<"!+)!+4*!"#&!

%"6;+9!78!6;$6(!:;",!"'"56*+&+*$6"9!:76;!%7#"9!&'$8%798!5+%&*787,<!-?@A!$,9!B@A!"#'!

$6!$!*$67+!+)!.CD!6+!.C/(!:"!)+4,9!6;$6!$'%+86!$''!+)! 6;"!,"4*+,8!"#&*"88"9!2+6;!+)!"#(!

6;"8"!)'4+*"85",6!&*+6"7,80!E8!-?@A!:$8!84))757",6'3!9"6"56$2'"!6;"!",67*"! '",<6;!+)!"#)!

6;"!$#+,8(!+,"!5$,!"$87'3!$,$'3F"!6;"!"))"56!+)!6*$,8)"56"9!<","8!:76;!$!?@AG2$8"9!"#*!

7%$<7,<!8386"%0!H3!5+%27,7,<!+6;"*!&'$8%79!5+,86*4568(!845;!$8!=-=GIJKI@@!8386"%!""+!

LM;$7N;!$,9!J75;+'8+,(!DOOPQ!$,9!487,<!5"''!63&"G8&"57)75!&*+%+6"*8!LH+4'$7*"!"6!$'0(!""#!

DOORS!?4'75N!$,9!B+227,8(!DOORS!T76+8;7!"6!$'0(!.RRRQ(!76!8;+4'9!2"!&+8872'"!6+!"#&*"88!"""!

6*$,8<","8! 7,! $! 8&$67+6"%&+*$'! %$,,"*0! U,! 84%%$*3(! 6;"! 6*$,8)"567+,! &*+6+5+'!""$!

&*"8",6"9! ;"*"7,! )+*! VB?! ,"4*+,8(! "%&'+3"9! 6;"! J"+,W! 6*$,8)"567+,! 8386"%! $,9!""%!

"))"567>"'3!",$2'"8!;"6"*+'+<+48!<","!"#&*"887+,!7,!VB?!,"4*+,80!!""&!

!""'!

X;7'"!>7*$'!6*$,894567+,!K!7,)"567+,!;$8!37"'9"9!87<,7)75$,6!$9>$,5"8(!76!*"%$7,8!%+*"!""(!

'$2+*! 7,6",87>"! 6;$,! "'"56*+&+*$67+,! +)! &4*7)7"9! &'$8%7980! @4*6;"*%+*"(! 6;"*"! $*"!"")!

8$)"63! 7884"8! *"<$*97,<! 6;"! 63&"8! +)! <","8! 6;$6! 5$,! 2"! 7,6*+945"9! 4,9"*! 86$,9$*9!""*!

'$2+*$6+*3!5+,9767+,8!!"#"!+,5+<","8!+*!<","8! 6;$6! 7,;7276!$&+&6+878!+*!$46+&;$<30!"$+!

Y'"$*'3(! 7%&'"%",6$67+,! +)! 6;"! &*+6+5+'! &*+&+8"9! ;"*"7,! $''">7$6"8! 2+6;! 7884"8(!"$#!

",$2'7,<! 7,>"867<$67+,! +)! 6;"! 7%&$56! +)! 845;! <","8! +*!%+94'$6+*8! 6;"*"+)! +,!VB?!"$"!

84*>7>$'(!97))"*",67$67+,!$,9!)4,567+,0!"$$!

! !"$%!



!

!"#""!

!

!
"#$%&'()*+,!

!

! !

!"#"$"%&"'("#$!

%&'(')*+! %,+! -,!./&0&+! )12! 3,! 451! 6570(,! "89",! 6/:;<&==/>/&1>?! (')10=&>(/51! )12!"#@!

0A'4/4)7! ')(&0!5=! &*B'?51/>!)12!)2A7(!*5A0&!1&A')7! 0(&*!>&770! )>;/&4&2!"#C!

B?!&7&>('5D5')(/51,!!"#$%&'()*"+$,-'.(,!"8EFG"8<G"C,!"#H!

%5A7)/'&+!I,+!J,!%)7)1/+!)12!-,!.)1:,!"88E,!K')10>'/D(/51)7!()':&(/1:!(5!B')/1!>&770F!"#E!

L1:/1&&'/1:!>&77!(?D&<0D&>/=/>!D'5*5(&'!>51()/1/1:!>)00&((&0!=5'!&1;)1>&2!"G8!

(')10:&1&!&MD'&00/51,!/.0"1&%2"1$3*0"4$0,!@9F$HE<@8",!"G9!

%A(>;&'+!3,I,+!N,!K5''&>/77)+!O,.,!P5A1:+!O,Q,!O51:+!-,Q,!R/0('?+!3,S,!%5(('/77+!)12!3,%,!"G"!

K5B/1,! "88E,! T<*&(;?7<U<)0D)'()(&! '&>&D(5'0! *&2/)(&! (;&!"G#!

D;50D;5'?7)(/51!)12!2&0&10/(/V)(/51!5=!*A0>)'/1/>!'&>&D(5'0!/1!>&'&B&77)'!"GG!

:')1A7&!1&A'510,!!"5*'3"6-$7,!"HGF9C9GC<9C9$@,!"G$!

Q)0(&77)1/+! W,+! I,! X)7Y+! )12! Z,! S5A:51,! "88G,! -&*)D;5'/1#3</12A>&2! '&>&D(5'!"G@!

&125>?(50/0!2A'/1:!)M51!:A/2)1>&!'&0D510&0!/0!*&2/)(&2!B?![9!Q3R,!+'3""GC!

6$33"#$%&'()*,!"@FHE<988,!"GH!

Q;)2B5'1+!T,6,+!3,N,!3;*&2+!R,S,!657(+!S,!J'/1\;)+!Z,3,!UA11+!Z,L,! I51&0+!)12!%,I,!"GE!

L/>Y;57(,!"88@,!JKLT!>5AD7&0!-&*)#3!0/:1)77/1:!(5!:'5](;!>51&!>577)D0&,!!""$8!

6$33"8)*,!99EFE$9<E$C,!"$9!

Q;)((5D)2;?)?+!R,+!U,!O'/0Y?+!U,!.57=&+!I,Q,!Z75'/505+!R,!R)()+!)12!U,I,!X/1Y,!"88$,!"$"!

6-W<*&2/)(&2! :&1&! (')10=&'! 5=! 4)0>A7)'! &125(;&7/)7! :'5](;! =)>(5'! (5!"$#!

25'0)7! '55(! :)1:7/)! D'&4&1(0! 2/)B&(/>! 1&A'5D)(;?,! 9$:$" ;-$&,! 9"F9#CC<"$G!

9#HG,!"$$!

U);*+!S,+!R,!^&/(&7;5=&'+!%,!Z5(V&+!R,3,!O/&B7&'+!)12!J,!R)>>;/,!"88H,!W/0A)7/V/1:!"$@!

*ST3!75>)7/V)(/51!)12! 75>)7!D'5(&/1!(')107)(/51! /1!1&A'510,!+$,-'.("6$33""$C!

5*'3,!H$F"E#<#"C,!"$H!

U)7B?+!%,+!-,!Q)(&0+!3,!6)''/0+!L,Q,!_;Y/+!R,[,!K/7Y/10+!J,I,!J'/>&+!)12!W,Q,!Q/>>)'51&,!"$E!

"88G,! 324)1>&2! (')10=&>(/51!]/(;! [/D5=&>()*/1&! "888! '&):&1(F! D'/*)'?!"@8!

1&A'510+!0/ST3+!)12!;/:;<(;'5A:;DA(!)DD7/>)(/510,!+$,-'.(,!##FE$<98#,!"@9!

U/B<6)\\+! -,U,+! I,-,! Q;5/+! [,I,!R)>)7)+! [,! K?''&77+! I,3,!%7)>Y+!K,S,! QA**/10+! )12!-,Z,!"@"!

.)M*)1,! "88E,! K')10=&>(/51! 5=! ')(! 5'! *5A0&! 1&A'510! B?! B/57/0(/>0! 5'!"@#!

&7&>('5D5')(/51,!#<,"=&','),!GF999H<99"@,!"@G!

U/&(&'7&1+!R,K,+! X,!.&:1&'+! -,Q,! ->;])'V+! I,!R/750&4/>+!%,!->;1&/2&'+!R,!%A0>;+!`,!"@$!

S5*A00+! 3,! %')12(+! 3,! -(5'>;+! )12! I,! ->;])'V,! "88E,! T51<4/')7! :&1&!"@@!

(')10=&'!B?!1A>7&5=&>(/51!)775]0!0()B7&!:&1&!&MD'&00/51!/1!;A*)1!1&A')7!"@C!

D'5:&1/(5'!>&770,!!"#$%&'()*"+$,-'.(,!9CHF9$<"#,!"@H!

X)7Y+!I,+!I,!U'/1\)Y54/>+!O,R,![&A1:+!3,!U]/4&2?+!3,Z,!S&:)1+!R,!J/D&'+!)12!Q,L,!657(,!"@E!

"88C,! L7&>('5D5')(/51! 5=! >UT3aR5'D;57/150! (5! ()':&(&2! )'&)0! 5=!"C8!

&*B'?51/>!QT-!/1!b&15DA0,!5+6"1$0"5*'3,!CF98C,!"C9!

X)'Y)0+!S,6,+!-,!T)Y)\/*)+!)12!P,!T)Y)\/*),!9EEG,!QA7(A'&2!1&A'510!/1=&>(&2!]/(;!"C"!

)1!6-W<9<2&'/4&2! 4&>(5'! '&*)/1! &7&>('/>)77?! &M>/()B7&! )12! '&0D510/4&! (5!"C#!

1&A'5(')10*/((&',!#$%&'()*">$,,,!9@$F9$#<9$@,!"CG!

XAYA2)+! I,+! )12! K,! OA')(),! 9EH9,! [500! 5=! *&*B')1&! &M>/()B/7/(?! )=(&'! ;&'D&0!"C$!

0/*D7&M!4/'A0!/1=&>(/51!/1!(/00A&<>A7(A'&2!1&'4&!>&770!='5*!)2A7(!*)**)70,!"C@!

5&<*:"4$(,!"99F"#$<"G9,!"CC!

Z7)(V&7+! R,+! L,! X7&>;0/:+! %,! T)4)''5+! R,3,! O7&/1+! I,Q,! J)(&'1)+! 6,! %A&7&'+! )12! 3,!"CH!

3:AVV/,!"888,!32&154/')7!)12!)2&15<)005>/)(&2!4/')7! (')10=&'!5=!:&1&0!(5!"CE!

(;&!D&'/D;&')7!1&'45A0!0?0(&*,!=&')"#<,3"/)<."8)*"?"8"/,!ECFGG"<GGC,!"H8!



!

!"#$$!

!

!
"#$%&'()*+,!

!

! !

"#$%&$'!()'!()!"*+,$-./0'!1)!(./0.22.'!.,0!3)!45$6/$*)!7889)!:;$<5=.//>!=#,%*#//$0!7?@!

A#*<.%5#,! #A! .! BCDE=./=5+<! F;#2F;.%$! =#F*$=5F5%.%$G! .FF/5=.%5#,! A#*!7?7!

%*.,2A$=%5#,!#A!<.%+*$!;5FF#=.<F./!,$+*#,2)!!"#$%&'()'*)!H8GI@JKI7I)!7?L!

"+/5=M'! N)'! .,0! N)! O#665,2)! 788P)! :$//K%>F$K2F$=5A5=! %*.,2Q$,$252! 5,! %;$! <#+2$)!7?9!

+$,-'./"+'*"0)'*)!IH@GP@K@89)!7?I!

R5%#2;5'! 1)'! 1)! 4+2+,#M5'! S)! 4.,.&.-.'! .,0! 1)! T2+U5)! @PPP)! B#*2./! *##%! Q.,Q/5.!7?H!

,$+*#,K2F$=5A5=!F*#<#%$*!.=%5V5%>!#A!%;$!*.665%!6$%.KQ./.=%#250$!./F;.@'7K7?J!

A+=#2>/%*.,2A$*.2$!Q$,$)!!"0)'*"1-$2)!7J9GL?PKLPH)!7??!

N.=#62$,'! W)'! N)! 3$*%$,2KO5//'! N)! ($//$*'! T)! R5*2=;'! D)! B.5Q$/$*'! 1)! X.,Q$*'! 3)!7?P!

X$;,;.*0%'!R)Y)!1%$5,.+'!.,0!X)!1%$5,2%*.$22$*)!788H)!C+=/$#A$=%5#,G!.!,$-!7P8!

<$%;#0!A#*!=+%.,$#+2!Q$,$!%*.,2A$*Z!!"0)'2$."0)',$3-4'*)!788HG7H8H8)!7P@!

4.**.'! B)'! .,0! O)! B.;<)! 78@8)! T*.,2A$=%5#,! %$=;,5[+$2! A#*! ,$+*#,./! =$//2)! !"7P7!

#$%&'/3))!L8GH@J@KH@JJ)!7PL!

4.-.6.%.'! S)'! T)! Y<$0.'! 4)! \.<.<#%#'! .,0! 1)! ]M.6$)! 7889)! ^/$=%*#F#*.%5#,K7P9!

<$05.%$0! Q$,$! %*.,2A$*! 2>2%$<! .FF/5$0! %#! =+/%+*$0! :C1! ,$+*#,2)!7PI!

#$%&'&$5'&,)!@IGPJ@KPJI)!7PH!

X5,'!:)O)'!4)R)!:;$,'!:)R)!\.,Q'!N)T)!:;$,Q'!1)3)!1;$$,K:;$,'!:)R)!_+'!_)B)!1>'!.,0!7PJ!

\)1)! :;$,)! 78@8)! 1#,#F#*.%5#,K<$05.%$0! Q$,$! %*.,2A$*! 5,%#! .0+/%! *.%!7P?!

0#*2./!*##%!Q.,Q/5#,!=$//2)!!"0)'2$."63))!@JG99)!7PP!

3.$;/$,'! N)'! `)! _.//$,'! D)! X#V$'! ^)! C#**6>'! .,0! 4)! 4*52%$,22#,)! @PP@)!L88!

`.*.<>a#V5*+2! 5,A$=%5#,2! ./%$*! =$*%.5,! A+,=%5#,./! F*#F$*%5$2! 5,! =+/%+*$0!L8@!

2$,2#*>!,$+*#,2)!0&7)4"8$/)!I98G@7LK@L8)!L87!

3=:.//'! N)'! X)! C5=;#/2#,'!C)!_$50,$*'! .,0!D)! (/$2=;)! 78@7)! ]F%5<5&.%5#,! #A! .0+/%!L8L!

2$,2#*>!,$+*#,!$/$=%*#F#*.%5#,! %#!2%+0>!<$=;.,52<2!#A!,$+*5%$!Q*#-%;)!L89!

9&'4,"+'*"#$%&'/3))!IG@@)!L8I!

3$//5'! ")'! .,0!D)!R#M$)! 788P)!B#*2./!O##%!".,Q/5.! 1$,2#*>!C$+*#,./! :+/%+*$2G! .!L8H!

%##/! A#*! 0*+Q! 052=#V$*>! A#*! F$*5F;$*./! ,$+*#F.%;5$2)! :;5$&," <5)4" =&%>"L8J!

=)/3'?)!9G@8LIK@89I)!L8?!

C$-6$*,'! N)3)'! b)! X5'! 1)^)! 1;#$<.M$*'! N)! c;#+'! N)! c;#,Q'! \)! _+'! B)! (#,0$*'! 1)!L8P!

R#//$,6.=M'!")!:#FF#/.'!B)R)!"$2=;-5,0'!")^)! X.,0*$%;'! .,0!_)B)! 1,50$*)!L@8!

78@@)! 1F$=5A5=! A+,=%5#,2! A#*! ^O4E3D`4! 25Q,./5,Q! 0+*5,Q! `C1!L@@!

0$V$/#F<$,%)!#$%&'4)!HPGP@K@8I)!L@7!

1.5U5/.A+'!^)3)!R+*'!.,0!W)d)!c;#+)!78@@)!"$,$%5=!0522$=%5#,!#A!.a#,!*$Q$,$*.%5#,!L@L!

V5.!5,!V5V#!$/$=%*#F#*.%5#,!#A!.0+/%!<#+2$!2$,2#*>!,$+*#,2)!#7,"1'22%4)!L@9!

7GI9L)!L@I!

1;.5M;'! 1)'! .,0! X)W)! C5=;#/2#,)! 788H)! ]F%5<5&.%5#,! #A! %;$! T$%K],! 2>2%$<! A#*!L@H!

5,0+=56/$!$aF*$225#,!#A!OD"^)!!"0)'2'*"@$3-)!@JG7?LK7P7)!L@J!

1;.*<.'!B)4)'! N):)!(*#-,'!D)!:;#+0;+*>'!T)^)!`$%$*2#,'!^)!R#/5=M>'!B)X)!3.*M2'!O)!L@?!
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Abstract  
This study examined the isolation and differentiation of dorsal root ganglion progenitor cells for 

therapeutic use in neurodegenerative diseases. Rat embryonic dorsal root ganglia progenitors were 

isolated and purified using the differential adhesion method combined with cytosine arabinoside 

treatment. After culture in serum-free medium supplemented with B27, basic fibroblast growth factor 

and epidermal growth factor, these cells remained viable and survived for more than 18 months in 

vitro. Most cells differentiated to neurons that were immunoreactive for gamma-aminobutyric acid 

and choline acetyltransferase as detected by immunohistochemical staining. In addition, nerve 

growth factor and neurotrophic tyrosine kinase receptor expression were also observed in dorsal 

root ganglion progenitors and differentiated cells. K252a, an inhibitor that blocks nerve growth 

factor-induced signaling, inhibited cell survival, suggesting the possible existence of a nerve growth 

factor autocrine loop in these proliferating cells. 

Key Words: dorsal root ganglion; neural progenitor; differentiation characterization; nerve growth 

factor; tyrosine kinase receptor type 1 

Abbreviations: DRG, dorsal root ganglion; MAP2, microtubule-associated protein 2; CNP, cyclic 

nucleotide phosphodiesterase; ChAT, choline acetyltransferase; GABA, gamma-aminobutyric acid; 

NGF, nerve growth factor    

  

 

INTRODUCTION 
    

Neural stem cells or progenitors exist in the 

nervous system
[1]

 and various non-neural 

peripheral tissues such as gut
[2]

, skin
[3]

, 

connective tissue
[4]

 and even heart
[5]

 of 

embryonic or adult mammals. Studies to 

isolate and characterize such progenitors 

have attempted to purify particular 

phenotypes with which to generate pluripotent 

cell lines, with the objective of increasing the 

efficacy of therapy with grafts of neuronal 

precursors or mature neurons into injured 

neurological systems to replace degenerated 

neurons such as acetylcholine neurons in 

Alzheimer’s disease and dopaminergic 

neurons in Parkinson’s disease[6]
. Many 

sensory organ diseases resulting from aging 

or wounding are usually accompanied by 

sensory nerve fiber loss or sensory neuron 

degeneration. Thus, it is important to isolate 

sensory neural progenitors or stem cells for 

cell replacement therapy of sensory organ 

diseases
[7]

. An early study demonstrated that 

allotransplant and xenotransplant of fetal 

dorsal root ganglion (DRG) neurons could 

survive and reinnervate the denervated host 

peripheral targets in a variety of locations in a 

ganglioectomized adult rat
[8]

. In addition, 

xenografts of human fetal DRGs could extend 

axons into the central nervous system to form 

functional connections in the deafferented rat 

spinal cord
[8-9]

. Although neural 

stem/progenitor cells have been isolated from 

postnatal and adult DRG
[10-12]

, adult otic 

placode-derived spiral ganglion
[13]

 and inner 

ear
[14]

, the differentiation status and 

neurotransmitter phenotype have not been 

characterized. In addition, embryonic stem 

cell-derived neuronal precursors can survive 

and differentiate to glia and neurons after 

central nervous system transplantation
[15-16]

. 

In the present study, DRG progenitors were 

isolated and purified from embryonic day 17 

rats to investigate their proliferation and 

differentiation capacities. We hope that our 

study will be helpful for understanding 

neurogenesis in the peripheral nervous 

system and for harnessing the potential 

application of peripheral neural stem cells for 

the treatment of sensory organ diseases.  

www.nrronline.org 
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RESULTS 
 

Purification of neuronal progenitors from embryonic 

day 17 DRG 

To obtain a high yield of neurons from DRG neuronal 

progenitors, cells from embryonic day 17 rat DRGs were 

purified using the differential adhesion method combined 

with 0.5 たM cytosine arabinoside treatment. Cultures 

comprising approximately 90% neurons were obtained 

after purification (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Progenitors derived from embryonic day 17 DRG can 

be expanded and passaged long term (Figures 2 and 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To assess the ability of progenitor cells to proliferate, 

primary spheres were dissociated to a single-cell 

suspension, and new or secondary spheres were obtained 

between 1 to 2 weeks (Figure 2). Bromodeoxyuridine 

(BrdU) incorporation and subsequent immunostaining for 

BrdU and nestin revealed that neuronal progenitors 

existed in the embryonic DRG neurons (Figure 2). Cells 

maintained in culture for periods of more than 1 year 

retained their dependency on epidermal growth factor and 

basic fibroblast growth factor. In the early stage of culture 

(1–5 passages), there was a moderate increase in cell 

numbers. After passage 5, the growth rate increased, 

followed by stabilization at passage 15. The growth curve 

was measured at passage 10, and demonstrated that a 

logarithmic growth phase occurred 4 to 6 days after 

sub-culturing, and that the saturated phase occurred on 

day 6, after which cells aged and died (Figure 3).  

Identification of DRG progenitors after differentiation 

Co-localization of microtubule-associated protein 2 

(MAP2) and cyclic nucleotide phosphodiesterase 

(CNP) 

To investigate the subtype of cells derived from the DRG 

progenitors, cells were stained for MAP2, glial fibrillary 

acidic protein and CNP. We observed that most cells were 

immunoreactive for MAP2, with a high proportion being 

CNP positive cells, whereas no glial fibrillary acidic protein 

positive cells were observed. CNP is highly expressed in 

myelin-forming glial cells and is widely used as a 

immunohistological marker for oligodendrocytes
[17]

. 

However, in the present study, CNP was present in 

patches throughout the soma and dendrites of cells, and 

significantly co-localized with MAP2. This expression 

pattern suggested an important role for CNP in the 

neuronal progenitors (Figure 4). Western blot analysis 

confirmed the immunocytochemical findings (Figure 5).  

DRG progenitors differentiate to cells co-expressing 

choline acetyltransferase (ChAT) and 

gamma-aminobutyric acid (GABA)  

To assess the progenitor cell neuronal subtypes, we 

screened for the presence of neurotransmitters using 

Figure 1  Dorsal root ganglion (DRG) neuronal 
progenitors before (A) and after (B) purification 

(magnification ! 200).  

Cells were plated on coverslips and purified by the 
differential adhesion method combined with 0.5 µM 
cytosine arabinoside treatment, after which the cells were 

fixed and immuno-labeled with a monoclonal 
anti-microtubule-associated protein 2 antibody.  

Positive staining was revealed by the 

avidin-biotin-peroxidase complex method. Arrows show 
microtubule-associated protein 2 positive cells. 

A B 

Figure 2  Dorsal root ganglion (DRG) contained 
self-renewable neurospheres.  

(A) Formation of spheres from purified DRG neurons; (B) 
spheres stained for incorporated 5-bromodeoxyuridine 

(green); (C) spheres stained for stem/progenitor cell 
marker nestin and revealed by fluorescein 
isothiocyanate-conjugated secondary antibody (green).  

Samples were visualized via fluorescent microscopy. 
Scale bars represent 25 たm. 

A B 

C 

Figure 3  Growth curve of dorsal root ganglion neuronal 

progenitors at passage ten. 10 000 cells were seeded per 
well in triplicate in 24-well plates. The number of cells was 
measured every 24 hours for 8 days. Results represent 
mean ± SEM of three independent experiments. 
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antibodies specific for tyrosine hydroxylase (TH), GABA, 

ChAT and 5-hydroxytryptamine/serotonin (5-HT). We 

observed both ChAT and GABA positive reactivity in the 

majority of the cells examined. However, 5-HT and TH 

were undetectable (Figure 4). Immuno-labeling analysis 

implied the co-localization of GABA and ChAT
[4]

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tyrosine kinase (TrkA) and nerve growth factor (NGF) 

expression in DRG progenitors and differentiated 

neural cells 

NGF is essential for the survival, differentiation, and 

maintenance of many sensory neurons. NGF induces 

biological effects through binding with receptor tyrosine 

kinase, TrkA, or the death-like domain containing 

receptor, p75
NTR

, or both depending on their presence on 

a given cell and their surface localization. NGF activates 

TrkA and/or p75
NTR

, triggering signal transduction 

cascades. Most DRG neurons require NGF for survival in 

early development
[18]

. We maintained and analyzed DRG 

progenitors in vitro for more than 1 year without adding 

exogenous NGF to the culture medium. As DRG cells 

can express NGF following injury in vivo 
[14]

, NGF and 

TrkA may also be involved in the proliferation and 

differentiation of the progenitor cells. The expression of 

TrkA and NGF was evaluated in progenitors, and 

differentiated cells by immunofluorescence. We 

observed that the majority of the cells were stained 

positive for TrkA and NGF (Figure 5). Western blot 

analysis confirmed the expression of TrkA protein, but 

not NGF protein in those cells (Figure 6), possibly 

indicating that NGF was either expressed at a very low 

level or was being rapidly degraded. 

Figure 4  Immunofluorescence labeling of 
microtubule-associated protein 2 (MAP2), cyclic 
nucleotide phosphodiesterase (CNP), choline 
acetyltransferase (ChAT), gamma-aminobutyric acid 

(GABA), tyrosine hydroxylase (TH) and 
5-hydroxytryptamine (5-HT) of differentiated dorsal 
root ganglion cells.  

The left columns represent MAP2-positive cells; the 
center columns represent CNP, ChAT, GABA, TH and 
5-HT positive cells.  

Fluorescence was revealed by fluorescein 

isothiocyanate (green) or tetraethyl rhodamine 
isothiocyanate (red)-conjugated secondary antibodies. 
Merged images are shown in the right columns.  

Nucleii were counterstained using 4’,6-diamidino- 
2-phenylindole (blue). All images were taken at the 
same magnification.  

Samples were visualized via fluorescent microscopy. 
Scale bars represent 25 たm. 

Figure 5  Western blot analysis of cyclic nucleotide 
phosphodiesterase (CNP), microtubule-associated protein 
2 (MAP2), tyrosine kinase (TrkA), choline 

acetyltransferase (ChAT) and glutamic acid decarboxylase 
(GAD) proteins in dorsal root ganglion progenitors at 
passage 25, with く-tubulin as the endogenous control.  

The primary antibodies were probed with IR-Dye-880 or 
IR-Dye -680-conjugated secondary antibodies. Protein 
bands were detected using the Odyssey Infrared Imaging 
System. 
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As abundant TrkA and NGF were detected in 

differentiated DRG neurons by immunofluorescence, we 

investigated whether endogenous NGF produced by the 

cells was required for their maintenance. K252a, an 

inhibitor which blocks NGF-induced signaling in PC12 

cells
[19-21]

 was added to the culture medium. Survival 

rates of the cells were diminished with increasing 

concentrations of K252a (Figure 7). This result implied 

that NGF might have a key role in supporting the survival 

and function of DRG progenitors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION  
 

Previously, several in vitro systems have been described 

for the derivation of neural stem/progenitor cells from the 

central nervous system or peripheral nervous system
[22]

. 

The entire peripheral nervous system is derived from a 

migratory cell population termed neural crest cells. These 

cells generate a wide variety of cell and tissue types 

during embryonic and adult development including 

cartilage and bone, connective tissue, pigment and 

endocrine cells as well as neurons and glia amongst 

many others. Due to these specific properties they have 

been studied for their potential application in cell-based 

tissue and disease-specific repair
[23]

. DRGs are derived 

from precursors in the neural crest, suggesting that early 

postnatal DRGs may contain a population of neuronal 

precursors that retain their capacity for neurogenesis. In 

the present study, we report the purification of a DRG 

neuronal stem/progenitor cell, and the further 

characterization of proliferation and differentiation of 

these cells.  

Progenitors derived from embryonic DRGs can be 

expanded long term 

DRG cells from embryonic day 17 rats were purified 

using the differential adhesion method followed by 

treatment with cytosine arabinoside that causes the 

selective removal of glial cells. After purification, cells 

were cultured in serum-free medium DMEM/F12 (1:1) 

supplemented with B27, basic fibroblast growth factor 

and epidermal growth factor. Cells proliferated slowly in 

the first 2 to 3 weeks. After this time point, neurospheres 

were observed and new spheres were generated after 

each passage. These cells were routinely passaged 

once every 1 to 2 weeks depending on the density 

Figure 6  Immunofluorescence labeling for tyrosine kinase (TrkA) and nerve growth factor (NGF) in proliferating and 
differentiated dorsal region ganglion (DRG) cells.  

The left columns represent TrkA-positive cells; the second columns represent TrkA-positive cells in differentiated DRG cells; the 
third columns represent NGF-positive cells in proliferating DRG cells; and the fourth columns represent NGF-positive cells in 
differentiated DRG cells.  

The fluorescence was revealed by fluorescein isothiocyanate (green) or tetraethyl rhodamine isothiocyanate (red)-conjugated 

secondary antibodies. Nuclei were counterstained with 4',6-diamidino-2-phenylindole (blue). All images were taken at the same 
magnification. Samples were visualized via fluorescent microscopy. Scale bars represent 50 たm. 

Figure 7  K252a, an inhibitor that blocks nerve growth 
factor-induced signaling, attenuates the survival of dorsal 

region ganglion (DRG) progenitors. DRG progenitors were 
maintained in differentiation medium at 24 hours before 
incubation with K252a at increasing concentrations.  

A cell counting kit-8 assay was used to evaluate cell 
viability. Data are presented as the percent viability of 
vehicle-treated control cells. Values are expressed as the 

mean ± SEM of three independent experiments.  

Fisher’s least significant difference test was used to 
analyze the statistical significance of the differences. aP < 
0.01, vs. untreated cells (0 nM) K252a. 
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seeded. The growth curve of the 15
th
 passage cells 

demonstrated that progenitors from embryonic DRGs 

could proliferate efficiently. Cells were maintained in 

culture for more than 1 year and retained their potential 

for proliferation and differentiation as specialized 

subtypes. Such long-term proliferation was unexpected 

and to our knowledge has not been reported previously. 

The incorporation of BrdU, together with positive nestin 

immunofluorescence, suggested that the purified cells 

from embryonic DRG were proliferating
[24]

. Thus, we 

termed these cells DRG progenitors. 

DRG progenitors exhibit characteristics similar to 

neural precursors 

To investigate the differentiation characteristics of 

embryonic DRG progenitors, cells were incubated in 

culture medium with serum and without exogenous basic 

fibroblast growth factor and epidermal growth factor. 

Most DRG progenitors expressed MAP2, 40% of which 

were positive for both MAP2 and CNP. CNP is also 

present in various cell types in addition to myelinating 

cells, such as lymphocytes, retinal, liver, muscle, and 

Purkinje cells and hippocampal neurons
[25-27]

, indicating 

that CNP is also expressed in some subpopulations of 

neuronal cells. CNP is a regulator of tubulin 

polymerization, where it associates with the cytoskeleton 

and has microtubule-associated protein-like 

characteristics
[28]

. Taken together and combined with our 

findings, these results suggest that CNP may be 

important in the modulation of the cytoskeleton in the 

differentiating DRG progenitors.  

In addition to glial cells, mature DRGs are composed of 

many neurons with different morphologies and distinct 

biochemical properties. How distinct cell fates are 

generated from an initially homogeneous cell population 

in the embryonic DRG is a compelling question in 

developmental biology. Moreover, once DRG precursors 

aggregate to their final positions, there are still a number 

of “fate choices” that can occur[29]
. The sensory neurons 

present in mature DRG receive sensory information 

including pain, temperature, touch and proprioception. 

Cells in DRG produce multiple neurotransmitters, such 

as GABA, acetylcholine, and glutamate catecholamine. 

Tyrosine hydroxylase is expressed in a subpopulation of 

small DRG neurons in the adult mouse
[30]

.  

Since therapeutic applications may require considerable 

in vitro expansion of neural precursors, we next 

investigated whether the expanded, multi-passage DRG 

progenitors retained key neural precursor properties. The 

purified DRG cells formed a subpopulation of neuronal 

progenitors rather than glial precursors. These cells 

could proliferate, but also expressed GABA and ChAT 

simultaneously while undergoing differentiation. 

Cholinergic neurons have been reported to be 

immunoreactive for either GABA or its synthesizing 

enzyme
[31]

. Furthermore, in the rat cerebral cortex, 88% 

co-localization of ChAT with GABA was observed in 

interneurons
[32]

. Thus, we assumed that the 

subpopulations of DRG progenitors mainly differentiated 

to neurons coexpressing acetylcholine and GABA. 

However, no TH and 5-HT containing cells were 

detected. 

DRG cells express NGF and its receptor TrkA 

In vivo, NGF signaling is required for both survival and 

the differentiation of DRG neural phenotypes
[33]

. 

Embryonic DRG neurons initially require NGF for 

survival in vitro. Withdrawal of NGF from DRG neurons 

isolated at embryonic day 15 within the first 10 days of 

culture, resulted in apoptotic death. However, by 21 

days of culture, the majority of these neurons survived 

for long periods without exogenous NGF support
[34-35]

. 

Recent studies reported that NGF mRNA is expressed 

in a variety of cell types in the injured spinal cord. NGF 

mRNA is also up-regulated in DRG neurons after 

spinal cord injury and the percentage of sensory 

neurons expressing NGF mRNA correlates with 

proximity to the lesion epicenter. This suggests that 

NGF expression in DRG may be up-regulated by 

damage to the central processes of sensory 

neurons
[36]

. In addition, it is likely that DRG neurons 

will express NGF when stimulated or under special 

conditions. In this study, the progenitors from 

embryonic day 17 DRG that were either proliferating or 

had differentiated were independent of exogenous 

NGF in vitro. We observed NGF and TrkA expression 

in both proliferating and differentiated cells. However, 

p75
NTR

 positive cells were not detected (data not 

shown). In addition, incubation with K252a attenuated 

cell survival and implied that DRG progenitors 

expressed NGF for their survival and function. 

To conclude, we isolated a subpopulation of DRG neural 

progenitors, which could be induced to differentiate to 

neurons co-expressing ChAT and GABA. These cells 

also expressed TrkA and NGF. These novel DRG 

progenitor cells represent a useful tool for studying the 

mechanisms of cell proliferation and differentiation, and 

have potential application as peripheral neural stem cells 

for the treatment of sensory organ diseases. 

 

MATERIALS AND METHODS 
 

Design 

A parallel controlled in vitro experiment. 

Time and setting 

The experiments were performed at the Laboratory of 

Molecular and Cellular Neurophysiology, East China 

Normal University from September 2007 to April 2011.  

Materials 

Healthy adult Sprague-Dawley rats, weighing 150–200 g, 

were provided by the Experimental Animal Research 

Center of Shanghai, China. All rats were maintained in 

air-conditioned quarters under regulated light and dark 

periods. For mating, two to three females and two 

vigorous males were caged together. The vaginal canal 

was examined in the morning for the presence of sperm 

or vaginal plug on subsequent days. The day sperm or 

vaginal plug was found in the vagina was considered as 
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embryonic day 0.5. At embryonic day 17.5, the mother 

was sacrificed, and the embryos were removed for 

dissection. All experimental procedures were carried out 

in accordance with the guidelines of the National 

Institutes of Health on animal care. 

Methods 

Cell culture and growth curve analysis 

DRG neurons were isolated and purified using the 

differential adhesion method combined with treatment 

with 0.5 µM cytosine arabinoside. Briefly, DRG from all 

spinal levels were removed, and incubated in 

pre-warmed Hank’s buffered salt solution containing 

0.25% trypsin (Invitrogen, Grand Island, NY, USA) for  

20 minutes at 37°C. After enzymatic treatment, a single 

cell suspension was prepared by passing cells through 

a fire polished Pasteur pipette approximately 15 times, 

and then cells were plated in non-coated 6-well plates 

for 50 minutes to remove non-neuronal cells. The 

unattached cells were collected and cultured in 

serum-free Dulbecco’s modified eagle’s medium/F12, 

supplemented with 2% B27 (Invitrogen), and 0.5 たM 
cytosine arabinoside (Sigma, St. Louis, MO, USA) was 

added after 12 hours. Cells were then cultured in 

proliferation medium Dulbecco’s modified Eagle’s 

medium/F12 supplemented with 2% B27, 20 ng/mL 

epidermal growth factor, 10 ng/mL basic fibroblast 

growth factor-2 (all from Gibco, Grand Island, NY, USA). 

Half of the medium volume was replaced every 3 days. 

The primary spheres were dissociated into a single-cell 

suspension, and new or secondary spheres could be 

obtained between 1 to 2 weeks. Expanded cultures 

were passaged routinely when new spheres formed and 

neared confluence (70!80% confluence). To evaluate 

the proliferation capacity, 10 000 cells were seeded per 

well in triplicate in 24-well plates. The number of the 

cells was counted every 24 hours for 8 days. To induce 

cell differentiation, spheres were mechanically 

dissociated into single cell suspensions before being 

placed on poly-L-lysine and laminin coated coverslips in 

24-well plates, and differentiation medium 

supplemented with 2% fetal calf serum was added and 

refreshed every 3 days. 

Immunohistochemistry for MAP2, ChAT, 5-HT, GABA, 

glial fibrillary acidic protein, CNP, TH, NGF, TrkA, and 

BrdU 

Cells were fixed in 4% paraformaldehyde for 15 minutes 

at room temperature, and then incubated with antibodies 

specific for MAP2 (Shanghai Branch of Sigma, Shanghai, 

China), ChAT (Shanghai Branch of Chemicon, Shanghai, 

China), 5-HT (Shanghai Branch of Chemicon), GABA 

(Shanghai Branch of Chemicon), glial fibrillary acidic 

protein (Shanghai Branch of Sigma), CNP (Shanghai 

Branch of Sigma), TH (Shanghai Branch of Sigma), NGF 

(Shanghai Branch of Santa Cruz Biotechnology, 

Shanghai, China), TrkA (Shanghai Branch of Chemicon) 

and BrdU (Shanghai Branch of Sigma) overnight at 4°C, 

followed by incubation with an appropriate fluorescein 

isothiocyanate or tetraethyl rhodamine 

isothiocyanate-conjugated secondary antibody 

(Shanghai Branch of Chemicon) for 1 hour at room 

temperature. Cell nuclei were stained with 4’,6-diamidino- 

2-phenylindole (Shanghai Branch of Chemicon). The 

staining for nestin (Shanghai Brance of Millipore, 

Shanghai, China) was performed using the 

streptavidin-biotin-alkaline phosphatase (ABC) method 

using the ABC kit (Shanghai Branch of Vectastain, 

Shanghai, China) according to the manufacturer’s 
protocol. Stained samples were visualized via fluorescent 

microscopy (Leica DMI4000B). Images were analyzed 

using Leica Imager, and brightness and contrast were 

adjusted using ImageJ software (version 1.38x, China). 

Western blot method for MAP2, ChAT, GABA, CNP, 

and TrkA expression 

Briefly, protein samples extracted from DRG cells were 

separated by 7.5–12% sodium dodecyl sulfate 

polyacrylamide gel electrophoresis, electrotransferred 

onto nitrocellulose membranes (Millipore, China), 

membranes incubated with 5% bovine serum albumin in 

Tris-buffer saline at room temperature for 1 hour to inhibit 

non-specific binding, and then incubated with antibodies 

specific for MAP2 (Sigma, China), ChAT (Chemicon, 

China), GABA (Chemicon, China), CNP (Sigma, China), 

TrkA (Chemicon, China), く-tubulin (Santa Cruz 

Biotechnology) overnight at 4°C. The primary antibodies 

were probed with IR-Dye-880 or IR-Dye -680-conjugated 

secondary antibodies (LI-COR Biosciences, USA). 

Specific protein bands were detected and measured by 

Odyssey Infrared Imaging System (LI-COR 

Biosciences).  

Cell counting kit-8 assay 

DRG cell viability was detected using a cell counting kit-8 

assay (Dojido Laboratories, Japan) according to the 

manufacturer’s protocol. Cells were seeded at 5 000 

cells/well in 96-well plates. K252a at various 

concentrations (0, 10, 50, 100, 500, 1 000 nM; Shanghai 

Branch of Sigma) was added to the culture for 24 hours 

before cell counting kit-8 detection.  

Statistical analysis 

Results were expressed as mean ± SEM. Analyses were 

performed using SigmaPlot version 10.0 (Systat 

Software, Chicago, IL, USA). Fisher’s least significant 
difference was used to analyze the statistical significance 

of the differences. Results were considered statistically 

significant when P < 0.05. 
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ᨬ㽕      癌甫酪剤告穎ｓ(Caveolin-1)回的迄８没そ穆MCF-7没そ凾哈俔宇遣宴蕨稔。儼亊穎

ｓ啅論限顎廓(Western blot)広Ψ柿抹, Caveolin-1册5嗽ユ彬没そ穆産哥仄煙ズ碓。儼亊襖鞍事囈

紬顎廓册的迄８没そ穆喙棄ズ碓Caveolin-1, 儼亊Western blot広Ψ囈紬郡Caveolin-1ズ碓暢七柿抹, 

囈紬郡没そ煎Caveolin-1ズ碓梼鴇, ネ刷仄道飽遣約。儼亊営玖没そ咬穀没そ課約Ψ嫁廓(MTT)広

Ψ柿抹, 囈紬郡的迄８没そ穆MCF-7凾哈曝牙行煙。儼亊Western blot顎廓苦寸聯亙僑(immunofluo-

rescence)顎廓広Ψ囈紬郡没そ桶雰怖砕宴ケ稽, 叙箱稽宴P38穎ｓ極殉梼鴇, Baxズ碓殉生俣梼鴇。

匙郁腐ΨCaveolin-1烈啣MCF-7没そ宴凾哈苦宇遣, ネ仭越減估Bax怖砕宴没そ桶雰。

݇䬂䆡      Caveolin-1; ч㝎Ⱐ; Ⅺᄬ⌏

ᬊ〓᮹ᳳ: 2011-03-01   ফ᮹ᳳ: 2011-06-10

Ϟ⍋Ꮦ䰙ড়(No.075407059)䌘ࡽ乍Ⳃ

*䗮䆃㗙ǄTel: 334-72-72-81-96, E-mail: bbrudkin@ens-lyon.fr; 

Tel: 021-62232729, E-mail: cgyuan@bio.ecnu.edu.cn

㒚㚲㝰な(Caveolae)ѢϞϪ㑾50ᑈҷ㹿থ⦄, ᰃ

ϔ⾡ಞ⊵ḋⱘ㒚㚲㝰Ѯ㒧ᵘ, ⬅ԡѢ㚲䋼ջⱘCaveo-

lin㲟ⱑϢ㝰Ϟⱘ㛖ㄣ㒘៤ǄCaveolinᆊᮣ᳝ϝϾ

៤ਬ, ेCaveolin-1, Caveolin-2Caveolin-3Ǆ䖭ѯ䛑

ᰃ㝰ᭈড়㲟ⱑ, 㓈ᣕCaveolaeⱘࡳ㛑Ё䍋ࠄ䞡㽕

⫼

[1-2]
ǄCaveolin-1ᰃ䖭ϾᆊᮣЁ᳔ᮽথ⦄, гᰃ

ⷨお᳔⏅ܹⱘ៤ਬǄᅗ䗮䖛N↉ᑣ߫(61~101)ⱘⳌѦ

⫼ᔶ៤14~16Ͼऩԧ㒘៤ⱘৠ㘮⠽, ᑊ䗮䖛Nッⱘ

㛮ᶊඳ(Caveolin scaffolding domain, CSD)Ϣӫֵ

ো䕀ᇐ㲟ⱑֱݙᅜⱘCaveolin㒧ড়ඳ(Caveolin binding 

domain, CBD)ѻ⫳ⳌѦ⫼[3-4], Փ㒧ড়ৢⱘֵোᄤ໘

Ѣ༅⌏⢊ᗕ, Ң㗠ᅲ⦄݊ᇍֵো䗮䏃ⱘ䋳ᗻ䇗Ǆ

Bcl-2ᆊᮣⱘ៤ਬᰃ催ㄝࡼ⠽㒚㚲⫳ᄬ⅏

ѵֵোⱘ䞡㽕ᭈড়ᄤ

[5-6]
ǄⳂࠡ, Ꮖ㒣থ⦄ⱘBcl-2

ᆊᮣᣝࡳ㛑ৃ㟈ߚЎϸ㉏, ϔ㉏᳝ᡥޟࠊ

ѵ⫼, བчࡼ⠽ⱘBcl-X1ǃBcl-WǃMcl-1ǃA1ǃ

㒓㰿Ced-9ㄝ, 㗠ϔ㉏᳝֗䖯ޟѵ⫼, བBaxǃ

Bcl-XsǃBadǃBakǃBik/NbkǃBidㄝǄBaxⱘ㒧ᵘϢ

㒚㦠↦㋴催ᑺ㉏Ԑ; 㗠ԧᅲ偠䆕ᅲ, Bax㛑㛖䋼

ԧϞᔶ៤⾏ᄤ䗮䘧(Ꮌᄨ), ᑊᇚ㛖䋼ԧЁⱘ㒚㚲㡆㋴

C䞞ᬒߎᴹǄAktᰃBax/Bcl-2ⱘϞ␌䇗㡖ᄤ, Aktⱘ

▔⌏㛑ᡥࠊBaxⱘޟѵֵোǄAktⱘ⌏࣪ᰃ䗮䖛PI3K

ֵো䗮䏃ᅲ⦄ⱘ

[7], 㗠Caveolin-1߭㹿䆕ᯢϢPI3K

᳝ⳌѦ⫼, Caveolin-1ⱘ䖛㸼䖒г㛑䗮䖛PI3Kᴎࠊ

Փ៤㑸㓈㒚㚲ᇍ⼲㒣䝄㛎䇅ᇐⱘ⅏ѵᬣᛳ࣪

[8]
Ǆ

䖥ᳳⱘⷨおথ⦄, ⾡Ⱐ㒚㚲ᇸ݊ᰃч㝎Ⱐ㒚

㚲䛑ߎ⦄Caveolin-1ⱘԢ㸼䖒さব, ᑊϨՓ⫼RNAi

ⱘᮍ⊩ϟ䇗Caveolin-1ⱘ㸼䖒㛑ᓩ䍋䲠▔㋴∈ᑇⱘ

ϟ䰡

[9]
Ǆℸ, Caveolin-1ᇍⰠ㒚㚲ⱘⅪᄬ⌏ⱘ

ᡥࠊ⫼ঞ݊Ⳍ݇㒚㚲ֵো䗨ᕘⱘⷨおᓩ䍋њᑓ⊯

݇⊼Ǆᴀᅲ偠Ё, ៥Ӏ䖤⫼⬉䕀ᶧᮍ⊩ч㝎Ⱐ㒚

㚲㋏MCF-7Ё㸼䖒Caveolin-1, Ẕ⌟䕀ᶧࠡৢMCF-7

㒚㚲ⱘⅪǃᄬ⌏Ⳍ݇ⱘAkt-Baxޟѵ䗨ᕘ, њ㾷

Caveolin-1ৃ㛑ⱘ⫼䗨ᕘⳌֵ݇ো䗮䏃, ⬅ℸњ

㾷ⷨおCaveolin-1ᕅડч㝎Ⱐ㒚㚲㋏MCF-7Ⅺ

ᄬ⌏ⱘᴎࠊǄ

1   ᴤ᭭Ϣᮍ⊩
1.1  ᴤ᭭

䕀ᶧ䆩ࠖⲦЎLonzaѻક, MTT䆩ࠖЎInvitrogen
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݀ৌѻક , Caveolin-1ᡫԧǃBaxᡫԧBcl-2ᡫԧЎ

Santa cruzѻક , くtubulinᡫԧЎMilliporeѻક , p-P38

ᡫԧǃAlexa488ǃAlexa594㤻ܝѠᡫЎ Invitrogenѻ

ક , p-Caveolin-1ᡫԧЎBioworldѻક , 㲟ⱑ⌧ᑺ⌟ᅮ

䆩ࠖⲦЎBio-Radѻક , 㑶㤻ܝѠᡫЎOdysseyѻ

ક , DAPIḌᶧ᭭ЎSigma-Aldrichѻક , Ҏч㝎Ⱐ㒚

㚲MDA-MB-231ǃMDA-MB-435ǃMDA-MB-453ǃ

ZR-75-30ǃB-CAP-37ǃMCF-7䌁ѢЁ⾥ᄺ䰶㒚㚲ᑧ, 

L-15ݏǃDMEMݏǃᮄ⫳⠯㸔⏙ (new born 

cattle serum, NBCS)ഛЎGibcoѻકǄ

1.2  ᮍ⊩

1.2.1　的迄８没そ穆宴臓旅        MCF-7ǃMB-

MDA-435ǃMB-MDA-453ǃB-CAP-37㒚㚲ݏ

᳝10% NBCSⱘDMEM-HGݏ⎆Ё, MB-MDA-231

㒚㚲ݏ᳝10% NBCSⱘL-15ݏ⎆Ё, ZR-

75-30㒚㚲ݏ᳝10% NBCSⱘ1640ݏ⎆ЁǄ

MB-MDA-231㒚㚲㕂37 ºCݏㆅᆚ䯁ݏ, ݊Ҫ㒚

㚲㕂37 ºCǃ5% CO2ǃ佅ᑺⱘݏㆅЁݏǄ

1.2.2　Western Blot穎ｓ広Ψ        㒚㚲㺖㾷ᢑᦤ㲟

ⱑ, 䗮䖛SDS/PAGE⬉⋇(80 たg protein/well), 100 V

⬉य़⬉䕀1 h, Odysseyᇕ䯁⎆ᇕ䯁1 h, ܹࡴϔᡫৢѢ

4 ºCᤃ㤵ᅉ㚆䖛Ǆ0.5‰ TBST⋫㝰3!5 minǄܹࡴ

OdysseyѠᡫ, ᡫ(000 1:5)ܨ, ᡫ哴(1:15 000), ᅸ⏽ᅉ

㚆1 h, 0.5‰ TBST⋫㝰3!5 minǄOdysseyҾ఼Ẕ⌟

ᴵᏺǄ⫼Odyssey݀ৌⳌᑨ䕃ӊᇍॄ䗍㒧ᵰ䖯㸠ञ

ᅮ䞣⌟ᅮǄ

1.2.3　MCF-7没そ宴囈紬        37 ºCǃ5% CO2ᴵ

ӊϟݏMCF-7㒚㚲, ᕙ㒚㚲䭓㟇70%ҹϞ㵡ড়ᑺৢ, 

⫼㛄䝊⍜࣪, ⾏ᖗ, ࠊ៤㒚㚲 ⎆ৢ䅵᭄, ⫼ݏ

䇗ᭈ㒚㚲ᆚᑺЎ1!106/ㅵǄḍAmaxaⱘ䇈ᯢк䕀

ᶧ, 䗝ᢽP-020ᑣ䕀ᶧMCF-7㒚㚲, ҹাࡴ⬉䕀⎆ⱘ

MCF-7㒚㚲Ўぎⱑᇍ✻㒘Ǆ䕀ᶧདⱘ⬉䕀ᵃЁ

, 䕀⿏㟇6ᄨᵓЁ, ↣ᄨ2 mLᅠݏདⱘ⏽ܜџࡴ

ܼݏǄ䗮䖛݅䕀ਞGFP, 䕀ᶧ24 hৢ, ⫼

㤻ܝᰒᖂ䬰㾖ᆳ㒚㚲ݙ㓓㡆㤻ܝⱘᆵ䆘Ԅ䕀ᶧᬜ

⥛Ǆ

1.2.4　没そ凾哈兜坊        ᇚMCF-7㒚㚲ҹ1.5!103/ᄨ

ⱘᆚᑺ⾡Ѣ96ᄨᵓЁℷᐌݏ, Ẕ⌟ᯊ↣ᄨܹࡴ

20 たLⱘMTT⒊⎆(5 mg/mL), ݏㆅЁᅉ㚆6 hৢ, 

এݏ⎆, ↣ᄨ150ܹࡴ たL DMSO, ⫼ࡳ㛑䝊ᷛ

ҾẔ⌟590 nmϟⱘܝᑺؐǄ

1.2.5　寸聯亙僑広Ψ        ᇚ䌈᳝㒚㚲ⱘⲪ⦏⠛, ҹ

4%㘮⬆䝯ᅮ30 min, PBSⓖ⋫3!5 minǄࡴᇕ䯁

ࠖѢ37 ºCⲦЁᅉ㚆1 h, এᇕ䯁ࠖ, ܹࡴϔᡫৢ

Ѣ4 ºCⲦᅉ㚆䖛ǄPBSⓖ⋫3!5 min, ܹࡴ㤻ܝ

Ѡᡫ, ᅉ㚆1 h, PBSⓖ⋫3!5 min, ܹࡴݡḌᶧ᭭DAPI

ᅉ㚆15 min, PBSⓖ⋫3!5 minǄܹࡴᡫ㤻ܝ⣱♁ࠖৢ, 

Ѣ㤻ܝᰒᖂ䬰ϟ䖯㸠㾖ᆳǄ

1.2.6　敏後容暗舟        䞛⫼Mirosoft excel䕃ӊߚ

ᵤǄ䅵䞣䌘᭄᭭ҹഛ᭄±ᷛޚᏂ(xˉ±s)㸼⼎Ǆऩব

䞣䜡ᇍ䌘᭭П䯈ⱘ↨䕗䞛⫼䜡ᇍḋᴀtẔ偠Ǆ

2   㒧ᵰ
2.1  Caveolin-1ч㝎Ⱐ㒚㚲㋏Ёⱘ㸼䖒

Western blot㒧ᵰᰒ⼎, Caveolin-1MB-MDA-231

㒚㚲㋏Ё催㸼䖒 , 㗠খϢẔ⌟ⱘ݊ᅗ5⾡ч㝎Ⱐ㒚

㚲㋏ , ेZR-75-30ǃMB-MDA-435ǃMB-MDA-453ǃ

MCF-7ҹঞB-CAP-37Ёഛা᳝ᵕᇥ䞣㸼䖒(1)Ǆ

1ǂCaveolin-16⾡ч㝎Ⱐ㒚㚲㋏Ёⱘ㸼䖒

Fig.1ǂExpression of Caveolin-1 in 6 breast cancer cell lines

2.2  ⶀᯊ䕀ᶧCaveolin-1ⱘMCF-7㒚㚲ⱘᵘᓎ

䕀ᶧ24 hৢᰒᖂ䬰ϟ䱣ᴎ䗝পϾ㾚䞢, 䗮

䖛↨䕗ᯢഎϟ㒚㚲᭄Ϣথ㓓㡆㤻ܝⱘ㒚㚲᭄, ᕫߎ

䕀ᶧᬜ⥛㑺Ў40%Ꮊে(᭄ܹ߫)ǄখϢẔ⌟

ⱘ6⾡ч㝎Ⱐ㒚㚲㋏Ё, MCF-7㒚㚲ⱘCaveolin-1㸼

䖒䞣᳔Ԣ, 㗠㒚㚲⫳䭓䖙䗳, ℸ, ៥Ӏ䗝ᢽ䆹㒚㚲

㋏Ўৢ㓁ⷨおⱘᇍ䈵ǄWestern blot㒧ᵰᰒ⼎, 䕀

ᶧৢMCF-7㒚㚲Ё᳝䞣Caveolin-1㲟ⱑ㸼䖒(2)Ǆ

2ǂⶀᯊ䕀ᶧCaveolin-1ⱘMCF-7㒚㚲ⱘWestern blot㒧ᵰ

Fig.2ǂCaveolin-1 expression in transient transfected 

MCF-7 cells
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2.3  䕀ᶧCaveolin-1ৢMCF-7㒚㚲Ⅺ⥛ⱘব࣪

MTT㒧ᵰᰒ⼎, Ϣ䕀ᶧCaveolin-1ⱘMCF-7㒚

㚲䖯㸠њぎ䕀ⱘMCF-7㒚㚲Ⳍ↨ , 䕀ᶧCaveolin-1

ⱘMCF-7㒚㚲Ⅺ㓧᜶(3)Ǆ

2.4  䕀ᶧCaveolin-1ᇍMCF-7㒚㚲ޟѵ䗮䏃ⱘᕅડ

Western blotञᅮ䞣㒧ᵰᰒ⼎, 䕀ᶧৢ䱣ⴔᯊ䯈

⿏, 㒚㚲ݙ⻋䝌࣪ⱘP38㲟ⱑ䞣ϡᮁϞछ, Bax㸼

䖒гϡᮁϞछ, 㗠Bcl-2ⱘ㸼䖒≵᳝ᯢᰒব࣪(4A)Ǆ

㒧ᵰᰒ⼎, 䕀ᶧⱘCaveolin-1㛑Ўᑩ⠽㹿ܝ㤻⭿ܡ

▔䝊⻋䝌࣪, 䕀ᶧCaveolin-1ৢⱘMCF-7㒚㚲ЁBax

㸼䖒ᯢᰒϞछ, 㗠Bcl-2㸼䖒⬹᳝䰡Ԣ(4B)Ǆ

3   䅼䆎
㒚㚲㝰な(Caveolae)ᰃϔ㉏ᆠ㚚䝛㊪࣪

⻋㛖䝄㙠䝛䫮ᅮ㲟ⱑҹঞ䵬㊪㛖ㄝ⠽䋼ⱘ㒚㚲㝰Ѯ

㒧ᵘ

[10], ᳔䖥ⱘⷨおথ⦄, Caveolaeⱘࡳ㛑ϡҙҙᰃ

খϢ䎼㝰⠽䋼ⱘ䕀䖤, гᰃ㒚㚲ֵো䕀ᇐЁ㲟ⱑߚ

ᄤᆠ䲚ⱘᵶ㒑

[10-11]
ǄCッⱘ44Ͼ⇼䝌⅟Փ䖭ѯ

ৠ㘮ԧ㛑ⳌѦ䖲

[2-3,10,12-13]
ǄCaveoliln-1ⱘNッᑣ߫

Ё᳝ϔ↉㹿⿄Ў㛮ᶊऎ(CSD)ⱘᑣ߫, 㛑Ϣ

᭄ֵো㲟ⱑߚᄤЁᄬⱘCBD㒧ড়, ᑊᇍֵো䕀ᇐ

ѻ⫳ᕅડǄHulitㄝ[14]
ⱘⷨおথ⦄, Caveolin-1ℷᐌ㸼

䖒ৃҹᡥࠊcyclinD1ਃࡼᄤⱘ⌏ᗻ, Ң㗠ᡥࠊ

cyclinD1ⱘ㸼䖒, ѻ⫳㒚㚲਼ᳳ䰏ᮁǄ㗠Glaitㄝ[15]
߭

থ⦄Caveolin-1㛑ࠊBRCA1ⱘ㸼䖒ҹঞѻ⠽

ⱘ㒚㚲ᅮԡ, 㗠ৢ㗙ᰃᙊᗻч㝎Ⱐথ⫳䖛Ёⱘ䞡

䕀ᶧⱘMCF-7㒚㚲Ϣぎ䕀Ⳍ↨, *P<0.05Ǆ

Caveolin-1/MCF-7 cells compared with control, *P<0.05.

3ǂMTT⊩Ẕ⌟䕀ᶧCaveolin-1ৢMCF-7㒚㚲Ⅺ⥛ⱘব࣪

Fig.3ǂProliferation rates of MCF-7 cells transfected 

with Caveolin-1

A: 䕀ᶧCaveolin-1ৢ㒚㚲ݙP38⻋䝌࣪ᑺব࣪ঞBax/Bcl-2㸼䖒ব

࣪; B: 䕀ᶧৢ24ᇣᯊ㒚㚲ݙp-Caveolin-1, BaxঞBcl-2ⱘܡ⭿㤻ܝᶧ

㡆㒧ᵰǄa~c: MCF-7㒚㚲ⱘp-Caveolin-1ᶧ㡆, 㑶㡆Ў㲟ⱑᶧ㡆, 㪱

㡆ЎᶧњDAPIⱘ㒚㚲Ḍ, েջЎৢࡴᬜᵰ(ҹϟৠ); d~f: MCF-

7/Caveolin-1㒚㚲ⱘp-Caveolin-1ᶧ㡆; g~i: MCF-7㒚㚲ⱘBaxᶧ㡆; 

j~l: MCF-7/Caveolin-1㒚㚲ⱘBaxᶧ㡆; m~o: MCF-7㒚㚲ⱘBcl-2ᶧ㡆; 

p~r: MCF-7/Caveolin-1㒚㚲ⱘBcl-2ᶧ㡆Ǆᷛሎ=20 たmǄ

A: P38 phosphorylation and Bax/Bcl-2 expression after transfection; B: 

MCF-7 cells were stained at 24 h after transfection. Red: protein stain-

ing. Blue: nuclei stained with DAPI. Right is a merged image. In image, 

a~c: MCF-7 cells stained with p-Caveolin-1 antibody; d~f: MCF-7/Ca-

veolin-1 stained with p-Caveolin-1 antibody; g~i: MCF-7 cells stained 

with Bax antibody; j~l: MCF-7/Caveolin-1 stained with Bax antibody; 

m~o: MCF-7 cells stained with Bcl-2 antibody; p~r: MCF-7/Caveolin-1 

stained with Bcl2 antibody. The scale bar is 20 たm.

4ǂ䕀ᶧCaveolin-1ᇍMCF-7㒚㚲ޟѵ䗮䏃ⱘᕅડ

Fig.4ǂThe effect of Caveolin-1 in the apoptosis of 

MCF-7 cells
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㽕㾦㡆Ǆ, г᳝ⷨおথ⦄, Caveolin-1ⱘ㸼䖒㛑

ᡥࠊч㝎Ⱐ㒚㚲ⱘ䴲䌈ຕձ䌪ᗻ⫳䭓

[16]
Ǆ䖭ѯⷨ

お䛑ᱫ⼎њCaveolin-1ч㝎Ⱐ㒚㚲Ⅺᄬ⌏Ёৃ

㛑᳝䴲ᐌ䞡㽕ⱘ⫼Ǆ

ᴀ᭛ህCaveolin-1ᇍч㝎Ⱐ㒚㚲㋏Ⅺ⫳䭓

ⱘ⫼䖯㸠њⷨおǄ䖤⫼Western blotᇍ6⾡ϡৠⱘ

ч㝎Ⱐ㒚㚲㋏ЁCaveolin-1ⱘ㸼䖒䖯㸠Ẕ⌟থ⦄ , 䰸

њMB-MDA-231 , ݊ԭⱘ5⾡㒚㚲Ё (ZR-75-30ǃ

MDA-MB-435ǃMDA-MB-453ǃMCF-7B-CAP-37)

䛑া᳝ᖂ䞣ⱘCaveolin-1㸼䖒Ǆ䗝ᢽMCF-7㒚㚲㋏

䕀ᶧCaveolin-1ⱘ , 㦋ᕫⱘⶀᯊ䕀ᶧ㒚㚲㛑

䞣㸼䖒Caveolin-1㲟ⱑ , ᑊ㛑Ўᑩ⠽㹿▔䝊⻋䝌

࣪, 㸼ᯢᄬϔᅮⱘ⫳⠽⌏ᗻǄᇍ䕀ᶧৢⱘ㒚㚲䖯

㸠њⅪ䗳⥛ⱘẔ⌟, 㒧ᵰথ⦄, Ϣぎ䕀䕀ᶧ

ⱘMCF-7㒚㚲Ⳍ↨, 䕀ᶧCaveolin-1ⱘMCF-7㒚㚲

Ⅺ⥛ᯢᰒ䰡ԢǄ䕀ᶧৢ12 hݙ,  MCF-7㒚㚲ݙBax

ⱘ㸼䖒∈ᑇP38ⱘ⻋䝌࣪䗤ℹϞछ, 12 hᯊ䖙䗳

ᦤ催, 㗠Bcl-2ⱘ∈ᑇ12 hৢড㗠ߎ⦄ϟ䰡Ǆ䖤⫼

Immunofluoresenceᮍ⊩ᇍ䕀ᶧৢⱘ㒚㚲ֵো䗮䏃䖯
㸠њⷨお, 㒧ᵰ㸼ᯢ, 䕀ᶧ24 hৢMCF-7㒚㚲ݙⱘBax

㸼䖒∈ᑇᯢᰒϞछ, 㗠Bcl-2㸼䖒∈ᑇ⬹᳝ϟ䰡Ǆ⬅

ѢBaxҟᇐⱘޟѵ䗨ᕘফࠄPI3K/Aktⱘ䇗, 㗠PI3K

㛑ϢCaveolin-1ѻ⫳ⳌѦ⫼, ℸ៥Ӏ⣰⌟, 䕀ᶧ

Caveolin-1ৢ, Caveolin-1ৃ㛑Ўᡥࠊч㝎Ⱐ㒚㚲

㋏MCF-7⫳䭓ⱘᄤ, ਃࡼMCF-7㒚㚲ݙBaxҟᇐⱘ

ѵ, Ң㗠䰡ԢњⅪ⥛Ǆޟѵ䗨ᕘ, ᳔㒜ᇐ㟈㒚㚲ޟ

Caveolin-1䆌㉏ൟⱘ㒘㒛Ё䛑᳝ᑓ⊯㸼䖒Ǆ

ϡৠ㒘㒛㉏ൟⱘⰠ㒚㚲Ё, Caveolin-1᮶ᄬ催㸼

䖒, гᄬԢ㸼䖒Ǆ㗠ϡৠⱘ㒘㒛㉏ൟЁ, Caveolin-1

㸼䖒䞣छ催䰡Ԣ᠔ᓩ䍋ⱘ㒚㚲ᬜᑨгϡሑⳌৠǄ

՟བ: Caveolin-1亳䘧Ⱐǃ㝔㛅Ⱐǃࠡ߫㝎Ⱐ⬆

⢊㝎Ⱐ(ч༈ൟ)Ё㸼䖒ഛछ催[17-19], 㗠ൟⱘ䯈䋼

㙝⯸ǃॉᎶⰠǃ㚎Ⱐঞч㝎ⰠݙCaveolin-1ⱘ㸼䖒

߭ᰃϟ䇗ⱘǄ㙱ⰠЁ, Caveolin-1㛑ᡥࠊTRAIL

䇅ᇐⱘ㒚㚲ޟѵ

[20]
Ǆ⫼3T3㒚㚲䖯㸠ⱘⷨおЁথ

⦄, ॳⰠv-AblǃBcr-AblǃH-Ras㹿▔⌏ⱘ3T3

㒚㚲Ё, ༅এCaveolin-1ৢߎ⦄䴲䌈ຕձ䌪ᗻ⫳䭓, 

㗠Ϩ䖭⾡ব࣪ৃҹ㹿䞡ᮄ㸼䖒Caveolin-1䗚䕀, 㸼ᯢ

Caveolin-1᳝ᡥⰠᄤⱘ⫼[21]
Ǆ㗠᳝ⷨおথ

⦄, Caveolin-1ॳথ䕀⿏ᗻࠡ߫㝎ⰠЁ㸼䖒

催, ᱫ⼎Caveolin-1催ৃ㛑ϢⰠথ⫳থሩ᳝݇[22]
Ǆ

Caveolin-1Ⱐ⮛থ⫳থሩЁⱘ䖭⾡ϸ䴶ᗻᦤ⼎, 

Caveolin-1Ⳍֵ݇ো䗮䏃Caveolae㒧ᵘࡳ㛑Ϟৃ㛑

ᄬ⡍ᓖᗻǄℸ, ⏅ܹⷨおCaveolin-1Ⱐ⮛থ⫳

থሩЁⱘঠ䞡⫼, ᇍѢ⏅ࠏ⧚㾷Ⱐ⮛ᴎ⧚ǃᇏ

Ⱐ⮛ⱘᮄൟ⊏⭫䵊⚍᳝ⴔ䞡㽕ᛣНǄ

哺木

包炊器木廓胸衆骸糸容雇廼唄容宴Hubert Honder-

marck豪肉册酪剤蕎м喙宜來包炊宴咾越苦け嚀。

খ㗗᭛⤂ (References)

1 Razani B, Schlegel A, Lisanti MP. Caveolin proteins in signal-

ing, oncogenic transformation and muscular dystrophy. J Cell Sci 

2000; 113(Pt12): 2103-9.

2 Couet J, Belanger MM, Roussel E, Drolet MC. Cell biology of 

Caveolae and Caveolin. Adv Drug Deliv Rev 2001; 49(3): 223-35.

3 Liu P, Rudick M, Anderson RG. Multiple functions of Caveo-

lin-1. J Biol Chem 2002; 277(44): 41295-8.

4 Williams TM, Lisanti MP. The Caveolin proteins. Genome Biol 

2004; 5(3): 214.

5 Adams JM, Cory S. Life-or-death decisions by the Bcl-2 protein 

family. Trends Biochem Sci 2001; 26(1): 61-6.

6 van Delft MF, Huang DC. How the Bcl-2 family of proteins in-

teract to regulate apoptosis. Cell Res 2006; 16(2): 203-13.

7 Sellers WR, Fisher DE. Apoptosis and cancer drug targeting. J 

Clin Invest 1999; 104(12): 1655-61.

8 Sotgia F, Rui H, Bonuccelli G, Mercier I, Pestell RG, Lisanti MP. 

Caveolin-1, mammary stem cells, and estrogen-dependent breast 

cancers. Cancer Res 2006; 66(22): 10647-51.

9 Zou W, Wang X, Feng SA, Zhang H, Wang Y, Cui YY, et al. 

RNA inference-mediated Caveolin-1 down-regulation decrease 

estrogen receptor alpha (ER alpha) signaling in human mammary 

epithelial cells. Molecular Biol Rep 2011; 38(2): 761-8.

10 Schlegel A, Volonte D, Engelman JA, Galbiati F, Mehta P, Zhang 

XL, et al. Crowded little caves: Structure and function of cave-

olae. Cell Signal 1998; 10(7): 457-63.

11 Thomas CM, Smart EJ. Caveolae structure and function. J Cell 

Mol Med 2008; 12(3): 796-809.

12 Bouras T, Lisanti MP, Pestell RG. Caveolin-1 in breast cancer. 

Cancer Biol Ther 2004; 3(10): 931-41.

13 Spisni E, Tomasi V, Cestaro A, Tosatto SC. Structural insights 

into the function of human Caveolin-1. Biochem Biophys Res 

Commun 2005; 338(3): 1383-90.

14 Hulit J, Bash T, Fu MF, Galbiati F, Albanese C, Sage DR, et al. 

The cyclin D1 gene is transcriptionally repressed by Caveolin-1. 

J Biol Chem 2000; 275(28): 21203-9.

15 Glait C, Ravid D, Lee SW, Liscovitch M, Werner H. Caveolin-1 

controls BRCA1 gene expression and cellular localization in hu-

man breast cancer cells. FEBS Lett 2006; 580(22): 5268-74.

16 Fiucci G, Ravid D, Reich R, Liscovitch M. Caveolin-1 inhib-

its anchorage-independent growth, anoikis and invasiveness 



䰚⨲ⲯㄝ: Caveolin-1ᇍч㝎Ⱐ㒚㚲㋏MCF-7Ⅺᄬ⌏ⱘᕅડ 987

in MCF-7 human breast cancer cells. Oncogene 2002; 21(15): 

2365-75.

17 Ando T, Ishiguro H, Kimura M, Mitsui A, Mori Y, Sugito N, et 

al. The overexpression of Caveolin-1 and Caveolin-2 correlates 

with a poor prognosis and tumor progression in esophageal 

squamous cell carcinoma. Oncol Rep 2007; 18(3): 601-9.

18 Bennett N, Hooper JD, Lee CS, Gobe GC. Androgen receptor 

and Caveolin-1 in prostate cancer. IUBMB Life 2009; 61(10): 

961-70.

19 Ito Y, Yoshida H, Nakano K, Kobayashi K, Yokozawa T, Hirai K, 

et al. Caveolin-1 overexpression is an early event in the progres-

sion of papillary carcinoma of the thyroid. Br J Cancer 2002; 

86(6): 912-6.

20 Zhao X, Liu Y, Ma Q, Wang X, Jin H, Mehrpour M, et al. Caveo-

lin-1 negatively regulates TRAIL-induced apoptosis in human 

hepatocarcinoma cells. Biochem Biophys Res Commun 2009; 

378(1): 21-6.

21 Engelman JA, Wykoff CC, Yasuhara S, Song KS, Okamoto T, 

Lisanti MP. Recombinant expression of Caveolin-1 in oncogeni-

cally transformed cells abrogates anchorage-independent growth. 

J Biol Chem 1997; 272(26): 16374-81.

22 Yang G, Truong LD, Wheeler TM, Thompson TC. Caveolin-1 

expression in clinically confined human prostate cancer: A novel 

prognostic marker. Cancer Res 1999; 59(22): 5719-23.

Effect of Caveolin-1 on Proliferation and Survival of 

MCF-7 Breast Cancer Cells

Lu Ruisheng1, Ma Ji1, Zhang Yan1,2, Yu Lingli1,2, Ambre Spencer2, David Cluet2, 

Brian B. Rudkin1,2*, Yuan Chonggang1*

(1School of Life Sciences, EastChinaNormal Univercity, Shanghai 200062, China; 2Differentiation & Cell Cycle Group, Cellular Mo-

lecular Biology Laboratory, UMR 5239 CNRS/ENS Lyon/University of Lyon 1, IFR 128, Bioscience Lyon-Gerland. 46, Allee d’Italie 

69364 Lyon Cedex 07, France)

Abstract        We Study the effect of Caveolin-1 on the proliferation and survival in MCF-7 breast cancer 

cells. A very low expression level was detected by Western blot in 6 breast cancer cell lines. Caveolin-1 expression 

increased dramatically after transient transfection and has its biological activity. The MTT assay showed that the 

proliferation rate of MCF-7 cells was decreased after the transfection of Caveolin-1. The cell apoptosis relative pro-

tein was observed by Western blot and immunofluorescence. The quantity of phosphorylated P38 and the expression 
of Bax increased. We concluded that Caveolin-1 expression inhibited cells proliferation and survival and induces 

the Bax mediated cell apoptosis in MCF-7 breast cancer cells.
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