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肛门直肠畸形大鼠泄殖腔胚胎发育过程中细胞凋亡的研究
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!摘%要"%目的%肛门直肠正常胚胎发育过程中#细胞凋亡发挥重要作用) 该研究调查了肛门直肠畸形

%2)+3-:,25.25O+3.2,(+)# >9<&胎鼠泄殖腔胚胎发育过程中细胞凋亡情况#以了解 >9<胚胎发育过程中细胞凋亡

的作用) 方法%在胚胎发育的第 !$ 天#通过胃管注入乙烯硫脲%!#[ .G\]G&致畸孕鼠#诱导>9<胚胎) 在胚胎发
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隔间质*直肠背侧间质和泄殖腔膜细胞凋亡的异常是导致>9<的原因之一) 细胞凋亡的正常调控是保证肛门直
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G3+@/# 2/+/,+,(::-55=U-3-=--) () ,'-.-=-):'H.-+O

,'-@3+3-:,25=-/,@. X@,=(G)(O(:2),5H5-==2/+/,+=(=

/3-=-),-1 2,,'-1+3=25/23,+O,'-3-:,@.:+./23-1 ,+

,'-:+),3+5G3+@/6

%W) T!C# 2/+/,+,(::-55=U-3-=,(55O+@)1 () ,'-@3+L

3-:,25=-/,@. -/(,'-5(@. () ,'-:+),3+5G3+@/# 2)1

.23]-15H():3-2=-1 2/+/,+,(::-55=U-3-=--) () ,'-

@3+3-:,25=-/,@..-=-):'H.-# .+3-() ,'-;-),325,'2)

,'-1+3=25/23,# () ,'-:+),3+5G3+@/6<-2)U'(5-#

2/+/,+=(==,23,-1 ,+2//-232,,'-5+U-33-:,@.2)1 ,'-

:5+2:25.-.X32)-2,,'-5+:2,(+) +OO@,@3-2)@=2)1

@3-,'326>523G-)@.X-3+O2/+/,+,(::-55=U-3-=--) 2,

,'-1+3=253-:,@. %?(G@3-!>&6A) :+),32=,# () ,'-

>9<G3+@/ )++X;(+@=2/+/,+=(=U2==--) () ,'-@3+L

3-:,25=-/,@..-=-):'H.-2)1 =(G)(O(:2),5H5-==2/+/L

,+,(::-55=U-3-1-,-:,-1 2,,'-1+3=253-:,@.,'2) ()

,'-:+),3+5G3+@/6>/+/,+=(==,(55/3-=-),-1 2,,'-,-3L

.()253-:,@.X@,U2=)+,+X;(+@=2,,'-:5+2:25.-.L

X32)-%?(G@3-!F&6

%

N).+,"AIJ)(',)2+')&-&6$%&%'&')00"##()-'/"0#&0$ &-

MAO % P>??&

%7' :+),3+5G3+@/6>/+/,+,(::-55=U-3-O+@)1 () ,'-

@3+3-:,25=-/,@.-/(,'-5(@.2)1 .-=-):'H.-6>/+/,+=(==,23,-1 ,+2//-23

2,5+U-33-:,@.2)1 ,'-:5+2:25.-.X32)-$Q' >9< G3+@/6>/+/,+,(:

:-55=U-3-O+@)1 () ,'-@3+3-:,25=-/,@.-/(,'-5(@.X@,)+,() ,'-@3+3-:L

,25=-/,@..-=-):'H.-2)1 ,'-:5+2:25.-.X32)-6Y'-233+U()1(:2,-=

2/+/,+,(::-55=6

%9' 3-:,@.$ S' @3-,'32$ S98' @3+3-:,25=-/,@.$ &M' :5+2:2$ &<'

:5+2:25.-.X32)-6

%W) T![# ,'-2/+/,+,(::-55=() ,'-@3+3-:,25=-/,@.

.-=-):'H.-+O,'-:+),3+5G3+@/ :+),()@+@=5H-Z,-)1-1

,+,'-O@=(+) =(,-+O,'-@3+3-:,25=-/,@.-/(,'-5(@.2)1

,'-:5+2:2.-.X32)--/(,'-5(@.6M23G-a@2),(,(-=+O

2/+/,+,(::-55=U-3-=--) 2,,'-,-3.()253-:,@.# ,'-

O@,@3-2)25+/-)()G2)1 2,,'-1+3=25+O,'-3-:,@.

%?(G@3-#>&6J+U-;-3# () ,'->9<G3+@/# )++X;(L

+@=2/+/,+=(=U2=1-,-:,-1 2,,'-@3+3-:,25=-/,@..-=L

-):'H.-2)1 ,'-:5+2:25.-.X32)-# U'(5-,'-)@.X-3

+O2/+/,+,(::-55=2,,'-1+3=253-:,@.U2==(G)(O(:2),5H

3-1@:-1 %?(G@3-#F&6

%

N).+,">IJ)(',)2+')&-&6$%&%'&')00"##()-'/"0#&0$ &-MAR

% PA??&I

7' :+),3+5G3+@/6>/+/,+,(::-55=() ,'-@3+3-:,25=-/,@..-=L

-):'H.--Z,-)1-1 ,+,'-O@=(+) =(,-+O@3+3-:,25=-/,@.-/(,'-5(@.2)1 ,'-

:5+2:2.-.X32)--/(,'-5(@.6M23G-a@2),(,(-=+O2/+/,+,(::-55=U-3-=--)

2,,'-,-3.()253-:,@.2)1 2,,'-5+:2,(+) +OO@,@3-2)@=$ Q' >9<G3+@/6

7++X;(+@=2/+/,+=(=U2=1-,-:,-1 2,,'-@3+3-:,25=-/,@..-=-):'H.-2)1

,'-:5+2:25.-.X32)-6Y'-233+U()1(:2,-=2/+/,+,(::-55=6

%9' 3-:,@.$ S' @3-,'32$ S98' @3+3-:,25=-/,@.$ &<' :5+2:25.-.X32)-

(!!D(
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%W) T!_# 2/+/,+,(::-55=U-3-=,(55=--) 2,,'-;-),325

/23,+O,'-@3+3-:,25=-/,@.() ,'-:+),3+5G3+@/67+

+X;(+@=2/+/,+=(=U2=/3-=-),-1 2,,'-:5+2:25.-.L

X32)-2)1 ,'-@3+3-:,25=-/,@.() ,'->9<G3+@/6

J)(0+(()&-

%Y'-/2,'+5+G(:25:52==(O(:2,(+) +O>9<(=;-3H:+.L

/5(:2,-16?3+. =(./5-2)252,3-=(2# ;23(+@=,H/-=+O

3-:,252)1 @3()23HO(=,@52,+=-3(+@=:5+2:+G-)(:1-O+3.L

(,(-=# (,X3()G=-Z,3-.-/2() ,+/2,(-),=$ ,'-3-O+3-#

>9< '2=X-:+.-2:2@=-+O:+):-3) O+33-=-23:'-3=

,'3+@G'+@,,'-U+3516e-,,'-:2@=-=+O>9<'2;-=,(55

)+,X--) 1-,-3.()-16

%9-G231()G,'-=,@1(-=+) ,'--.X3H+)(:1-;-5+/.-),

+O,'-:5+2:2# :52==(:25,'-+3HX-5(-;-=,'2,,'--Z(=,L

-):-+O,'-@3+3-:,25=-/,@.2)1 ,'-O@=(+) +O,'-@3+L

3-:,25=-/,@.U(,' ,'-:5+2:25.-.X32)-23-,'-]-H

O2:,+3=O+3,'-=-/232,(+) +O,'-@3+G-)(,25=()@=2)1 ,'-

3-:,@.6J+U-;-3# ,'(=,'-+3H(=+//+=-1 XH=+.-3-L

=-23:'-3=

!_L""

# U'+,'()] ,'2,() ,'--.X3H+)(:1-;-5L

+/.-),+O,'-:5+2:2# ,'-@3+3-:,25=-/,@. 1+-=)+,

O@=-U(,' ,'-:5+2:2.-.X32)-$ ()=,-21 ,'-H23-R@=,

:5+=-5H21R2:-),,+-2:' +,'-36A) ,'(==,@1H# ,'-O@=(+)

+O,'-@3+3-:,25=-/,@.U(,' ,'-:5+2:25.-.X32)-U2=

+X=-3;-1 +) ,'-.-1(2) =2G(,,25=-:,(+)=() ,'-:+),3+5

G3+@/ +) T![# 2)1 ,'-:5+2:2U2=1(;(1-1 (),+,'-@3+L

G-)(,25=()@=2)1 3-:,@.$ U'(5-+) ,'-=-:,(+)=X-=(1-=

,'-.-1(2) =2G(,,25/52)-# ,'-@3+3-:,25=-/,@.-/(,'-L

5(@.U2=:5+=-,+,'-:5+2:25.-.X-3-/(,'-5(@. X@,

1(1 )+,O@=-U(,' (,=():-,'-O(==@3-U2==,(55/3-=-),6

P'(5-() ,'->9<G3+@/# ,'-1-;-5+/.-),+O(,=@3+L

3-:,25=-/,@.U2==(G)(O(:2),5H1-52H-1# U(,'+@,+X;(L

+@='-21L,2(5-Z,-)=(+) 2)1 ;-),325L:2@1253+,2,(+)6

Y'-@3+G-)(,25:2)25=,(55-Z(=,-1 2)1 )+O@=(+) X-,U--)

,'-@3+3-:,25=-/,@. 2)1 ,'-:5+2:25.-.X32)-U2=

O+@)1 +) T![6Y'-2)25.-.X32)-1(1 )+,3@/,@3-+)

T!_ 2)1 1(OO-3-),,H/-=+O>9<2//-23-16Y'(==@GL

G-=,-1 ,'2,O@=(+) ()1--1 -Z(=,-1 () ,'-/3+:-==+O)+3L

.25-.X3H+)(:1-;-5+/.-),# U'(:' (=:+)=(=,-),U(,'

,'-:52==(:25,'-+3H6J+U-;-3# U'-,'-3,'-1-=:-)1()G

2)1 ,'-O@=(+) /3+:-==+O,'-@3+3-:,25=-/,@.23-2:L

,(;-+3/2==(;-# '2=)+,H-,X--) (1-),(O(-167-;-3,'-L

5-==# 3-G2315-==+OU'-,'-3,'-1-=:-)1()G2)1 O@=(+)

/3+:-==+O,'-@3+3-:,25=-/,@.23-2:,(;-+3/2==(;-# (,

(=2]-HO2:,+3O+3=-/232,()G,'-@3+G-)(,25=()@=O3+.

,'-3-:,@.2)1 (,=2X)+3.251-;-5+/.-),:2) 5-21 ,+

>9<6

%A) ,'--.X3H+)(:1-;-5+/.-),# 2/+/,+=(=(=2) 2:,(;-

/3+G32..-1 /3+:-==6A,(=2=-3(-=+OG-)-2:,(;(,H()L

1@:-1L:'2)G-=() .+5-:@5-# .+3/'+5+GH2)1 X(+:'-.L

(=,3H,'2,5-21=,+:-551-2,'6>X)+3.252/+/,+=(=() ,'-

/3+:-==+O-.X3H+)(:1-;-5+/.-),:2) :2@=-1-;-5+/L

.-),25.25O+3.2,(+)=2OO-:,()G.@5,(/5-,(==@-=2)1 +3L

G2)= =@:' 2= O()G-3\,+- 2)1 -=+/'2G@=\,32:'-26

P'-,'-3,'-3-(=2) 2X)+3.252/+/,+=(=() ,'--.X3HL

+)(:1-;-5+/.-),+O>9<(=:@33-),5H)+,;-3H:5-236

%8():-,'-@3+3-:,25=-/,@. /52H=(./+3,2),3+5-()

,'-/3+:-==+O:5+2:25-.X3H+)(:1-;-5+/.-),

!!$L!#"

#

,'(==,@1H+X=-3;-1 ,'-1(=,3(X@,(+) +O2/+/,+,(::-55=()

,'-@3+3-:,25=-/,@.6A) ,'-:+),3+5G3+@/# 2/+/,+,(:

:-55=-Z(=,-1 () ,'--/(,'-5(@.2)1 ,'-.-=-):'H.-+O

@3+3-:,25=-/,@. +) T!B# U'(5-2/+/,+,(::-55=()L

:3-2=-1 () ,'-.-=-):'H.-+) T!C 2)1 :+@51 X-=--)

X+,' 2,,'-;-),3252)1 1+3=25/23,=6P(,' ,'--.X3H+)L

(:1-;-5+/.-),# 2/+/,+,(::-55=() ,'-@3+3-:,25=-/,@.

/3+G3-==(;-5H1-=:-)1-1 ,+,'-O@=(+) =(,-+O,'-@3+3-:L

,25=-/,@.2)1 ,'-:5+2:25.-.X32)-+) T![6A) ,'-

=,@1H+) :5+2:252/+/,+=(=() >9< .(:-# c@X+,2-,

25

!!B"

O+@)1 ,'2,2/+/,+,(::-55=() ,'-@3+3-:,25=-/,@.

+)5H-Z(=,+) ,'-2/(:25/23,# U'(5-2/+/,+=(=() ,'-

@3+3-:,25=-/,@.3-G(+) X-,U--) )+3.25-.X3H+=2)1

>9<-.X3H+=U-3-)+,=(G)(O(:2),5H1(OO-3-),6Y'(=3-L

=@5,1(OO-3=O3+.,'(==,@1H2)1 ,'-=,@1(-=1+)-XHf(

-,25

!C"

2)1 82=2](-,25

!B"

6f(-,25

!C"

O+@)1 ,'2,2/L

+/,+,(::-55=/3-=-),-1 () ,'--/(,'-5(@. 52H-3+O32,

@3+3-:,25=-/,@.X@,)+,() ,'-.-=-):'H.-3-G(+) ()

,'-();-=,(G2,(+) +) ,'-)+3.25-.X3H+)(:1-;-5+/.-),

+O:5+2:268282](-,25

!B"

3-/+3,-1 ,'2,2/+/,+,(::-55=

)+,+)5H-Z(=,-1 () ,'--/(,'-5(@.+O.+@=-@3+3-:,25

=-/,@.X@,25=+() ,'-.-=-):'H.-6J+U-;-3# ,'-=-

2/+/,+,(::-55=() ,'-.-=-):'H.-+)5H1(=,3(X@,-1 2,

,'-;-),325/23,6Y'(==,@1H='+U-1 ,'2,() ,'-/3+:-==

+O32,:5+2:25-.X3H+)(:1-;-5+/.-),# 2/+/,+,(::-55=

-Z(=,-1 () X+,' ,'--/(,'-5(@.2)1 ,'-.-=-):'H.-+O

@3+3-:,25=-/,@.# U'(5-,'-2/+/,+,(::-55=() ,'-@3+L

3-:,25=-/,@..-=-):'H.-1(=,3(X@,-1 .+3-2,,'-;-)L

,325,'2) 2,,'-1+3=25/23,6Y'(=1(=,3(X@,(+) +O2/+/,+,L

(::-55=() ,'-@3+3-:,25=-/,@..-=-):'H.-.(G',3-L

52,-,+,'-;-),325L:2@1253+,2,(+) +O,'-@3+3-:,25=-/L

,@.6J+U-;-3() >9<-.X3H+=# 2/+/,+,(::-55=() ,'-

@3+3-:,25=-/,@..-=-):'H.-U-3-)+,+X;(+@=-;-) 2,

T!CLT![6T!CLT![ (=,'-:3(,(:25/-3(+1 O+31-;-5+/L

.-),+O,'-@3+3-:,25=-/,@.2)1 2X)+3.25:-552/+/,+L

=(=() ,'(=/-3(+1 .2H5-21 ,+1-;-5+/.-),251-52H+O

,'-@3+3-:,25=-/,@.6

%A) ,'-/3+:-==+O:5+2:25-.X3H+)(:1-;-5+/.-),#

:+)O(G@32,(+) :'2)G-=+O:5+2:223-,'-]-H.-:'2)(=.=

O+3(,=)+3.251-;-5+/.-),2)1 ,'-2X)+3.25(,H() :+)L

O(G@32,(+) :'2)G-=.2H3-=@5,() :5+2:251-;-5+/.-),25

.25O+3.2,(+)=6Q+3=253-:,25.-=-):'H.-(=2) (./+3L

,2),/23,+O,'-:5+2:22)1 2) (./+3,2),O2:,+32OO-:,()G

(#!D(
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;-),325L:2@125.(G32,(+) +O:5+2:26A) ,'-:+),3+5

G3+@/# 2/+/,+,(::-55=2//-23-1 () ,'-1+3=253-:,25

.-=-):'H.-+) T!B6[ 2)1 3-.2()-1 @),(5,'-52,--.L

X3H+)(:=,2G-=6&+./23-1 U(,' ,'-:+),3+5G3+@/# >9<

-.X3H+='21 =(G)(O(:2),5H5-==2/+/,+,(::-55=() ,'-

1+3=253-:,25.-=-):'H.-6Y'(=()1(:2,-=,'2,,'-3-L

1@:,(+) +O2/+/,+,(::-55=() ,'-1+3=253-:,25.-=-)L

:'H.-+O>9<-.X3H+=.2H3-52,-U(,' ,'-2X)+3.25

:5+2:25:+)O(G@32,(+)6

%A) ,'-:+),3+5G3+@/ +) T!C# 523G-)@.X-3=+O2/+/L

,+,(::-55=U-3-=--) 2,,'-,-3.()253-:,@.2)1 ,'-=(,-

+O,'-O@,@3-2)25+/-)()G2,,'-:5+2:25.-.X32)-6W)

T![# +)5H2,'() 52H-3+O2)25.-.X32)-5-O,X-,U--)

,'-3-:,@.2)1 ,'-+@,=(1-2)1 .+=,:-55=() ,'-2)25

.-.X32)-U-3-2/+/,+=(=L=,2()()G/+=(,(;-6W) T!_

,'-2)25.-.X32)-3@/,@3-1 2)1 ,'-3-:,@.:+))-:,-1

U(,' ,'-+@,=(1-6J+U-;-3# () >9<-.X3H+=# )++X;(L

+@=2/+/,+,(::-55=U-3-+X=-3;-1 () ,'-O@,@3-2)25

+/-)()G+O,'-:5+2:25.-.X32)-# U'(:' '()1-3-1 ,'-

,'())()G2)1 3@/,@3-+O,'-:5+2:25.-.X32)-2)1 ,'-

:+..@)(:2,(+) +O3-:,@.,+,'-+@,=(1-# ,'-3-O+3-5-21L

()G,+>9<1-O+3.(,H6

%Y'-3-23-,'3--:3(,(:25/3+:-==-=() ,'--.X3H+)(:

1-;-5+/.-),+O:5+2:2' O@=(+) 2)1 1-=:-)1()G+O@3+L

3-:,25=-/,@.# :+)O(G@32,(+) :'2)G-=+O:5+2:22)1 3@/L

,@3-+O2)25.-.X32)-6W):-,'-,'3--:3(,(:25/3+:-=L

=-=='+U2X)+3.25# 1(OO-3-),,H/-=+O>9<+::@33-16

>/+/,+=(=/52H=(./+3,2),3+5-=() ,'-,'3--/3+:-==-=

+O,'-:5+2:25-.X3H+)(:1-;-5+/.-),6A) ,'-:5+2:25

1-;-5+/.-),# 2X)+3.251(=,3(X@,(+) +O2/+/,+,(::-55=

U2=O+@)1 () ,'-,'3--]-H/3+:-==-=() ,'->9<

G3+@/6Y'(==@GG-=,=,'2,2/+/,+=(=2X)+3.25(,H(=+)-

+O,'-3-2=+)=O+3,'-1-;-5+/.-),+O>9<68(.(523,+

,'-1-;-5+/.-),+OO()G-3\,+-2)1 -=+/'2G@=\,32:'-2#

,'-)+3.253-G@52,(+) +O:-552/+/,+=(=(=+)-+O,'-]-H

.-:'2)(=.=O+3)+3.25-.X3H+)(:1-;-5+/.-),+O2)+L

3-:,@.68/-:(O(:G-)-=();+5;-1 () 3-G@52,()G,'-:-55

/3+5(O-32,(+) 2)1 2/+/,+=(=+O,'-:5+2:223-)@.-3+@=#

():5@1()G?K?!$

!!C"

# F<0C# 8JJ

!!["

2)1 KMAB

!!_"

-,:6J+U-;-3# ,'--Z2:,3-G@52,+3H.-:'2)(=.=3-.2()

@):5-232)1 )--1 O@3,'-3();-=,(G2,(+)=6

!;"6","-0"("

!!"%8:'.(-1-]-T# F@=:' <# 8,2.2,+/+@5+=T# M+3-)N&6<@5,(1(=:(L

/5()23HX-'2;(+@325,3-2,.-),+OO-:25():+),()-):-2)1 :+)=,(/2,(+)

2O,-3:+33-:,(+) +O2)+3-:,25.25O+3.2,(+) !*"6P+351 *0-1(2,3#

#$$E# C%B&'#$_L#!$6

!#"%AU2(7# Q-G@:'(T# c(.@32W# c@X+,2e# W)+8# 8'(.21-3286

8+:(25a@25(,H+O5(O-O+321@5,/2,(-),=U(,' 2)+3-:,25.25O+3.2,(+)=

!*" 6*0-1(2,38@3G# #$$D# C#%#&'B!BLB!D6

!B"%82=2](&# e2.2G@:'(c# >](,2c68/2,(+,-./+3251(=,3(X@,(+) +O

2/+/,+=(=1@3()G)+3.25:5+2:251-;-5+/.-),() .(:-!*"6>)2,

9-:>Q(=:+;<+5&-55T;+5F(+5# #$$C# #D"%#&'D_!LD_D6

!C"%f(Ff# F-2=5-H8P# P(55(2.=>c# ?(N-55-?6>/+/,+=(=1@3()G

3-G3-==(+) +O,'-,2(5G@,2)1 =-/,2,(+) +O,'-:5+2:2!*" 6*0-1(2,3

8@3G# #$$$# B[%!!&'![[_L![_!6

!["%I'2)GJM# F2(eI# I'2)GIF# P2)GP# P2)GPM6&-552/+/L

,+=(=1@3()G,'-:5+2:25-.X3H+)(:1-;-5+/.-),() 32,=%() &'(L

)-=-&!*"6&'() *0-1(2,38@3G# #$$"# B$%!&'B[LBE6

!_"%7(-;-5=,-() 9># ;2) 1-3P-3OO*?# 4-3X--] ?*# 425] *# 4-3.-(RL

c--3=&67+3.252)1 2X)+3.25-.X3H+)(:1-;-5+/.-),+O,'-2)+L

3-:,@.() '@.2) -.X3H+=!*"6Y-32,+5+GH# !""E# [D%#&'D$LDE6

!D"%02(12=&7# <+33-25-9?# J+5+=](cJ# M@)1 9T# J@,:'()=K<6

8-/,2,(+) 2)1 1(OO-3-),(2,(+) +O,'--.X3H+)(:'@.2) :5+2:2!*"6*

0-1(2,38@3G# !"""# BC %[&'EDDLEEC6

!E"%42) 1-30@,,-8&67+3.252)1 2X)+3.251-;-5+/.-),+O,'-2)+L

3-:,@.!*"6*0-1(2,38@3G# !"E_# #!%[&'CBCLCC$6
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