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Analysis of Gene Expression in the Programmed Cell Death of Mouse
Limb Buds

Hiroyasu ISHIKAWA

Programmed cell death (PCD) is an important process for eliminating unnecessary tissues
during embryonic development for proper morphogenesis at genetically determined stages. In this
study, we analyzed transcriptional changes of 1176 genes in mouse limb programmed cell death
(PCD) using DNA microarray technique. Many genes were up- or down-regulated during PCD.
Homeobox genes Msx2, insulin-like growth factor binding protein 2 (IGFBP2) or apolipoprotein
E (apoE) genes were up-regulated in interdigital PCD, revealed by DNA Expression Array using
total RNA extracted from day 11.5 or 13.5 limb buds. Topological transcriptional patterns of

selected genes were examined by in situ hybridization. PCD was revealed by Nile blue, HE staining
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or TUNEL method. In situ hybridization of apoE showed similar pattern as the Nile blue staining,

and its expression was detected not in dying cells, but in macrophage-like cells. This observation

suggested that apoE would be involved in engulfment of apoptotic cells.

We found that its

expression was also significantly reduced in BrdU-treated limbs, suggesting that apoE expression

had been induced by unknown signals from dying cells.(Accepted on December 25, 2001) Kawasaki

Igakkaishi 28(1) . 33—-42, 2002
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(@ DNA Expression Arrays

(@ Whole mount in situ hybridization

Wb A% AW THFMREO R LML,
Zi % T DNA Expression Arrays fi#fT % 34
A7z, BICHBEETOZREMNRREH Y —
% SN ARMT 3 B 72 ® whole mount & V272 in
situ hybridization %47 5 7z.
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¥ AR OMBEORBI R FNENTSH S,
s axF LERER T R b — Y AMEDOTR &
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(@ TUNEL (terminal deoxynucleotidyl transferase
-mediated dUTP-biotin nick end labeling)
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1) 7/ — VI ¥ ) — VLB EZLT
7218, WEEEREFE (MMLV reverse transcriptase,
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{ZF D - 72 Atlas™ cDNA Expression Arrays
(CLONTECH#L) \CnNA 7Y ¥ A ¥—2 3 >
% &7z, P BAS2000 (FUJIFILM #b) %
AvCHIlE DRGNS L O — 7 Rl &
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RT-PCR (reverse transcription-polymerase chain
reaction)
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L T DNA Expression Arrays O & &M T AV
@ 3 F T - 7z apolipoprotein E (apoE), Msx2,
Insulin-like growth factor binding protein 2 (IGF
BP2) ®» 75 4 <— (Amersham Pharmacia Bio-
tech tf) ZLAITFOMAER L, PCR 24T 7.

apoE (GenBank #M12414)
sense . GAGAGGATCCGCTTCTGGGATTACCT
GCGCTG
antisense . GAGATCTAGACTGGGGTGATGAT
GGGGTTGG
PCR EW D FE802bp TH 5.

Msx2 (GenBank #X59252)
sense . GAGAGATATCGCACACCCTTCACCAC
ATCCCA
antisense | GAGACTCGAGAAAACAAAACAGG
TCTTAGTGCC
PCR EM DK 213564 bp ThH 5.

IGFBP2 (GenBankX81580)
sense . GAGAGGATCCTGAAGGCGCTTGTCAC
AGGC
antisense : GAGACTCGAGCTTCTGAGCTCAGT
GTTGGT
PCR W DK Z13765bp TH 5.

EWRE 94T, 14, 7=—=) Y7
apoE 1365 C, 1 4, Msx2 1263 °C, 1 4,
IGFBP2 1355C, 147 KUY AV ¥ =¥ a3 YK
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— bhL7 (&, 4[). T Solution 3 TA
YF¥Fa~x—hL7& (70C, 54Hx 2H, K
T304 x 3[|) #%, TBST CT5 44 v Fa
N—hL7 (ZBi, 5E). 70y F*rr/HER
(1.5% Blocking-reagent/TBST) % jl 2 |iA T
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Fig. 1. Nile blue staining of dead cells in macrophage-like cells in mouse
hindlimbs (E11.5-E15.0)
a (E11.5),b (E12.5); Many dead cells were found in ANZ (arrow) and
PNZ (arrowhead). c;In E13.5 hindlimbs, cell death occurred in INZ

(open arrowhead) . d ; The cell death was not detected in E15.0 hindlimbs.

HE %eft & [A e 5 X OV B AL IS
TUNEL B PEfl i %2 52 (Fig.

ANZ ; anterior necrotic zone, PNZ ; posterior necrotic zone, INZ ; in-
terdigital necrotic zone. Bars represent (.5 mm.

a

b

Fig. 2. Hematoxyline-eosin staining of the interdigital region in E13.5 hindlimb
a ; Many apoptotic bodies (open arrowhead) were observed (x400). b ; TUNEL staining for apoptotic cells (arrows)

at the interdigital region in E13.5 hindlimbs (X 400).
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E11.5

E13.5

Fig. 3. Gene expression in mouse hindlimbs of E11.5 and E
13.5 analysed by 1176 genes
32 p-labeled cDNA probes were prepared from 5 ug of
total RNA isolated from E11.5 or E13.5 hindlimbs. The
probes were hybridized with Atlas Mouse Array mem-
branes (Atlas™ Mouse 1.2 Array, CLONTECH ®),
separately. apoE (open arrows) IGFBP2 (open arrow-
heads) Msx2 (arrows) apoE ; apolipoprotein E, IGFBP2
; insulin-like growth factor binding protein 2.

Table 1. Increrased gones expression in E13.5 hindlimbs
than E11.5
Gene expression analysis was described in the Fig. 3.
The radioactive intensity was measured by BAS2000
as described in the text.

Intensity Ratio
Gene Name E11.5 E13.5  fold
(D apolipoprotein E (apoE ) 9.6 736 7.7
(2 homeobox genes Msx2 6.9 448 6.5
(3 Insulin-like growth factor binding protein 2 (IGFBP2) 142  87.4 6.1
@ homeobox genes Msx1 89 489 5.4
®) Fas I receptor: Fas antigen 10.1  42.0 4.1
(© insulin-like growth factor I receptor alpha subunit (IGE-I-R alpha) 14.9 42.9 2.8
(@ Huntingtin (HD ) 16.8 388 2.3

(Table 1). F7z, 78 b— Y AICHET %8
{£¥-Cl3 Fas antigen & IGF-I-R alpha 2353 &
N7z, BAHZEIS.5CTHA L B3 62T
zinc finger protein @ ZIC2 %> ZIC3, vimentin,
heat-shock protein @ HSP 607 & C& - 72. F
72, BAE\Z E 5 L T/ apoE, Msx2 X°> IGFBP2
\2%F L C RT-PCR %47\, G LNV TAHTZ
LT AhEARMR LI (Fig. 4).
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Fig. 4. RT-PCR analysis of mRNA from apoE and Msx2
and IGFBP2 of E11.5 and E13.5 hindlimbs
RT-PCR amplification was carried out to the mRNA
samples from interdigital tissues at E11.5 and E13.5
hindlimbs. Methods were described in the text.

Whole mount in situ hybridization
ZERI 2 AR T RPN Y — Y R HERT 5720

2, EEMNTTAEEIC LA L TWzEESICD
WTRNA 7ua— 7 %2fg# L, whole mount {2
X % in situ hybridization #{7-72& Z A, apoE,
Msx2, IGFBP2 (353 D FaHRALIZ 5Bl % RR0

(Fig. 5a,b). F 7 apoE O ¥y — 138
F D in situ hybridization & (357 1) BRCK O Yy
Ry — 2 ER L. Th3AFRREaETH 5

Nile blue e |2 FEH 12 L S P72 gef/ 87 — 2 C
& - 7- (Fig. 5¢).
ZhAEYEAL LT TUNEL % 4TH- 7L 2 A,

mnmf%@éhéﬂ%kTmmL%ﬁm%
BhroTBY, —HBoOMBIZN oGt r i)
Tw7: (Fig. 6).
BrdU AL

BrdU L3 % 1T - 7zl F D &3 % E13.512
Nile blue et THAZE L 72 2 A, o bu—J)b
BE L Hl LT S A SR TR AL oo Ml Fa 58 o B
%20 7- (Fig. 7a). B2 whole mount in situ

hybridization T (& apoE O B & B & 2 1A
L7 (Fig. 7b).
x =

< ARGFORMMAEIE1IH HE» S M6 F
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hindlimbs by the whole mount in situ hybridization

a, ; ApoE expression in the interdigital regions (arrows) of E13.5 hind-
limbs. b ; IGFBP2 expression in the AER (arrowheads) and the in-
terdigital regions (open arrowheads) of E13.5 hindlimbs.
expression in the interdigital regions (open arrows) of E13.5 hindlimbs.

AER ; apical ectodermal ridge. Bars represent 0.5 mm.

L = o i
Fig. 6. TUNEL & in situ hybridization double staining of
the interdigital regions of E13.5 hindlimb

TUNEL positive cells were stained with brown (arrows) .
Apolipoprotein E expression were stained by blue dye
(arrowheads). A part of these cells were double stained

(open arrowhead) ( X 400) .

DISHHEEZIIHE T LA, LaL, —RoOHE
THRIEORE T ETFNL 20, FBTH TR
EORHICE T3 NA 4 UHIFRIE D REIC b 2=
WD ONTZ. TV ARFOFEEIIBITALRAT—
T TIZOVTORFIZV O HEED S

Fig. 5. mRNA expression patterns of apoE, IGFBP2 and Msx2 in E13.5

A =g Y DRI W
LbRNTWB LX) RIEHERAT—D
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R OBEHEOHERIH L\ 720D
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—MMICER SN ST S ZREREH
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72285, BRERLLE»HTH
BIOEGRITEERAT =T VT
DN LELEZ SN5.

BFEOREIIBITL TR T T A
HMiRE%E 1%, HE %t %> TUNEL #:
DERPOTRI—=V AL DD
DLEZLNDD, WL, ZoOM
FaFEIE TR b= AT T34 L,
Fru—Y A5 5 o8
MR ENY, ZoRHFZLTL
b7 s aflila=7 K= ATIE% L,
$72, TOMBEOT FHRENRMTHL L
ERLTWA.,

HlaFEo ¥ — 7 B E R %2 B0 -85 F D
9 B, Msx2 % IGFBP2 3L ) Th o 7-
A TR — Y ZADOEFTEBIIBWTY
JHTdH 5, caspase R Apaf-172 & D EFH 1370
bheros, LaL, 4E, #H7IZ apoE
HBOWIN%HER L. TDapoE X7 K &
¥ YR BEO—DoT, @EIIFERBHICEER
&% LTnW525, BFORERETRIAINR
W57z, F 7z in situ hybridization (2B W T,
Msx2 {IZA N5 &) —HICRB 3N 5 EE
DYy — Tk, EREBETH D
Nile blue #ef 12 FEH LT & < U7 SRR D e 3
y—ERL7. ORI Nile blue 12X )
e NIRRT EREL:, v ou Ty =Y
MMl TH b, ChEERT S L, insituhybri-
dization TYefa SN TV A DIXFEHMEr~ 7 1
Tr—=UVBHHRROEE L) Z IR B,
COZ L wRERT S0, YIHIE L TUNEL

¢ ; Msx2
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Fig. 7. Interdigital apoptosis inhibition by 5-bromodeoxyuridine (BrdU)
Pregnant female mouse were injected with 150 mg/kg of BrdU on day E12.5 at four times every 2 hours. The fetuses were
examined on E13.5 for Nile blue staining (a) and in situ hybridization of apoE (b). Bars represent 0. 5mm.

AT CTHMET L72& 2 A, in situ hybridization
ThEERTOEY a7 7 — VKM TH B

LEz2on. FLTC, —EBoMAigix TUNEL
L in situ hybridization W A EHETH Y, Z
NIz~ 707 7 — VRHIBRAEREL T
WAHITREEZONL, DF D apoE v 1
7 7 = VlROHRICHEERHI ATV, <
r7 a7 7 —YldapoE Z5WALTWBH Y, #
Y EXE LoD A AT A - Rt ik - 1) Sl
BIRERE THLLEEbNTED, HARK
OB IEIAHTH 5.

WA T R b= 2 ZRITE, MlREAKIX
fi/NL, BT Y a~F v h5%EE L, oSk
Ftd 5. = L CHIlREADSBT AL L T7 R b —
AMERERE SN, v a7 —VhEDE
BB T AMBIC X s TEESH, BES
Na0, HKIELBI 5 &, MM 1
) UIRERICEL LTRETA 7+ AT 7F Y
V) yAHIREAEICEHR L, Fhitv o
Tr—VEREDTI AT 7 FINE) VLt T
¥ — DB T A ETHEERAPBI AL E R
SN TWVARR ™, FIZNEROBEESTH
LUREH AR T A IO T =TV ERMAD
CDI4DEE LM EN TV ED, FTKF—
PABFET a7 - VHIEME L LTIX
S19V) RV — A BEHALEL BA R E2H0E S
NTW B2 L a3 72125 % 78 7= apoE

1% in situ hybridization & TUNEL ¢ — F 4%t 7/
LM TIERL, FOEBOR 0T 7=
HABWICEBE LTV, BIZZoRBE
BrdU LBIZ L o THLMIZEH SR, 2o
C EIIBEA MR X BHIET, TOBET S
MIRLNIZ apoE OFEHATEHE STV 2 L HEH
ENb. bHAHAapoE ZHEB LTV AHIEA
AL BERE LM E ST E T E v,
% HMNZ S, v a7y — VR E
ENTVLHREEDIBTETE RN LTHS.
XS > Ty a7 7 — VR %E R
ZLTHY Y ADRMMEROMIBILIIAEL, &
DD EWITREZ 5 & v ) BIREVERE D %
Eh®, ZoZkidvrayy—YUNOM
faasseifez a& T 2z RLTwa. C
NS WOICT 57208, BRMMLETE
P L CHBEREITORE LT, 72
apoE D EEIZ BT B HENIABWED, 7+ X
Z7FINEYY DL % “eat me signal” TlE
B, AERTEE LRICHEET S, ‘et
you signal” 2 L7\, 413 apoE DI
Rl AL T, ABERICEZ 2Lk L
#Mat L, apoE OEEREHEIC BT H1%E 2
RELEDVD B
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