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During pregnancy, stress induces maternal glucocorticoid secretion, which in turn is known to affect structural

malformation, retardation of growth, reduced birth weight of the fetus. As Hox genes are master transcription factors

which fulfill critical roles in embryonic development, we aimed to explore the possibility that alterations of the Hox

gene expression might be involved in stress-induced malformation. The pregnant mice were injected with dexamethasone

at a dose of 1 mg/kg or 10 mg/kg on day 7.5, 8.5 and 9.5 p.c. (post coitum), as well as saline as control. Embryos of

E11.5 and E18.5 were obtained by sacrificing pregnant animals. Weight and crown-rump length (CRL) were measured.

RT-PCR was performed to examine the Hox gene expression levels. Embryos given dexamethasone at day 7.5~9.5 p.c.

had small CRL and weighed less both in E11.5 and E18.5. The percentage of embryos showing abnormalities was high

in groups received high dose of dexamethasone. To define the molecular basis for abnormal embryonic development, we

analyzed the Hox gene expression pattern and found that many Hox genes display altered expression. Effects of prenatal

dexamethasone treatment on embryonic development might be associated with the aberrant Hox gene expression.
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releasing hormone (CRH)S- W&35}A 51, CRHE 8l
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ot s dFQl SFIAFIEEFo|=E FH|gth
=4 Z27Iv 24 Aol Hoprh WA He o 7HA
BEES S AW I FUid AE8s T e
o] <A At} (Barker et al., 1993; Benediktsson et al.,
1993; Swolin-Eide et al., 2002; Gale and Martyn, 2004; Kajantie
et al., 2005; Kapoor et al,, 2009). Blo} W 31g F ~E{
223 A=olut AE derhd ol o] 59 HelA 2
A 717 st FFS WA A EW, ©]E 'programming'©
2k gk} (Matthews, 2000; Swolin-Eide et al., 2002). 441
T 2E 2R QE EACA SFII2E I =Tt
H W o]= efotell Al o] ejofe] o] @3S
v Xt} (Swolin-Eide et al., 2002; Owen et al., 2005; Kapoor

g
Fo]=1} dexamethasone < T =53 =
7F Blotell Al mA]= FAAQ] FaFEo] ol deA 2
=, 278 A9] &AW, 713 (structural malformation), &
A Al AbRpe] A A, A ] Al Fol 2Ale]
T} (Woolley et al., 1990; Swolin-Eide et al., 2002; Owen et al.,
2005; Lemaire et al., 2006; Mesquita et al., 2009).
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Fgh Ar|H o arpke] FRIAAEEFH| | E
E0E B 4TI e e i o stk A
o] &4 A At} (Swolin-Eide et al., 2002). Dexamethasone
o FoiEEg B9, Fu=sd Aol HR A9
5o Ame] AT EH, JARSo] 2ake] $1%o]
e A% A 24T A 347 Aol Bloke] ) H4E

#]3) dexamethasones AH&-5}aL =T (Matthews, 2000),
dexamethasone> 4= gt 4] S FIIZE]|Fo| == H
HE U] %321 11B-hydroxysteroid dehydrogenases type 201
5t B84t glo] Bjwks w2 Fkste] Ejolol Al
kS 2=t} (Swolin-Eide et al,, 2002). &, 15w 9] 75
FEEFO|EE 2TAHELY HA collagen HE A,
collagenase o] 71 22 741 7128 F3l
FAS A= 3 (Chen and Feldman, 1979; Wong
et al., 1990; Canalis, 1996), ™ 2] 7]-&<*> (bone resorption)=
STt 44 T (Hofbauer et al., 1999).
Hox frdzte= 27 v A A 5 &9 1%
(anterior-posterior axis, AP axis)= Wz} 54 A|7]9} &
A3k Aol A ERdste] wfjole] | P/l vholgth
(Gehring and Hiromi, 1986; Kim and Kessel, 1993; Maulbecker
and Gruss, 1993; Duboule, 1994; Krumlauf, 1994; Forlani et
al., 2003). Hox fr31zte] el o] o] A7 e e]
AR A wHEojor & FEjrt ok F-919] JEiE vt

e As & F ded ol&F 3928 W] (homeotic

Lo

Mo

mutation)2t3L H} (Gehring and Hiromi, 1986; Akam, 1989).

Hox A& stes8 e s EF77H4 v¢ 2
HEEo] glow Algrolul AFH IS Als-sEol = 39
Mol FAZ7T 4709 cluster (HoxA, HoxB, HoxC, HoxD)
2 U¥o] &A1k At} (McGinnis et al., 1984; Gehring
and Hiromi, 1986; Akam, 1989).
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FHZE]F0)=2] dexamethasoneS *]2]3F T}, A
ol wjx}e] F-AI9}F crown-rump lengthE SA3IAT =
AZ5EH RNAE #Elshal wj#te] Jefs vh=ed
823 Hox rdxte] wdds RI-PCRES &

st

] ]
|

oo = ooy Hu e

afe] 3

EREIETE
AMS=EE 9 dexamethasonel| X2|

2% 6] 7ol ICR A (Samtako, Osan, Korea) 4713}

FRE MR F OE F 2 941 A FlelA A
Aol oy, o] wE v 05U (E0.5)= Akt
A4l 759, 8.5%, 9.5U A ol Dexamethasone 21-phosphate
disodium salt (Sigma-Aldrich, St. Louis, MO, USA)E YAl
=9l ojn] A A & 10 mgkg, =X 1 mgkg® 7
9~11A Aol wid g A 54 f FARE AAISSIT

JZ2T O 2= salines 5 TAFSFIT
HiXEe| 22| % Az

WA 1159 185U A0l & 10417 o] AHAE
BAFg A7]aL ¥izHE 7Adle] diethyl pyrocarbonate
(DEPC)E A &gt 1xX14k51 k% (Phosphate bufftered
saline; PBS) (4C)oll A wizte} efukS 283t gt o
| ZEE U2 wjzE S ARk PEjEA Al ARS-
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o] RNA A3l ¢]-83&}¢lch RNA ZEl& 98 viztE2
el WS AAS ths 2H7E WE wbeell HolA]
A drw A F k= 70T FE5YE7]o FolM B
sttt
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Fig. 1. Total body weight of embryos at E11.5 (A) and E18.5
(B). 'Saline’ is control. 'Dex 1 mg/kg' and 'Dex 10 mg/kg' are
dexamethasone-treated groups. The number of embryos (n) analyzed
in each group are from 2 to 4 littermates. Results represents means
£ SEM. *P<0.05, **P<0.01, ***P<0.001.
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o]-&3t FAE 5743t} Crown-Rump length (CRL)
S WA AW ol nkz AAlegion] B 115
A wjzke] A9 1<pBSell @A Hytd R dAvA
St A petri dish Lol U&= wHAE o] &3 wixte]
-1E] dolE A3t BAY 185U nljote] A5
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7 10 mgkgS = FAMSE AFT] WA= salines
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o]-gsto] A xALe] Al wE} RNAE #2lef3ith &
2] gk RNA+ Nanodrop ND-1000 spectrophotometerE ©]-&
alo] AzFalAth 1 pge] RNAZFE] Improm-II™ Reverse
transcriptase (Promega, Madison, WI, U.S.A)E ©]-&3}4
cDNAE 973l PCRE 333Ut Hox 34 5%
& 913 PCR2 95T 3% -, 95T 40%, 58T 30%, 12°C
o2 35 cycle 2133} 21, Bactin> 28 cycle F2P3}
Atk Hox A2t} B-actin®] 533 #13] A& primer
S ol =2l AAIE b AT (Yu et al, 2009). ZF
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Fig. 2. Crown-rump length (CRL) of embryos at E11.5 (A) and E18.5 (B). 'Saline' is control. 'Dex 1 mg/kg' and 'Dex 10 mg/kg' are
dexamethasone-treated groups. The number of embryos (n) analyzed in each group are from 3 to 4 littermates. Results represents means

£ SEM. *P<0.05, **P<0.01, ***P<0.001.
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OF2A HIX} 20| 2U0{A 2] dexamethasonel| &k

Efag Qi 2EHA T2
F0]= (glucocorticoid) #-H|7}
S7He™ o= zé%“—qn‘l H| A} AYS A sl ghoar e A
2 Q12 7595H 959 Aol
i}' UZF2 dexamethasoneS *]
23k - ufap Aol WX JEks dolr it Al T
%1 o] F ol dexamethasones 1 mgkg =2 10 mgkgS
2 FARE AT salines %A}a 2ol A Zhz ur
A 11.5%, 185U Ao wiAE sho] wjzke] -7 of
crown-rump length (CRL)E 5% 3]-'7 1 z}olE H|uls}
St 2A 11597 1859 EF dexamethasones AFSH
AFro] salines AR thx 3} HlaLake] A9 3ha
7} doju= Aol #AE ST (Fig. 1). B dexamethasone
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Fig. 3. Melted embryos at E11.5 (A) and E18.5 (B). Arrows
indicate the melted embryos.

A 11597 18.5Y Bl Al CRLO] #HAadhe A
& 5 AT (Fig. 2). A7 Bl RS
dexamethasoneS 1 mgkgS FAFSF-S WH T} 10 mgkg
o= FARgE Aol Al FASH CRLO] ] dA]3] <o
Ze WES g A 2Ea wia) dEekH] R
LEjE o] W2 melting &= ozl Hls) A
oA B @ol ¥AEAT} (Fig. 3 and Table 1). ©]:= 2
712 9] H]ao| A% dexamethasoneS 1 mgkgs TA}
TS W2 10 mgkgl 2 FARSE A& oA melting
Hjole] wlEo] B FUTH (Table 1).
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Dexamethasone Az[0f| 2|8t Hox |XXI2| W Bi5]

AAX F 2EH 2, = dexamethasoneS *2]3F 74~ i

Zke] A9} CRLO] 7—}—} Fhastar B afate] o] A
452 28 melting H]&o] S7Ilo R o] dio
Hizte] e Pl sed A
I o]l 7]1% ARA] 1

Hox 37| & siels 'E—&.é}‘ii‘:}. I E &

& FYg o] A 11597 Hijo} Ao
B 2|3 RNAE Ol%o}ﬂ RT-PCRE =333lth A-D
clusterdl] E=A13l= 397 Hox frlxlEe] &d dd s
##3 A} Hoxa5, Hoxa7, Hoxall, Hoxal3, Hoxb5,
Hoxc10, Hoxc13, Hoxd3, Hoxd4, Hoxd9E°] ozl H|3|
dexamethasone S =g Ao A Fol4d LY
2Fo]E XAt} (Fig. 4A and B). Hoxa5, Hoxa7, Hoxall,
Hoxal3, Hoxb5, Hoxcl0, Hoxc13, Hoxd4, Hoxd92] 7
dexamethasone®l] ]3| W& o] 7431531, Hoxd3<] 74
= o] F7139 Y. 53] dexamethasone2] =9 &0]

O
=

o

o 2 AT (Dex 10 mgkg)oll A thzt}ke] o) 7}
o 2 2SS 5 Sk
Lt

2E# S Wod QI 1o tigste] 2EH A X

Table 1. Effects of dexamethasone on embryo melting at E11.5 and E18.5

E11.5 E18.5
Group "1:)oftael £Ern;2:r Melted Incidenc? (;g melting "1:)oftael £Ern;2:r Melted Incidenc? (yoo)f melting
Saline 70 3 4.3% 50 0 0%
Dex 1 mg/kg 43 4 9.3% 50 2 4%
Dex 10 mg/kg 47 11 23.4% 53 19 35.8%
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Fig. 4. RT-PCR Analysis of Hox gene expression pattern. (A) At E11.5, head part is removed from the body of the embryo (dashed
line). Total RNA samples were isolated from trunk part and were used for RT-PCR to analyse expression patterns of Hox genes. B-actin
served as internal control. Data are representative of three independent expreriments with similar results. C, control saline treated group;
Dex 1, Dex 1 mg/kg treated group; Dex 10, Dex 10 mg/kg treated group. (B) Semi-quantitative analysis of RT-PCR results. Expression
levels of Hox genes were measured for statistical analysis. Values are means £ SEM. *P<0.05, **P<0.01 vs. control values.

d A|2=¥lQ] hypothalamic-pituitary-adrenal (HPA) axisE &

A FFAAEE| T =k TEES WEE Hu
(Owen et al,, 2005), 21 T EACA &EH]E =F35
ZE|Fo| == EHjofol| Al dEE| o] Ejofe] ko] F3FS
Xt B s o] T} (Swolin-Eide et al., 2002; Kapoor
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Aok sh= FEi7E obd e 5919 FHlE viH= A
S E 4 el olE &H|E Wo] (homeotic mutation)
3H} (Gehring and Hiromi, 1986; Akam, 1989). —1#{1}
< 2E# 27} wjote] Yy Y F2 mfjofell A
ox A el ofi Faks R =Ae #Hek A
o] &zl v} glck

ol e A FFAZAEE|FHO| =21 dexametha-
sones YAl 9l AF 57 U2 F9% F 2 11S
A} 185U ] miAkE Aar WA iAo Fejet
ek A 1159

o mo

oy

o o H

L

X

K
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o7} tizwtoll Hjsl] Adroll A o ol melting® B}
o] #EE o A7)l vl e AEke]
dexamethason A 2]7oll4 O B2 w27} melting® A
Hol AEf X o3 FFIFAZE|Fo|= FH|EHo|
otd4E "oyl A gEo] Wolds F5E ¢
o vk E o] 83 U2 TE AdA Il 7] 15~
1790l dexamethasones FHT 73-¢-oll %= wjzpe] A
22 &7} AT (Baisden et al,, 2007). 221}, Hj =<
9rAY Aol W} dexamethasone®] S TR = HY
7F tHE AolBE Ag|al7]el web o ui-e] Jejst

Q1 Wol7} vh=A yeha 7hsAde] Hhk
U 249 wiAlZEE RNAES E2]8k9] Hox
=]

A9 AdelA oY faA5e) Ba
Hage

¥ g2 o

o |z
o,
Y
rlo
&
s
8
g
o
B
(¢}
2
o

[>
[m
=
[>
N
O,

| =
dexamethsone] o] ©] ZF7}edr=
Ly

A Hox A7)

o] Mo AFAYE B Hoxass A2317)3e] )
Aol #TshH, midgute] ©E7|7F FoF kA e
= Aoz d#Ex] 9O9™ mutant miced] B 273

&

[e]
(small intestine)®] FJERS} 7]50l o]’do] Slgol &

2L ol ob ook

2t} (Aubin et al., 1999). Hoxall2] 749 uwjo}e] &
(paramesonephric duct)llA] =™, Hoxallo] BG4
ow AA W A7) 7ol yEhd 5 Q)
a1 B%o] T} (Schwab et al., 2006; Liatsikos et al.,
2010). Hoxal3-> A5 #ljo}e] A (limb) el a3t
Aske st LdelA] lon (Perez et al, 2010), Hoxb5
= AF fetal lung®] 53 P TR HLE o,
dexamethasoneS *2]3HH Hoxb5+ W o] a4ty
oju] B3 H} 1T} (Chinoy et al., 1998). Hoxcl02 A
9 hindlimboll X A& 34 (chondrogenesis)@} = &4
(osteogenesis)®ll T 8.3k TS szt EWo] A9
739~ lumbar motor neurons®] 7+Z4~3}H, locomotor behavior
o W3lE Zggtiar LA At} (Hostikka et al., 2009).
Hoxc13-2 235 hair follicle (2'3)2] Weo] #ojsitia
A o EdWolA= "ol AL §loIA| 3l normal
mice T} Bl 2 Ao €S 7pxIvial Halso] 9l
(Awgulewitsch, 2003). Hoxd3ol] & o]7} A7 atlas}
axis /g0l Agro] #ZHT} (Manley and Capecchi, 1998).
Hoxd4+= A7 oA spinal cord®} prevertebrateol] A & 3}
=, null mutant mice®] “3-9- 3= (cervical vertebrate)2]
718 o] HE AT} (Folberg et al, 1997, Folberg et al,
1999). Hoxd9 mutant micet= 2 (lumbar, L)2} %15 (sacral
vertebrate, )l A 719 o] #&E =], 53] 12,13, L4, S1,
S39|A4] 713 o] BI1E AT} (Fromental-Ramain et al., 1996).
ot 3ol 2 AFlolA EH o] de HSl e
Hox frdztEel] Wol7t AZS 49 2 trunk 919
Z1dolu Ao o] te] e & F o, FF B
Ao A ARG WA 11.59 9] wjRtET o s A7)
Hike] -z wEl siRlolut ejoldt AYFH <] 7| A
9 7S B8 HE RS vlg- SHEE Adow A7t
ok

A9 in vivo A3 Yol WGHEE o83t in vitro
Aol A = dexamethasone *2|ol 2]3) Hox F-AA}e]
d Ste] F=ES Hagk vk T}k (Yu et al, 2009).
Hoxa7¥} Hoxcl32] 74-9-i= in viro @l A9} nlx7A =
in vivooll ] I= dexamethasone®l] 2]38f W& o] TAE =
ARl Akg HoFdeh T2y 1 9] o8 Hox 3l
23] W& S A= in vitro9} in vivo Aol A e 2}
o]E H3It} o]F-2 mesenchymal cell lineQ] C3HI0T1/2
cells ©]&% in viro A= 22l I in vivo ATllA
ARG A 1159 A} trunk 2 WEld, <Eid,

o
el fele) wE Axst 24¢ o gk o) o

R )
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FZHth 2284 dexamethasone®] A3 2]
2 el Aol glent AHow Be
Hox fraizte] WS niAda o 571 e Ar]7]
= Itk Z}7Fe] Hox A= HHAoRE &
= A2 FEste] 574 799 el HojsirE 2 A

A wiRbe] 913 Al WSkt ojw FEo] b
At Aglol| o) vrERd A31A|, oW Hox =t
7} 1 el v e g wEstEAd gigk 3714
N A7 deshH, olF F3l wiAt Bl glojA <]
dexamethasone®] 3¥} Hox fFr7xlele] #AAd ot
TAARL slg-S dA & Aotk SFIIZE|Fo|= F
Aol ok 24 A1 m3t o]elel= YAl Foll =FH =
ole] 7}A] F579] phycosocial stressoll o] A -2} 2t
A diele] wistel vjoto] AAAA, AAT, AATHA
F 5ol friege] 5= A3 ¥Rk ofe} Algel g
S E AT (cohort study)E B8l B glon oH
= AEL AEH 2 g3 w=E A7)0 uet o2 A
EFHt} (Davis and Sandman, 2010; Choe HK et al., 2011).
A= JAal Z7]0 dexamethasones TY3F A
= RIS Zlow, FHwgh 2Ed ] o3 wHjE =
FaFEE|Fo|=rt glope] MAS st ot
Hox 02ke] 42191 el S whelist eofe] w5 o]

=
g B A fAk B Asish Ausle] 9 bl

0

[

[«

o

Acknowledgements

B St A (2010-0000155, 2010-0026759,
2010-0025149) % -5EZ1E% AT vlo] L. 1721AH]
(20070401-034-030)2] UF-= Y= S

REFERENCES

Akam M. Hox and HOM: Homologous gene clusters in insects
and vertebrates. Cell 1989. 57: 347-349.

Aubin J, Chailler P, Ménard D, Jeannotte L. Loss of Hoxa5 gene
function in mice perturbs intestinal maturation. Am J Physiol
1999. 277: 965-973.

Awgulewitsch A. Hox in hair growth and development.
Naturwissenschaften. 2003. 90: 193-211.

Baisden B, Sonne S, Joshi RM, Ganapathy V, Shekhawat PS.
Antenatal dexamethasone treatment leads to changes in gene
expression in a murine late placenta. Placenta 2007. 28: 1082
-1090.

Barker DJ, Hales CN, Fall CH, Osmond C, Phipps K, Clack PM.
Type 2 (non-insulin-dependent) diabetes mellitus, hypertension
and hyperlipidaemia (Syndrome X): relation to reduced fetal
growth. Diabetologia 1993. 36: 62-67.

Benediktsson R, Lindsay RS, Noble J, Seckl JR, Edwards CR.
Glucocorticoid exposure in utero: new model for adult
hypertension. Lancet 1993. 341: 339-341.

Canalis E. Clinical review 83: Mechanisms of glucocorticoid
action in bone: implications to glucocorticoid-induced osteo-
porosis. J Clin Endocrinol Metab. 1996. 81: 3441-3447.

Chen TL, Feldman D. Glucocorticoid receptors and actions in
subpopulations of cultured rat bone cells. Mechanism of
dexamethasone potentiation of parathyroid hormone-
stimulated cyclic AMP production. J Clin Invest. 1979. 63:
750-758.

Chinoy MR, Volpe MV, Cilley RE, Zgleszewski SE, Vosatka RJ,
Martin A, Nielsen HC, Krummel TM. Growth factors and
dexamethasone regulate Hoxb5 protein in cultured murine
fetal lungs. Am J Physiol. 1998. 274: 610-620.

Choe HK, Son GH, Chung S, Kim M, Sun W, Kim H, Geum D,
Kim K. Maternal stress retards fetal development in mice
with transcriptome-wide impact on gene expression profiles
of the limb. Stress. 2011. 14: 194-204.

Davis EP, Sandman CA. The timing of prenatal exposure to
maternal cortisol and psychosocial stress is associated with
human infant cognitive development. Child Dev. 2010. 81:
131-148

Duboule D. Temporal colinearity and the phylotypic progression:
A basis for the stability of a vertebrate bauplan and the
evolution of morphologies through heterochrony. Dev Suppl.
1994. 135-142.

Entringer S, Kumsta R, Hellhammer DH, Wadhwa PD, Wiist S.
Prenatal exposure to maternal psychosocial stress and HPA
axis regulation in young adults. Horm Behav. 2009. 55: 292
-298.

Folberg A, Kovacs EN, Featherstone MS. Characterization and
retinoic acid responsiveness of the murine Hoxd4 transcription
unit. J Biol Chem. 1997. 272: 29151-29157.

Folberg A, Kovacs EN, Huang H, Houle M, Lohnes D,
Featherstone MS. Hoxd4 and Rarg interact synergistically in
the specification of the cervical vertebrae. Mech Dev. 1999.
89: 65-74.

Forlani S, Lawson KA, Deschamps J. Acquisition of Hox codes
during gastrulation and axial elongation in the mouse embryo.
Development 2003. 130: 3807-3819.

- 237 -



Fromental-Ramain C, Warot X, Lakkaraju S, Favier B, Haack H,
Birling C, Dierich A, Doll e P, Chambon P. Specific and
redundant functions of the paralogous Hoxa-9 and Hoxd-9
genes in forelimb and axial skeleton patterning. Development.
1996. 122: 461-472.

Gale CR, Martyn CN. Birth weight and later risk of depression in
a national birth cohort. Br J Psychiatry 2004. 184: 28-33.
Garcia-Fernandez J. Hox, ParaHox, ProtoHox: facts and guesses.

Heredity 2005. 94: 145-152.

Gehring WJ, Hiromi Y. Homeotic genes and the homeobox. Ann
Rev Genet 1986. 20: 147-173.

Hofbauer LC, Gori F, Riggs BL, Lacey DL, Dunstan CR, Spelsberg
TC, Khosla S. Stimulation of osteoprotegerin ligand and
inhibition of osteoprotegerin production by glucocorticoids
in human osteoblastic lineage cells: potential paracrine mech-
anisms of glucocorticoid-induced osteoporosis. Endocrinology
1999. 140: 4382-4389.

Hostikka SL, Gong J, Carpenter EM. Axial and appendicular
skeletal transformations, ligament alterations, and motor
neuron loss in Hoxc10 mutants. Int J Biol Sci. 2009. 5: 397
-410.

Kajantie E, Osmond C, Barker DJ, Forsen T, Phillips DI, Eriksson
JG. Size at birth as a predictor of mortality in adulthood: a
follow-up of 350,000 person-years. Int J Epidemiol. 2005.
34: 655-663.

Kapoor A, Kostaki A, Janus C, Matthews SG. The effects of
prenatal stress on learning in adult offspring is dependent on
the timing of the stressor. Behav Brain Res. 2009. 197: 144
-149.

Kapoor A, Petropoulos S, Matthews SG. Fetal programming of
hypothalamic-pituitary-adrenal (HPA) axis function and
behavior by sythetic glucocorticoids. Brain Res Rev. 2008.
57: 586-595.

Kim MH, Kessel M. Homeobox genes as regulators of vertebrate
development. AgBioteck News Information. 1993. 5: 301-308.

Krumlauf R. Hox genes in vertebrate development. Cell 1994. 78:
191-201.

Lemaire V, Lamarque S, Le Moal M, Piazza PV, Abrous DN.
Postnatal stimulation of the pups counteracts prenatal stress-
induced deficits in hippocampal neurogenesis. Biol Psychiatry
2006. 59: 786-792.

Liatsikos SA, Grimbizis GF, Georgiou I, Papadopoulos N, Lazaros

L, Bontis JN, Tarlatzis BC. HOX A10 and HOX All
mutation scan in congenital malformations of the female
genital tract. Reprod Biomed Online 2010. 21: 126-132.

Manley NR, Capecchi MR. Hox group 3 paralogs regulate the
development and migration of the thymus, thyroid, and
parathyroid glands. Dev Biol. 1998. 195: 1-15.

Matthews SG. Antenatal glucocorticoids and programming of
developing CNS. Pediatr Res. 2000. 47: 291-300.

Maulbecker CC, Gruss P. The oncogenic potential of deregulated
homeobox genes. Cell Growth Differ. 1993. 4: 431-441.

McGinnis W, Garber RL, Wirz J, Kuroiwa A, Gehring WJ. A
homologous protein-coding sequence in Drosophila homeotic
genes and its conservation in other metazoans. Cell 1984. 37:
403-408.

Mesquita AR, Wegerich Y, Patchev AV, Oliveira M, Ledo P, Sousa
N, Almeida OF. Glucocorticoids and neuro- and behavioural
development. Semin Fetal Neonatal Med. 2009. 14: 130-135.

Owen D, Andrews MH, Matthews SG. Maternal adversity, gluco-
corticoids and programming of neuroendocrine function and
behaviour. Neurosci and Biobehav Rev 2005. 29: 209-226.

Perez WD, Weller CR, Shou S, Stadler HS. Survival of Hoxal3
homozygous mutants reveals a novel role in digit patterning
and appendicular skeletal development. Dev Dyn. 2010. 239:
446-457.

Schwab K, Hartman HA, Liang HC, Aronow BJ, Patterson LT,
Potter SS. Comprehensive microarray analysis of Hoxall/
Hoxd11 mutant kidney development. Dev Biol. 2006. 293:
540-554.

Swolin-Eide D, Dahlgren J, Nilsson C, Wikland KA, Holmang A,
Ohlsson C. Affected skeletal growth but normal bone
mineralization in rat offspring after prenatal dexamethasone
exposure. J Endocrinology 2002. 174: 411-418.

Woolley CS, Gould E, McEwen BS. Exposure to excess gluco-
corticoids alters dendritic morphology of adult hippocampal
pyramidal neurons. Brain Res. 1990. 531: 225-231.

Wong MM, Rao LG, Ly H, Hamilton L, Tong J, Sturtridge W,
McBroom R, Aubin JE, Murray TM. Long-term effects of
physiologic concentrations of dexamethasone on human
bone-derived cell. J Bone Miner Res. 1990. 5: 803-813.

Yu SJ, Lee JY, Kim SH, Deocaris CC, Kim MH. Synthetic
maternal stress hormone can modulate the expression of Hox
genes. J Exp Biomed Sci. 2009. 15: 249-255.

-238 -



