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B Brief Communication B

Hox Genes are Differentially Expressed during Mouse Placentation
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The placenta is an extraembryonic tissue that is formed between mother and fetus and mediates delivery of nutrients

and oxygen from the mother to the fetus. Because of its essential role in sustaining the growth of the fetus during

gestation, defects in its development and function frequently result in fetal growth retardation or intrauterine death,

depending on its severity. Vertebrate Hox genes are well known transcription factors that are essential for the proper

organization of the body plan during embryogenesis. However, certain Hox genes have been known to be expressed in

placenta, implying that Hox genes not only play a crucial role during embryonic patterning but also play an important

role in placental development. So far, there has been no report that shows the expression pattern of the whole Hox genes

during placentation. In this study, therefore, we investigated the Hox gene expression pattern in mouse placenta, from

day 10.5 to 18.5 of gestation using real-time RT-PCR method. In general, the 5' posterior Hox genes were expressed

more in the developing placenta compared to the 3' Hox genes. Statistical analysis revealed that the expression of 15
Hox genes (Hoxa9, -all, -al3/ -b8, -b9/ -c6, -9, -c13/ -d1, -d3, -d8, -d9, -d10, -d1 1, -d12) were significantly changed
in the course of gestation. The majority of these genes showed highest expression at gestational day 10.5, suggesting

their possible role in the early stage during placental development.
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ato] wjobe] HEE vtemdH Fod 9ES k= A4
olxZ d# A Ao (Gehring and Hiromi, 1986; Duboule,
1994; Kim et al., 2011), ©] Hox f-7X}e] wdol o]ifo]
A7 el Aol rEEoldel & YJErt tE
9o FEjE vy v eE Wolrt yEh A Hrt
(Gehring and Hiromi, 1986; Duboule, 1994). <1] &= 52,
Hjolo] AF S wiel & g2 xgow wasle] §
HE vresr dejgthal BaE Hox frixbEe] A
¢l wljofol A EEnk opije} Efjnlol Ak WA P 3
o]t}

A Eldke] -, A2 gt (cytotrophoblast), inter-
mediate trophoblast, 33 Y= M| (syncytiotrophoblast
cell)oﬂ/\i HOXAI11, HOXB6 T do] WA ri= Bl

F o™ (Amesse et al., 2003), 5] EJWFS] 739~ Hoxc9
Trﬁx}‘7]' A2 1295 199 7}A] trophoblast giant cell
(TGC)°ll Al (Murasawa et al, 2000) Hoxal3< V|Z3F
(labyrinth) F-i-2] ol A W& ETh= XL (Shaut et al,
2008)7} 1
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AAY Abghs 2ok a1 ERFY B¢ T 3970
o] Hox fAx7F WalA Stk o5& 4719 XA
clusters ©]FH £A135}taL, o152 22 Hoxa, Hoxb, Hoxc,
Hoxd cluster2bal g}, Z42he] clusteroll = 9~11712] Hox
F#2E0] head-to-tail *EFOE AHR X5k 9lom
cluster QFell A& fFA2}F 91219} o]5o] Wdsk= A7)
3 ofjol AFFolMe] AT} et 5ol vk
clusterol| A O 3' Zol] A3 FAA7F o WA 1A
H & (anterior)ol|A] W&l FAH o R ] 5
HAAS FHA7F 2E 3} (Gehring and Hiromi, 1986;
Duboule, 1994; Kim et al,, 2011). wljo}oll A oA A&7t &
= gy

o]?(% o] co-linear tﬂ—z’,—:] o]:}\]-o] ZT- OLE:]Z] 7—]"7

Hko| M= b AH3E U2 Hox -4}l tishk ¢hHH 2l
e By Qo= iy o] & dEA IR &) u}
ghA 2 A= HRbol % Hox Ak AE3E &
o]&Q] W ofilo] #EE =X Lo} H.1Z} Hox cluster

AR FAA S T

5,
&l %501] EJﬁ* HH’Jr 2 U
2 % cDNAE 44330} (Ruthala et al,
2011). FAAke] b k8- M|uslr] 99k Real-time PCR
< Power SYBR Green PCR Master Mix (Applied Biosystems,
Foster, CA, USAYE AH&-3to] Aldslitt. Z47+e] Hox 1
APl gt primer sequences= ©]F T=itol] HiH e}
2o (Yu et al, 2009), 77 9 P B UER] FS AR
& primer= Uh3¥F 2tk Hoxa2, 5S-AAC AAA ACG CCT
TTG ACC AG (forward), 5-CAG GCC TCC TGT TTT GTT
TT (reverse); Hoxa4, 5'-ACT TCC CAA CAC CAA GAT GC
(forward), 5'-ATG AGG ACA GGA GCA GGA GA (reverse);
Hoxa6, 5-TAC GGG GCC TCA TGT TTC TA (forward),
5'-CTG CAT CCA GGG GTA AAC AG (reverse); Hoxb2,
5-TTT CTT CGC TGC AGA CTC (forward), 5-CAG ACG
GAA AGG ACC AAA GA (reverse); Hoxb8, 5'-GCG CTG
TGA GCA TTG TTA AA (forward), 5-TAA CTC TTC CGC
CCT TTT CA (reverse); Hoxb9, 5-CAT GAA GTG GCC AGA
CTC CT (forward), 5-CAG GTG CAG ATG AGG GAT TT
(reverse); Hoxc4, 5-GGT TCC AAA ACC GTC GTA TG
(forward), 5'-GGG GCA GGG GTG TAA GTT AT (reverse);
Hoxc6, 5'-CTC ACG TCC ACA CTC TCA GG (forward),
5'-CCA CGT CTG ACT CCC TGT TT (reverse). Real-time
PCRS &7 ths ®iRt e &AM Hox Ak
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Bonferroni correctionsSr % ?} pairwise H|2E
Hzjn),

S F A%, Hoxa®} Hoxd cluster F+AAE
ol ejukoll A 73 M-S Bl on (Fig 1A), HoxbS} -
cluster RS A o2 ulg- oFalA WHE AT
(Fig. 1A-C). Cluster YoM &= O 5 Zoll YRS Hox
AR} (7-13% paralogous group)”} 3' Zoll |k F-AA}
(1-6¥ paralogous group):.TF U] ZalA Hdst= Aas
RISt} (Fig. 1A). Hoxa cluster 39141 -a9, -al0, -all
o] 9lal 105Y Eigtol A 78k HHL nyow 1 99
AR A o= B ko] wgtont ¢l F4b7)

B 4dgs 3El o] vvsiunt 2% Vel S
YER ST d cluster] A% GA] =2 A4l 10.5Y 0
A Al Blshe S BoFUAT (Fig 1A).

Hoxb (Fig. 1A, B)9} -c cluster -AAFE2] 49 a9} d
cluster 72kl Blal] oA FS w9 AU
(Fig. 1A) -b cluster®] 789~ tA= Rk 2AY 27121 10.5
Aol FsHA L& (Fig. 1B), ¢ cluster (-c4, -6, -c8,
9)°] 749+ A= eink A A A 1 wEe)
S7Fete] 1859A Elntell A 71 Ak e S WAl
o (Fig. 1C). 231} Auk Q1 W& ofo] g, d cluster
AR} Bl aEke] 100~1,0008] e o] m 2 o]
WHe o] background level?1A] oFU ™ EljRE dedke] of
" FEFS XA deliH= Ao el o3

4

ofptE 53 EjHES0] Q] conditional gene

ol Y F

knockeout RS Eal 7L 750l WA 4+ 9 Ao
H7bRT,
diure] W wle] el HAEE Hox fAA] @

g ok zlo]E A= Blaa] Bz} ANOVA 418 A%
sielet. WA FAH R FodS Hole Hox #dabs

ThS o835t Eat W gAE R ol f-2421 A}
0|7} 9J=A]& Bonferroni corrections &3t pair-wise H| 1L
£ A gste] BAste] B A} 49, -all, -al3, -bS, -b9, -c6,
-¢9, -c13, -dI, -d3, -d8, -d9, -d10, -d11, -d12 F+3=}2] 732
A oA d o] FIEATE (Table 1).

Hox ¥R % 397 = 7P ZsHAl 2& S Hoxal 07}
Hoxall®] 73-%- (Fig. 1A), #jo}e] 2ol o]FofA|= Ao
I} A7 Fol A W EH Y= X7 1T} (Taylor et al,
1997; Zanatta et al., 2010). EJW+2 vjol-f-2] 23} A,
= Al Fref o' AR vk 2 AellA
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Fig. 1. Relative expression level of Hox genes
in the developing mouse placenta. (A) A relative
expression level of each Hox genes located in 4
clusters (Hoxa, -b, -c, and -d clusters) is presented
following the placental development from the
embryonic day 10.5 (E10.5) through 18.5 (E18.5).
Name of each Hox gene is written in the X-axis
(al, Hoxal; a2, Hoxa2; etc.) as their relative
position along the cluster. The 3' side in the cluster
is on the left (paralog 1) and the 5' side is on the
right near the 13 paralog. The relative expression
level of Hoxb (B) and Hoxc cluster genes (C) are
represented again with different scale in Y-axis.
Values are expressed using the 2 (-delta Ct) method.
Each bar indicates the mean = SEM of three in-
dependent experiments of each Hox gene.



Table 1. Statistical analysis of Hox gene expression data

Gene name ANOVA P-value’ Statistically significant in bonferroni correction™
Hoxa9 3.16464E-06 10.5vs 12.5 12.5vs 16.5
14.5 18.5
16.5
18.5
Hoxall 2.07302E-05 10.5vs 12.5 12.5vs 14.5 14.5vs 16.5 16.5vs 18.5
14.5 16.5 18.5
16.5 18.5
18.5
Hoxal3 0.000205003 10.5vs 12.5 12.5vs 14.5 14.5vs 16.5
14.5 16.5 18.5
16.5 18.5
18.5
Hoxb8 0.011736367
Hoxb9 0.01276612 10.5vs 14.5
18.5
Hoxc6 5.55349E-06 10.5vs 18.5
Hoxc9 0.042441514
Hoxcl3 0.01095886 10.5vs 12.5
14.5
16.5
18.5
Hoxdl 6.17598E-07 10.5vs 16.5 12.5vs 16.5 14.5vs 16.5
18.5 18.5 18.5
Hoxd3 1.80686E-05 10.5vs 12.5 12.5vs 14.5 14.5vs 18.5
14.5 18.5
16.5
18.5
Hoxd8 0.044233349
Hoxd9 0.005376585 10.5vs 12.5 14.5vs 18.5
14.5
18.5
Hoxd10 0.004705989 10.5vs 16.5
Hoxdll 0.004661833
Hoxd12 8.67873E-05 10.5vs 12.5
14.5
16.5
18.5

*; ANOVA P-value < 0.05, **; Bonferroni correction < 0.005
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< @7l wofsh= wjol i ujy] A|xolA
= Bt 011:} (Shaut et al., 2008). ¥ 1Ll A}-&

Al A9 AT el A7 3 @
ke 0471*1 WA Z Hoxal3o] AbgollA frefgh

1—.011/\1 W ZAA] of wjolfE m =T
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Hoxc clustser Fr7dAke] 79~ Zddk4 Q]
)ty 28y ANOVA + bonferroni correlation
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T 78 AT AEL A
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o] Ggt Azl o] Hth= o] Kl (Murasawa
et al, 2000)° H]Fo] = uf, A2 ¢Fo|x] st WA &
7|82 s ol o] A% STk o] FolE 9
vsh=AE 35 O A8 & A7 vk Az

2 Aol A Ao BiRk el Mo Hox A 2
FEes B B fAEe] dal 1059 7P a
ol wom, QAl 12590 WA o] w3 Hlth
AF Egre] g g 5 94l 10592 AF k] 1
255 olFA H= Hol H 3t o] F4duo] 7k
AT Al7lolH, ol g AL AF EiRk FA A F
gigke] 75l lolA wi-g- Fagh 2719l S 3ok
] (Cross, 2005; Watson and Cross, 2005), ©]&]3F @&
B2 Ejghe] g 3by 7] @Alel Hox FAA7Y
& & Aolgke 7FsAE AAEETE 2 ATl A

real-time PCR ¥h§- A] MTP (Multiple Tm Peaks) A&
Ko7}, ejnk U] o] dA3] e UF Hox %}
(Hoxa3, -a4, -b4, -b13, -c5, -c12, -dI13)5S &3 &4 oA
o ALJEtA o), Al Hox A4S thgoz gl
717l w2 Bk ulel A o] il S AT EgTHE
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