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i Brief Communication B

Synthetic Maternal Stress Hormone Can Modulate the
Expression of Hox Genes
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All living things have been developed efficient strategies to cope with external and internal environmental changes
via a process termed 'homeostasis. However, chronic prenatal maternal stress may significantly contributes to
pregnancy complications by disturbing hypothalamic-pituitary-adrenal (HPA) axis and the automatic nervous system
(ANS), and results in unfavorable development of the fetus. Dysregulation of these two major stress response systems
lead to the increased secretion of the glucocorticoids (GCs) which are known to be essential for normal development
and the maturation of the central nervous system. As Hox genes are master key regulators of the embryonic morphogenesis
and cell differentiation, we aimed to determine the effects of dexamethasone, a potent synthetic glucocorticoid, on gene
expression in mesenchymal stem cell C3H10T1/2. Analysis of 39 Hox genes based on reverse transcription PCR
(RT-PCR) method revealed that the expression patterns of Hox genes were overall upregulated by long dexametasone
treatment. These results indicate that maternal stress may have a deleterious effect on early developing embryo through

the stress hormone, glucocorticoid.
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AFsla dvtns geix vk §A glucocorticoid?]
Dexamethasone> 214 4% 2w &del] Fodivia B
250 §12H (Chen & Feldman, 1979; Wong et al., 1990;
Klaus et al, 2000), 53] w2 SN 5 Z3}28-&
Tah= dlel g8 o] 8= 8l

wAITA 9] F=7k A ¥oll DexamethasoneS 2|8
F-3}31=H| (Bellows et al, 1990), £3] 1%

bone marrow stromal cell (BMSc) HI%FA], DexamethasoneS-

osteoblast =

2] 2)3PH mineralized bone matrix o] FRHI 5E3J
osteocalsin¥} -2 bone-related marker gene-S upregulation

k= 237} Tk (Carlson et al,, 1993; Ringe et al., 2002).
I Ho|AXE marrow stromal cell 8]%A] Dexamethasone2-
212181 osteoblast mRNAsE ] 28t Rivl 9l
o (Leboy et al, 1991), WA Ht EAME SRS
VNHEE T HAHER §5 E3472 o IR E
A =X Dexamethasone, ascorbic acid, beta-glycerophosphate
Sol wiHel Hrbe TR E Zgo] Ha gtk
(Jaiswal et al., 1997; Pittenger et al., 1999).
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(osteoblastic differentiation)?} 7|4 &3} (matrix minerali-
zation)oll QA TAAA FEFE F5 AL oMot &
T9 A Alghel| whe} T A|Ee] sl met R4
ol AL F= Aoz L&A Ut (Leboy et al, 1991;
Smith et al., 2000).

Dexamethasone®] A2 93k oA AF3E AF
59 Aggow A7 —r"i% 749 *&‘E]g—}@ TX B}

I559 ghicocorticoid®] =
(osteoblast)®] 7]5©] Q*Mﬂﬂﬂbh TAE F7F Hast
o Ft}F-5o] v} (Dempster et al, 1997; Hughes &
Boyce, 1997). & SFAAA Y ol F
23 222 dHA Q=1 Matthews, 2001), ZA7F =~
EYrE Wo| Wol 1FE9 glucocorticoidd] 717k
E2HE vt FA ABAEIT HEE, ST
7F fEHE 5 A4 ZA o] YERIL (Sapolsky, 1996a;
Sapolsky, 1996b; Magarifios & McEwen, 1995) o} &3
ABA Y A et A -5
pituitary-adrenal axis, HPA 3)2] 7]%5%] ¥o|7} Yoo} &l
ot & ARle] Holk FAIH vEA 5224 24
o] §ol3tx] ¥ o] Wojxlvar BuE vk
(Koehl et al., 1999). 3 glucocorticoid?] E¥H] =<l
Al 28 11-beta-HSD (11 beta-hydroxysteroid dehydrogenase
type 2)° g inhibitorE AH2letAY o] FHx7 A
&% knock-out mice®| A Hjo}e] H7|7} A4aE gl o}
Yzt elo]d &l<=o] hypertension, hyperglycemia, anxiety
behaviorE ZtEE 23" dvh= Hug £ o ¢
Al Z glucocorticoid®} EA|] A~E#H A7} Hlole] H|A
dZradgd APAoE AAdTE A& & F A
T} (Benediktsson et al., 1993; Matthews, 2000; Murphy et al.,
2002; Holmes et al., 2006).
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70€] Hox clustero] &4} = BE Hox +44 (&
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3970 2 o] FAA BAS A=svh

£ A2l mesenchymal cell line?! C3H10T1/2 (ATCC,
USA) AlE£5F fetal bovine serum (FBS) 10%%} 60 pg/ml
penicillin, 100 pg/ml streptomycing ¥33t1 1= DMEM
(Dulbecco's Modified Eagle's Medium) B{X|E 37C, 5%
CO, &7 2] AFHolE oA Hl%¥3}3lTth Dexamethasone
L Sigma A2 58] 143k ethanoldll 10 mM &=
2ASIH I 3 Mol SRR A Hejste] 42 oA,
1247, 48713 Foll AEE F3k3ith 1t RNA-
Bee™ kit (TEL-TEST, Japan)2 ©]-83}4] total RNAE #7]
3}93 3L, Promega’}2] ImProm-2 reverse transcnptase~ °o]&
3to] (DNAE FAstelch PCR 8H&& Hox #73#ke

A% (A2 primers Table 191 FA3S) 94TollA
2% F 94Tl 4] 40%, 58°CelA 30%, 72°C°1W 120
35~38 cycle 33} 2™ control B-actin®] A-5- TH £
Ao 28 cycle WHSAIZATE E 7+ Hox 212k} A=
Q1 g LS agarose gel’d 2] band intensity S Multi Gauge
V3.0 (Fuji) softwareZ- o]-8-38}o] AF3lo] F433{rh
Fig. 1% 29 991302 DexE AdhA| &2 B4
Fefoll A= 470¢] Hox cluster 5 HoxA FAAFE°] 7+
Fo] W& 515 2 HoxB, -C, -D clusterel] £3F F4AE
22 s AQstue A wdsA skt FHE
AZ A 2 ol7tulgolr AXFAE Agste] W L
AAsl= Ao 2 47 Hoxa2 gene (Kanzler et al,
1998)¢] L FsAIUTE Dexd] =Fo| &3] AH
S B F 9otk E M A (bone formation)
AF @12} (Mikami et al., 2007)2 %27l Runx2
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Table 1. Primers for RT-PCR analysis of HOX expression

Hox Accession no. Sequence (§' — 3') Tm (C) Product size (bp)
Al NM 010449 F-TTCCTTTCTCGTCCCATCTG 60.19 207
- R-ACTGTTCTCCAGCCGACATC 60.27

~ = Y 38
A2 NM 010451 E GCTGGCLTAAALAATGACAG 58.3 257
- R-CAAAGGCGTTTTGTTTTGTG 59.25
A3 NM 010452 F—ATGGGACCCCACACTTACAG 59.7 | 278
- R-CTGGGCCCATCATCACAG 61.11
F-CT ! .94
A4 NM 008265 CTCCTGCTCCTGTCCTCATC 59.9 203
- R-GGCCTGCTTCTTCTGCATAC 59.98
- . A8
AS NM 010453 F-AAAAACTCCCTGGGCAACTC 60 24
- R-GGGCCACCTATATTGTCGTG 60.21
-C 4
A6 NM 010454 F-CTCACCCTCGGGCAATAAC 60.47 252
- R-TCCTTCTCAAGCTCCAGTGTC 59.59
-CAC 'GCC 72
A7 NM 010455 F CACTGAGCGCCAGATCAAG 60.7 240
- R-TTAAAGACGCTTTTCCAACTGTC 59.82
- ' .0
A9 NM 010456 F-AGAACCGCAGGATGAAAATG 60.07 02
- R-ACTGCCAGTGGGGAGATG 59.61
AL0 NM 008263 F-CTGGGGGAAAAAGCCATATC 60.63 217
- R-ATTGACCTCAGGCCAGACAC 60.12
- 15
All NM 010450 F-CTCCTAGCAGCCACCTTICTG 60.1 27
- R-TGCCTGACAGACACCAAATC 59.68
“CCAC , 59.68
Al NM 008264 F-CCACCTCTGGAAGTCCACTC 9 216
- R-TGGAACCAGATTGTGACCTG 59.52
. _ .92
BI NM._008266.4 F-TGGGGATCCTACAGGTCTTG 59.9 249
R-TCACACTCAAACGCATCCTC 59.84
F-GA b > 59.6
B2 NM_134032.2 GAGCCCCTACCCGAAGAC 9.61 249
R-AAGGAGGACCAGACGGAAAG 60.62
F-1C TC [ 60.03
B3 NM_010458.2 ceac CCCTCCAC_TTTC 235
- R-GAGCGAAGCTGGACTTTCTG 60.28
F-GA . .
B4 NM 010459.5 GACTGCTCACTCCCTTCCAC 59.84 214
- R-ATTCCCAGCTCCCAGAACTC 60.6
i A
Bs NM 008268 1 F-GGAAGGGTCAAAGTGTGGAC 59 24
- R-TTGGCCTGACCCAGACTATC 60.07
- .83
B6 NM 0082691 F-ATGCTCATGTCCTTGTCGAG 58 258
- R-ATTTCACGTCCGGAGCTAAG 59.34
B7 NM 010460.2 F-TGTGCCTCCCCTTITTCTATG 60.07 11
- R-CAGCCAAAATGCACCAGAC 60.26
B3 NM 0104612 F-TAAGCAAGGACTCCCTCGTC 5943 213
- R-AGTGAGCGGGAGACAGAAAG 59.6
B9 NM 008270.2 F-ACAGTGCTGTTTCCCCATTC 59.97 217
- R-CCTTCTCTATGGTGGGGTTG 59.4
- T 18
BI3 NM 0082673 F-AGGGGAAGAGGGCTTGTC 59 220
- R-TTATCACCACGGTCCAGATG 59.37
- "ACC 4
Ca NM 013553 F-GACTCCCCAACACCAAAGTG 60 286
- R-GACAAGGGAGGAGGCAAGAG 613
F-CATGCC 60.27
Ccs NM 175730 CATGCCTGTTTGCTGTCATC 206
- R-CATTGTGGAAGGCTGGAGAG 60.79
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Table 1. Continued

Hox Accession no. Sequence (5' — 3") Tm (C) Product size (bp)
6 NM 010465 F-CCTTGCACCCCTCTCTTCTC 613 )14
- R-CAGACAAGCCAGGAAGAAGC 60.13

E- .
cs NM 010466 CGTCCAAGACTTCTTCCACCACGGC 67.0 249
- R-CACTTCATCCTTCGATTCTGGAACC 60.6
-CGA .
9 NM 008272 F-CGACCTGGACCCTAGCAAC 60.66 )18
- R-TCATCTTCATCCTCCGGTTC 60.01
C10 NM 010462 F-CAAGGGACCTATGGTTCGTG 60.37 285
- R-GAAATGCAGCAAGGAAGGAG 59.96
i1 NM 001024842 F-CGAGGAGGAGAACACGAATC 59.8 -
- R-TGTCGGTCTGTCAGGTTCAG 59.86
o1 NM. 010463 F-GAATCCGACTCCAGTTCGTC 59.66 204
- R-CAGAAACTCGCCCTCCAG 59.49
F-GTCCCATTCCACCCCTAATC 60.01
C13 NM_010464 R-GCACAGGAAGAGGCAAGAAC 59.99 227
DI NM 0104672 F-AGTGGCAGGCCTTCTTAGTC 58.55 )14
- R-GGCACACGAAGAGGTAGGAG 59.87
D3 NM 010468.2 F-TTAATCGCACACATCTGCAAG 59.89 -~
- R-TGCTCTGGCAAAATCCTATTG 60.22
F- .
D4 NM 0104692 AAGGTACTGTGGGGGTGGAC 61.06 21
- R-TTGCAAATTCAATCCACCAG 59.52
D8 NM 008276.2 F-TGGAAACGGACTTTACCTGTG 60.02 25
- R-ATGTTGTTGAGGCAAACCAC 58.47
Do NM 013555.3 F-GGGGGACACTGTATTTGCTC 59.41 220
- R-CTGTTTGGGAGGCTGGATAG 59.69
DIo NM 0135543 F-TGTGGTTAGCCCATGAACTC 58.57 28
- R-GCACCACAAGGAAAGGCTAC 59.74
F-TCCAA )
DIl NM 0082731 CCAACCAGCTGTGAGTITTG 59.87 )58
- R-TTTGTCATCGCTCTCCACAC 59.84
F-AAA :
- NM. 0082742 GCTTTTAAGGCCCCAAG 59.73 219
- R-AATCATGAGCCTTTGGGATG 59.89
-.CAT .
D3 NM 0082752 F-CATGGGTGGGAACTTCTGTC 60.36 23
- R-AAGCACTGCTCACACACACTG 60.15

o] %1t} HoxA clusteroll YX8e FRAX AT GA
48717t Dex A Al HHo| FAHAY S7tE e A
Holx HoZ B u] 2 A7t Dexoll =&HH tiF-&-
o] Hox7| &3t AS & 5 UATh

o] &7 wje- TR AoZ BAZL AT
2ol &= iRl HEE Al F
AEsA vzt HEHE “\’_501"}: g Hox +

A9 2% ypregulation® o] HHET % Qlvi= A 9
"3t} o] Hox2| mal-expression®] Hlo}e] 2ol wj

9 Aol ggke Fi1, 3 F Hox’} ofd dF-+9
Hox7} &&= o] 3ukstr|= 34 ] Yo}l homeotic

transformation-s 3l

NG A = 2EY 20 23
SEANAA Y A2 gojd
Benediktsson et
1A o2 FAofte
S 3 upregulation3t
FA 7] stress7t §F F 09| Hox
Az Zd x4 0}‘4‘1} A gREe FAAE
upregulation3hi= - ejofe] FeAgo] Ao dojut
A B3}A sk x| Hael Arskd Aot} o] AL stress
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Fig. 1. Expression patterns of HOX genes modulated by Dexamethasone (Dex). (A) Total RNAs were extracted from the C3H10T1/2
cells incubated in the presence of Dex, and then RT-PCR was performed with Hox primers (see Table 1). The numbers, 0, 12 and 48,
written on the top row indicate the exposed time in hours, As controls, mRNAs isolated from MEF, mouse embryonic fibroblast prepared
from embryo of day 13.5 post coitum (M), and distilled water (DW) containing no mRNA template were used as a positive and a negative
control. (B) Schematic quantitative representation of Hox expression following Dex incubation (for 0, 12, 48 hr). The relative expression
levels of Hox genes determined by Multi Gauge (FUJI Film, Tokyo, Japan) were represented as black shade. Black color means the
highest expression. All the expression values were first normalized to that of beta-actin. Each box indicates individual Hox gene located
along the 4 different Hox cluster (HoxA, Hox B, HoxC, and HoxD). At the bottom, Hox paralogous group and the expression direction of
Hox genes are indicated as number (1~13) and an arrow along with the 5' to 3' polarity, respectively.

= Ao AZkEnh AHe Aste] v & dd Aoz v, o wixe] AFS (AP
FOlEH, Abghe] A9 qdal 7] oF 3~4Fe FulEA  axis)S whek G Al7]e] &g f4AelX 54 Hox
(gastrulation)°] &3] dojuin] Hox fazke] W £ FHATE B oo Gk T BAVE 2EIAE F
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