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Figure 1. Midpalatal suture expansion in rat by inserting a 1.5-mm-thick circular

metal ring between the maxillary incisors.

Figure 3. Diagram of two-dimensional measurements of expanded suture width
(distance between the palatal bones) S1: the center of labiolingual thickness of the
incisors, S2: the lingual alveolar bone margin of the maxillary incisors, S3: the
midpoint of S2 and S4, S4: the anterior margins of the palatine foramina and DI: the

distance between maxillary incisors at S1. Scale bar: 1 mm.
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Figure 4. Diagram of the marginal region of the palatal bone and soft tissue of the

suture for RNA extraction (depth, 0.5 mm; width, 0.7 mm; length, 2.5 mm from the

distal alveolar bone margin of the maxillary incisors).

Table 1 Polymerase chain reaction (PCR) primer used in the experiments

Target Forward primer Reverse primer Genbank acc no.
GAPDH  5°-AACCCATCACCATCTTCCAGG-3’ 5°-GCCTTCTCCATGGTGGTGAA-3’ NM_0170083
BMP-2 5’-TGAACACAGCTGGTCTCAGG-3° 5 -GCTGTTTGTGTTTGGCTTGA-3 NM_ 017178
IGF-I 5 -GTGATCTGAGGAGGCTGGAG-3’ 5 -TCTGAGTCTTGGGCATGTCA-3 NM_ 178866
TGF-pl  5-CAACAATTCCTGGCGTTACC-3' 5 -TGGGACTGATCCCATTGATT-3 NC 0051003
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Figure 5. Changes in body weight during the experimental period. The body
weights of rats in the expansion group were significantly decreased on days 1, 3,

and 6 (p <0.01). Then, the weights of rats in the expansion groups had recovered to

the same level as the intact group by day 9.~ p < 0.01, significant decrease versus
intact group.
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Figure 6. Morphological change in mid-palatal suture after rapid mid-palatal
expansion (RME) using CT image. (A) Measurement area from a representative
animal. The increase (green) and the decrease (red) compared day 0 are shown. The
red area had increased to cover all domains of the bone surface on day 12. Then the
green area increased to day 24. (B) Bone volume change in the measurement area,
calculated by using 3 x 4 viewer software. The bone volume reached the lowest
value, —0.34 mm® (~12,600 voxels), on day 12. Then, the bone volume increased with
bone formation between the palatal bones symmetrically over time until it reached
—0.13 mm® (4700 voxels) on day 24. *p <0.05, **p <0.01, significant decrease

versus day 0.
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Figure 7. Expanding width change at each suture section.

(A) Expanding width change at four points. S1 showed the most expansion of all
measurement points (S1-S4) on all days (days 1-24); the width of S1 increased to
0.35 mm on day 12 in a time-dependent manner. 'p < 0.05, " p < 0.01, significant
increase versus day 0. (B) The distance between maxillary incisors at S1 (DI). DI

significantly increased to 1.80 mm on day 1. **p < 0.01, significant increase versus
day 0.
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Figure 8. Gene expressions in mid-palatal suture. (A) Gene expression of BMP-2 in
mid-palatal suture. A significant increase in BMP-2 mRNA expression after RME
was found on day 3; it was five-fold higher than that on day 0. Then, BMP-2
mRNA expression decreased time-dependently, reaching the same level as day 0 on
day 7 (p <0.01). "p < 0.01, significant increase versus day 0. p < 0.05, T'p < 0.01,
significant decrease versus day 3. (B) Gene expression of IGF-I in mid-palatal
suture. A significant increase in IGF-I mRNA expression after RME was found on
day 3; it was 28-fold higher than on day 0. IGF-I mRNA expression then decreased
time-dependently, reaching the same level as day 0 on day 7 (p < 0.05). 'p < 0.05,
significant increase versus day 0. 'p < 0.05, significant decrease versus day 3. (C)
Gene expression of TGF-B1 in mid-palatal suture. A significant increase in TGF-$1
mRNA expression after RME was found on day 5; it was 3-fold higher than on day
0. TGF-B1 mRNA expression then decreased time-dependently, reaching the same
level as day 0 on day 7 (p < 0.05). p < 0.05, significant increase versus day 0. 'p <

0.05, significant decrease versus day 5.
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Figure 9. Histological findings in mid-palatal suture. Thick osteoid layers (red arrows)
were observed in contact with the bone surface on days 5 and 7, and layer of osteoblasts
were found along the osteoid surface. In contrast, little osteoid and a single layer of
osteoblasts were observed on day 0 (Fig. 9 A, B, C). Very little expression of BMP-2,
IGF-I and TGF-B1was detected in the mid-palatal suture on day 0 (Fig. 9 D, G, J).
BMP-2, IGF-I and TGF-B1 expressions were detected in osteoblastic layers (red
arrowheads) on days 5 and 7, and was more intense on day 7 than on day 5 (Fig. 9 E, F,
H, I, K, L). Expression was found also in endothelial cells inside blood vessels (black
arrows) and fibroblasts (black arrowheads) in the suture on day 7 (Fig. 9 F, I, L). The
expression of IGF-I and TGF-B1in response to RME were similar to that of BMP-2, but
TGF-B1 expression was weaker than others. In the negative control, no specific

immunoreactivity was present in any structure on day 5 (Fig. 9 M). Scale bar: 100 um.
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TR LEBZD 2 ERFREL 2o 72 PY, 72, AR DR—HIEERD
BB LMD ES 2 EEIICEHE TS Y 7 P =T BFRHTEL L O
72572, ROI O ZWotaHAITIE, BRI BENCED L, $5K% 12 B/
fli (-0.34 mm’) %/~ L7-(Fig. 6A, B), %7, Ktz TH, SI TOME
BATRE HIZEEIN L, SR 12 HICiR R L 72072 (Fig. TA), 24U OFERD D
ERAHEESITOHRMB~D A Z V) o TRARERIZILR S 1D D TiEke <,
T DOYERITITA 12 BIE D022 Z EDRH BN o7z, ZRITeHUITITIERE 6
H OYERIESE (S1 2B B2IEK% 6 H OREATRIER2 D 0 H O EIER % 5]
WEBEAR) 12170 pm TdH - 7=, Saito & Shimizu 2 1%, FEREDILKRER THE

ARG EIEIC K2 E BRI EHMBZEEHN 217, SudiER®% 6 H oS E
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SAMrmE AL I 25N 49.2 um &3 Lz, RIFZEICEB VT, $EK% 12 H
FCHRAM OB ERBENEAD LizZ &b (Fig. 6B), [EH O#HFEAS DILKEIT
PER% 12 BETHBRICK OMiEEZHEZ CWetEXbND, ILRE 12 H
VI B IR MENLIC IR o T2 2 8 G, 20 12 A DSERTRO B IARFESHIIN LA
HEMBRTHD EEZ BNz, 72k, LK% 24 HIZIX, fEETOEEREIL 63%
¥ TR s,

S1 DIFFRITIERBIR 2 ITHAN L 12 B TR & 7g o 7228, Bl ] ERBE IE K%
1 B CREIZHEML, 3 HLARRIZtR 2 120 L7e (Fig. 7A, B), Z Of5HRIE, 1%
Bl OYLRITEIE (1 B) CREZREOBEIZ 5 EE 232, EFROHEHEESD
PLRIX 12 AfffeE, TO%I HIZKRMZT THERIC L > THEI L Z &
AR L TWD, HREOHIM#HREZSZET D L, BREEIND L TITE 30
AU EMETHD EHEHI SN S (Fig. 6B), ZOHM AL MIES#HZDH L, &
FEFEHO VEMITZT v RO 15D 2 BICHYS T 50T ), 2405 34
&5, BRMIZIE, FHTSEILRE, MU ANT LT —F % 3 T HM
FHEL, SHIZ3END 4 FRIOBEEAEG FEEERELEELEET LI LIC
70520 Fi, BREEIEREIL 4 EUEOREETTS L bHEREATNHD
D LTEN-oT, 1 FEOHERTHEE 30 AL EBETH B &0 9 ARBFZEH

X, EFHERAEWSISAERNI ST D HEIERR I LT, BRI ES N H
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HEBEZBND, UL, AW TITHEIT 1.5 mm OJLKREZIT->TEY, 11H
0.2 mm DIERZHfE LTI 5 BE COREILKIE L IZR R D720, SHE LA
LMABLETH D,

AR TIXRHEIERZOIEF A& |23\ T BMP-2, IGF-1 33 L. (N TGF-B1
MBS BE LIZ72D, ZhbORTITFEEH TOFEMIC W THERKE %
19 FTREMENNE 2 DL, BT O E/AEEIE K% OB TR Tk BMP-2 1ZEAN
BibaFE LY, BEEHE T BMP-2, IGF-135 X O TGF-Bl O E AN
L MESNTWS 2, BMPs 1Z TGF-B A——7 7 IV — 2B T A& o
NRIETHY, WA E MRS EER L LT, BYET YV ZICEBTS
BRICB O CHEER&EZH T\ P, BMP-2 1%, BMP 77 X U —OH T
O BEERFFO—2>THY, RoOEHEERMILOE Mg ~D5 b2 7HE S
B2 EEREFRF Runx2 OFEBLZHMT 52 LIk -T, BEREZRET D
W X5, BMP2 XA D= HILA FL AL > CEORENFEIN, HIf
MR~ DO M EARE S5 Z LB ST D B2 IGF-T b £ 72 invivo ' <0
in vitro '© OBFFIZINT, BIMOIEI) 2 RN T & LTmbh TRy, HE
FHEEMR OIS LA IR S H 5, F72, IGF-11E7 v N OIEZERG OFHHk
Fg CREAENICEBR N2 AT Z itk TipEah 0, fIR{LERET S

BMP-2 OF§RE A #3045 19, —F T TGF-Bl 1%, BMP-2 I k> T s 5
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DB E BINCBET 2EAEZ A L 7, Btz s /1% nx
HZ LK THEIND Z LM SN TWD P, RIFSE T, B0 #Hik
AEGEFLRE, BMP-2, IGF-1 88X O TGF-pl OELF-REIIAEICML, =
DEKRFEBL L ~L1E BMP-2 1 X OV IGF-1 T3 R# 3 H TENENIEKAETID S,
281 L7210 (p<0.01, p<0.05; Fig. 8A, B), TGF-B1 TIELIL A% 5 H THLKAETD 3
f L7272 (p<0.05; Fig. 8C), F7=, MMM ARIMENG, LK% S BIC
IEH O ZMEEEEZICIR - 7o g © BMP-2, IGF-1 3 XN TGF-B1 D&

N7 FEBPBIER SN, FERE 7 BRI TIIHES AP o M8 PN B I <o

ST

PRAEIEHIIL T L 2N O OBIERIS A BTz (Fig. 9), 2B DOFERNG, A
=V A B LRI B BRI O RSO N BRI Lo TR Y, F

It oOMIL X ViR EEEZ T L EBNRENT,

Mukherjee 5 ** I%, IGF-I X PI3 &) —+¥ Akt 7 /LK%M LT, BMP-2
CHE SN EFEMIROSME, RACEEE KFTERE L, —H, Yub?
IZ, IGF-11% ERK1/2 ¥ 7 F /W& L C, Runx2 OFEHLZ L S, 524
fagfbz RS g2 EWmE Lz, ZnboWEE, FEHEICK VT BMP2 &
IGF-1 Z G 1oV DD L T FRREEFAET H 2 & 2R LTV 5 2%, SL
RKEDOFERIZE T 258722 7 F R v A h—7 3T 2 7291

SORDUFENBLELEZEZBND,
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ZOERIZIE 30 HUL EXLETH Y, ZOEEEIBRICIE, BMP-2, IGF-1 84X
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Z bhiz,
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SHEIRIZE > TH & Z SN IEFH OB EEGICBIT 2 BEFNE e 2D
BOFE, 720 VI EW S SIZOWTH LN T 572012, b FEEMY

(ZHEY 9% 8 Ml T v b OIEH A &S & FEERAJIZILR L, in vivo micro-CT [H
5% A CRUEIER % OfSH OB FHIEIC OV TR AMICHRE LTz, %
7z, real time RT-PCR & Sk b 71 THES L OB T A B K 1 DR BLIZ D\
THORETRET LT,

ZORER, LUF O % 1572
1. 7~ EFEPUIHER 1.5 mm 2UFIERICE - C, IEFAHEASTIERAMIC

PER S, ZOIKEIT 12 HTHRKRERY, 24 BIZITIEKRATD 63% £ TE

B\,

2. JERBOBEEBREIZE VT, IEF OEEAEO BMP-2, IGF-1 3 X O TGF-pI

OFREBUIAEITHI L7,

UbDZ Ent, 7y MIBIT 5 HEEIOREILRIC X D A HEEESIRE, 12
HfEFrSE L, 2 DEEIZIL 30 HEL BB TH D, & OEHEIERIZIT BMP-2, IGF-
I BEOTGF-pl NEEREE 2 Z LR S, 70, ABFEREE
IRIZET 2 IEH A FHES TR K% ORI E DL L ITBAERH D L&

Z b,
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