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Abstract

Cell migration is a crucial cell function, and involved in
many biological processes including embryo genesis, wound
healing, and cancer metastasis. In tooth morphogenesis, the
interactions between the dental epithelium and mesenchyme
are important for the proliferation and differentiation of the
cells involved, and contribute to form the right number and
shape of teeth. In these processes, cell migration plays an
important role.

The SF2 cell is a preameloblast cell line originating from
dental epithelium, and this study examined the factors con-
trolling migration of SF2 cells. And, we identify factors
controlling the migration of SF2 cells.

Observation of DIOC6-stained SF2 cells using confocal
laser scanning microscopy suggested that the migration of
SF2 cells are controlled by factors present in the serum. For
a more quantitative analysis, we examined the effect of se-
rum on the cell migration using the Oris™ cell migration as-

say kit, and confirmed that the cell migration of SF2 cells
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increased in the presence of serum. This serum—dependent
cell migration was inhibited by gefitinib, an epidermal
growth factor (EGF) inhibitor, indicating some role of EGF
in the migration. Next we examined the effects of EGF and
the C—X—C motif chemokine ligand 12 (CXCL12) on the
migration in serum — free conditions. Neither EGF nor
CXCL12 promoted cell migration. However, addition of
EGF and CXCL12 promoted the cell migration to an extent
comparable to that with serum present. It has been known
that EGF and CXCL 12 respectively activate a tyrosine
kinase receptor EGF receptor and the G; protein—coupled
receptor CXCR4. The results here suggest that simultaneous
activation of these two pathways is necessary for the migra-
tion of SF2 cells. Addition of EGF and CXCL12 in the
presence of serum did not increase cell migration further,
suggesting that the factors, including the cytokine and

chemokines in serum are sufficient for cell migration.
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W OFILTH 2 BRI, TIPE 1B sk oo g R B Rz A
JJo & MRRSE Rk O B BEM L 2 5T 2 L5 (Thesleff,
2003 ; Nakamura et al., 2008). BiiZ 215 OHMIED LRz
—WFEM BRI L DAL, R L L ho% ok
BOREL L OFPEZF > T, HlED» 58T
ST OGHBTIE, MiEa, Mo, M
B, MlESHIE S v, BREE TS, Zo#k
WBWT, ¥4 7L —Ya VigEELREEZHSTWD
LEZHN5.

B D FEAE B AR (X B AR,
AL, aini, AR e, B 2R, DIPENIC B s
W95, Zo#fRETIE, REME AR, TS
—URTAUTTFAF Y (AMBN) LwoizTF XL ¥
VORNT BT BT AVEMENESMEL, T AN
BOK %3 % (He et al., 2010 ; Nakamura et al., 2017).
MM X G M R, shEEstie 2 &2 fe L, %
FHE il &2 B35 (Nakamura et al., 2017 ; Liu
etal, 2018). TF XA VEHRSLETHEZEKL, WORE
2L T CGHFETIE, MO IE L WIS R B IE T
BhGEETHLEEZON, REXAEL S EHRHOBHEA
ENPELS.

Z v MoRJEVE ERCRTaAR (SF2AII) 13T - X V3
Motk & LCHROIRAE X 7 = XL DOMEICHVSNRTH
D, AMBN@®ZEHEOSFMIEH~ 7 A HkiPSHllia % =
F A NVEMBIA~MEFE S5 2 R, iz 5
FEYTa) s o8y HEBMIBANLFEESE S 2
ENEEIN TS (Arakaki et al., 2012). —F, 2O
SE2fifaD <A 7L —3 a YICHTAMRIZITE A ETE
LNTwin,

AT V=3 a VZEEER TR ' A A VST
HIENHSENTWS (Qiang et al., 2004 ; Agle et al.,
2011 ; Maretzky et al., 2011 ; Sokol & Luster, 2015). 34%#
HWY-D1>5Th2 EREERT (EGF) &, WP LB
MR TH HSASHILDO~ A 7L — a V&GS H 2 &
M SN T (Ohnishi et al., 2017). 7 EH A Vi
A AL O—FETHY, FEIAL D1 DOTHD
CXC chemokine ligand 12 (CXCL12) (ZCXC chemokine
receptor 4 (CXCR4) IZHiHETH I LAASLN TV S
(Busillo & Benovic, 2007). <7 AF T F A VML T
H HmHATOMNLIZCXCLI2DAFAE T TR o By % 7R
FTZEPMESINTEH (Yokohama—Tamaki et al.,
2015), CXCR4,/CXCLI12Y 7 F v H3Hh O il 25 afl +5
SNTVE=y FoomEE EEMzo~ A 7L —
TarvEHL TS ZEDRBEINTNWS, £ TH

W, ALk,

AT YA
JERES

Rk REE LMo~ A L= a VIZBIFARERTF LT ES A v OMEER

W92 Tl, EGFECXCLI2IZ#EH LCSRAlan~ 14 &7
L—a v aiHT AR TFI2owTHE L.

MRELVOHE

1. A8
SE2AINE I AL R EAEIZ & 0 5 Sz Bl
121356C T304 M FEE ML L 7210% fetal bovine serum
(FBS, HyClone, Buckinghamshire, England) & 4 Dul-
becco’s Modified Eagle Medium - Nutrient Mixture F—12
Ham (DMEM/F12, Gibco, MA. US.A.) % L7-.

2. W

A3 121X Epidermal growth factor (EGF, R&D SYS-
TEMS, MN, U.S.A), Stromal Cell-Derived Factor—1 o,
Human, recombinant (CXCL12, Wako, Osaka, Japan),
EGF5 AR D IR BLEH]  (Gefitinib, AOBIOUS, MA,
US.A) i L7z. 7Moo Beth12133,3 ~Dihexy-
loxacarbocyanine lodide (DIOCS6, Enzo Life Sciences, NY,
US.A) ZRHL7.

3. b L — I — DA R AT

LR L — - BMEEBIEICIE, < A0iE L v X
(NA=1.30, Nikon, Tokyo, Japan) % H ¥ fif 1) 7z JL £ 0
L—HF—BMEi > A5 2L (Nikon, C1) ZH vy, 488nm
DB TIA T 5 W E515nmD N Y K/XA T 1 )b
¥ — (CPfEIE30nm) THEIRL, DIOC6H % MG L
7z.

FATA A=V v 7FHETIE, 35mm®DGlass base dish
(Iwaki, Shizuoka, Japan) Z3#&FE L 72 SF2 4l g % 1l 575
(FBS) Z#MA 72474 %2 (DMEM/F12) T2~5H
BIREEL, ZOXHMIZ 2 uM DIOC6 % Ml 2 T 1045 e ta
L7cth, Rz sgi L iy — ¥ —BAMEEBig %
fiodz. TOBIHTIE, HENL—F—BHME S 2T 4
(ZHAE L7 BB 55 #8381 (TOKAI HIT, Shizuoka,
Japan) %\, 37C 5 %CO.DREFESM T TI0HH 5 2
53 EIBE CTDIOC6 Yt L 7z SF2AIE o 415t % HUA%: L 7.

Fo—MOFEETIE, MLz X717 455G
EMRAIzAT 47 LT 6 KA L72%, 2 uM DIOC6
ZMMATIOMgt L7, SRS OMLE 4 %85 k)L
ATV RTIOGMBEE L, Y v EREE R CHRiEHEIC
Aqua—Poly/Mount (Polyscience, PA, U.S.A) TH A L T
N (YOI TR =SR]
f@##t > 7 N7 = 7 NIS—Elements (Nikon) % i\ CHEAT
L7
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4. HGERE DM E

SE2HllE % 96 well plate (FALCON, NY, U.S.A) 123 x
10°cells/mLCIERE L, IMiE%Z & A7 4 7 AT 2 HEE
BUZBIC, ATFTA 720K, MEERMLIZAT 4
A, I & Gefitinib (1uM, 5uM) ZHEM L7z A 74
7 AICASH L, 0 WER & 1585 R £ o B AE 0 FHI & 47
o7z, BEIERE D FHIICIZCyQUANT® Cell Proliferation
Assay Kit (invitorogen) % fl\:7z.

5. XA ZL—Yar7vtAs

SF2#ifid # 3 X 10°cells/mL T 96well plate (Oris™ Cell
Migration Assay kit, PLATYPUS TECHNOLOGIES, WL
US.A) ICHEREL, MEAZRMLAz A7 4 v 24 (DMEM/
F12) P CHIIBAYZ b v X— D ) ZHY Pite F THE
L7, Bz AT 14725550, Gefitinib,
EGF, CXCLI2ZEHRMUL7ZZAT A4 7 LI LCTA by
N—ZBRELTHLIMMEEEL. A My -2 RE
L 72 B & K522 1507 [ 1% o0 Ml Fa A7 Sk o T A% 2 &1l
L, WALz oO#G2EL: (X1).

6. At

— I BT B AT 7% 5 72D B, Sceheffeid: B L O
Fisher{E\Z CTHBAME 21T o7z, F72, Kruskal Wal-
lsMEAZ TR 572, 7B, AEKEP<0.05THEED
D& L7 Wity 7 rE LT 7 Va2 H W

] £

1. SP2filgo~4 7L — 3 >
DIOC6 THef L 7zSF2HllaD~ 4 L — 3 3 v ORT
AN L DA TBIZ L (K 2). SF2HlE

/

Seed the SF2 cells  Changes Removal of 15 hours
(3x10° cells/mL) in media the after
stoppers

D -0 ©—@&

AT AWK E IR 7282 AT S TH & [l 5 Bk
ThEigEsnz (M2A). ZOKELIED - 72wz
i, MELMBThBgsne (K2B). —7,
B & i % bR 3 % &l DSBRIC AL L 72 Ml s
ZRwlgshz (M20).

% ZTOris™ Cell Migration Assay kitZ ffi - T, Ifili&®
RAT V=3 a OB EERNIFEN L. T
ATFATIE, Y)avEDOX Ly —oFBIZHINEZ &
#7296 well plate 2 i35 HETHB. A+
N—% b2 d % L MR OMIBATE RIS M E) L <
WA/ 52D T, Ay N—%BREELEE (K3
A) EXEFRIGHRE (X 3B-D) DMK DE A
SOWEEEFNT AL LI T, ERMIITA T L —
YarEEtilld s 2 EAHES.

EEMEATICE D (X4), MEFFETTET vk
A BI5HEHC, MIRATE R D50 % HISH L 72 D12k L
(3B, M4), MIHAAET TIEAT5%MMLA (X3
C. M4)., CoOZEPLMIEHFAETTIE, I ba—
Vo (MBIFEFET) ICHRT< A 7L — 3 VaveidEd
HIEDRBENTS. ELIOT v A IIZHI b
BT LR D B 720, MEAE T B L O
Tl O b2 WE L7z, TORE, 15RH X%
TRMIEAE T RO T COMBEIT A B AT
bNadolz (X5). TOIZ EHLIMIELATEF TOM
FAARFEFIROFHIX, Fio~v A L= a Y OREICE
25DTHEIEPWHLNIE T

2. <A L —3 3 JARERRE O RN
MEICX-oTA 7L —Ya UAMEESI NS Z & 258
SN oz, MiEHicEEhbs~A 7L —a v

Pre-
Migration

Post-
Migration

Pre-Migration - Post-Migration

Area Closure (%)

Pre-Migration

1 Migration assay DFE X

Oris™ Cell Migration Assay KitZ FHW2 @RI~ A 7L —2 3 7 v A ORI,

(3)
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Serum (+) Serum (-)
2 MIEAATE T & JEAAAE T TSP E 2L
A SE2HIIE % 2uM DIOC6 THeta L, MEAFE TICBIT B~ A 7L — 3 ¥ &30 I3 L — ¥ — B 1 Cplgs

L7z, BiE 2 gofiisoZfbz33. B, C: MEFAT (B) BXPMEIFAT (C) TR #EME, DIOC6TH:f L7z
DBHIZFEE L 72SE2M o8 61%. A OWIRO M OIEKK 2 AR, MEFREET (C) TIXBHEIBIRICZE

fbL Ml As@ig s e (RED).

Pre-migration

Post-migration

Medium

3 SPAfBOERM~A 7 L—3 a3 YEH

Medium Medium
+ Serum + Serum
+ Gefitinib

SE2MlE D~ A 7L — 3 3 ¥ % Oris™ cell migration assay kitZ fiH L 721212 B 2 7 v & 1 BlIGE:

(pre—migration) & 15F§[E{#% (post—migration) DWIMEEIE. 7 v L A BIGGRFOMME S (A) &, miE
EEERVWATAA (B), MEEZRMLIZAT 4724 (C), ik & Gefitinib (1 uM) %ML 7z A
74 7. (D) TISWRERIRE 224 OBMEE R L AIOBER (M) 2R7.

W2

* RIZTHRT O 2R A7z, MFECEENS
EGFiZ, #k%4 2o~ A 7L —2 3 YIC5§
LT ENMLENTEY, EMERHICOLHENTL LT
wWhnaha, £22T, SRHlRO~A 7L —v a3 vilB
\} 2EGFO S % T 2% 72012, EGFZEAROHEH T
® % GefitinibDEH Z M5t L7z, Gefitinib (1 uM) O#F
MM XY, MEFAAE TS B 2 MBATE TS O P AT
FlHl e nsz (M3D, W4). F£72, 5uM Gefitinib
TH EROMHIER 2520 5472 (data not shown).
—75, 15K¢[HI 5 22 8 O M8 I Gefitinib RN X 5
FEAREEROON R o7 (K5). Zhbnl

2 B GefitinibfF- 7 F C ORI ASFE EHIR O FASH 0 Jfil 1L~
A7 =23 OMFNCEA5DTHLIENHLNE
oz,

3. EGFIZX B~ 4 7L — 3 3 U RMEREHE O AT

Gefitinib S MLiE A AE F OSF2MED~ 4 7L —v a3 »
RPHI L7225, EGER~A 7L —3 3 v OfE#Ic
G922 2RIz £22TET, ¥ 7L —
¥ a YT HEGFHMOER 2 MET L7z, 6 1RT
I RIMEEEFE RV AT A 7 AIZEGFEZ RN L7225~%
A7V —ya YidMEESN o7 2T TRIS, 7E
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o 80T =
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@ 607 = 1
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§ 405 S |
g s
201
0
0 Serum - + + o+
Serum -+ 4 Gefitinib P
Gefitinib - (1 uM) (5 uM)
(1 uM) 5 SF2HllL D HIFERR XS B ML & GefitinibDEH

052 AR O MB35 B R 1585 36 1 O M B D 25
* p<0.05 fbo# &2 MEHAFAAET, MHEFET, BLOMEEE 1uM
. ' & B\ 13 5 pMDGefitinibfEAE T TRHM L7z, fili% 3 ~12[01 D
p<0.01 LD TN + BRI R, ML - JEAEAER Gefit
4 SP2IO~A 7L —2 3 I AU & Gefitinib — inibd fEAE - IEAFAEIC BT B RIFHRE LA A3 T b o 72
DIEH
MEIEFAET (F), MEFAET B L OCIiE AL T 12 Gefitinib P SR A % 2 A F 4 % A~DEGE & CXCL120
WK () CBSFE2Milo~ 4 V=Y a v 2o i o - R
SR (% ¢ Area closure) = L CRIRIOIRT. fid4~18  SedMELAHEE, M LHEFEOTA 7L =220
[ OEEEOF-Hfi = BHEHEZRT. *p<0.05, **%p<  fREEH RO SNz, —F, MEHFIE T TEGF,

0.01 CXCL12, EGEYCXCLI2% WML 72841, 1LiE D &
HA U THBCXCLIZAYA ZL— 3 VICHE5T5E LHEELTIA 7 L—Y g VIHEES N 2o 72,
EZbN7z720, CXCLR2OWMT<YA ZL—3 3 v

RESNDPME Lz, MEEZETERVAT 4750 % =
CXCLI2OEMTIE~A 7L —Y g YidE#E S h e r o AWFZEClEILE N L — 9 — AR EIEIC X S MR RE
100 1 x
*
|
S 80 ].
o
S5 60 I
o
° | |
g 40
<
20
0
- - - - + + + Serum
- + - + - + - EGF
. . - -+ CXcL12

* p<0.05
6 SF2Hllso~A 7L —3 3 IZxd AEGFE CXCLI2OEM
Mg % & F %W A5 1 7 LZEGFEM, CXCLI2EA, EGF&CXCLR2OIRMZIT7R -7 (H). I
HEEDL AT 4 7 ANZEGFHM, CXCLI2ZEMRINZ 1T -7z (). fHiZ 4 ~101 0 EER O34
+RHERE R R T, % p<0.05

(5)
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DEND S, MFEFOIA 7L —2 g VICLEZFTO
FEAEDRIE S 7z, & ZTOris™ Cell Migration Assay kit
%ﬁot*5%747v~>ay77t4’;of,w
WD~ A 7L — 3 VICLELRRTFE2HS ML

747V~y5/77t4fi,MmTE IZBWT
RESNLSE2MMBO~ A 7L — 3 ¥ BEGFZHKD
FH5E5%] T & 5 GefitiniblZ & - Tl E 172 2 & A HEGF
OEEWEIRENTZ. Z 2 CEGEOEHZH ST 5
72T, M & & B WESEIANEGF R N L 7228, <
A7 V=Y ayOREZEZ S o7 LL, 7E
# A4 YDCXCLI2ZECFE HRFMT A LICL-T, I
HHAETERRICYA 7L =Y a v RES 7.
CXCLI2OHMBMTIE~ A 7L — a Mg s e
MPol2Z b, EGRIZr EH A Y XiiEhicaETh
LRTEDOMEEMICE > T4 L —2 3 ¥ 2 RiEd
bEEZbNTz. TG % & ORISR ICEGFR CXCL
RFZFNZNMATHESHICYA 7L — 3 YRR
NHEVwI) T Lidhro7/z2 s, MEFDEGE, 7
EHA Y, TOMOSGTTH~A 7L =23 VNS
LLEZ LN

EGFl3F 1 ¥ vV YIBRILEER N 2B RO —FTH
LEGFZHRE N L HEH T2 ERTTH L. EGFx%
#RIZIZErbBI, ErbB2, ErbB3, ErbB4® 4 FifHAHI S
nTws (Wang, 2017) INHIXEDB7 7 3 — LI
ENTHBY, EGEOKAICL > T®RMMEL, M LS
htxﬁ@%m//$% EhZHmhoFa s L
J U EEAL3 A (Dawson et al.,2005 ; Zeng & Harris,
2014). ToFa ) YEBALEALIISH2Z F X 4 VR
PTBRAA v ZpoFuy ) VBILKEE N AL ¥ &4
DY UNRTENBKEE L, TRV T FVELEZA.

TV O HAE R 12 13 Ras-MAPF + — EHEE, PI3
¥ — ¥ - Ak, R AKYS—+EC (PLC) —Ca* -
Jusr 4 ¥ F—+EC (PKC) BENDH S (Wells,
1999 ; Zeng & Harris, 2014). JmF- ERZHEMIIE TH 5 SAS
Mk, EMmERBNOEGFORMIC L > T, Akt®
U UBILEALTIA 7 L— a V2 RET A 2 LR
HENTWS (Ohnishi et al., 2017). L22L, ¥4 7
L—3 3 VIZBIT HEGFOEHIEMIIBIC L o TREZ D,
[Fl UJsd - L K2 98 o e C @ 2 HSCARMNNE C 1 28 1 375 55
ANDOEGFRINE~ A 7L —3 3 VISHB L w2 L 2#H
HEN T 5 (Ohnishi et al., 2017).

CXCL1213Stromal cell-derived factorla, (SDF-la) &
LIFENDrENA Y THY, GF I8y BB ZE
f& (GPCR) T&» % CXCR4IZHEA T 5. CXCR4L 5
b, MEEHAE, FEEK, MRARKICB W TUERZH

-,

ERE IR MR~ A L= a v

B ARERT €74 > OMEEH

& C& % (Busillo & Benovic, 2007). ~ 7 AL Cld L
Bz % 5 B A3 Y B o> T B Ui 3B A BRAR IS AEAE L (apical
bud), TF X IVEZEIEET %M 2 EHE IR L Tw
5. EENTFOZHARE LTL LHS N 5CXCR4E
apical budiZFEH L, BIERIZEWT<A 7L —Y 3>

W5 LTwhAZ R (Yokohama—Tamaki et al., 2015),
P ER R & MATERMIIE~ 4 7L — a Y &HILTw 5
ZEDPMBEEINTYDS (Zou et al., 1998). F=A AN
o TIZCXCRA EFHEH L, Milao~x A 7L —2 3 v
BAHGLT0wBZenn, SARE L DOBRIEH S
NTw2 (Luetal, 2001). CXCR4(ZGEDGPCRTH
D, G VX I7BEDo 7T 1=y VBT T VY 2
T —EOE AT E TAMPOREZKT ¢ 5
ot 7=y MIMIZDH Sre, Rask &% 4 L CERK12%
WHALT 2 b2 Y 7 F VB EZEEALT 2
(Busillo et al., 2010). F7:G¥ ¥ 37 EHOByH 7 1= v
FMIPLCRPBF F—E 2 {HHALT 2L DHEDDH S
(Busillo & Benovic, 2007).

D X ) IZEGFB X U'CXCLI2iE &5 5 & H Ras—MAP
¥ — BRI, PI3Y - — R, PLC-Ca’" — PKCHEH
DIEEALT 2 Z EDHMOENTWES, MEOHEIZX -
THEELREP R LD LEZOND.

SE2Mifan~4 7L —3 a3 VIZEGFECXCLI2D &%
LR TIHRESN o/, A7 V=2 a v
ZIZCXCL12A3G Y ¥ 78 7 AL T 2 5 AR S & LAz
T LML, EGESF 1Y v ) Y IBALEEE PR 2 21k
R UABET BRI D 2 DD F7 o 72D BT d
EEZLNL. SHOBEE LT, SF2Mlll DEGF%
BRICHE S 2 7 vk L, CXCR4IZBHE T % ¥
TR VR R FEICHRE L, <4 7L — 3 v ORI
HWEWOSPITT HLENDH 5.

i

EGF & CXCLI121%, 4% 4 O HMWE Tl 5Pk 1 iz #
fan<xA4 7LV —varzRELero7. LaL, £h
LW AAAAET B LIiE L FAEDO< A 7L —3 g AMEH
e ZR L7z, RN TRERA BRIRER TR r 0 4 ~
PHFALTIAZ L=y a Y EHBLTWDEZ & AURIE
I,

<AL= a YOREIIE, Fuv ) YRR
WK Z ARG S ¥ 78 7 HIR 2 AR E 5 7% 2 M
NaNTEHIZER OIRA ST 5 2 LAVR S N7z,

B &
Zid, dbdEE RS

B

ENTFH FRWFFESER & X O

7k
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