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Abstract

Tissue clearing techniques are useful for visualizing the
three—dimensional structure of many kinds of tissue, while
the application of tissue—clearing techniques in dental re-
search remains limited. In this study, we developed a
method for clearing hard tissue including bones and teeth
using a new clearing reagent, LUCID, and analyzed three—
dimensional structures with confocal laser microscopy. We
first examined the necessity for decalcification in clearing
the mandible and parietal bone of GFP mice, and found that
the mandible bone and parietal bone was cleared suffi-
ciently without decalcification. However, uncleared parts re-
mained in the incisors and molars, and the uncleared re-
gions were larger in the undecalcified samples. The LUCID
reagent does not contain components for decolorization, and
the color of red blood cells remained in the dental pulp.
Confocal laser scanning microscopy showed particularly
strong GFP fluorescence in the periodontal ligament. In the
molars and incisors, fluorescence was observed throughout
the dental pulp except in the enamel. Higher magnification
images showed tubular structures extending from the pulp
toward the surface in incisors. Lacunaes were clearly ob-
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served in the parietal bone, and the fluorescence of osteo-
cytes present in the bone was confirmed. Osteocyte proc-
esses could be clearly visualized by fluorescence images.
Next, we observed the calcification of the parietal bone and
femur of ddy mice to which calcein (CL) and alizarin red
(AR) deposited in the calcified part had been administered
at intervals of two days. These samples were cleared with-
out decalcification, and showed CL and AL layers at the
surface and bone marrow in the parietal bone, and a layer
of AR and CL at the distal end of the femur. Observations
of the fine structure of the femur, which cannot be brought
into close contact with the cover glass surface, was
achieved by using a water immersion lens having a large
focal length and numerical aperture. The tissue clearing
technique enables three—dimensional observation of samples
without slicing. The present study shows that tissue clearing
makes it possible to analyze the three—dimensional structure
and calcification process of hard tissue by using both hard
tissue clearing technology and confocal laser scanning mi-

croscopy.
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HMAZH LB, Mk 5SROV IRE Ok
R, HMITROE K Z SR OB EI IR 5 #E A
WEENS. 20114E12Scale A B T M TLLE (Hama et
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6 Bin) ICCLZJEMEMNIXS- (20mg/kg) L, €@ 2 Hik
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HOGOBEIIE542nm D ih#E G % H v, 570nmo 1 > 7
AT ANE —THOEE R L2, S LRI
TR 2 HUS L7z BUS L 22RO 3 X OV = Roc i
RO, RN Y 7 b7 = 7 NIC-Elements

(Nikon) # MW7z, fEHILzL Y X Zn s DRI

Nikont:#, Plan APO2x (NA=0.1, WD =8.5mm),
Plan APO 4 x (NA=0.2, WD=15.7mm), Plan APO 10x
(NA=0.45, WD=4.0mm), Plan APO 20x (NA =
0.75, WD=1.0mm), Plan Apo LWD 25x (NA=1. 10,
WD =2.0mm), Plan Apo TIRF 60x (NA=1.45 WD=
0.22).
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1. THOEHL

M 1ICRIEDOTE (K 1A), REJKTEWLL 72
TH (KW1B), BUKLTHSEWLZFH (K1C)
OHVBIERT. BB %2 831 TEPL L2 FHTIE,
TEFIEBIK U T E FSEICET LS zas, BUKL
72 O LI LTI RHBIEIL S e Wil ok
& CBRAF L7z BURBRISEIML L 72 P22 4
BV, BROBETHE- &0 EMEETE 2. Hl
EUIIE R ) BVEE AR L7228, YIRS H B o Hh
DERICEIL S MR W25 b h/z. F 72LUCID
&, NAEERAT LIRS EEE B0, MEICE T
NaMmEkLzRD N7 (K1B, 1C).

BRI BV L72GFP~ 7 A FHHOME SR L — ¥ —
SHMSE B OFE R A 2 1R, BWGFPEDEDS, Hid
Bl E OIS 2MRE TR O (M2A, 2
B, 2C). FHMTIX, MHIIZIRVIDLSBIE I N
(2D, 2E, 2F). YHHBTIEERERICE > THidin
5T F A NGB THO 2 LM L Bbh s
AR cE 2 (M2G, 2H, 21). F8961%0

E1 GFP~” A FFHDOEWL
RIHDO T (A), REUKTEPLI L 72T (B), 10%EDTATHIUKZIEPLALI L 2T (C) D4 &
N A& DL HsR 0 55 A7

5 Z OMERKEED B & MO M0 5T
CEDER I N SHRD S 3R HE O T D&
WD LAY (M1 C), G5 h oMl i 25T
WTEAREDENETH -7 (M 2H).

2. GHIAE OEIL

GFP~ 7 ZADRUHOHTHE (KM 3A) &RBIKTE
H(L L 72BHTEE (K 3B) %ILEKs % &, BHIEFIIBIK
L THHacElfbs e, L — 5 — B
FECTEIET DL, EBRIGIC X - TH/INEDSIIRIC BT
&, TOWPIHAET MO EE R S =28 (K
3C, 3D, 3E), GFPHLTHMIEDZEDBILHIIN
HThH o7z, NA=1 5O EHEMEE (TIRF) 60k
LY ATRISET 5L, E#igs X HOBG Tafilnose
erPRIcBigEcE (M3F 3G, 3H).

3. CLRARIZ X K LD BigE

M 43CLZHE L, #®2 HERIZARZ &S L 72ddy
< ZAOHEEF OGS TG (M4A) &, ZOFHEE
G PR LC100 pm AR EDRE S K1 E T% 1 umH
WU L2 TG e diigcdh b (XM4B-G).
ZNOHOWBEEFERTERTHEEELMEL (K4
H). BETEE OEMICCLEALDEDBIE SN, 7254
TiX, CLONMIICARD IR ¥ FHpiggshiz. S5
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WEMTHICL - T, B L OV £ O VARG 2 1]
BEICBIZET 2HPTE (K41, 4], 4K). H41&
4KITRT X DT, BICHEG L2CLORRTNY v 7D X
DRBIZARDT XY v gt shiz. 88Tk
CLOWNMIZARD T X)) ¥ FABlg sz, ThiZk
0, SHIAE 2SRRGB NN 2 > TR R 2 R
RMERGIRNTICTE L LR ENT.
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ML — - HMEE T LR (A-C), H (D-F), W (G-
H) o T#% (A D, G) LGFPEDE (B,E H), BXUZhso~— Vi
% (C,F, 1). #1£21213Plan Apo 10x (A, B, D, E) & Plan Apo 20x (G, H) %
L7, AB: Bitlid, DP: til, D: %48 (D).

HICHEE L7zddy~ 7 ADOKBETH 5. KEE D@L
Ui ClE, CLINY ¥ 7 OFEISONIIICART X)) ¥ 7D
JEHABNT (K5A). X5 BIEABRE 5 5 i
EWARL7ZDDOTH 5. Bindh TIEMBARIKE Mk & &
b LIMARDART X)) ¥ FHGERTE 7.

Z =

ARFFETIEHHEILAIETH 5 LUCIDZ - T,
e EO T, BIEE, KEE2EWtL, GFPIvL%
il > TR O JE PR 0 55 LA R AR Y O ML o> 5%
HUEETHL I L EPLMII L FREEFTIZBNT
&, BUKEAEE LISEWLTE 2285, AR
AT HCLRARZE i o 72 FHIRALER D W AHALIZ b FIH T
EDL T EARENT. HLESL - BB O I
EoT, WHEERT S Z LR v VB2
VT CERITHEE OFFNT ST RE T o 72, T OHA & FIH
L, 2H Mo MEZ 2207 TG L 72CLE ARDHEED =k
JOMEED &, BHIHE R KBGO EEZ S IEHIT %
CTENTED I EDIRENTZ. ARALERICIEAS T % 406
fF 2 1E, S JH w7zCcL (Calcein Green) % AR

(Red) Z/MZ T, Calcein Blue, Calcein violets1 5T
BY, InSx2fHTLIEICLST, BEEOLY G
M7 FRAT AT B 22 B LIRS B

TEALRR 2 Y& 9IS 3 5 2B ETIE, MifgE
OB T 2L v AOBIRPEINI % 5. iR
DOBIZIZIE, BOBDSKEVL Y XBUETH L. ik
MICHW LN TWAH40-100f5 DR L~ 1%, B
P51, 3= 1. A TGS 13 W A EE S EEAY0. 2 - 0. Smm &
v, RN ETE L5 WIkMRIE, BRI N—T T R
A SHEL I EMNTE LY, MMk E1X, &
IN= I T AN H S B — O L BT E 2o\,
RN L2 P2 BTHS ThiE, EEsEo s
WL Y X flio 72BIEDWRETH 5 2°, HEAHEE 2 # 2
LEBOBEITE R VITREREILETH L. —H,
SR OmmE A KNS5 A4 54 7L v X%l
H TR RETH 225, BITED0. TIRED
Ly AT, MRS o LS WEETH - 72
AWFZETIE, T o OREZ IS 5k E L T258
KiZ L ¥ APlan Apo LWD25x (NA=1.10, WD=2.0
mm) ML KRV YR, KRGSy Fo 5>
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X3 GFP~ 7 ATATEY O&EWHAL
FHOFHTAY (A), REIKCEPLLE L -3HTHE (B) OBl

K (F-H) OWMHT#% (C, F) LGFPiE (D, G), BLXUZFhbn~v—Y
W% (E, H). Bi%51213Plan Apo 20x (C, D) &Plan Apo 60x (F, G) ZMiH L

7z.

T EOBRAEN R FTICHoNE L Y A TH
5. BAOEDHBIKE WS, 7 AEMEHTT 572
DIZHEEEEED 2 mmARE IR S hTw b, BRIz, &
AWz L v &, OB 1EREEEFIE TS
D, BEOL ALY —Hh)REWD, HTLIHE
GAT—VEELSTIT YT —PLETHE. ZOL
YAV BHZEIZEY, BEIEICB T S ARIEDO=R
TOME 1% % B IRAREE Tl AL AT BB IS 72 o 72

B DT 2 MEEILEAR 121X, BATHIES
M 7-Scale (Hama et al., 2011 : Hi& 5, 2017) *CUBIC
(Susaki et al., 2014) Z/mz T, BABB (Dent et al.,
1989), 3 DISCO (Becker et al., 2012), SeeDB (Ke et
al., 2013), CLARITY (Chung et al., 2013) *SWITCH
(Murray et al., 2015) 7 EDFEPRH SN TW A, Scale
R CUBICIZIZKBEMHEALED LN TB Y, W
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%, REFFECMM L7ZLUCIDIE, ¥4 Y15 ) — ),
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3H) TOEWULAWHEETH Y, Triton5: o> F i i 14 #
o i AOEARYAR ST k- 1) AT R/l SNRUR ARV PR
T 5.

L4, BABBE % % L 72 modified Murray’s i% %
PEGASOS#H: % fifi o THEAHE & Z WML L 72 FEH3 il &
NTw5 (Hong et al., 2019 ; Jing et al., 2019). 215
D ETIIABHAMEHT 5 2 & CHhBEWE V&R
REBTEX LI, I VoIE, Bk a8084
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B, =0, KEEOF S A TER L FifRkZ o
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AH BEE S HBARE AT X 2 s & OV LR o N7 AR AT

4 ddy~ 7 AFHTHY O Calcein & Alizarin Red D #t

Calcein (CL) #%4-2 Hf2lCAlizarin Red (AR) Z¥#%5-L, ZOHFHIZEE L72ddy~ 7 A DETEE D5
T#% (A). BEIESOEBD S100um DL £ TOHEBLOMS T ¥4 & 4061% % 1 um Bk TS L 72
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(B), 20um (C), 30um (D), 60um (E), 75um (F), 90um (G) DAL OWEAERT. HDOHMHT ¥
BEMEHKE LG (1) &, ZREERESETEIAO M, S R =RocEE (1, J, K). BZI21Plan
Apo 10x (A) &Plan Apo TIRF 60x (B-F) %M L7-. AB: i

600 pm

5 < 2K D Calcein & Alizarin Red D Ht
Calcein (CL) #%5-2 Hf2lZAlizarin Red (AR) Z#45-L, ZOHBHICEE Lz~
ADOKIEE (FB) #ALMGDEE A S K1, 5mmD i T T oIk 095145 %2 10pmiE
W CHUS L, NS 2flio TR L-ZWocHiE (A). AD AN S ORI 5%
200umD IO HOGIE % S umH B THA L, N6 2o THESE L 72 Z R TE g
(B). KED : HWGEBOART XY ¥ Flg, KU JUKEKE MLk & Bbh ko
ART N1 ¥ 7. BIEIZIZPlan Apo 2x (A) &Plan Apo LWD 25x (B) ZfliJfl L
7z,
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