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Functional Restorative Materials

TORII Mitsuo

Department of Restorative Dentistry and Endodontology
Kagoshima University
Graduate School of Medical and Dental Sciences

ABSTRACT

The restorative materials have been developed on the basis of the idea that they should be tough and stable. They must

bear the bite pressure and oral environment. We have tried to realize it by making restorative materials tough and inert.

Fundamentally, restorative materials are not influenced by and do not work upon surrounding environment.

On the other hand, researchers have tried to give some functions to restorative materials for example antibacterial activity.

They tried to reconcile material’s stability and functional activity by using various methods.

This article reviewed trials to give several functions to restorative materials.

Key words: restorative materials, antibacterial activity, antiplaque activity, whitening activity
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BT H20TIERL, LERRFICOAIHHF D
L., L2bHERZY)FXx—V95Z LRI L
WERSG Y ZFYUNY =Y RATF A EERZ L. Thb
L, LI VICA T R R EAL, A4 CHPUA
HlZ RSO TH L, R1IICZFOHMEERT,
N—Z LY & LTTEGDMA %MV, ZFHICEASW
RECHNRF I NVEEZFFORX Y 7 ) VEREMZ T2 &
SIZBA F Y HPEA E LTt F v EY = A
(CPC) ZMAREAILL TS, Z DOME %M1
BEd0IE, M2ITRT IS CHFELZWLT VA
PEDOBWWITRELTD CPC ZHEH LRV, o
BIRICIRET 5 L pH DK TIZHE->TE DZ D CPC
EHEHLTL %0 8518, BB TLILLT MY Y
LERMLUCTHEBDOA & ViEE EF5 &, ERHIZ
HoTENELDCPCHHEMENLZ LMD, CPC
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) AETUNE
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M3 LA ERHERERL O OEXR

H4-1 SHERHEREEL YOO CPC AT - BIRE DS
N—A VY VICHEELZBA F wa5iiikic, BAF
YHPEAIDA F A TRESN TV S, 22
MR ASR CREBEAE T %0

M4-2 FEEBHEREML OO0 CPC AL - BREDHE
B A o+ PEBURAI 2 EA: S N7 IR & 58 LTl L
PURTEH 2 5605 5,

M4-3 FEEBHEREML OO CPC B - BREDHE
PURAI 2SR L TRA LT, miREODIRA TR
HByaL, REFIRAINLMT 5o

B4-4 BAEBHEREMEL DU O CPC Bl - BIREDHE
PUE % mE,

VAT VIEETHREFEEINTVAZ EPHL IR
720 RL Y Y OEMTS mutans Z¥:3E L TH 4
FHIZBIR I, NL7I9— 27 Of[ELITEA LB
ENMhehol. T/, CPCEHRMLTVREVI Y b
T— )L Yy EHEo CPCIEHICIRIET 5 & CPC %
oS o W N N Y

KLY VA OBERNEZK 3 ICLOTA, 2 EiE
%Td % TEGDMA 78 3Kt B E CHifL L Tw 5
Fiall Ay 7 ) VEENHKESL, FOHNVKRF IV
WA+ I E LTE X CPC 24 4+ U R5E TR
FLTWwa, ZCICHMME SR LEEEEZB IR
(M4-1)o JHPHD pH 265 T2 5 LS TWw
72 CPCHKEAF v e UEH L THRAMEZ R
35 (K4-2), ZOPWAOHEIHE D S O
EEIE LR ORENFEICL &, FIET 5,
PLRAIPEL LCTH, SiREO CPC B EIERH S &
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5 & CPC DA * VA THRFEINTWIZKREA 4+~
L (IX4-3), FLWARSEET 5 (K4-4) R
BOBIRICBITBER pH I, TF * VET55-57,
GH I TE762L SNT WA 720, ME DML
LoTT I NOpH R pH ICETIRT 956 %
TIZCPC DBEMAIHRE Y, PLEEHIRBIE IS &
EZbN5b,
COBEMMBEMEL Y i, BAROF TR
BHRE 2 &0 il dH 20 EF v Fr—TF5—2
O, BEASL Y Y THERSWESMAvsE
WEERHEER O Y a VLA L—Ya v D
75— EROWE R EONESHFEI NS,

VI FEBEfFAzfEAEaEREmEmRMT
WOEMEFYLET L HBEE LT, ERkrER=TE
R &I L A WMBLELR E2fTThR TS
#5, MI (Minimal Intervention) D% %" 253% LT X
T, WEZH S TICHOE A UET L HEE LTH
DEAENRL S HOWSNRTWAEY, Zofl, Mg
R OFELEZNMET L HEE LTH O Fio 72
A—F 4 VLIV EHORMIEA L, iz <R
FUTTHEVDLWEREDOY=F 2T HEND L, Kk
2, EEICAED O NI ICEEE A EES 2 2 ST
& 575, ZTOWMAEREL, BBLREBGEMBEECTH
50 b, BICa—F4 7LD THE7:0,
RET L0 EREDEFETH L, 2T, 2O
=74 YIMICEAREENS T E8EZ LN
7o 95 AL, BIRFICHRFELZRMEL, LrbEE
FCOMICEBKDOEAZIT) ZEMNTE 5,
ARSI WIROE@E T —F 1 > 78 & i
DORIICEAEREZEARAAZTHL Y V2B LD,
BRI R 2B OW I —T 1 VT VAT LR
L7z T%bbH, X—=ZAL Y Y% Bis-GMA : TEGDMA
=1:1&L, BEBF MY AEZEAHFE LTHRML
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Changes of gustatory preference with age in the rat

Shuitsu Harada, Hirohito Miura

Department of Oral Physiology,

Kagoshima University Graduate School of Medical and Dental Sciences,
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

ABSTRACT

The effect of aging on taste were compared between the preference and neural responses from the greater superficial

petrosal nerve (GSP) innervating the soft palate and the chorda tympani nerve (CT) innervating the fungiform papillae in the

young (5-12 weeks) and aged (19-22 months) Sprague Dawley rat. A two-bottle preference test revealed that younger rats

significantly preferred 0.001 M 5'-inosine monophosphate (IMP), 0.01 M mono sodium glutamate (MSG), and binary
mixtures of 0.001 M IMP + 0.01 M MSG than deionized water. However, aged rats showed no significant preference to these
umami solutions. Among the other four basic taste stimuli, there was no significant difference in preference between young

and aged rats. Regardless of the age of the rat, neural responses from the GSP and CT produced robust integrated responses

to all three umami solutions the same as used in the two-bottle test. These results indicate that the lack of preference to

umami in aged rats is occurred in the central nervous system, suggesting that the loss of preference to umami taste in aged

rats may be caused by homeostatic changes in the brain.

Key words: taste, aging, umami, neural information, preference

R 402.]

AL S T, & N TIRUIEARTH 5 HBE, EIE,
HEuR, HIROSTOBRMAS LS v MiEY, #ik
EERIRIC T B IR REE ST 2N A T 2, HHw
TR B BRESRE 22 55 v Hig s
Hbo EHIT, HHKELIEROBEIZZILIZE > TED
ShHRVWEEY S HELH D, BLAREIE XIT
FTREBIWE IR V. —, 5 FRISTT 2R
ZHEDEAIHED 2LV TIX, vy I VBT b
7 5 (MSG) 12K % BREBEAE A Tld5.04F5 1

ATV WEY 23555, EHEHLEANOMTIE,
S FROIFE LBROMEEEITIZ A & v D Y
LHVPHETIEI RV, ZDXHIT, WX o THRE
W29 2 IS S R 2 B RN, R TV — T O
RERE, LIREDMEHERE, EMH oL &I X 50
BETEASHER S T B LY, ZALITHE D B iR A
BXIFTHELEHTE 2V,

7 v M OFTEFEBRTIIRER (Suc) & £ (NaCl) 12
X5 B WERVE IR AE I OB & IR EAT B 78, 3



12 BH F&k- =l B

¥ =—% (QHCD Xt L TIREMLAZWY, LA IC&8hTwiv,

L, C57BL/6] & 129X1/Sv) ¥ A TiE, ERICL - WA COIENEBALIC & > TRE2 2 300 EE R
THREBIFEIZIZEAEE LAWY, 72, B0 BREMRZA L THRME2 55, HIRILFRE X
I FRIEEFEDERIC L > TEILT 20 E»EH 55 87 2 # £ (chorda tympani nerve, CT), ¥k 1 2% (soft
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1 9 FRE MRS S 2 BRI 2 IR MR LI 058, A ZIESMT, B~ HIix) FRICH L T2l
AT L7288, GSP, CT, FHIHAEE (GL) MW IC & - TH TWRWE, HWRICW T 2 BHORENZALT 50 %R~
720 0.1 M MSG + 0.01 M IMP {RAIC & D 9 FIRSMSGAAT 21757225, ) THRBWES Na i TH Y, FHFITOB
D Na RO FEEWET 272012 5x10°M 7 I 054 FEMZ 7. YIK L 2REME L B: CT, C: GSP, D: GL, E: YJ#if
#7% L, F: GSP+GL, G: CT+GL, H: CT+GSP, L7 —/N—(3FE#EHAEZIR T, 0.1 M MSG+0.01 M IMP, 0.1 M MSG+0.01 M
guanosine 5'-monophosphate (GMP), 0.03 M IMP, 0.03 M GMP, 0.3 M MSG, and 0.3 M monopotassium glutamate (MPG), 0.1 M
Suc, 0.5 M Suc, 0.25 M L-alanine, (Sako et al., Physiol. Behav., 2000°” %> 5 )
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palate, SP) BRFE I3 K SEMAMEE (greater superficial petrosal
nerve, GSP), HHROA IS L ORERAFKE 0
— I ME AR (glossopharyngeal nerve, GL) (2 & > T
XRENTWE™Y, 9 FRMEHIE, 7 v P TEEIC
WIOFZ AT 5 GSP & HHEAIRFLEKRE 2 X5 5
CTIRE S THRMEAONDE ZLEFEAS IS
L7 (K1). 22T, AWIFETIE, BRI K
HOZEAL, FR2) TR OO X = X 1 %
¥ 2720127 v b GSP & CTICEH L CTERE 7o
726

MHRBEKOHE
2-1 REREM

W%, HEZ v b (Sprague Dawley, 75 i : 5~12 4 ,
EiG:19~227 H) W7z, THGRIRGC X 2 g
FEROHIZ, GSP B X U CT 2 & OMFRILE AT S5k
EiTo 720 &TOEYIEEIT, FERERFEIYIZEHB
HNZPE, BT B SO 24 THEM L 72,

2-2 ZHRERGEEITEER

FEERIC AR 6G~12 8, n=7) B XU E# 21~
275 H,n=4) OlffT v M EHWZ, BIIER) H—
RKA—bDFr—JI21 T2 AN, EIEH (CE-7,
Clea Japan, Inc.) % HHICHEN 72, ERERE X
O BRI DI 1222 = 1CITHERE L, 08:00~20:00
BRYA 7 VI LTze Uy F ¥ ZITEI TR 2 HlS
AT v L ABOWT (EE7 mm, REHT) %
T 72 2RDH T A THERZ IR LTzo 2 KO
R OKFERHEEE 3em & L7,

FEIFEB A r V2 — )b (£1) &, EBREE»SE
1AM, BiA + vk (DW) 2 AN BRI 1 Ao
A% 245, 4 AR LT, W Ih 5 0EK% %
BEE7, H2HHD4 HMIZ, DW & AN 7z3 UK
2 R7%08:007% 520451, 20:007% 5204~ L, £
NLDAMIHACKIBIZ L 720 B O ER) R & # T 5

13

72012, 2ARORBRIZ 1 B 2 MORREBRIC A
AN Z 7z, 3L, REBAH L DW % [F]
1208:002 52070 MifE R L, A oWMBKzZ AhE 2
T20:00%> 5200 Hi# R L, T TholifEz 2 H
FE L7zo 25 4 BIHE, DW & A3 BR 2 Az
08:00122043 1, 20:00122047F, 1 HWEL 7o €D
BITHABME LA THIM3, 4 2V EL 7

AERAELE, 0.1 M NaCl, 0.3 M Suc, 0.01 M HCI, 0.001
M QHCI, 0.001 and 0.003 M 5'-inosine monophosphate
(IMP) , 0.0land 0.03 M mono sodium glutamate (MSG) ,
0.001 M IMP +0.01 M MSG # &% , 0.003 M IMP + 0.03
MMSG REWE A7z,

BEIFERIE, ORI L Rz,

WEEFEE =2 X a/(a+b) — 1 a=RERIFHOEIE,

b=DW OENE

2 KOO ABRBE L DW OBICEEENH
%A% Student's t-test THIE L 720

2-3 IR ELHREER

W (5~12 8, n=7) BIUEH 21~225 H, n=
9 OMS v MEH Wz, GSP & CT D4 EEHB:IcD
WL, BB THRARZEZ WRE D S D4 %
VAR E IR LTS L (B E %203 sec), 1 mm/
sec DAY —RTH—< VT LA - La—¥F—IZHiid
L7, DW B & OHIEEHIR % 2mm K Y =F L
VF 2 — 7 TR GEBC 1 ml/sec Tt L7z FIELERAL
% DW CTHEEE L, =HmEM V7 TIOR8 RR
WA ) B 2 e BB ORI ZY) ) B 2 B D
PIZZ DI RIREIE L 72,

JH W 72HlE0E 1Z, 0.1 M NaCl, 0.5 M Suc, 0.01 M HCI,
0.01 M QHCI, 0.001 and 0.003 M IMP, 0.01 and 0.03 M
MSG, £ X 070.001 M IMP + 0.01 M MSG {E&# , 0.003
M IMP + 0.03 M MSG & % Fl\v7z. DW TR B
X OMIBLH1220 = 1C TH 272

CTILA 1, NadiTH % IMP and MSG @ Na” (2%}

F1 WIFEEBRA 7 V2=
I SRR TR H% fili %
1 DWI1A 2415 4 licking %7
2 DW2A 08 : 00—08 : 20,20 : 00—20 : 20 4 licking “##
3 DWIA , BRI 1A 08 : 00—08 : 20,20 : 00—20 : 20 2 AR AN Z
4 DW24 08 : 00—08 : 20,20 : 00—20 : 20 1
S5LLRE W3 4% M0 &3 08 : 00—08 : 20,20 : 00—20 : 20
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LTRERBGREZTI&RIL, ) THRISEE~ R
JLTLEHIDT, 5 FHRFIME F—iREED NaCl T
10FS RIS LCA 5 9 FREM A 5- 2 720 0.001 M
NaCl A {5 ££0.001 M IMP, 0.01 M NaCl #iJIE)S 4 0.01
M MSG, 72, 0.001 M IMP + 0.01 M MSG DiR&W
Fil§512120.011 M Tl 7% < 0.01 M NaCl CTHIMEIE L 720

GSP B & U CT B IS O ZA41 A S O FII @ phasic
ISEE A W E L, BLHEIE (0.1 M NaCl) 12K 9 5%
phasic BB T HHHEE % TE LA, 5 THRWE
W5 CT IS TUiE, 1085 [ o NaCl 1l I & £ o
tonic DL SLDREDOKE S (K5 %H) ZilllEL
720

2-4 MERE

Fwn (8B, n=5) BLUEM (197 H#Ei,n=5)
7y MZoWT, MEEREnE, mE7rLvr 3 »,
BREFEHE 2L T7Foy, MELARLE
SPOTCHEM EZ (SP-4430, ARKRAY USA, Edina,
Minnesota) % W CilllE L7z

25 HEEHERAT

ATEYRNTIE, FILAT L DW & O ORI 7%
3@ B DA% Student's t-test THE L 720 FlifEA: B
FEBETHRONZT—F1Z 3D ) RIS S 5
o 2122w T, two-way ANOVA B & U Bonferroni/
Dunn Z W THBZOMEZ T 572,

#w R
31 ZTHRERGARELTRER

TRGRIGERE I EBROMER, KRB L ORI v b
DO J5 & $0.001 M QHCI % A3 (p < 0.0005) 1253
L, 0.3M Suc & A &2 (# #i p <0.0005, & #ip <
0.005) &FA 72, 9 FWRIEW 0.001 M IMP, 0.01 M MSG,
0.001 M IMP +0.01 M MSG 22\ TiE, H#T v b
RVIBITEZ IR L7 (p<0.0005) 2%, E#ET v M idrg
W2 RE o7z (K2),

10 r O youngn=7
B aged n=4
o 0.5
4
[4v]
|-
s
— 0.0
L J
- i3 it
L i o
u— i :
@
| - i
D— 05 L
-1.0 | wh 1 1 I L 1 1 |
0.000™M 0.003M 0.1M 0.3M 0.001M  Q.01M MSGE+
QHCI HCI MNaCl Suc IMP MSG IMP

X2 PUFEARBEB X OV FEREITOC S 2 GRS T S NI, kT v b G~ 128, n=7) BLXOERT v
b 1~ 22, n=4) 25H 6N/ R, TF — N —3EHEFE R R T, KREANIHEREI & DW [ O BLHUE 0 Paired
t-test 12 & B A A EIRT 1 *¥F*p < 0.0005, **p < 0.005, *p < 0.05, (Miura et al., Neurosci. Lett., 2014 > %25 )
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ABSTRACT
Until about ten years ago, we have performed scintigraphy with 201-thallium chloride (201-TICI) and 99m-Tc-hexakis-2-

methoxy-isobutyl-isonitrile (99m-Tc-MIBI) for malignant tumors. In this article, we re-evaluated scintigraphic images

retrospectively with a hope that the results might be a clue, even if it is small, for dentists to try to improve the accuracy of

diagnosis of malignant tumors. From scintigraphy, we obtained the tumor retention index as a factor to estimate the uptake

of radioactive agents in tumor cells. Moreover, we estimated transport proteins of Na’/K'-ATPase and permeability-

glycoprotein (P-gp) expressed on the cell membrane that might regulate the kinetic condition of radioactive agents. Among

the tumor retention index, the transport protein and the histopathologic finding of tumors, there were relatively well

correlations. The tumor retention index showed a difference clearly between malignant tumor and benign tumor. The

transport protein revealed a distinct expression in accordance with the malignancy of tumor, and the uptake clearly depended

upon the expression of transport protein.

Key words: Tumor scintigraphy, Malignant tumor, Transport protein, Gamma camera

1. INTRODUCTION

Until about ten years ago, not a few radioactive agents
have been introduced for the purpose of diagnosing
malignant tumors of the head and neck, for example 67-Ga
(gallium), 201-T1 (thallium), 99m-Tc (technetium), 198-Au
(aurum), 131-1 (iodine) and so forth. However, these
radioactive agents are now not popularly used as those
times in routine examinations, because 18-F-fluoro-deoxy-
glucose positron emission tomography (FDG-PET) is
taking places of these radioactive agents. FDG-PET is a
very superior method for malignant tumors.! At the time
when FDG-PET has been introduced, we almost believed
that most malignant tumors could be detected precisely and
qualitatively with this method. However, this our
expectation unfortunately ended with a fragile dream. This
is not any all-purpose method. Even FDG-PET has some
weak points. For example, FDG-PET is not able to

distinguish malignant tumors from inflammatory lesions.”

This radioactive agent shows almost the same accumulation
in both malignant tumors and inflammatory lesions
depending on its high sensitivity and affinity both to tumors
and inflammatory tissues. This weak point is also an
eternal, essential problem among usual tumor scintigraphies
for a long time. Many researchers have tried to resolve this
problem for a long time, but this is left unresolved. Against
this problem, we also did in spite of a small ability. We
focused our eyes on transport proteins of radioactive agents
as one of means of solving this problem. We performed
evaluations concerning several subjects, for example an
expression of transport proteins on cell membrane and a
relation of transport proteins with accumulation. Among
the results of our evaluations, we searched to pick up some
factors that seemed to be helpful and useful for diagnosing
malignant tumors, and we tried to find out a possibility of
qualitative diagnosis of malignant tumors of the head and
neck using the factors.*® In our scintigraphy for tumors, we
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usually employed 201-thallium chloride (201-TIC1) and
99m-Tc-hexakis-2-methoxy-isobutyl-isonitrile (99m-Tc-
MIBI) as radioactive agents. We selected a couple of
factors that control and closely relate with the uptake of
these radioactive agents. We evaluated the expression of
Na'/K'-ATPase and permeability-glycoprotein (P-gp) on
the tumor cell membrane and the role of them as transport
proteins in relation with both accumulation and washout of
radioactive agents in tumor cells.

In this article, we re-evaluated retrospectively our results
of tumor scintigraphy that we carried out. With this thing
and that, most data used in this article were quoted from
some of our previous reports on jurnals*® and modified to

some extent.

2. SCINTIGRAPHY FOR TUMORS

2-1. Clinical evaluation of scintigraphy with 201-TI
201-TI was first used to evaluate the viability of the

myocardium. After a while, this agent was introduced for

the examination of malignant tumors of the head and

9,10

neck.” In this section, we evaluated the usefulness of 201-

T1 for malignant tumors of the head and neck.

(Methods and Materials of Scintigraphy with 201-T1)

We used 85 patients with a malignant tumor of the head
and neck (squamous cell carcinoma) and 10 patients with a
benign tumor (7 with pleomorphic adenoma and 3 with
Warthin' s tumor).

Intravenous injection of 74MBq of 201-T1 was
performed. An early dynamic scan (for 5 min immediately
after injection), a delayed dynamic scan and a spot scan (at
2.5 hrs after injection) were carried out using a gamma
camera. From the dynamic scan, 2-second scans were
obtained continuously. A single 2-second scan constituted a
frame data. Two regions of interest (ROI) on each frame
covering both tumor and control areas were used to estimate
the uptake of 201-TI (Figure 1). Early and delayed
retention indexes were calculated from the results of each
dynamic scan. The early retention index was the ratio of
count of tumor to count of control in the early dynamic
scan. The delayed retention index was the ratio of count of
tumor to count of control in the delayed dynamic scan.
From these two indexes, the tumor retention index was
calculated; the ratio of the delayed retention index to the
early retention index (Figure 2). We used this tumor

Figure 1: Two regions of interest (ROI) on a frame image
covered the tumor area (A) and the symmetrical region (B:
control region).

Radioactive count
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Figure 2: Two curves showed radioactive count after injection
in the tumor and control areas. In the dynamic scintigraphy, the
early retention index was A/a and the delayed retention index
was B/b. The tumor retention index was (delayed retention
index) / (early retention index).
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retention index for the evaluation of scintigraphy. The
tumor retention index was compared with the

histopathologic type and tissue differentiation.

(Results: Tumor retention index of 201-T1, Histopathologic
type and Tissue differentiation)

Tumor retention indexes varied widely ranging from 0.76
to 1.46 in patients. In the histopathologic type, the tumor
retention indexes ranged from 0.76 to 0.93 (average was
0.82) in the benign group, and 0.78 to 1.46 (1.04) in the
malignant group, respectively. In the tissue differentiation,
tumor retention indexes ranged from 0.78 to 1.24 (average
was 1.03) in the well group, from 0.91 to 1.42 (1.09) in the
moderate group, and from 1.05 to 1.46 (1.24) in the poor
group, respectively. We classified these tumor retention
indexes into three groups: decreased (<0.9), unchanged
(0.9-1.1), and increased (1.1<). The increased tumor
retention index means that the washout of 201-T1 from
tumor is delayed or the washout function is lost. On the
other hand, the decreased tumor retention index indicates
that the washout of 201-Tl is fast. As for histopathologic
type, 80% of patients in the benign group belonged to the
decreased tumor retention index group and no patient
showed the increased. On the other hand, 28% and 67% of
patients in the malignant group were included in the
increased and unchanged groups. Only 5% of patients
indicated the decreased. As for the tissue differentiation,
86% of patients in the poor group were included in the
increased group and no patient showed the decreased. On
the other hand, only 13% of patients in the well group
belonged to the increased group (Table 1). These results
showed that 201-T1 once taken up in malignant tumors had

a tendency to remain.

2-2. Accumulation of 201-TIl and Na'/K'-ATPase expression

It was reported that the expression of Na'/K'-ATPase on
cell membrane was one of the most important factors
concerning the accumulation mechanism of 201-T1 in
malignant tumors." However, the role of Na'/K'-ATPase
on the uptake mechanism of 201-TI is not clearly
understood, and there are few reports on tumors of the head
and neck. In this section, we evaluated the role of Na'/K'-
ATPase expression on 201-T1 scintigraphy of malignant
tumors of the head and neck.

(Methods and Materials of Immunohistochemistry for
Na'/K'-ATPase expression)

Sixty-five patients with malignant tumor of the head and
neck (squamous cell carcinoma) and 22 patients with
benign tumor were used.

Immunohistochemical staining was performed with
tumor samples. Briefly, sections of tumors were treated
with sodium citrate buffer, heated for the antigen retrieval,
and then treated hydrogen peroxide for 10 min to block
endogenous peroxidase activity. Sections were incubated
with the primary and secondary antibody. After incubation,
the sections were washed with Tris buffer saline, reacted
with avidin-biotinylated-peroxidase complex, and stained

. . . .. 12
with diaminobendizine.

Na'/K'-ATPase expression was
graded into score 0 (stained under 5%), score 1 (from 5 to
49%), or score 2 (over 50%)" with reference to
histopathologic findings in malignant tumors of the head

and neck.

(Results: Na'/K'-ATPase expression, Histopathologic
finding and Tumor retention index)

As for the Na'/K'-ATPase expression and histopathologic
finding, patients of the benign group showed score 0 (32%),

Table 1. Tumor retention index of 201-T1, Histopathologic type and Tissue differentiation

Tumor retention index Histopathologic type Tissue differentiation
Benign Malignant Well Moderate Poor
10 patients 53 patients 25 7
Decreased (<0.9) 80% 8% 0 0
Unchanged (0.9-1.1) 20 67 79 56 14
Increased (1.1<) 0 28 13 44 86
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score 1 (59%) and score 2 (9%). In the malignant group,
scores 0, 1 and 2 were shown in 44%, 40.5% and 15.5% in
the well group, respectively. Patients of the moderate group
showed score 1 (56%) and score 2 (44%). In patients of the
poor group, scores 0, 1 and 2 were shown in 16.7%, 16.7%
and 66.6%, respectively. As for the Na'/K'-ATPase
expression and tumor retention index, patients of the
decreased group showed scores 0, 1, and 2 in 41%, 45%
and 14%, respectively. Patients of the unchanged group
revealed score 0 (4%), score 1 (58%) and score 2 (38%),
respectively. In patients of the increased group, scores 0, 1
and 2 were observed in 12%, 35% and 53%, respectively
(Table 2). The frequency of score 2 was elevated according
as the tumor retention index became large. These results
indicated that Na"/K'-ATPase expression was typical in
malignant tumors and played the role of uptake of 201-TI.

2-3. Clinical evaluation of scintigraphy with 99m-Tc-MIBI
This scintigraphic agent has been widely used to evaluate
the viability of the myocardium, and the accumulation of
this agent in malignant tumors has been also reported.14 In
this section, we evaluated the usefulness of 99m-Tc-MIBI
scintigraphy for the diagnosis of malignant tumor of the

head and neck.

Tsuyoshi Sato, Yasuhiko Morita*, Hideyuki Majima

(Methods and Materials of Scintigraphy with 99m-Tc-MIBI)

Nineteen patients with squamous cell carcinoma of the
head and neck were used. The method of scintigraphy was
almost the same as that of 201-T1.
performed with an intravenous injection of 600MBq of

Scintigraphy was

99m-Te-MIBL" The tumor retention index was compared
with the tissue differentiation.

(Results: Tumor retention index of 99m-Tc-MIBI and
Tissue differentiation)

Retention indexes ranged from 1.1 to 3.1 in the early
dynamic scan, and averages were 1.03 (well group), 1.8
(moderate) and 1.65 (poor). In the delayed dynamic scan,
retention indexes ranged from 1.0 to 2.9, and averages were
1.1 (well group), 1.48 (moderate) and 1.27 (poor). From
these retention indexes, tumor retention indexes were
calculated. Tumor retention indexes ranged from 0.70 to
1.0, and averages were 0.91 (well group), 0.93 (moderate)
and 0.79 (poor), respectively. Then, we classified grades of
tumor retention indexes into >0.9 (slightly decreased), 0.9
to 0.8 (intermediately decreased) and 0.8> (severely
decreased). Most of tumor retention indexes were under
1.0. We could find a decreasing tendency of tumor retention
indexes from the early dynamic scan to delayed dynamic

Table 2. Na'/K*-ATPase expression, Histopathologic finding and Tumor retention index

Na'/K*-ATPase Histopathologic finding

Scintigraphy

Benign Malignant Tumor retention index
Well Moderate  Poor Decreased  Unchanged  Increased
22 patients 32 27 6 24 24 17
Score 0 32% 44% 0 16.7 41% 4 12
Score 1 59 40.5 56 16.7 45 58 35
Score 2 9 15.5 44 66.6 14 38 53

Table 3. Tumor retention index of 99m-Tc-MIBI and Tissue differentiation

Tumor retention index

Tissue differentiation

Well Moderate Poor

7 patients 8 4
Slightly decreased (>0.9) 71% 12.5 0
Intermediately decreased (0.9-0.8) 29 50 50
Severely decreased (0.8>) 0 37.5 50
% decrease from early to delayed (average) 9% 17.8 21
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scan in malignant tumors of the head and neck. All patients
in the well group belonged to the slightly or intermediately
decreased indexes. On the other hand, 50% of patients in
the poor group showed the severely decreased index. The "
% decreases from the early to delayed tumor retention
index" were ranged from 0% to 30%, and the average of
poor group was 21% (Table 3). These results revealed that
99m-Tc-MIBI once taken up in malignant tumors was
discharged from tumors gradually, and this was opposite to
201-TL

2-4. Accumulation of 99m-Tc-MIBI and P-gp expression

99m-Te-MIBI once accumulated is discharged gradually
from tumors. This washout of 99m-Tc-MIBI from tumors
is recognized with a tumor retention index, which is
considered to depend on the expression of P-gp in tumor
cell membrane."'® Pg-p is observed on the cell membrane
of both normal and tumor cells, and the expression is more
distinct in malignant tumor cells.” However, there are few
reports concerning the role of P-gp on Tc-99m-MIBI
scintigraphy in malignant tumor of the head and neck. In
this section, we evaluated immunohistochemically the level
and role of P-gp in malignant tumors.

(Methods and Materials of Immunohistochemistry for
P-gp expression)

One group of 19 patients underwent both 99m-Tc-MIBI
scintigraphy and an immunohistochemical examination.
Moreover, another group of 71 patients underwent an
immunohistochemical examination of P-gp expression.

Samples of malignant tumor were treated in citrate buffer
to retrieve the antibody activity. They were incubated with
H,0,, horse serum and a primary monoclonal antibody of
JSB-1. They were incubated with secondary antibody
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solution, diaminobenzidine, H,O,, and peroxidase substrate
solution. Finally, the nuclei were counter-stained with
hematoxylin. In addition to these samples, we used three
other tissue sections for the control of negative, a
moderately positive and a severely positive stains.'® We
classified grades of staining of P-gp expression into score 0
(less than 5% of tumor cells), score 1 (5-50%) and score 2
(over 50%)."” We compared P-gp expression with the tissue
differentiation and the tumor retention index in malignant

tumors of the head and neck.

(Results: P-gp expression, Tissue differentiation and
Tumor retention index)

With respect to the P-gp expression and tissue
differentiation in 71 patients, 43% and 49% of patients in
the well group showed score 0 and 1. On the other hand,
most patients in the poor group showed score 1 and score 2.
No patient showed score 0. As for the P-gp expression and
tumor retention index in 19 patients, 67% of patients in the
slightly decreased group showed score 0, and no patient
showed score 2. On the other had, 40% of patients in the
severely decreased group showed score 2, and no patient
showed score 0 (Table 4). These results indicated that P-gp
expression was distinct in patients of low differentiation
group and showed a well correlation with the discharge of
99m-Te-MIBL

2-5. Comparison of 201-T1 with 99m-Te-MIBI
99m-Tc-MIBI and 201-T1 had each different uptake
mechanism. 99m-Tc-MIBI accumulated distinctly in
malignant tumors in the early phase, but the accumulation
201-TI also
accumulated in malignant tumors in the early phase, but the

became less intense in the late phase.

accumulation in the delayed phase of malignant tumors did

Table 4: P-gp expression, Tissue differentiation and Tumor retention index

P-gp expression  Tissue differentiation (71 patients)

Tumor retention index (19)

Well Moderate  Poor >0.9 0.9-0.8 0.8>
(Slightly) (Intermediately) (Severely)
39 patients 19 13 6 patients 8 5
Score 0 43% 11 0 67% 12.5 0
Score 1 49 63 69 33 50 60
Score 2 8 26 31 0 37.5 40
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not show any distinct decrease. In this section, we
compared and evaluated the usefulness of 201-TI and
99m-Te-MIBI for the diagnosis of malignant tumors of the
head and neck.

(Results: Diagnostic reliability of 201-T1 with 9m-Tc-MIBI)

The true positive, false positive, false negative, true
negative, sensitivity, specificity and accuracy of the two
scintigraphic agents are shown (Table 5). The sensitivity,
specificity and accuracy of 201-T1 scintigraphy were
82.9%, 80.1% and 82.7%, respectively. On the other hand,
the sensitivity and accuracy were 68.4% and 68.4% in
99m-Te-MIBI scintigraphy. Thus, 201-T1 is a little superior
to 99m-Tc-MIBI as an agent for malignant tumors of the

head and neck.

3. DISCUSSION

We made re-evaluation of some of our previous reports®”
on scintigraphy for malignant tumors and lymph node
metastasis. There were some clues to find a solution to
problems in scintigraphy. The results in this article
indicated a possible hint to make a qualitative diagnosis of
malignant tumors or to differentiate malignant tumors from
inflammatory lesions. For example, tumor retention
indexes showed different tendencies between malignant
lesions and benign lesions including inflammatory changes,
or the level of transport proteins on cell membrane have a
possible clue to reveal grades of tissue differentiation of
tumors like tumor markers.
Scintigraphy for tumors with 201-T1 and 99m-Te-MIBI:
Both 201-T1 and 99m-Tc-MIBI are now rarely used for
diagnosis of malignant tumors of the head and neck®
because FDG-PET has been widely introduced for the same
purpose. However, 201-Tl and 99m-Tc-MIBI have some
advantages to FDG-PET, for example, transport proteins
( Na/K'-ATPase for 201-Tl and P-gp for 99m-Tc-MIBI)
were helpful for qualitative diagnosis and have a possibility
to become factors like tumor markers. In addition, 201-TI
and 99m-Tc-MIBI are not so expensive. In this article, we
re-evaluated retrospectively the usefulness of 201-T1 and
99m-Tc-MIBI for a diagnosis of tumors of the head and
neck. We could obtain important information from dynamic
scintigraphy. In the early phase, both 201-TI and 99m-Tc-

9,15

MIBI accumulated well in viable tumor cells,” although

they have physical differences. TI" has physical effects

Table 5. Diagnostic reliability of 201-Tl and 99m-Tc-MIBI

201-T1 99m-Tc-MIBI

True positive 77% 68
False positive 1 0

False negative 16 32
True negative 5 0
Sensitivity 82.9% 68.4
Specificity 80.1 -
Accuracy 82.7 68.4

similar to K" and is taken up actively because it has an ion
radius similar to K', and malignant tumors need a large
amount of K".'"*"® On the other hand, 99m-Tc-MIBI
accumulated in tumor cells by plasma membrane
potentials.® With respect to the accumulation mechanism in
the delayed phase, we performed some evaluations and
obtained some useful results. 99m-Tc-MIBI first reached
tumor cells through the tumor vascular system and was
taken into tumor cells by plasma membrane potentials.
Next, the accumulated 99m-Tc-MIBI was discharged from
tumor cells by P-gp expressed on the cell membrane which
was well known as a responsible protein in the multi-drug
resistance.”’ On the other hand, 201-TI was first brought to
tumor cells like 99m-Tc-MIBI, and the accumulation in
tumor cells was increased by the active transportation with
Na'/K'-ATPase expressed on the cell membrane.” In our
investigation, the accumulation of 201-Tl in the delayed
phase correlated well with Na”/K™-ATPase.” As for the
relationship with the tumor retention index, the tissue
differentiation and tumor retention index showed an evident
correlation. This suggested that tumor retention indexes
correlated with transport proteins. Tomura and co-workers®
reported a tendency that the tumor retention index of
malignant tumors decreased in 99m-Tc-MIBI scintigraphy.
They reported an about 30% decrease. On the other hand,
Tonami and co-workers™ reported a decreased tumor
retention index of 4.6% to 6% in benign tumors, and
demonstrated an increase of more than 20% in malignant
tumors in 201-T1 scintigraphy. Thus, the tumor retention
index decreased with 99m-Tc-MIBI and increased with
201-Tl when tumors were malignant.* In this article, we
showed the usefulness of 99m-Tc-MIBI and 201-TI,
especially we showed that the tumor retention index
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showed a good correlation with the grade of tumor
malignancy, and that the accumulation chiefly depended on

transport proteins of Na”/K'-ATPase and P-gp.>**

4. SUMMARY

At the present time that 201-TI and 99m-Tc-MIBI
became not to be used popularly in comparison with FDG-
PET, we do not expect that our previous results are useful
or helpful to the routine dental practice directly. However,
FDG-PET is recently found to have a problem in diagnosis
of malignant tumors, for example FDG-PET accumulates
both in malignant tumors and inflammatory lesions. This is
just the problem that we also tried to resolve until now.
Therefore, we hope that even a small part of our results
shown in this article could be a clue or hint for dentists to
try to find out a solution of problem, if it is a very small
help.
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LEGENDS
Figure 1: Two regions of interest (ROI) on a frame
image covered the tumor area (A) and the symmetrical

region (B: control region).

Figure 2: Two curves showed radioactive count after
injection in the tumor and control areas. In the dynamic
scintigraphy, the early retention index was A/a and the
delayed retention index was B/b. The tumor retention index
was (delayed retention index) / (early retention index).
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Current state of bonding systems in fixed prosthodontic treatment

Hiroyuki Minami

Department of Fixed Prosthetic Dentistry
Field of Oral and Maxillofacial Rehabilitation
Advanced Therapeutic Course
Kagoshima University Graduate School of Medical and Dental Sciences

ABSTRACT

Progress of bonding techniques in dental materials is prompting to come through with the diverse demands in dental
practice. Applications of bonding techniques enable the preservation of intact tooth structures during prosthetic and
restorative treatments by minimal tooth reduction, which realize the minimally invasive clinical practice.

In these days, bonding to dentine, enamel, many kinds of alloys, and zirconia has been improved, however, definite
technique has not yet been established for the bonding to ceramics and indirect resin composites. This article introduces the
current state of bonding systems available to indirect resin composite, ceramics, metal-ceramic gold alloys, and zirconia, on
the basis of the study results achieved in our laboratory. Some clinical cases are also presented to show how these bonding
techniques should be used in clinical practice.
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Involvement of nervous system on the osteoblastic differentiation and function

Tetsuya Goto

Department of Oral Anatomy and Cell Biology, Neurology, Advanced Therapeutics Course,
Kagoshima University Graduate School of Medical and Dental Sciences,
8-35-1 Sakuragaoka, 890-8544, Japan

ABSTRACT

Recently the relationships between nervous system and bone metabolism have been revealed. Though recent evidences
suggest that both sympathetic and sensory nerves affect bone metabolism, little is known about the involvement of
neuropeptides on the differentiation of stem cells into osteoblastic (OB) cells. The aim of our study was to investigate the
expression patterns of neuropeptide receptors at each differentiation stage to evaluate the putative effects of neuropeptides
during the differentiation from mouse induced pluripotent stem (iPS) cells, embryoid bodies (EBs), to calcified tissue-
forming OB cells. Among neuropeptide receptors, [ 2-adrenergic receptor (AR) and calcitonin gene-related peptide receptor
(CGRP-R) were expressed at all stages of cell differentiation, including the iPS cell stage, with peak expression occurring at
the early osteoblastic differentiation stage. Another sensory nervous system receptor, neurokinin 1-R (NK1-R), was
expressed mainly in the late osteoblastic differentiation stage. Furthermore, the expression of CGRP-R mRNA showed an
additional small peak corresponding to EBs cultured for 3 days, suggesting that EBs may be affected by serum CGRP. These
evidences suggest that the sympathetic nervous system receptor f 2-AR and the sensory nervous system receptor CGRP-R
may be involved in the differentiation of iPS cells into the osteoblastic lineage. NK1-R is likely to involve the late stage of
osteoblastic cell differentiation. In other words each neuropeptide has an optimal period for the influence during the
differentiation process of osteoblastic cells.

Key words: Induced pluripotent stem cells, osteoblastic cells, sympathetic nervous system, sensory nervous system,

neuropeptide receptors
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NA: noradrenalin; VIP: vasoactive intestinal peptide;
CGRP: calcitonin gene-related peptides; SP: substance P
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HL > & B 3EMIN 43 £ C real-time PCR 12 & 1) 5E B AHT
AT o720 779 7IER LREO B -actin DFEHAEA 1 &
L7z (P9l + ¥R A) %7R"9 . EB3, EB5: Mk
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The possibilities for utility of oral cancer stem cells as new
diagnostic and therapeutic targets

Tsuyoshi Sugiura

Department of Maxillofacial Diagnostic and Surgical Science, Field of Oral and Maxillofacial Rehabilitation,
Advanced Therapeutic Course, Graduate School of Medical and Dental Sciences, Kagoshima University
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

ABSTRACT

The accumulating evidences that cancer stem cells (CSCs) involve in cancer invasion and metastasis gives us the
concept of CSC targeted therapy. We have reported the involvement of epithelial-mesenchymal transition (EMT) and CSCs
in invasion and metastasis model in vivo and in vitro with established adenoid cystic carcinoma (AdCC) cell lines. In this
model, highly metastatic AACC cell line shows not only the character of EMT, but also sphere forming ability and high
expression of EMT related genes, stem cell markers and differentiation markers suggesting cancer stem cell (CSC) involved
in EMT of AdCC. Surprisingly, silencing of T-box transcription factor Brachyury by shRNA results in down regulation of all
EMT and stem cell markers. In addition, sphere forming ability, EMT character and tumorigenesis in vivo are simultaneously
lost. We have also reported that Brachyury is a reliable prognostic factor for patients with oral carcinoma. We conclude that
EMT directly link to CSC, and Brachyury is a one of the central regulator of EMT and CSC. These results suggest the
possibility that Brachyury could be a possible diagnostic and therapeutic target for anti-CSC therapy for oral carcinoma in
future.

Key words: cancer stem cell, epithelial-mesenchymal transition, Brachyury
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Prosthetic rehabilitation for the difficult cases of maxillectomy patients

Mamoru Murakami

Denture Prosthodontics Restoration, Advanced Dentistry Center,
Kagoshima University Medical and Dental Hospital,
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

ABSTRACT

Prosthetic rehabilitation is a major concern for the post-maxillectomy patient, because maxillectomy results in
communication between the oral and nasal cavities, which leads to dysfunction of speech, mastication and swallowing. Key
factors for achieving optimal functional recovery after surgery are retention and stability of the obturator prostheses;
however, their quality is greatly influenced by the patient’ s remaining teeth, residual ridge and the size of the defect.
Support, bracing and retention of obturator prostheses are relatively easily achieved using the remaining teeth in partially
edentulous patients. However, for edentulous patients with extensive maxillary defects, functional recovery is challenging
due to the poor retention and stability of their obturator prosthesis. Even in some partially edentulous cases in which
maxillary reconstruction is undertaken to counteract the stability of the obturator prosthesis, functional recovery is a difficult
task.

Here I describe several typical cases of prosthetic rehabilitation of patients with extensive maxillary defects and complex

maxillary reconstruction.

Key words: obturator prosthesis, maxillectomy, maxillary defect, case report
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Dysphagia rehabilitation for infant, child and adolescence

Hideo Sato

Kagoshima University Medical and Dental Hospital Department of Pediatric Dentistry

ABSTRACT

Eating function is acquired with integration of various and repeated sensor-motor experiences (e.g. sum-sucking, biting
hobby) from unborn stage till 3 years old. This function is classified into eight stages from the acquired swallowing stage to
the acquired eating with tool stage. Generally, there is complementary relationship between development of eating function
and growth of body. Hence development of eating function is linked with development of gross-motor and micro-actuation
of hand. In opposition, eating disorder often occur if a baby has sickness or disorder congenitally, or born as immature state
because lack of sensor-motor experiences inhibit with development of eating function. Therefore, beginning of dysphagia
rehabilitation for infants is recommended under 1 years old. Dysphagia rehabilitation clinic for infants, children and
adolescences has been opened in department of pediatric dentistry of Kagoshima—university hospital from 2010. For 3 years,
117 children visited the clinic. Almost 40 percent of all the patients have been introduced by medical doctors. This fact

indicates that the needs and demands for the dysphagia rehabilitation by dentist are very high.

Key words: eating disorder, dysphasia rehabilitation, eating function, eight stages of eating function, habilitation
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Three-dimensional gene expression pattern reconstructed from
serial section in situ hybridization

Atsushi Yamanaka, Haruki Iwai, Eriko Kuramoto and Tetsuya Goto

Department of Oral Anatomy and Cell Biology,

Graduate School of Medical and Dental Sciences, Kagoshima University,
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

ABSTRACT

Identifying the cells expressing a specific gene in adult or developing tissues is the most basic step in the field of

histochemistry and developmental biology. This article presents a sophisticated method of visualizing three-dimensional (3-

D) gene expression patterns in organs or tissues with high precision. In this method, 3-D gene expression data are

reconstructed on a computer from serial histological sections after in situ hybridization is performed. As an application of

this method, we reconstructed 3-D gene expression patterns in the developing tooth, which is an organ with complex

morphology, such as a number of cusps on the tooth crown. This method showed several advantages over the usual

procedures, enabling us to extract any tissue structures and compare them with 3-D expression patterns of specific genes. In

addition, it enabled us to reconstruct 3-D complex tissue morphology and gene expression patterns of the developing tooth

in great detail and examine their spatial relationship with accuracy. Thus, the present method will be applicable to various

organs and tissues, and can offer more precise and useful information about gene expression patterns in the field.

Key words: 3-D reconstruction, in situ hybridization, serial histological sections, gene expression, tooth development

I. Introduction

Identifying a cell or a group of cells, which expresses
a specific gene in adult or developing tissues, is the most
basic step to study in the field of histochemistry and
developmental biology. In situ hybridization (ISH) is a
method of detecting the localization of mRNA in tissues or
organs in situ, and nowadays it is a major technique for
investigating when and where a specific gene is transcribed.

There are two approaches in ISH, depending on the sample
to be examined: whole-mount in situ hybridization (WISH)
is applied for small-sized fixed samples, such as a whole
embryo and an explanted tissue; section in situ
hybridization (section ISH) is applied for histological
sections prepared on the slide glass"”. In WISH, we can get
the whole picture of gene expression in an examined
sample, but it lacks precision. On the other hand, in section
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ISH, we can detect the detailed localization of gene
expression on a cellular level, but it lacks the whole three-
dimensional (3-D) information.

Here we introduce a technique of visualizing 3-D
localization of gene expression in organs or tissues with
high precision. In this method, first, we prepare serial
histological sections from a sample embedded in paraffin,
and second, we apply section ISH to all the serial sections.
Third, we reconstruct 3-D data from serial gene expression
images on a computer. This technique will enable us to
visualize detailed 3-D gene expression patterns,
compensating for the shortcomings of WISH and section
ISH, and combining the advantages of both.

As an application of this technique, we reconstructed
3-D gene expression patterns in the tooth germ during tooth
development. One tooth is formed from one tooth germ,
which is composed of ectodermal dental epithelium and
neural crest-derived dental mesenchyme®. The dental
epithelium takes on the shape of a suspended bell, called
the enamel organ, whereas the dental mesenchyme inside of
the enamel organ is called the dental papilla. Enamel and
dentin matrices are later secreted and deposited at the
boundary between the enamel organ and the dental papilla,
and the tooth is formed there by calcifying the matrices.
Therefore, we can speculate the final shape of the tooth
crown, which usually shows great complexity, by tracing
the boundary morphology between the enamel organ and
the dental papilla during tooth development. For these
reasons, 3-D reconstruction of the dental epithelium from
serial histological sections has frequently been used for
studies on tooth morphogenesis*'”. Furthermore, a few
studies have been performed using gene expression patterns
superimposed onto the 3-D dental epithelial
morphology'”'®. Here we present an application of the
present technique to show the much higher-resolution 3-D
relationship between tooth morphogenesis and gene
expression patterns, and discuss its great utility.

I1. Materials and Methods

Serial histological sections from sample embedded in paraffin
Embryos of an experimental animal, Suncus murinus,

were used (Jic: CR strain, the Central Institute for

Experimental Animals, Kawasaki, Japan). All the

procedures mentioned below followed the guidelines of the

Animal Experiment Committee of Kagoshima University.
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Heads of the embryos were fixed with 4% paraformaldehyde
(PFA) in PBS at 4-°C for 1 day. The fixed samples were then
decalcified with 12.5% ethylenediaminetetraacetic acid
(EDTA) and 2.5% PFA for several days. The samples were
dehydrated and embedded in paraffin. Paraffin blocks were
serially sectioned in the frontal plane at 7 pum thickness.

H-E staining and section /n s/itu hybridization with two
different probes

We prepared three sets of MAS coated slide glasses
(S9443, Matsunami Glass, Kishiwada, Japan), and arranged
serial sections in a sequence shown in Figure 1A-C, i.e.,
every three sections on each slide. Three sets of slides were
then prepared from one sample, on each of which serial
sections were arranged at 21-um intervals. The first set of
slides was stained with haematoxylin—eosin (H-E) (Fig.
1A’). For the second and third sets of slides, ISH was
performed with digoxigenin (DIG)-labeled antisense RNA

| 3

|

L

=
e

=

Fig. 1. Preparation of three sets of serial histological sections
from one sample, and image processing after H-E staining and
in situ hybridization. (A—C) A sample embedded in paraffin is
serially sectioned at 7 pm thickness, and the serial sections are
arranged on three sets of slide glasses in a sequence shown in
red-colored numerals (i.e., every three sections on each slide).
Through this procedure, serial sections are arranged at interval
of 21 um on each set of slides. (A’ —C”) The first set of slides
is stained with haematoxylin—eosin (H-E). For the second and
third sets of slides, in situ hybiridization is performed with the
antisense probes of Shh and Fgf4 genes. Signals are detected
with NBT/BCIP, and no counter-staining is performed. (A” —
C”) The contour of the enamel organ, the epithelial component
of the tooth germ, is outlined on each image. (A”” —-C’”)
Extraction of the enamel organ (colored in light blue) and the
dental papilla, the dental mesenchyme inside of the enamel
organ (colored in cream). Gene expression domains are also
extracted. Shh and Fgf4 expressions are colored in red and
yellow, respectively.
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Fig. 2. Three-dimensional (3-D) reconstructions of enamel organs, dental papillae, and two different gene expression patterns. (A—
C, A’-C’) Tooth germs in the cap stage at embryonic day 20 (E20). (D-F, D’ -F’, D” —F”) Tooth germs in the bell stage at E23. The
enamel organs are viewed from the mesenchymal side (A—F), depicting their hollow shapes, whereas the dental papillae are viewed
from the epithelial side (A’ —F’) and from the lingual side (D” —F”), depicting their tubercular shapes. The tubercles of the dental
papilla are numbered from 1° to 3° in a sequence of formation. These correspond to the numbered cusps on the completed tooth,
shown in Figure 3. Directions are indicated by the crossing arrows. (B, B’, E-E”") Localization of Shh expression colored in red
with translucent enamel organs (B, E) and with dental papillae (B’, E’, E”). (C, C’, F-F”) Localization of Fgf4 expression colored
in yellow with translucent enamel organs (C, F) and with dental papillae (C’, F’, F”).

probes of two different genes, respectively, according to
standard protocols”. DIG signals were detected by Anti-
DIG reaction (anti-DIG-AP Fab fragments, Roche, Basel,
Switzerland) and were colored with NBT/BCIP (Fig. 1B’,
C’). No counter-staining was performed.

3-D reconstruction of tissue morphology and gene
expression domain

For the three sets of serial sections, digital microscopic
images were taken with a digital camera system (DP-25,
Olympus, Tokyo, Japan). The image processing outlined
below was performed using Adobe Photoshop software
(Adobe Systems, San Jose, CA, USA). To depict the whole
picture of tooth germs, we first outlined the contour of the

enamel organ on each image (Fig. lA”—C”’), and then
extracted only the enamel organ and the dental papilla (Fig.
1A’—C’”). For the second and third sets of images, gene
expression domains were also extracted (Fig. 1B”, C*”).
Furthermore, we superimposed serial images by rotating
and moving each image manually to align their midlines
and the contours of the enamel organ. Through these
processes, we obtained three sets of aligned serial images
on which enamel organ, dental papilla, and expression
domains of two genes were extracted. The adjusted sets of
serial images were stacked and reconstructed into 3-D data
using AVS/Express software (Advanced Visual Systems,
Waltham, MA, USA) (Fig. 2).
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I11. Results

Following the method outlined above, we
reconstructed 3-D images of tooth germs of the upper first
molar (M") of Suncus murinus, with two different gene
expression patterns (Fig. 2). The enamel organs were
viewed from the mesenchymal side, depicting their hollow
shapes (Fig. 2A-F). The dental papillac were viewed from
the epithelial side, depicting their tubercular shapes, which
were associated with the final shapes of the tooth crowns
(Fig. 2A’-F", 3). The dental papillae were also viewed from
the lingual side (Fig. 2D”-F”). Localization of mRNAs of
two genes, Shh and Fgf4, was also visualized with the
enamel organ (Fig. 2B, C, E, F) and with the dental papilla
(Fig. 2B’, C’, E’, E”, F’, F”). During tooth development,
Shh and Fgf4 are expressed only in the epithelium'™ "7,
Here, the enamel organs were represented in translucent
color (Fig. 2B, C, E, F).

At embryonic day 20 (E20) in this animal, the tooth
germ of M' was in the cap stage. The enamel organ took on
a slightly hollow appearance (Fig. 2A). Corresponding to
this, the dental papilla showed a hill-like rounded

buccal

distal

o

mesial
lingual

Fig. 3. The occlusal view of the upper first molar (M') of
the house shrew, Suncus murinus. The major cusps of M' are
numbered from 1° to 4° in a sequence of formation during
development. These cusps are referred to as the paracone, the
metacone, the protocone, and the hypocone, respectively. The
numbered cusps correspond to the numbered tubercles of the
dental papilla, shown in Figure 2, although cusp 4° has not yet
appeared there. Directions are indicated by the crossing arrows.
P*: the upper fourth premolar, M*: the upper second molar.
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appearance (Fig. 2A”). Shh and Fgf4 were both expressed in
the center of the enamel organ; however, the expression
domain of Shh was more widely distributed mesiodistally
and buccolingually than that of Fgf4 (Fig. 2B, C). Viewed
from the positional relationship with the dental papilla,
Fgf4 was localized just upon the top of the hill, whereas
Shh was spread more widely as if the top was covered with
Shh expression (Fig. 2B’, C”).

At E23, the tooth germ of M' was in the bell stage.
The enamel organ increased in size, and took on a more
deeply hollow appearance (Fig. 2D). Correspondingly, the
dental papilla increased in size, showing a triangular shape
as a whole (Fig. 2D’). It had two large tubercles with peaks
in the mesiobuccal and distobuccal corners (indicated by 1°
and 2° in Fig. 2D’, D”). These tubercles of the dental
papilla probably correspond to the mesiobuccal cusp (1°
cusp in Fig. 3, which is referred to as the paracone) and the
distobuccal cusp (2° cusp in Fig. 3, which is referred to as
the metacone) of the completed tooth crown of M',
respectively. In addition, the third faint tubercle of the
dental papilla was observed in the lingual side (indicated by
3°in Fig. 2D’, D”), which is probably the future
mesiolingual cusp (3° cusp in Fig.3, referred to as the
protocone). Gene expression patterns were closely
associated with these morphological traits. Fgf4 was
localized just upon the peaks of the mesiobuccal and
distobuccal tubercles of the dental papilla (Fig. 2F-F”). On
the other hand, Shh was widely distributed, as if covering
the two large tubercles with its expression (Fig. 2E-E”). In
addition, Shh was weakly expressed upon the third faint
tubercle. However, Fgf4 was not yet expressed there.

In summary, the present technique enabled us to
visualize the precise and detailed 3-D gene expression
patterns related to complicated morphological traits. We
were able to detect subtle changes in gene expression that
corresponded to minute morphological changes in tissues,
which were in turn associated with the shape of the
completed organ.

IV. Discussion and Conclusion

This study introduced a sophisticated technique for the
visualization and localization of gene expression in organs
or tissues with complicated morphologies, as a detailed 3-D
image. As an application of this technique, we reconstructed
3-D gene expression patterns in the tooth germ during tooth



development. Through this application, we propose several
advantages of the technique.

First, the present technique is not a novel one itself,
but is a combination of several universally used techniques.
It does not require special equipment. The necessary skills
are simply sectioning of a fixed sample embedded in
paraffin, section ISH, and 3-D reconstruction from serial
images on a computer. The present technique could be
applicable to any organs and tissues for general purposes.

Second, using this technique, we can extract any tissue
structures and compare them with 3-D expression pattern of
a specific gene. We can select any tissue structures which
we want to reconstruct, because we pick them up on each
histological section. In this study, although Sh/ and Fgf4

2, .
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are expressed within the epithelium
of the dental mesenchyme with these genes clearly depicts
the relationship between tooth morphogenesis and gene
expression. In our previous study, we simultaneously
reconstructed the dental epithelium and bone matrices of
the jaw to depict their positional relationship'”’. However,
with this technique, picking up the structure on each image
is extremely time-consuming and effort-intensive, which is
a limitation.

Third, we are able to reconstruct 3-D tissue
morphology and gene expression patterns in great detail
and examine their spatial relationship with accuracy. In this
study, we visualized the process of sequential cusp
formation (Fig. 2A—A’, D-D”). Fgf4 showed expression
domains strictly localized to the future cusp tips (Fig. 2C—
C’, F-F”), whereas Shh expression preceded the cusp
formation and later spread to cover the whole area forming
cusps (Fig. 2B-B’, E-E”). These accurate spatial
relationships between gene expression patterns and
morphological features can support many inferences about
gene functions, and provide sound guidelines for future
studies. A few studies have been performed from such a
viewpoint using gene expression patterns superimposed
onto 3-D dental epithelial morphology, and have updated
our knowledge on tooth development'>™"?. The present
method would provide the 3-D correlation data with much
higher resolution. Although WISH enables us to detect 3-D
gene expression patterns in whole embryos or explanted
organs, the samples shrink and deform in the process.
WISH could not deliver quality equivalent to that of the

present technique'> ' '

MR 2 P LB IEB O 3RoTIEE 91

Thus, the present 3-D method will be applicable to
various organs and tissues, and can offer more precise and
useful information about gene expression patterns. It will
be an excellent tool to investigate the timing and location of
specific gene transcription in tissues or organs, which
usually have very complex 3-D morphology with different
compositions.
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