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Oral Bacteroides and Cytokine Network in Periodontal Tissues

—— A Possible Mechanism of Periodontal Diseases ——
Haruhiko Takada

Department of Oral Microbiology, Kagoshima University
Dental School, 8-35-1 Sakuragaoka, Kagoshima 830, Japan

Abstract

Oral Bacteroides species represented by Bacleroides (Porphyromonas) gingivalis
and Bacteroides intermedius (Prevotella intermedia), which are predominant in
subgingival plaques of adult periodontitis patients and are possible periodontopathic
bacteria, possess bioactive materials such as cytoplasmic membranes, peptidoglycans,
outer membrane proteins, lipopolysaccharides (LPS), capsules, and fimbriae on their
cell surfaces. These materials may modulate the cytokine network in periodontal
tissues and induced excessive production of cytokines. Some cytokines are involed
in inflammatory as well as immunological responses, and are designated as
inflammatory cytokines. Among the inflammatory cytokines, interleukin (IL) 1 has
been the most extensively studied, and its existence in periodontal tissues of
periodontitis patients and its etiological correlation with periodontitis have been
well demonstrated. We found that oral Bacteroides LPS, but not other LPS, induced
cell-associated IL-1 « and cell-free IL-12 and IL-6 in normal human gingival fibroblast
cultures. The fibroblasts primed with some cytokines, including interferon (IFN)-
B, IFN- r and tumor necrosis factor, produced much higher cell-associated IL-
1« than the non-primed fibroblasts upen stimulation with Bacieroides LPS. The
IL-1 is capable of inducing proliferation, matrice formation, and production various
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cytokines such as IL-1 itself, IL-6, IL-8, colony stimulating factors in fibroblasts
themselves and other cells in periodontal tissues. These cytokines in turn augment
the inflammatory responses in periodontal tissues. This vicious cascade may be
involved in the initiation and development of periodontal diseases characterized by
localized chronic inflammation accompanying bone resorption.
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Schematic structure of the E. coli envelope.
residues. Circles represent the polar headgroups of phospholipids.
derived oligosaccharides, and KDO is 3-deoxy-p-manno-octulosonic acid.
heptose make up the inner core of LPS.
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Fig.2. The core structures of LPS from S. typhymurium and E. coli K 12 (unique features
of E.coli in parentheses), (Quoted from Raetz, C.R.H.”)
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DBEEHIHRENH TRIFANLN D255, Table
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RYTZ7YNT : FrYnBAKE (PAGE) Mgt
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PAGE o T2, B gingivalis # % < OB
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Table 1. Bioactivities of LPS or lipid A

Lethal toxicity

Pyrogenicity

Preparative and provocative activity for local
Shwartzman reaction

Induction of hypothemia in mice

Induction of leukocytosis

Induction of bone marrow necrosis

Depression of blood pressure

Toxicity enhanced by BCG

Toxicity enhanced by adrenalectomy
Toxicity enhanced by galactosamine
Enhanced dermal reactivity to epinephrine

Platelet aggregation

Complement activation

Hageman factor activation

Induction of plasminogen activator

Limulus activity (activation of clotting enzyme
cascade of amoebocyte lysate of horseshoe
crab)

Embryonic bone resorption

Type C RNA virus release from mouse spleen cells

Adjuvant (immunomodulating) activity
Increase of nonspecific resistance to infection
Induction of tumor necrosis

of tumor necrosis factor (TNF)

of interferon (IFN)

of colony stimulating factor (CSF)

Induction of prostaglandin (PG) synthesis

Induction of tolerance to endotoxin

Induction of early refractory state to temperature
change

Induction
Induction
Induction

Somnogenic effect
Analgesic effect

Mitogenic activity for B lymphocytes
Macrophage activation
Polymorphonuclear leukocyte activation
Endothelial cell activation

Induction of mouse liver pyruvate kinase
Inhibition of phosphoenolpyruvate carboxykinase

Quoted from Takada, H. and Kotani, S.®

Table 2.

Nomenclature of black-pigmented anaerobic rods

Former designation

New designation

black-pigmented Bacteroides
. gingivalis

. asaccharolyticus

. endodontalis

intermedius

corporis

melaninogenicus

denticola

V- R VR T R R =Y

loescheti

black-pigmented anaerobic rods
Porphyromonas gingivalis
Porphyromonas asaccharolytica
Porphyromonas endodontalis
Prevotella intermedia

Prevotella corporis

Prevotella melaninogenica
Prevotella denticola

Prevotella loescheii

From Van Steenbergen, T.J.M. et al.”
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Fig.3. Migration patterns of LPS from various Bacteroides species and reference bacteria.
LPS samples (2 u#g each) from B.gingivalis 381 (lane A), B.intermedius ATCC 25611
(B), B.loescheii ATCC 15930 (C), B.corporis ATCC 33547 (D), B.oralis ATCC 33269 (E),
S. abortus-equi (F), and S. minnesota R595 Re (G) were applied to DOC-PAGE and stained
with a silver-stain kit. (Quoted from Takada, H. et al.*")
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Fig.4. Proposed chemical structure of B. fragilis lipid A as compared with a defined
chemical structure of E. coli lipid A. (Quoted from Weintraub, A. et al.?®)
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1, F#SEM, Shwartzman &iE% & "#fHE" 13—
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ALY 23299, BLlce RO 77—Vl b
Vs ke P RIS B E RIS L T IL-1 2 FH T 53757,
% ¥, Bacteroides ? LPS i3, il LPS icxL T
ZLEWC3H/He] =7 AD ) o= in 77—
 LIEHIET 2 L SRNBEHIH B33, LhrLlz
NHEDERIZWTNRD in vitro BEBRTHARLNIY
DTHN, in vivo RERTIS, Bacteroides »LPS b
C3H/He] =7 ZIZIZER L %3, BL, HFEHLHR
WL 72 MDP §iijl8= 212 T+ 7 4 7 % > —BRIE
& BHESE* B { Bacteroides LPS DYERICX L T,
C3H/He] =7 2 4 HIGHZ R, b aic, =
NHEDIFR TR I N LPSIZIZ LA EMT = /—
o KMBEYTHRMENLLNTH D, HEELIE B
intermedius ATCC 25611 #k & V Al =—F ) - 70
BRIV A - 72/ —NVBHTLPS 2 (PCP 3')
# BHELMVIFATICICEBTHRILERIEL
TR ERE L 72 LPS #8872, oz LPS
g4 C3H/HeN =7 iz §5=4 + ¥ = »EH
2HRFEL T35, C3H/He] =7 RICIZFER% RIT
Bl 12%9, Z Dt RIL Bacteroides LPS ¢ C3H/
He] =7 212343 3 EHAY, LPSHESFICEAL M
DEFOEEIZIRL 5 2 TREREZREEL T3,
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Table 3. Cytokines and growth factors produced by fibroblasts

CYTOKINES

Interleukin 1« and B (IL-1¢ and 8)

(IL-6)

(IL-8)

Granulocyte-macrophage colony-stimulating factor (GM-CSF)

Interleukin 6

Interkeukin 8

Granulocyte colony-stimulating factor (G-CSF)
Macrophage colony-stimulating factor (M-CSF)

Interferon 8 (IFN-8)

GROWTH FACTORS

Epidermal growth factor (EGF)
Insulin-like growth factor (IGF)
Platelet-derived growth factor (PDGF)
Fibroblast growth factor (FGF)
Transforming growth factor # (TGF-g)

Quoted from Takada, H. et al*”
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Mivoleaqt il 2iBLT2MMEERALLZY
DHFhrolz, LL, b HEEAEABRERITOREE
BELLZETFLELTE, SALOMBIZLTLLE
LCIEv, 2 CHEINRAKYERT 2EEA
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Cell-associated IL-1 LPS (10 pg/ml) from IL-6 in culture sup.
A nctin&ye%g'gl;iu;omilans W
Beorporis ATCC33547 MM
|—| B. gingivalis 381 mm
B. intermedius ATCC25611 NN
B.loescheii ATCC15930 N\
B.oralis ATCC33269 A"
E. coli 055: BS N
F. nucleatum ATCC10953
S. abortus-equi
S. minnesota S519
6 5 4 3 2 1 0 0 ) 1,000 2,000
TAF (stimulation index * SE) U/ml

Fig.5. Induction of IL-1 and human gingival fibroblast cultures by various LPS. (From
Takada, H. et al.*®)

Priming Eliciting with
with ) None
IFNo el B B.i. LPS 100ug/mi

1000U/m|  [idizizitss
IFNB

1000U/m!

IFNy

1000U/mi
TNF
T00U/MI B e e S h St s d bttt St ot St e e
None KA

0 5 10 15

Cellular TAF (Stimulation Index + SE)

Fig.6. Priming effects of natural human interferons and recombinant human TNF for
generation of cell-associated TAF, which was revealed to be IL-1 ¢, by human gingival
fibroblasts elicited with B. intermedius LPS. (Quoted from Hamada, S. et al.®)
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Fig.7. Fibroblasts under immunological or inflammatory responses generate high levels

of IL-1 upon stimulation with bacterial stimuli.

Gingival fibroblasts were primed with

various cytokines produced by immunocompetent and inflammatory cells stimulated
with Bacteroides LPS in the periodontal tissues. The stimulated fibroblasts were capable
of generating large amounts of membrane IL-l1a upon stimulation of Bacteroides LPS.

(Quoted from Takada, H. et al.’”)
3 (i#it) wRMFaREsRTs I LicL 1,

A, REF@EBE LPS

WK REEIZ LPS WM BELFIZI LT3 E
NEZIIMEHEOMICIZ(ZTANLLNTE, L
L, SNEFTHELZHLPS #3x5:@0) "% tR%
LC, sSmRABCNd 2Bt ALHERIE, &
NEOHRHMENEBE LT, LIFLITRARGENE
HEFMBAHR E N, LPS ic & 3 MA0nE, #M<t
Yoy 7 ZBEENME L EHREENTELSD, Lol
HEFART BICEAOMOMBREFR L L THEMN ) X
BT 5223 Tld vy, Table 3IcRT L1, &
HEFERICBL LRI M NI, thoMBnLR¢s
BUdt A b AL b FICRERT2EET 3, €
TRHESFMRBRT RAE - Sl BURIC6Rb 5 BB Ml &
LTHAL b A4 29 b7 —0nBEHOMUBYEDHT
WBATHEMEN D B,

WA bHADUh THEREBHCEBIRBENREERIC

BmiEn, HBLOBREHEFRITEHENTVZ LD
BEHCLU, ABETRIL-1 LIL-6 NDATH S
58-62 %k, Kabashima &3, BB LB EN
WABHE P IL-1 RiEER, IL-1aicE I LD
TIL-181313 LA YIS L T wZ t 28oHiCL
T3, HHIIHPMEFMRIZRS O/ Bacteroides
o LPS THI#L, IL-1 Z L FICIL-6 FEH S L H»
EIiv el b% A Kurt-Jones 5% E. coli
NHLPS I3, b F EMKRUEFARICHESENIL-1 %
BHL ot BELTWS,

B. Bacteroides LPS i= & % t | i PIRHESF B 15 3L
RTAHIL-1 % & RIS IL-6 ks

QRN 4 HGZ FUH2 75 2BEHHO LPS %
ERe  lpRusFamnicEA S, IL-1 BHER
FRATe, IL-1 G380 i & SRR L T304
REIS*#RL T, 74 F~AT70F=> (PHA,1
pg/ml) TFET T C3H/HeJ =7 X DRI O RIF
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Table 4. Inflammatory activities of IL-1

In vivo activities

In vitro activities

Hematological effects
Neutrophilia

Increased GM-CSF

Bone marrow stimulation

Effects on vascular wall

Increased leukocyte adherence

Increased PGE synthesis

Decreased systemic vascular
resistance

Chemoattractant

Metabolic effects

Increased acute-phase protein

Decreased albumin synthesis

Increased sodium excretion

Increased corticosteroid
synthesis

Effects on central nervous
system

Fever

Brain PGE: synthesis
Increased ACTH

Immunological activities

T cell activation

IL-2 production and increased IL-2 receptors
B cell activation and growth factor for B cells
Synergism with IL-4

Induction and synergism with IL-6
Activation of natural Kkiller cells

Synergism with IL-2, interferons, on NK cells
Increased lymphokine production

Macrophage cytotoxicity

Increased IL-1 production

Other activities

Basophile histamine release

Eosinophile degranulation

Increased collagenase production

Bone resorption

Induction of fibroblast and endothelial CSF activity

Production of PGE: in dermal and synovial fibroblasts

Increased neutrophile and monocyte thromboxane
synthesis

Keratinocyte proliferation

Proliferation of dermal fibroblasts

Increased collagen synthesis

Quoted from Dinarello, C. A with modifications.

#RET 2 RMIIERE{L (TAF) fEBZ2HERICL T
WEL, Z0fE, it Kurt-Jones Hn#EEI—
LT, BRMEESEN LPS 13 IL-1 HEERZRE
Zedr o 725, Bacteroides 4 Wi LPSizvw¥hd,
BE3% B b O HEREEISNC IL-1 B2 HEL /2 (Fig.
5). TAF i&tfiziz, IL-1LIshc IL-6 % Lot 4
FA4bEET AN S S, T2 T, RERHK
cEEYareFr A A4 R L TERL
e A, #EFELHOIL-1 G IL-1 85 EKTER
% IL-6 5L T3 nicxd L, MRESIL-1 Gtk
3L TIL-1 alc T EHBALIIC L - 725, Kic
FHkc L CHRM L 25538 Bl & tIcMRE S 2 R
LT IL-6 ift: % MisE L 72, MUEIT IL-6 KAk
MH 60. BSF 26942343 5 SRt e 38181 L T1T»
2. ZO¥ER, Bacteroides LPS i2fh#fEod LPS &
N LM IL-6 2R EFHPICHBET L LA HLY
iK% o7 (Fig.5), %8, MBEMZIZIZEAY IL-6
AR Y (R R R AN

C. WARMFAREB\LITA ALy P T7—7

1. IL-1 &M R T4

1 P AR 3 R AT AR N THEBRIC Bacteroides LPS
DFIBEZTB L EICIE, BRICEL L LKE - RIF
Rishez ), REcEzNY A A4 o HEELT
WhEHEZLND, o THRARMESEME LPS I &
LEANB L L LISHRDY A P AL IcbELTWS
ThH>5, BEFHBICERT A P42 T
I3 TNF, 41> %—7=xwv> (IFN) Z¥»mbshTw
%, ZZTTNF, IFN-B8%wL r THAREFHER %
BRI (794 2> 7) L72#% B. intermedius 9 LPS
THIs (EEHE) T4, EABAMLYIE LN
NoES IL-1 ed 2 N (Fig.6), bh A
TNF 138158 T & SHESERRIC IL-1 o 238§ 3046768
74 INF-B3 LU r DB T IL-1 133 S e 0
(Fig.6). *7: Bacteroides > LPS TH#ESE#taIc IL-
1a 28T 5BicEBERIC IFN- gl 25mis%
MZTHEL L IL-l ahBHEN L (LB e»b, LPS
I2& 3 IL-1 anFEHICIINERD IFN-8 5 REL T
B EHREEE 72,

Huleihel 5132z 44 F# 4> (IL-18, IL-2,
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Fig.8. Cytokine network in the gingival fibroblasts and possible implications in

pathogenesis of periodontal diseases.

BRIk - 27077 — Y ao=—H#EF (GM-CSF),
TNF, IFN-q & U 8) T=7 ANMITRHESF AR
TEAEL 21k, LPS CERAKT L, EaBanR
TIRBYTE Lh - 72 IL-1 EEHIEREFICERE N
5 (EEEHCRBEERIBREENTWEW)) 2L,

ELIC DU TRRICIRIL-1a & BOTHN A v &
> ¥ +— RNA (mRNA) »R83LL T35, HKBHHK
HEa N7z IL-1 EEDATMEH IL-1 e HERTINHIZ 1L
2I¢ERLI, EROFELORBILEZ HbES
&, Fig Tk ) L lRZ#E J e TE 2, RME
NDREFIENFTIIREFARIZIABRCHFET 2 %%
BLERCREEMROEET 2N L
ICELENTENTIA I THIMEZTTTE, £
7728 Bacteroides % 16> & ¥ % iz /% B85
DLPSICREEL LY, BLLoMiEgs (BREs
) IL-1 a % EET 3, in vitro R & R ) FKiEo 8
EDFIIIMR DI 3 ) FRBERYNGFET 50T,

HRRES IL-1 al3 B E N T—8I BT TR &

(Quoted form Takada, H. et al.’™)

Na3Th»95, ZoORRITEHEN Kabashima & D&%
YL E(C—HT 2,

2, R ERER

LRt ) LEBFICE )V EEOREL - REAMEBT
USRI TL-1 o 2 FERMICEAE L Ty 2 RS
Hd, IL-1 3R REES A L AL THY, K
ERIGICHEY 2 SR LERERMT S (Table 4),
FAZIIFMOEETH 2 HKUEFMRICNT 3 AT
ERN HIFTYH, IL-1 BMAERL™, 257427
RTOFF TN AP =) v 7 RER % Hf
T2—HT, 275+ DR TORS T
U EEENET S, 2512 IL-1 I3EEEFER
ZH#MUTIL-1 8K (e LU 8) DEEEZRT™™
3%, IL-6"®, IL-8®, GM-CSF*®, G-CSF®*", M-
CSFW L b nflir DY 4 F A4 > nEELBHRT S,
BB IL-1 I3 REMIBETHA P AL Ry P T—7
AT AIRIBRELERLER 3,
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AR R R ER T H B dil B ORI B
LTy IL-1 Ap0B 2 i 2 485 T 3% IL-1142
in vitro ERFRTHBRNERT, BEFB2HAL L ER
TIRIL-18M13 9 ¢ IL-1 a & W & 3V HIRIUER 2 71
T, BHEFEHRL KR TIIMIL- 1 X EREDE
#£TT &V 5%, Nishihara 53¥ie7 2227077 —
v R P338 D1 DEREE AT IL-1 a df in vitro T~
ATEEB O ZIRL 72 L4 L T3, TNF L 8%
BYERZRT I EXMLN TV BHFNERIZIL-1 &
D L F88  [L-1 R TNF i3 dsic sfem ¥
L0 LAEHMBL KICERL THTERN S
2RI LELZLNTVS, ERCBHIERRICL-15
33 TNF 22 TEMERT 5 & SHOME MR
MEHERE N 5%, ik, IL-6 LREBL SRR
HEEHHUTE EIPPLPICE N, L BHEE
fan5r{bic iz M-CSF % &4 ¥ 5 MRG0T b
SBEEELNTVAEY, winic L TLHRBUCEL
TLIL-1 5 EDHEL-»TED, BHIL-12EETS
iz, IL-1 I8 L T M-CSF %2 E4ET 5 Sy
ML OMBERMBEI RELZN2B>Tn2LN
tEZ 035, bhAiZ, Hopps &% B. gingivalis
LPS % & Ui MDP 135 R &4l % sl L € IL-
1R°70RE 770y B ENHFRERTF2EES
, BREERET S LHEL T3,

V. Bb0ic

PERBLEMRALRENREL LS L T Fig.8
ICERL:, CoORTIIMEKES & Bacteroides LPS
IREER T, IHMTLHBLLLEIICE( MW
R LPS & B ER 2 Ry g2 AL T 5,
%28, Lk k 9ic B gingivalis DR EIT £ F EHAHR
HIEQRC IL-1 AT 2 B8 5%, /2 MDP L&
EEFARP AL CIL-1 REFOEEZRT - Lo
LNTWRBEE e f L Hh LRy P T—I0E
HOMBEICRUEF M EEL 25, OB EED
Afvkale, MENEMRS ZICIE~70 77— RH
BEBCCRARLEE#(ZEITHRTHE, BT
Il ERRAC BRI A P AL o Ry b7 —
INBAEFBE, REETA A4 HBHICEES
n, HEBRArETTEEILNS,
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Bone grafting and orthodontic treatment for
patients with alveolar clefts

Tetsuaki Matsuda

Department of Orthodontics, Kagoshima University Dental School

Abstract

Most of cleft lip and palate patients have malocclusions accompanied with
alveolar defects and/or depressions, retardation of maxillary growth, tooth
malposition, depression of nasal alar base and so on. For the orthodontic and
the prosthetic treatments, there are severe restrictions due to the discontinuity of
alveolar bone. This article is to report our treatment system which combines the
bone grafting with the orthodontic treatment for patients with alveolar clefts and
clinical results.

Autogenous iliac cancellous bone was mostly used and has shown viable in
high percentage for the unilateral cleft cases. When the grafted bone was viable
sufficiently in the cleft site, the alveolar contour was well improved and the eruption
or the movement of tooth into the grafted bone was achieved. Furthermore, the
fixation of floating premaxilla or the stabilization of advanced maxilla was done
by the grafted bone.

The ages from 8 to 10 years are adequate for the bone grafting especially in
cases of the guidance of tooth eruption, the tooth movement and the fixation of
floating premaxilla. But in cases of the maxillary advancement surgery, the ages
from 15 to 17 years are adequate, because the growth of jaw bone has stopped
by these ages.

Although the further technical improvements would be recommended, the bone
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grafting combined with the orthodontic treatment will be one of the essential treatment
procedures for the patients with alveolar clefts.

Key words

Bone grafting, Alveolar clefts, Iliac cancellous bone, Orthodontic treatment.
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Fig. 1. Intraoral photographs of a unilateral cleft

lip and palate patient.

Notice the collapsed asymmetry maxillary dental arch and the anterior cross bite.

Fig. 2. Intraoral photograph of a bilateral cleft
lip and palate patient.
Notice the
premaxilla and the lateral cross bite due
to the collapsed maxilla.
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Fig.3. Appliances used for expanding maxillary dental arches.
A: Lingual arch appliance, B: Quad helix appliance, C : Rapid expansion appliance, D : Multi -
brackets appliance.
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2. Preoperative orthodontic treatment

3. Preoperative conference and procedures

and so on.

4. Bone grafting

5. Postoperative orthodontic treatment

1. Examination and conference in the orthodontic and the surgical departments

Discussion on procedure and timing of grafting and presurgical orthodontic treatment.

Final decision on the operation, such as closure of oronasal fistula, stabilization of premaxilla

With or without the closure of oronasal fistula and the stabilization of premaxilla.

Guidance of tooth eruption or tooth movement into the new bone.

Fig. 4. A interdisciplinary treatment system for the bone grafting in the orthodontic and the surgical

departments.
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Fig. 5. Distribution of ages at the bone grafting.
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Table 1. Number of alveolar clefts into which
bone was grafted
Kind of grafted bone

T f cleft Total
ype of clelts Cortical  Cancellous o
Unilateral | 7 (7) 37 (37) 44 (44)
Bilateral 6 (3) 23 (12) 29 (15)
Total 13 (10) 60 (49) 73 (59)

() : Number of subjects.

Table 2. Percentage of viable grafting in the

clefts
Kind of grafted bone
Type of clefts Average
e Cortical  Cancellous a8
Unilateral 71 100 95
Bilateral 33 74 66
Average 54 90 84
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Table 3. Number of improvements of alveolar
contour following bone grafting

Alveolar Number of grafting
. . Total
contour Viable Failed
Improved 48 6 54
Not improved 13 6 19
Total 61 12 73
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Fig. 6. Intraoral photographs in Case 1.
Above: Preoperative condition at the age of 8 years and 8 months.

Below : Two years and 1 month postoperative condition at the age of 10 years and 10 months.
Notice the eruption of left canine close to the central incisor.

Fig. 7. Panoramic radiographs in Case 1.
Left : Preoperative condition at the age of 8 years and 8 months.

Right: Two years and 1 month postoperative condition at the age of 10 years and 10 months.
Notice the eruption of left canine through the grafted bone.
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Fig.8. Intraoral photographs in Case 2.

Above: Eight months postoperative condition at the age of 11 vears and 5 months before
the movement of left lateral incisor.

Below: Two years postoperative condition at the age of 12 years and 9 months.

The lateral incisor was moved into dental arch and well aligned after the postoperative
orthodontic treatment.

Fig.9. Dental radiographs in Case 2.
Left: Preoperative condition at the age of 10 years and 9 months.
Right: Two vears postoperative condition at the age of 12 years and 9 months.

Alveolar cleft has been filled up with new bone and the tooth root has been moved in it.
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Fig. 10. Intraoral photographs in Case 3.
Above: Preoperative condition at the age of 12 vears and 9 months.
Below : Four months postoperative condition at the age of 13 years and 1 month.

Notice upward and backward repositioned premaxilla and the well alignment of central
incisors.

Fig.11. Occlusal radiographs in Case 3.
Left: Preoperative condition at the age of 12 years and 9 months.
Right: Four months postoperative condition at the age of 13 years and 1 month.
Notice that the premaxilla became continuous with adjacent alveolar bone.
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Fig. 12. Dental radiograph of anterior teeth
fixed with the adhesive bridge to

prevent the relapse after the
orthodontic treatment.

Without bone grafting, the bone
support was insufficient especially
on the distal surface of central
incisor, which showed a half level

of the normal supporting bone.
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Fig. 13. Improvement of alveolar contour follow -
ing the bone grafting.
Above: Before the bone grafting.
Below : After the bone grafting.
The alveolar contour was improved and
the prosthetic procedure would be done
much easier.
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Fig. 14. Dental radiograph representing a
bone hridge.
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Genetic background of susceptibility to experimental
oral carcinoma in rats with an overview on studies
of 4NQO-induced carcinoma

Abstract

The genetic background in relation to the susceptibility to experimental oral
carcinogenesis in rats was reviewed. As an experimental model, 4-nitroquinoline
l-oxide (4 NQO)-induced rat carcinoma is thought to be excellent. Because it
demonstrates obvious organtropic, species and straas specificity in its carcinogenesis.
Administration of 4 NQO-solution as drinking water produces oral carcinomas in
rats with a high incidence. We described strain differences on susceptibility to
4 NQO-induced rat carcinoma especially of the tongue concerning 1) enzymal activity
of 4NQO metabolism, 2) 4-hydroxyaminoquinoline 1-oxide (4 HAQO)-DNA adduct
formation (4 HAQO is the proximate carcinogenic derivative from 4 NQO), 3) DNA
repair processes, and 4) immunological response comparing various strains of rats,

to clarify the genetic controls on the experimental carcinogenesis in rats.
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Fig.1. Schema of the genetic controls on
chemically induced carcinogenesis
(modified from Moriwaki, 1985).
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BMER3BL-LHRRALZEEL, HEREEI~EL]
tEZLND, HIHENLERRIZ TSI RBE
2ARTH, SLIEARTRBNLFEELLE TS
LiItd o T, &N RBAICBANLREBLEHICER
ENTHh 6 DNA L EDBFFIERHT S . FF 70—
& P 450 7 & D3R BEER IEED B4 R HR TEH*
HN o TILERBICHNT 2 BEEIC OV TLEND
BIENBEH LN TR,

W74 NAIC S BRBOBIBIIB7 4 VRIZEST
BEMRIC 7 4 VAERRIEZFHIBAENE D, 5
VWIRBEOBRFNEBRERBEFHITEEILT EHT
HBLEEZLNTWD, BERINLDT7 4 NLADOKY
RUNE), T4 LROER, FE T4 LRICERESHL
REICNT 3 ENE (KERE) THNIETEELSL
N3, TNHHIWEHXEREZITTW3E8XHEZ
(Db T3, 2k 21E Gross 7 4 LA R Friend
BEAET 4 LR THEREh =7 AHMOFICIE H-
2179574 7ORI b= AN FH M TR
BEICEYHD, £ W7 LRICBVTH, B2
HTLV-174 0z i2$ % ATLL »RfEE HLA~N7 o
FA4 7N EMTEZ Ldbh > TEL HTLV-
174 PADRRENLETH ATLL 2 RETEHDTIZ
%, HLAN7u 24 7tk > TRBELRT, &
R slnTod 4 7 THREEE VI LFNT 4
TOEBERTZ LY BRBAES 3 ARAHLICIT-
TWAHRICE > THLPIZENDDH B, kit
RIZNT 2 RBEFICEKFLLRBEPPHACREERSD
DIz HLA 727 ZNAR E EHELHEEZTRT L 0dbf
»0,HLA &H#§L 22 Rl G5 RET REiMEhiE
FHRBBICERBIC b > TV B THEEIFEREI NS,
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ALBEICIE, SENLEREL L - BB ORETF
DIEEALY LI TH ) MERBRIBLEFHIRRAZIN
MO TRENIIZNICHETHEEEBbNS, b
b ANz OEEEE R & Lbh b WililHE
FRe, WORFELE ZIZRET 25 bh & A WM
BIEFB LTRSS NRURIETF %7/ 2OBIZBTF
THIEHEGSTTONTWS, 0 bMHEFE
&N CHEBANORBERI VO LD L 5 @b
> THAENRWARNERT 22 b bk,

Bl 5 FEWFEDRBRICH » T EMOBBIETF M
WEHETF B L 2N S DBELRIETF PRI E LT
3, BARINLDMETF & IZIER IS H - THIRNY
HMRBEHER, Bk, Bl v-o SR RICHEY
BEEFRLL B LEZLNDD, BELIZENLH
HREFOETICL - T 726 BN MBI R R
THEIEHELDARICBREND LI >THh
LEARICHREEZE > TWEWwWOTHD,

t bOORE

HET O Th oA FichirTolbl s LB ARE
FHBOARICROBBIUOBMY»ZRL, &<
08 - OBMY»LBERNN I bRBOBEYRTI L
BREALNTVS, £BEMDH HORREFLA
AEATIRBENEN0HBTHENIILTL >~ FRI4
TRISBICLET D i BiEHH B, HMcEZ S
L0 - OBEMRBERICHAL AMBOEIFET S
B2 5h% betel nut LER L & ¥ ONICEEFMNS
A THEL B2 L b DI FICHEL AR DRBIC
FELTWAZ EAWLPICENTVSE, FLEKA
BN, 7EEZFATRI A, ZhLOBWEHERL
BFnivbhTws, BETIROBRNORERIIS
HiEEOW2ETHBH, THIIRERREELD L
N, BEPKEL LOBELERICLIZLNTHSH
LEZDHNABHTHS, #->Tk } TIIBNRE
EZOWTHOAMMOZRSLEEEZ T2 T 5 DIED
THR#ELHEL £, ki~ L ) icORficow
Tid, NEERPLPHERL Y L33 »Iic B - BHRE
BErEn2EELTWbL9TH2,

b MGRHEFEMICTHBETH ), LEE2AbMIZ
PO —NTELWI E, 30 e L TFH3t
NELLU L, 1HEROHMIEN, L LBIZRA
DEMCRETI L (BE2VERRENBZ L) #f
%<, BB A RWERICHEL TEELXT—2
DIHER I EBETH D, chsDBBESHW RIS,
t F OBOBEEHHROZRBIZEL, LA, 2L

DITERBHWIZ BT 2HERIEITL TR, L LI
HOICE FOREBRET A HICIER, E FoBICOW
THEB*RLMIE T FRE2ITbLITNIE L L%
W,

LR b ERRCREEC B W TRESE LIRS,
AL HAHHEEN T 7o —F MBIk L ik -
BB, TOFWRTRIC LN, EREKXE
WEBOBAHORSOMEPREETH S, HLE
HOEBEERETESEIFERBRICH 548 AH20A
(41.7%) 2 HLA-DRw8 #* L TN, TNIZERE
HENDEBAEABRAIOAFITA (155%), —RLHAEA
BEA1998 AFh369 A (19.8%) (i L THBICH W
ET®Hh-1, i1 HLA-DRwS # A3 3 Ald oBgic
BT wushdbfnivninw) T EERLAEZ EIIR
HTEMTH » 72, HLA i2B¥ 2 8t{5F13No 6 i
BRICEIH DY, FRERKICIINEITNLIAHR
BRIZFRHFEL TWEWE I TH B, fE-> TORSE
& HLA #ZMBIc ¥ 52354, Bhfic HLA»B& L T
WRLEZINDNMRYETHELEN L, Thid
L ELT, SHInEREOICL T b HOERE
EIBEEDH L)L) FERICHRE NS Z LE
iha,

BRMEEERBOP TR GKERERIEETR
¥ Cowden iz IMERIETE VR 7OKEVERE
EAEHEERTHEH, OEIFEMERELRTWE
whbhTv 3, Bloom fERE Iz i HEERR TAL
BN R ERET AN R INKRECHEBRLEL
22BlhH 3, HEHRIITHTH 3 HEHEEEHE
RBBichhrboTwd EEZ LTS Plummer-
VinsonfE B T3 O IEIC BERERBA L LR T
VbR T3 B EEEREREYA 27T Gardner
fE R B KB IRIBIER S REFMA L2 RETH L
HPRERTH DY, AR BERPEFEIALNS,
Gorlin FEREI2 S EMRERIFERE & LIFTN T
3 E A EREEREEER TH 2 HFH NI AR
FWRLRT ., FRWARKE A4z 0fiEk
BLE R TEREE L EAHMEI N TV BRI Ly
BB TWZEZW,

LR MR
ttoBENREE LT, BARRESUCREPOLY
REBWHOMEHIHETRINTWS, £ FOBOR
EBERL L THLIICENLLERRLH S, BtHIc
{LFWH % 2 I CERBWE £ RS L TT ) KB,
P> THHEMIILIZSNA TS 3, BHTIUE, B
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POLERBMR HOBBHERIELC OV THHE, KB
EFNOREL, MBRENEK, REMEHETFICHNT
PRELEVEBRNBBELTHITLENE, BRI
LOEEMOBITLHY 5 5,

12NKBH LBLN2HRUITLBARBHTIHENB
RICTELWDY, TOMRPLERIHRLHEREES
ZETHRERR P LTHEREN, LoBBHBTRIC
AELZSHECRABRL ) 2B LR BLNZZ
LHMFEENE I,

2V ATIR, BARERE, 741X BHREBR
L & < I AARIC 2V TR T HES T 4
NAREFORBL, RBIEHEBONMGE, RFEfkELCICH
THBEERETFHISHBEEN TS, LERBHS
REEREIC OV TUTREERIEREIC R EIED
LN LDBREH BV L b ST, BRUEHIKEH
132&E) LT3 LnRLLEWD,

T FIIHBESEEICED  TERRHIYBERENT
Wi o Bl L A, eI RICBIT BIIYOHRK

£-mFH ¥ A

RizBohTwiew, L LRETIE, SZHOERHR
PHRRENTINHAEANHRNERIZBEZARS LD
AH B L LILERBABRIEBEREICONT
i3, =7 R L RRBRETERERECREEIEDH LN
23 r MBI IEE > T3,

%% T Shisa and Hiai »&HF%R3® 2 BICET 5,
propylnitrosoarea (PNU) # Kkl kiciBL T#ET 2
EWTHORKNT v b bEEICAMFEL RET 5,
& Z»%% Fischer344 %7 v b TIZRgiRY > - HERY
DHEMFHHNTIZI00% TH 5 DI dk L, Long-Evans/
stm &J v } Tl 2o\ FIZIEEIC S (RSE
HREGLBIRELL TV, £Z T b Fischer
344 %7 } & Long-Evans %7 » } #%BL € F1- F2-
hybrid #i&) S b N7 n—7 ¢ Fl-hybrid ¥ Long-
Evans ~:B3 ¥ (back cross) L 7: 7V —7IZFRNE
BELA, SROMIR) o MHEBAMRNOREREL
B2 EEE, PNU-HBRT -~ FRERY) >~ <BERY B M5
T E—FiRaAREFEERETFIC & > THXE2 (Table

Tablel(a): Strain difference in susceptibility to PNU-induced leukemias among 6 strains of rats

Strain No. of rats All leukemias Late(n:ltayp;nod Thymic (l;on)lphomas
Fischer 344 42 41 (98) 105 41 (98)
Wistar/Furth 41 36 (88) 152 29 (71)
Sprague-Dawley 41 34 (83) 135 12 (29)
Donryu 49 44 (90) 150 12 (24)
ACI/Ms 4 43 (98) 130 10 (23)
Long-Evans/stm 42 40 (95) 151 4 (10)

(from Shisa and Hiai, 1985)

Table1 (b): Genetic segregation of susceptibility to PNU-induced thymic lymphoma in F1 hybrid,
backcross and F2 generation between Fischer 344 and Long-Evans/stm rats

Rats No. of rats All leukemias Thymic lymphomas
) (%) observed (%) Expected (%)®

F1 hybrid rats between

Fischer 344 and Long- 76 73 (96) 73 (96) 76 (100)
Evans/stm

Backross to Long -

Evans/stm 154 138 (90) 73 (47) 77 (50)
F2 generation 92 80 (87) 65 (71) 69 (75)

a) Theoretical incidence obtained on the assumption that the difference in susceptibility to PNU-induced
thymic lymphomas of Fischer 344 and Long-Evans strains is controlled by a single dominant gene.

(from Shisa and Hiai, 1985)
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la,b), POZDR/IEFOBLEENEBLXET S 2
DOBIEFORE &L HYPIRYH D Z L H AL »Ic k-
72, RENB LRI > <fER A MK D RENLE
75 PNU SBR0IR Y >~ BER A 1K % X8 T 25 F
DEEHRD b Ltz W5 IZEREYICIT HHRTHREE
DFEEBNLDTHEH, Ty F DRBER THH
A REXERPBRIETF R % RE L 2RI 1T I A
Iy,

HRBERLEREERTETA7 I RET v b
(NAR)*? {3 Sprague-Dawley 7 v } N% R Tif
wRibdntz, v POETALT7 I MELZELTE
BMETFI2 Wit DNA L~LE TOBMAGEA TV
3, MF7NT S CIdNEEE Iz RENHEL2 N
W/, PILITEHER, Rer, BYOER, Eb5icik
RBMECEMR L ENLBEPOEREE- T2 L H
2HNTWHNT, RBERIC L NAR PIERHENTW
3449 MR NHLLDIETLTI VICAEEN
THEMBRICE CHIININTEET v McHBLT
NAR TOHOEBIBBHRIL THE20 LI 2HANZZE
BED TERENZ L TH B, 2, TMTIVRE
- TRARBPLAHEREASRARE, HROBR
BT 2%ME, RERBRREBLLHIHERINDD, =
NLDWBTTRBNEEIEBDTIL L Ik L E
BETHDICHEIR,

LI BMORERIZTEET (F 2138904
ERRRETT) REDT v F (Bdnid=eraky
hNEBEHHL THT) 2HCTER T » BT
REWHICNT 2RI L BT 2 Lick»
T, ZORRTF (FR2IXBH) ORBISHIT 58862
BHLPICT 2 L TENRRBBO A H = X LRI
DR T ENRENBERLRBICHLN?ICLETH
A9,

ANQO MRS v FOREISOINT

7o b EFHTERRICHCWZ/EIHICIIOBRENE
RRBERES TR TH S, ek non/Nohic LR
M OB SHBEICES Z LI3REL C, ~NarRF—
DIETE 20-MC, 3, 4-BP, DMBA # #4i (Salley)*®,
277 AEIC 20-MC % 845 (Levy)®® % Lo BRMDBRIN
#lTH A5, Fujino*” i2 ANQO %2 =7 A OENRFT
B & D, Herrold*® i3 MNU o/~ 4 R 7 — il
$oT, WTFNLOBKRICEBERESLOL, S8
RPERBYL YIZ N LR T —D AL L - 1888
AN DMBA BHI2 & > THED Z EHTEZY, LHL
Ih b DHEREYICIMZ 2 AT REH ML L,

WREICOVTIRERMICRITEELWH DT,
4-nitroquinoline 1-oxide (4 NQO) /Ki&#i # ki
ELTH/ETHILTT v FICHEAREIC OB % EXR
THEHRELHELL 2D KIBL? it Tdh 5.%
RBEROFTHRIME LI VBOREHARIIHR
B DWW THBIEICEBDOTT N TS, 22LE
DREWMMIZOEH> HHTH F THOERELFIIZECES»
THEY, HhbdE, MALZLERL VI EICOED
RO—ENHHBESHE Z EHBEL W2 L, 34D
RBERICHEL CREE TR ERM2ET S
ECHBETRD S,

4NQO®5 |3 [ 555 HeBASE L 72 ALOHLEREY
BTHDHRBICREFEL v, KIZLET 5 HHE
otk h Y, BB LT RRORT LEH
Ha At B & R T H05, MIZEHIRE & < ICARMESEME
By BRI & ) TH B0 L AFRAEXD
I EE RO REE L EBLT A L hmbnT
v 55 4 NQO i34 M T 4-hydroxyamino-
quinoline 1-oxide (4 HAQO) i2@E3 1565, 4
HAQO »%: DNA 7)) AR &4 L 4 HAQO-DNA
ik 2 RLT 352697, =) DNA B %M T 3
B — 28 IndBILEBRTILNOTHE L
BLLNTWS, - THILICES 2 TIcHERD
4 NQO RITEERIEES DNA B0 EHEr ERICH
PboT{3L9TH5,4NQO0 iz k 2 DNA #H{En
BHEEICOVWTIRRARBHICL>TELEEY) 32
YIREROBEEHREL L VHEBEL T2 EEZBA
ME, BRUEERFEIRELY) I ZRENKRESHE
BBIC R > T3, ZnBRELLBL NAEE
HRIZERANZEN L HEL TANQO I L T H &
EHBNZ EITRENTWEEE, Zh EidFlic, %
2 R ARIRIEE, FREREEBEAGE, Bk
VRSO FHREESHRFEN B EL LB L N ER
KL 4NQO I & 5 DNA R 2 05HABIC KBE
MHBIENRINTWE, T LS IZR R
MTOLRESREN 7y M REIDSHDITHBE
R ENALPICENTWABRY,
bhbiizs® s kBN E ik (—8%E) ¢
0.001% % 4 NQO Kk % 7 RENHRET » FICHEHK
6EB»HLIECT S F THEbkE LT#HRETS L, 26
COB»LHTEE TOEBECFCEELERY» SR
ISR L2 Z EHEIRRIC L » THE» O L L (Fig. 2,
3,4,5), EBRBAD LT 2 3 CHOEFMMICIZE
EZilabhihole, T THELZASLET, REM
NDERF—TEREBFRFNICLIIRELLEZAFR
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Fig. 2. Photomlcrograph of a 4NQO-induced
tongue carcinoma in an ACI rat. Invasive
growth of a well differentiated squamous
cell carcinoma is noted. Hematoxylin-
eosin, X35.

it 4 -

WE i E

Phtotmicrograph of

Fig. 3. 4ANQO-induced
gingival carcinoma in a D-A rat
Destructive growth of an invasive

squamous cell carcinoma is seen in the
mandibular bone and periodontal tissue.
Hematoxylin-eosin, *17.

F1g 4. 4NQO- mduced squamous cell carcinoma
of the oropharynx in a D-A rat. The
carcinoma presents as a polypoid growth.
Hematoxylin-eosin, X85,

FEIC MM ofF EL s AL (FEKiE1
%). ¥ 75 Dark-Agouti (D-A) TIE 4 1FIN
Id -k L E <, Wistar/Furth (W/F) Tl3d - &
L (, Scheffe @ S-testic & 0 AT DEREH 51T

h :ﬁmw i

Fig.5. 4NQO-induced squamous cell carcinoma
of the upper esophagus in a W/F rat.
Hematoxylin-eosin, X85,

W/F & Zoithed Strain Tld, HELENHDBZ EH
g R 417z (Table 2), & Z HA%%4: L 7252 (2 F6L
AL (Fig. 6,7), £ CIcHFIcBTIZEFY

% v D-A 7 v F TIREET7mm L EaBE kL8N
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Table 2: Survival Time of Seven Strains of Rats Treated with 4NQO

. No. of | Survival Time Average, M+F
Strain Sex Average (days) S.D.
rats (days) (days)

M 12 130-206 173.92

Dark-Agouti 176.78 2— 31.37
F 11 120-226 179.91
M 12 129-234 176.58

Long-Evans/stm 182.00*— 38.80
F 10 126-257 188.50
M 12 142-235 17492

Sprague-Dawley 186.21-%— 31.21
F 12 151-241 197.50
M 28 141-270 186.14

ACI/Ms 189.44 %, 27.42
F 13 130-226 196.54
M 12 147-217 193.08

Fischer 344 199.54 % 30.13
F 12 154-266 206.00
M 11 130-243 195.55

Donryu 205.3 31.02
F 12 190-157 214.42
M 14 213-290 236.50

Wistar/Furth 238.24 =/ 2355
F 15 182-290 239.87

BmEEIDICHNL (Fig.8,9) W/F 7 v I TlRAEFHM
PRWICLI L TERLRREE MES HAIEC, £
(WMBEEREILVWLNL H -7 (Fig. 10,11), £#
IR & R 2 1R T 5 & 4 NQO HRFF LE#D
EHEERIZOW T ORI MER TEEIIL<A

Scheffe’'s S-test: * P <0.01

* % P<0.05

LNL WA RBEMTHL LN DENBL LV TRWE
I TH 72 (Table 3), £<i2D-A 7+ & W/F
7w PHDORHEIZKE WL ) TH -7 (Table 4),
FIT, INLHAREHE. 6 RRBHEMES v Fic 458
M2 4 NQO 2L RN FETHREL 20,
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Fig.6. Summary of the autopsy findings of D-A rats treated with 4NQO.
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Fig.7. Summary of the autopsy findings of W/F rats treated with 4NQO.
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Fig. 8. A massive carcinoma of the posterior half of the dorsal aspect of the tongue

of a D-A rat (D-A 19) treated with 4NQO for 126 days.

Fig.9. Low-magnification photomicrpgraph of a histological section of the tongue

of the case seen in Fig.8. Deep invasion with muscular involvement is

prominent. Hematoxylin-eosin, X5,

DNA &H B Thymidine & ¥4 L T DNA ${icit)
AFENDEZ EAMELILTv A bromodeoxyuridine
(BudU)* %" & ke iz 5 L, &G R sl 5109
%5 BrdU &N iAA % Ji~7z & 24, iRl
THLPLEINSHLZ ENb-1,T4H5 4NQO
PfETHEMAET v FELICS BrdU ZHUN ALK
iz ANQO % % 54RENMIET » Mot L THTIC
Wmvasion, D-AZ v FEW/FZ v Mo b
L LW szt Th b (Fig. 12,13, 14), [alkk

(2 RGBE_E RE A oA o 21 0B 12 4 BrdU @i
Ak RIEROMN 20 L, WHT oy P EICE S
A7z (Fig. 15), 2HL b D 2 &b A NQO 2 hd 4
RS Rz iE D-A Z v F & W/F Z v
b OBC A ) L REED R B iR L TELX
Zhwikilbhb,

KICBAEbL LD ILUIWRAH D 7 » b 2 3EL T F1-
hybrid 7 v b % g L TRIM O & v T L
AR L Tvd, 2 TEBR b - 2T

43
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Fig. 10. Dorsal aspect of the tongue without a carcinoma in a W/F rat (W/F 15)

treated with 4NQO for 213 days.

Fig. 11.

Low-magnification photomicrograph of a histological section of the tongue

of the case seen in Fig. 10. There is no detectable carcinoma in the tongue.

Hematoxylin-eosin, *3.

FEEZ Z Eld WA WA, F1 7 v Rz 2w TiZ 7R
MUZEERE T A L0 ?, FHiZDw Tl MehiE % 1F5 4
At (B @ 81%), N6 A 1R 2 IR 5 4T (&
FHMEER TEREREOREEOHIE Z2 TE LW
ZEEHLAITHD), HHMEENREMHIEFL 7
IZBEVWTIED-AZy MZIEMLTWE EWZZEITH
3, TabbREBEHZEERMEZ RTOTIEZ WY
LEELTWBE 5%ELICF1 7y P T— 7285
4 & & 412, Backeross-hybrid 7 = + % F2-hybrid

7 MEDWTOMBEEIT- GRBHEZFH L2
ATFETHD,

2T, ANQO BR7 » P THRELICHNT 2 &THED
FEEPLELTERICDWIRBAI THEZ AL
CRUETH B, BloiB~ Lk Hiz, 4NQO IZHRIANT
4 HAQO I8 & 41, = NAERE %58 L THN DNA
DEY AR EEAL T 4HAQO-DNA fHmik % i3
HI LI ERICMEL TR EEZILNS,
Z TEME LM ORIENIZ BT 5 4 NQO # TEEE
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Table 3: Massive Carcinomas of the Tongue in Seven Strains of Rats Treated with 4NQO

Strai S No. of rats No. of rats with No. of rats with massive] No. or rats without
rain ex
(Total) carcinoma(s) (Total) | carcinoma(s) (Total) | a carcinoma (Total)
M 12 12 10 0
Dark-Agouti (23) (23, 100%) (20, 87%) (0, 0%)
F 11 11 10 0
M 12 12 7 0
Long-Evans/stm (22) (22, 100%) (10, 45%) (0, 0%)
F 10 10 3 0
M 12 12 8 0
Sprague-Dawley (24) (24, 100%) (15, 62%) (5, 0%)
F 12 12 7 0
M 28 28 24 0
ACI/Ms (41) (41, 100%) (32, 78%) (0, 0%)
F 13 13 8 0
M 12 12 9 0
Fischer 344 (24) (24, 100%) (19, 79%) (0, 0%)
F 12 12 10 0
M 11 11 6 0
Donryu (23) (23, 100%) (14, 61%) (0, 0%)
F 12 12 8 0
M 14 10 3 4
Wistar/Furth (29) (22, 76%) (7, 24%) (7, 24%)
F 15 12 4 3
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Tabled: Comparison of the Number of Rats with or without Massive Carcinoma(s) of the Tongue

€ ¥ o %-kEFH & OH

between Dark-Agouti and Wistar/Furth Strains

Dark-Agouti Wister/Furth Total
With Massive Carcinomal(s)
20 7 27

of the Tongue
Without a Massive

) 3 22 25
Carcinoma of the Tongue
Total 23 29 52

Fig.12. Distribution of BrdU-
in the
the
tongue of a control D-A rat

incorporating nuclei
dorsal epithelium of
(D-A  63)
treatment.

without 4NQO-
The cells with
BrdU-positive nuclei represent
S-phase cells. Immunostaining
for BrdU using monoclonal
antibody (mouse IgG) against

BrdU, X35.

Fig.13. Distribution of BrdU-
in the
epithelium of the
tongue of a D-A rat (D-A 75)
treated with 4NQO for 4
weeks. A

incorporating nuclei
dorsal

much  higher
incorporation rate of BrdU is
noted in this case in
comparison with the control
of Fig.12. Immunostaining for

BrdU, *35.

Chi-square test: P<0.01

Fig.14. Distribution of BrdU-
incorporating nuclei in the
dorsal epithelium of the
tongue of a W/F rat (W/F 43)
treated with 4NQO for 4
weeks. Note the less numbers
of positive nuclei than in Fig.
13. Immunostaining  for

BrdU, >35.
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t-test : *p<0.01, NS=Non-significant
@: A Rat Treated with 4NQO for Four Weeks
O: A Contral Rat
Fig.15. BrdU-labeling (left)-, and Mitosis (right)-Indices of the surface epithelium of

the tongues of D-A and W/F rats with or without 4NQO-treatment for 4 weeks.
The Indices are expressed in terms of the number of epithilial cells in 1 mm.
length of the tongue surface. Both Indices are statistically significantly different
between the two treated rat strains and also between the treated rats and
the non-treated rats of each strain.
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Fig. 16. Distribution of cells with nuclei positive for 4dHAQO-DNA adducts in the tongue epithelium
showing dysplastic changes of a D-A rat (D-A 147) treated with ANQO for 114 days (left
: a) and in a control D-A rat (D-A 121) without 4NQO-treatment (right: b). Immunostaining
using anti-4HAQO-DNA adduct-rabbit IgG, X35.
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Fig. 17. Distribution of the numbers of chromosomes of the cultured cells from a 4NQO-induced

squamous cell carcinoma of the tongue of a Donryu rat.
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