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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
1-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,
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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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Table1(a): Strain difference in susceptibility to PNU-induced leukemias among 6 strains of rats

Strain No. of rats All leukemias Latent period Thymic lymphomas

(days) (%)
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 44 43 (98) 130 10 (23)
Long-Evans/stm 42 40 (95) 151 4 (10)

(from Shisa and Hiai, 1985)

Table 1(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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Fig.2. Photomicrograph of a 4NQO-induced
tongue carcinoma in an ACI rat. Invasive
growth of a well differentiated squamous
cell carcinoma is noted. Hematoxylin-
eosin, X35.
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Fig.4. 4NQO-induced squamous cell carcinoma
of the oropharynx in a D-A rat. The
carcinoma presents as a polypoid growth.
Hematoxylin-eosin, X85.

BEICEFPBOBERELEZrA LN (FEKEL
%). ¥ 7% b b Dark-Agouti (D-A) TidF#H4EF LM
b - &M<, Wistar/Furth (W/F) T3 b » &
L &<, Scheffe @ S-testic & V) B AR LI

Fig. 3. Phtotmicrograph of 4NQO-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, X17.

" ; 1 et %

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

W/F & 2Ot Strain Tl, HELEFH B Z &°
TR I N7z (Table 2), & ZAPFREL EICIIEA
ENA 6N (Fig. 6,7), & CIZHFIZBWTIREFY
HaFED-A 7 v } TIREZET7mm L EOERZ K
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Table 2: Survival Time of Seven Strains of Rats Treated with 4ANQO

) 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 % 31.37
F 11 120-226 179.91
M 12 129-234 176.58

Long-Evans/stm 182.00 *— 33.80
F 10 126-257 188.50
M 12 142-235 174.92

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 205.39% 31.02
F 12 190-157 214.42
M 14 213-290 236.50

Wistar/Furth 238.24 =] 23.55
F 15 182-290 239.87

Scheffe’'s S-test: * P<0.01
* % P <0.05

BERELDICNL (Fig.8,9) W/F 7 v F TIREFHIM
PERWICLI L TERTRBRE L FELIMEAMIZEKS, £
(BEEELTSLVLEDYL b 72 (Fig. 10,11), £%F
AR & SORIE 24681812 § % & 4 NQO FRRF LEED
FHE ERICOWTORZEIIHER TEZR£< A

LA WAIRHB TH L) DEID B Lo TRV
9 T#H -7 (Table 3), £<icD-A 7>+ & W/F
7w FEDORKEIIKRE VL D TH - 72 (Table 4),
FIT, INLWARHKED 6 BMELET » Mi24 A
M2 4 NQO 2t AN HETHREL DD,
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2;:::“ Tongue | Fo0e of | Ml | B |y | Harde | Phormx | Laynx | Trachea | Exconagus | Forestomach | Others Sl Tt
Male-1 [ O O O o* O Lip 217
3 [ O [ ) (@] (o] O 136

5 o [ 0 0 Pn 190

7 [ [ ) O (@] 196

9 [ [ @] (@] 189

n [ (@] O O 206
13 [ 0] O o* 179
15 ° 0] o 130
17 [ O ® (@] o] Pn m
19 ® 126
21 o* ® o] 158
23 o* o (@] o* (@] 189
Female-2 o* o (@] 154
T ° o 181

6 [ ] O [ ] 200

8 o (0] (0] o] Pn 120

10 ® o} Pn 158
12 o ® (0] (@) o] 190
14 o O (e] o* Lip 226
16 [ (@] (@] 175
18 ®* (@) (0] o* Lip 226
20 L 0 o* Lip 212
22 ®* O O (@] (@] (@] Pn 137

r5Q0ee

Massive carcinoma messuring more than 7 mm in its largest diameter.
Muitiple carcinomas with one or more massive carcinoma(s).
Carcinoma messwring less than 7 mm in its largest ciameter.
Multiple carcinomas without a massive carcinoma.
Carcinoma of the lip.
Preumonia.

Fig.6. Summary of the autopsy findings of D-A rats treated with 4NQO.

Wistar Fioor of | Mendibuler | Buccal | Maxilary | Hard Trach E £ Suvival Time
Furth | ToM0ve | ot | gngw | mucosa |gingva | pelate | Phmx | Larymx f Others o)
Male-1 o* [ J O O o] 232
3 @) [ J @] o* Asp 246
-] [ O [ O (@] O (o] o Asp 290
7 (o] [ ] o e} o* i}
9 O [ ] O o* (e} Asp 230
11 [¢] o* o* o] 22
13| O [¢] o (0] o* o* Asp 262
15 O (o] O Asp 23
17 ® O o* o] fliveira 23
19 (] (o] O O o Asp 27
21 [ [ ] (e} O (o] Lip 246
23 o] o* [ J o] o] O O O Asp 230
25 o (o] O ] (o] o] 246
27f O o} o) o* o* o Asp 229
Female2| O e} [e) O o* o* o* Asp 213
4 o O O O o* (@) O Asp 262
6 0] @) O O O o o* O aitfuse Asp 246
8 o o O o* 258
10 [ J [ O O 27
12 [ ] o} (0] (0] O O 230
4 (0] O (] o O 246
16 @) @) ¢] o o* o (0] o] Asp 256
18 [} (] O O o o* (o] 2%
20| @ o) (¢] (o] o* Asp 28
22 o* [ (o] o* o 239
24 (@] o] O (o] O o* o] Asp 290
26 o (] o* 182
28 o o O o} Asp 208
30 o [ J [e] o* o* Asp 246
[ Massive carcinoma measuring more than 7 mm in its largest diameter.
@' Muitipie carcinomas with one or more massive carcinoma(s).
(@] Carcinoma measuring less then 7 mm in its largest diameter.
O"  Multiple carcinomas without a massive carcinoma.
Lip  Carcinoma of the lip.
Asp Aspirstion pneumonia.

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,
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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, X5.
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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
train 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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Table4: Comparison of the Number of Rats with or without Massive Carcinoma(s) of the Tongue
between Dark-Agouti and Wistar/Furth Strains
Dark-Agouti Wister/Furth Total
With Massive Carcinomaf(s)
20 7 27
of the Tongue
Without a Massive
3 22 25
Carcinoma of the Tongue
Total 23 29 52

Chi-square test: P<0.01

Fig. 12. Distribution of BrdU-
in the
the

incorporating nuclei
dorsal epithelium of
tongue of a control D-A rat
(D-A 63) 4NQO-

treatment. with

without
The

BrdU-positive nuclei represent

cells

S-phase cells. Immunostaining
for BrdU using monoclonal
antibody (mouse IgG) against
BrdU, X35.

Fig.13. Distribution of BrdU-
incorporating nuclei in the
dorsal epithelium of the
tongue of a D-A rat (D-A 75)
treated with 4NQO for 4
weeks. A  much  higher
incorporation rate of BrdU is
noted in this case in
comparison with the control
of Fig. 12. Immunostaining for

BrdU, X35.

Fig. 14. Distribution of BrdU-
in the

incorporating nuclei
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, X35.
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BrdU-Labeling-Index of Tongue Mitosis-Index of Tongue
Epithelium of Male Rats Epithelium of Male Rats
150 ;‘ '
g 30 eo00
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e .
§ o o
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50
10 8
o Q
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%%}
o)
| .
Dark-Agouti Wistar/Furth Dark-Agouti Wistar/Furth

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 4HAQO-DNA adducts in the tongue epithelium
showing dysplastic changes of a D-A rat (D-A 147) treated with 4NQO for 114 days (left
: a) and in a control D-A rat (D-A 121) without 4ANQO-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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