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Abs t r ac t  Male C57BL/6×DS-F l mice that had been 
treated with 3"-methyl-4-dimethylaminoazobenzene (3"- 
Me-DAB) neonatally were subjected to sialoadenectomy 
(removal of  the submandibular salivary glands) 60 days 
after birth. The development of  adenomatous nodules 
and carcinomas in the livers of  these mice was compared 
with the livers of  males without sialoadenectomy. The 
incidence of adenomatous nodules in sialoadenecto- 
mized males at 6, 8, 10, and 12 months was significantly 
lower than that in sham-operated animals. Carcinomas 
were found in the livers of  both sham-operated and sialo- 
adenectomized males that were 10 and 12 months old 
and were less frequent in sialoadenectomized males al- 
though the difference was significant only at the age of 
12 months. Sialoadenectomy decreased the serum con- 
centration of epidermal growth factor (EGF) by about 
40%. The present results indicate that sialoadenectomy 
inhibits the development of  hepatocellular tumours in- 
duced by 3"-Me-DAB in male mice, an effect which may 
be caused by decrease in the serum level of E G E  

Key words  Liver • Carcinogenesis 
Submandibular salivary gland • Sialoadenectomy 
Epidermal growth factor 

Introduction 

Epidermal growth factor (EGF), a polypeptide with a 
molecular weight of  6045, has been shown to exert di- 
verse biological actions on a variety of  cells [3, 5]. 
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Moreover, exogenously administered or endogenous 
EGF has been shown to accelerate carcinogen-induced 
tumourigenesis in mouse skin [18] and hamster pancreas 
[4] and spontaneous tumourigenesis in mouse mammary  
gland [7, 11]. 

The liver has many EGF receptors [5], and EGF has a 
variety of  effects in the liver, both in vivo and in vitro, 
including stimulation of DNA synthesis, ornithine decar- 
boxylase activity, phospholipid methyltransferase activi- 
ty, monovalent ion transport, alanine uptake, and inhibi- 
tion of glucagon-stimulated amino acid uptake [5, 13]. 
Recent studies using transforming growth factor-~ 
(TGF-t~) transgenic mice have shown that overexpressed 
TGF-a ,  which binds to the EGF receptors and shares 
similar biological activities with EGF [5], enhances the 
liver tumorigenicity of various carcinogens or oncogenes 
[19, 20]. 

In mice, the submandibular gland is a major source of 
EGF [3, 5, 8], and sialoadenectomy (removal of  the sub- 
mandibular salivary glands) of  mice decreases serum 
EGF [11, 15, 16, 26]. Sialoadenectomy in mice thus pro- 
vides a technique which may be used to reveal the effect 
of  endogenous EGF on liver tumourigenesis and we in- 
vestigated the effect of this procedure on liver tumouri- 
genesis induced in mice by neonatally administered 3"- 
methyl-4-dimethylaminoazobenzene (3"-Me-DAB). 

Materials and methods 

Male C57BL/6xDS-F 1 mice bred in our laboratory were used. 
They were kept at 25 ° C under controlled lighting (12 h light/12 h 
darkness) and allowed free access to water and pellet food. 
3"-Me-DAB (ICN Pharmaceuticals, Plainview, N.Y., USA) was 
suspended in an aqueous solution of 0.7% (w/v) gelatin at a con- 
centration of 10 mg/ml, and 0.05 ml of the suspension was inject- 
ed intraperitoneally into mice 10, 12, 14, 16 and 18 days old. 
Male mice that were 60 days old and that had been treated with 3"- 
Me-DAB neonatally as described above were divided into two 
groups; one group was sialoadenectomized, and the other group 
was given a sham operation. Mice were sialoadenectomized under 
pentobarbital sodium anaesthesia. For histological examination of 
the liver, 36-78 mice from each group were killed at 6, 8, 10 or 12 
months of age after weighing and the liver was promptly removed. 
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For assay of serum EGF, blood was obtained from 19 or 12 mice 
of each group at the age of 6 months, and 10 intact male mice of 
the same age that had not received neonatal 3"-Me-DAB treatment 
and sialoadenectomy. Blood was taken from the inferior vena cava 
of mice under pentobarbital sodium anaesthesia. 
The liver was fixed in Zamboni's solution and cut into 4-mm-thick 
serial strips. A thin section of each strip was stained with hae- 
matoxylin and eosin, and all sections were examined for nodular 
lesions (adenomatous nodules and carcinomas). An adenomatous 
nodule of hepatocellular origin in the liver was defined with refe- 
rence to previous reports [6, 12, 22] as described previously [25] 
as a mixture of eosinophilic, basophilic, vacuolated and foamy he- 
patocytes in various proportions that compressed the adjacent pa- 
renchyma, but did not contain a trabecular structure. A hepatocel- 
lular carcinoma was defined as a nodular lesion with a trabecular 
structure as described previously [25]. 
All sections of the liver were examined, and numbers of adenoma- 
tous nodules and carcinomas were counted, with care taken to 
count an adenomatous nodule or a carcinoma found in two or 
more adjacent sections as one lesion. 
Photographs of all sections of the liver were taken at ×4 magnifi- 
cation, and areas of adenomatous nodules and carcinomas were 
measured using a PIAS, LA-5000 personal image analyser (PIAS, 
Tokyo, Japan). When one adenomatous nodule or carcinoma was 
found in two or more adjacent sections, the largest area found in 
these sections was regarded as the area to record. 
Serum was obtained by centrifugation of blood at xl,000 g for 
10 min., and stored at -80 ° C until assay of EGE The serum con- 
centration of EGF was determined with a mouse EGF radio- 
immunoassay kit (Amersham International, Buckinghamshire, 
England) using a preparation of mouse EGF (Wako Pure Chemical 
Industries, Osaka, Japan) as a standard according to the manufac- 
turer's instructions. The intra- and inter-assay coefficients of varia- 
tion were 5.1 and 10.2%, respectively. 
Statistical analyses were carried out by the chi-square test or Stu- 
dent's t-test. A P value below 0.05 was regarded as significant. 

Results 

M a l e  mice  that had  been  t rea ted  with  3" -Me-DAB neona-  
ta l ly  were  s i a loadenec tomized  at the age o f  60 days,  and 
the deve lopmen t  o f  adenomatous  nodules  and carc ino-  
mas  in their  l iver  was c o m p a r e d  with  that  in the l iver  of  
sham-ope ra t ed  males  that  had  been  t rea ted  with  Y - M e -  
D A B  neonata l ly .  F igu re  1 shows the body  weight  o f  
the s i a loadenec tomized  and sham-ope ra t ed  mice.  Si- 
a l o a d e n e c t o m y  decreased  the body  we igh t  of  the mice  by  
about  10% at the ages of  6, 8, 10 and 12 months .  The  in- 
c idences  o f  adenomatous  nodules  in s i a loadenec tomized  
males  were  s igni f icant ly  lower  than those  in sham-ope-  
ra ted  males  of  the same ages (i.e. 9 vs 35%, 38 vs 67%, 
43 vs 83%, and 63 vs 98%, respec t ive ly ;  Fig.  2). Carc i -  
nomas  were  found  in the l iver  o f  both  sham-opera t ed  and 
s i a loadenec tomized  males  at the ages  of  10 and 12 
months .  A l l  ca rc inomas  were  h i s to log ica l ly  s imi la r  to 
adenomatous  nodules ,  but  had  a t rabecu la r  pattern.  The  
inc idences  o f  ca rc inomas  in s i a loadenec tomized  males  
were  lower  than those  in sham-ope ra t ed  males  at the 
ages  o f  10 and 12 months  (4 vs 17%, and 10 vs 29%, re- 
spect ive ly) ,  a l though the d i f ference  was s ignif icant  only  
at the age o f  12 months  (Fig.  2). There  was no s ignif i -  
cant  d i f ference  be tween  the numbers  o f  adenomatous  
nodules  per  mouse  in sham-ope ra t ed  and s ia loadenec-  
t omized  males  except  at the age of  8 months  (Fig.  3). 
On ly  one ca rc inoma  per  mouse  was found  in both  sham-  
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Fig. 1 Effect of sialoadenectomy on the body weight of mice. 
Male mice were treated with 3"-methyl-4-dimethylaminoazoben- 
zene (Y-Me-DAB) neonatally. One group of mice was sialoaden- 
ectomized at the age of 60 days ( e ~ O ) ,  and the other was not 
( ~ ) .  Points are means _+ SE for 36-78 mice. a Significant dif- 
ference from the value for sialoadenectomized mice by Student's 
t-test (P<0.01) 
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Fig. 2 Effects of sialoadenectomy on the incidences of adenoma- 
tous nodules and carcinomas. Male mice were treated with 3"-Me- 
DAB neonatally. One group of mice was sialoadenectomized at 
the age of 60 days ( , ) ,  and the other was not ([5). Mice were 
killed at the age of 6, 8, 10 or 12 months. Numbers above columns 
indicate numbers of mice examined. Significant difference from 
the value for sialoadenectomized mice by the chi-square test 
(ap<0.01, b P<0.05) 

opera ted  and s i a loadenec tomized  males  at the ages o f  10 
and 12 months .  

F igures  4 and 5 shows h i s tograms  o f  the areas o f  all 
adenomatous  nodules  and ca rc inomas  that deve loped  in 
sham-opera t ed  and s i a loadenec tomized  mice.  The areas 
o f  adenomatous  nodules  were  more  f requent ly  smal le r  in 
s i a loadenec tomized  mice  than in sham-opera t ed  mice  at 
the ages  o f  8 and 10 months ,  but  less f requent ly  so at the 
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Fig. 3 Effect of sialoadenectomy on numbers of adenomatous 
nodules per mouse. Numbers of adenomatous nodules in the livers 
of the same sham-operated ([]) and sialoadenectomized ( I )  mice 
as for Fig. 2 are presented. Columns and bars represent means 
+ SE, and numbers above columns indicate numbers of mice. 
" Significant difference from the value for sialoadenectomized 
mice by Student's t-test (P<0.05) 
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Fig. 5 Effect of sialoadenectomy on the size distribution of areas 
of carcinomas. Areas of all carcinomas in the same sham-operated 
([~) and sialoadenectomized ( I )  mice as for in Fig. 2 were mea- 
sured. Numbers in columns indicate numbers of carcinomas 

Table 1 Effect of sialoadenectomy on the serum concentration of 
epidermal growth factor (EGF). The serum concentration of EGF 
was assayed at the age of 6 months. Numbers of mice are 
indicated in parentheses 

Treatment with Sialoadenectomy Serum concentration of EGF 
3"-Me-DAB (ng/ml) a 

+ + 2.89+0.17 (19) 
+ - 4.80_+0.18" (12) 
- - 4.51+0.23" (10) 

a Means _+ SE 
* Significant difference from the value for sialoadenectomized 
mice by Student's t-test (P<0.01) 
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Fig. 4 Effect of sialoadenectomy on the size distribution of areas 
of adenomatous nodules. The areas of all adenomatous nodules in 
the same sham-operated ([B) and sialoadenectomized ( I )  mice 
shown in Fig. 2 were measured. Numbers in columns indicate 
numbers of adenomatous nodules, a Significant difference from the 
value for sialoadenectomized mice by the chi-square test (P<0.05) 

age o f  12 months  (Fig.  4). There  were  no s ignif icant  dif-  
ferences  be tween  the size d is t r ibut ions  o f  the areas  o f  
ca rc inomas  in s i a loadenec tomized  and sham-ope ra t ed  
mice  (Fig.  5). 

Table  1 shows the effect  o f  s i a loadenec tomy  on the 
se rum concent ra t ion  o f  EGF,  which  was not  af fec ted  by  
neonata l  t rea tment  o f  ma le  mice  with  3" -Me-DAB but 
was s ign i f ican t ly  dec reased  (about  40%) by  s i a loadenec-  
tomy. 

The  serum E G F  levels  o f  male  mice  with or wi thout  neo-  
natal  t rea tment  wi th  3" -Me-DAB were  c ompa rab l e  to 
those  p rev ious ly  repor ted  [15-17] ,  and s i a l oa denec tomy  
decreased  the se rum E G F  levels  o f  male  mice  s ignif i -  
cantly,  cons is ten t  wi th  prev ious  reports  [15, 16, 26]. Si- 
a l o a d e n e c t o m y  also dec reased  the inc idences  o f  adeno-  
matous  nodules  and carc inomas ,  Thus,  these resul ts  sug- 
gest  that  E G F  secre ted  f rom the submand ibu la r  sa l ivary 
g lands  enhances  tumour igenes i s  in mouse  l iver  induced  
by  3" -Me-DAB.  L ike  us Takagi  et al. [20] repor ted  that  
ove rexpress ion  o f  T G F - ~  in T G F - a  t ransgenic  mice  ac-  
celera tes  the deve lopmen t  of  both  adenomas  and carc ino-  
mas  in the l iver  induced  by  carc inogens .  However ,  s ince 
s i a loadenec tomy  reduced  the body  we igh t  by  about  10%, 
we  cannot  exc lude  the poss ib i l i ty  that  its effect  on the 
we l l -be ing  o f  the mice  was re la ted  to its effect  in de-  
c reas ing  the inc idence  o f  the l iver  tumours .  This  poss i -  
b i l i ty  cou ld  be  tes ted  by  t reat ing s i a loadenec tomized  
mice  with  EGF.  

F r o m  our results  on the size d is t r ibut ion  o f  areas o f  
adenomatous  nodules ,  we found  no conclus ive  evidence  
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that sialoadenectomy results in smaller adenomatous 
nodules than those in sham-operated mice, or that it had 
a significant effect on the size distribution of carcinomas. 
Thus our results suggest that sialoadenectomy had little 
effect on the growth of adenomatous nodules or carcino- 
mas. However sialoadenectomy apparently suppressed 
the incidences of adenomatous nodules and carcinomas 
in mice at all ages. The histology of carcinomas was 
similar to that of adenomatous nodules except for a 
trabecular structure, suggesting that carcinomas arise 
from adenomatous nodules. Thus, it is likely that in our 
system for carcinogen-induced tumourigenesis in mouse 
liver, sialoadenectomy suppressed the development of 
adenomatous nodules from initiated hepatocytes and of 
carcinomas from adenomatous nodules, although it had 
little effect on the growth of adenomatous nodules and 
carcinomas. 

There are several reports that androgen secreted from 
the testes promotes liver tumourigenesis induced by var- 
ious carcinogens in both mice and rats [10, 14, 21, 23, 
24]. Moreover, it has been shown that in mice the pro- 
moting effect of androgen is not due to its direct action 
on hepatocytes initiated by carcinogens [10], and that in 
rats the effect is due to indirect actions on tissues other 
than the liver, such as the pituitary and thyroid glands 
[21]. In a previous study on tumourigenesis in mouse li- 
ver induced by 3"-Me-DAB, we found that orchiectomy 
of males resulted in decreases in incidence of both ade- 
nomatous nodules and carcinomas [25]. Since orchiec- 
tomy reduces the serum level of EGF and the content 
of  EGF in the submandibular salivary gland in mice 
[2, 16], this gland may be one of  the sites through which 
androgen exerts its promoting effect on liver tumouri- 
genesis in mice. This is supported by several studies 
which show that androgen increases EGF receptors in 
the liver [1, 9, 16]. 
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