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Data showing that predisposi t ion to tumors  depends on inherited features of the t issue sys tems of the 
body have recent ly  been obtained [8, 9]. In the study of in tercel lular  junctions in the lung t issues of inbred 
lines of mice, negative cor re la t ionwas  found between the adhesiveness of the cells in the tissue and the f re -  
quency of spontaneous and induced tumors  in it [4]. It has been suggested that genetically determined strength 
and stability of in tercel lular  interaction in a t issue determines  its predisposi t ion to tumors.  

The object of this investigation was to test  the validity of these ideas for  the liver. The adhesiveness of 
hepatocytes was measured  in inbred lines of mice differing in their f requency of spontaneous hepatomas. In 
addition, the mechanical  strength of in tercel lular  junctions was studied at the u l t ras t ruc tura l  level in two lines 
of mice differing maximally in the adhesiveness of their hepatocytes.  

EXPERIMENTAL METHOD 

Mice of seven lines (A/Y, Balb/cY, CBA/Y, C3HA/Y, C3H/Y, C57BI/6Y, and CC57Br/Y) aged one month 
were used. Adhesiveness was measured by means of a micromanipulator by Coman's method [4, 7]. Adhesive- 
ness was measured in three or four mice of each line, and 20 cells were chosen in each liver. 

TABLE I. Adhesiveness of Hepatocytes and Frequency of Spontaneous Liver Tumors in Mice 
of Inbred Lines 

Line of mice 

C57B1/6Y 

Balb/cY 
CC57Br/V 

A/u 

C3H/N 

C3HA/V 

CBA/Y 

Sex 
Adhesiveness, rag/cell 
(M ~m) 

r 

c~ 
(f 

o ~ 

cf 

d 

d 
(f 
9 

0,t60• 

0,142• 
0,127• 

0,113• 

0,0885=0,005 

0,078• 

0,056• 
O,O56• 
0,053• 

Frequency of spontaneous liver tumors in 
mice aged 

12 months 

0/75 

0/20 
0/20 

0/32 
0/230 
0/5 

0/19 

35,2% 

5,3% 

14--15months 

<1% 

27% 
0/14 

5/9=55,5% 
68,5% 

11,5% 

22-24months 

<0,4% 

2/20= 10% 
28,3% 

11/2 I=  52 5% 

3/29= 17% 
14,6% 

Source 

o,d. 
[3] 

o.d. 
o.d. 

[3] 
o.d. 

[3] 
o.d, 
oE.2t 
[1] 

o.d. 
II, 2] 

Legend. o.d.) Our d a t a -  number of animals with spontaneous l iver tumors;  in the batches 
of mice which were used to measure  the adhesiveness of the hepatocytes.  
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Fig. 1. Destruction of unspecialized areas of junctions between hepatocytes in C57BI mice 

under the influence of increased hydrostatic pressure: a) action of pressure of 30 mm Hg 

for 15 see, 19,800 x; b) 20 rnm Pig, 60 sec, 35,000 • 

The mechanical properties of the intercellular junctions were studied at the ultrastructural level on 

CBA and C57BI males by Ushakov's method. The liver was perfused in situ with Hank's solution, initially un- 

der the pressure of I0 mm Hg for 30 sec in order to remove blood from the liver, and later with a hydrostatic 

pressure in the blood stream of 20-30 turn Hg for 15-60 sec. Without changing the pressure, the Hanks's 

solution was replaced by a 2.5% solution of glutaraldehyde (4~ The pieces were postfixed with 1% OsO 4 

solution, stained with i. 5% uranyl acetate solution, and embedded in Araldite M. Ultrathin sections were 

stained with lead citrate. The linear dimensions of the junctions and the angles formed by the membranes 

were estimated by means of a scaling grid, projected on the microscope screen. Six mice of eaeh line were 

studied. Two pieces of liver were investigated from each animal. Twenty sections were examined from each 

piece of liver. Measurements were made on five random sections from each piece, at a distance of not less 
than I0 # from each other. 

EXPERIMENTAL RESULTS 

The adhesiveness of the hepatoeytes in mice aged one month and data in the literature on the frequencies 

of spontaneous hepaton~as in mice of these lines are given in Table 1, from which it will be clear that the rule 
found previously for the lung is valid also for the liver. In CBA, C3H, and C3HA mice, in which spontaneous 

hepatomas were found at the age of 12-24 months, the adhesiveness of the hepatocytes was already signifi- 
cantly lower at the age of one month than in animals of more resistant lines: C57BI and Balb/c,Y. Because of 

the absence of data in the writers' laboratory on the frequency of spontaneous hepatomas in the animals of the 

various lines studied, it was impossible to determine the coefficient of correlation between these parameters. 
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Fig. 2. Des t ruc t ion  of unspec ia l i zed  a r e a s  of junctions between hepatocytes  in CBA mice  un- 
de r  the influence of i n c r e a s e d  hydros ta t i c  p r e s s u r e :  a) act ion of p r e s s u r e  of 30 mm Hg for  
15 sec,  43,200 • b) 20 mm Hg, 60 sec,  33,000 • 

The adhes iveness  of hepatocytes  did not differ  s igni f icant ly  in male  and female  CBA mice  (Table 1}, a l -  
though the i r  frequency of spontaneous hepa tomas  was different .  This indica tes  that  endogenous humora l  fac-  
t o r s ,  with whose action the observed  sex d i f fe rences  a r e  l inked [6],  e i the r  exhibi t  the i r  act ion at  o ther  leve ls  
o r  affect  adhesion of ce l l s  at an o lde r  age. 

Inc reased  hydros ta t i c  p r e s s u r e  causes  sepa ra t ion  of the contact ing su r f aces  of the hepatoeytes ,  in i t ia l ly  
in those a r e a s  of the junctions where  no spec i a l i z ed  s t r u c t u r e s  a r e  obse rved  in the in tac t  t i s sue ,  and me~m- 
b r a n e s  of neighboring ce l l s  run p a r a l l e l  to each o ther  150-200 A apar t .  Under these c i r c u m s t a n c e s  h e t e r o -  
gene i ty  of these a r e a s  of contact  is  observed :  the a r e a s  of s epa ra t ion  a r e  often in t e r rup ted  by reg ions  of be -  
tween 0.05 and 1 ~ in which the or ig ina l  d i s tance  between the membranes  is p r e s e r v e d .  We ca l led  these 
highly adhesive regions  (HAR; Fig.  l a ) .  The s epa ra t ed  su r f aces  of the hepatocytes  c lose  to the HAR fo rm 
d i f fe ren t  angles.  The s ize  of the angles depends on the disunit ing force  which can mainta in  the p r e s e r v e d  
a r e a  of contact  and on the v i s coe l a s t i c  p r o p e r t i e s  of ad jacent  reg ions  of the ce l l  su r faces .  

Different  l ines  of mice  di f fer  in the degree  of he te rogene i ty  of the unspec ia l i zed  regions  of the junctions.  
F o r  ins tance ,  for  eve ry  20 t~ of the outline of the ce l l  su r face  s e p a r a t e d  as a r e s u l t  of exposure  to a p r e s s u r e  
of 30 m m  Hg f o r  15 sec  in l ine C57B1, there  a re  20.5 • 3.7 (mean deviat ion)  HAR, compared  with 6.4 4- 2.1 
HAR in CBA mice.  The angle of HAR in C57B1 was 55.3 • 8.0 ~ (Fig.  l a )  and in CBA mice  29.2 i 4.1 ~ (Fig.  
2a) .  The d i f fe rence  between the number  of HAR and the s ize  of the angles  in CBA and C57B1 mice  was s t a -  
t i s t i c a l l y  s ignif icant  (P < 0.001). A p r e s s u r e  of 20 mm Hg for 60 sec caused  the appea rance  of wide i n t e r -  
c e l l u l a r  spaces  in C57B1 mice ,  in te r rup ted  in p laces  by HAR (Fig.  lb ) .  Under these  condit ions HAR were  
not p r e s e r v e d  in CBA mice  (Fig.  2b). Under the p r e s s u r e s  used,  no s e pa r a t i on  was obse rved  in spec i a l i z ed  
s t r u c t u r e s  of the junctions (in d e s m o s o m e s ,  zones of adhesion,  gap and dense junct ions) .  
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The difference in the number of HAR found between hepatocytes of CBA and C57Bl mice agrees in mag- 
nitude with the difference in adhesiveness between these cells. It can therefore be tentatively suggested that 
the degree of heterogeneity of unspecialized regions of junctions largely determines the differences found in 
adhesiveness of cells in inbred lines of mice. 
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