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Under the influence of 3 ,4-benzpyrene  the e lec t rophore t i c  mobil i ty  of f ib roblas t s  in t i s sue  cu l ture  is  
increased ,  and this is  accompanied  by the appea rance  of hyaluronic acid or  chondroi~in sulfate  on the i r  

su r face .  

The convers ion  of normal  cel ls  is  accompanied  by cons iderable  changes on the cell  su r face .  One of 
the manifes ta t ions  of this conversion,  as  seve ra l  authors  have sho~ n exper imenta l ly ,  is  an inc rease '  in the 
negat ive e l ec t r i ca l  charge  of cell  su r faces  during malignant change anJ  a cor responding  inc rease  in e l e c -  
t rophore t ic  mobil i ty of malignant  cel ls  compared  with homologous normal  cel ls  [4]. The sugges t ion  is  
made that the inc rease  in e lec t rophore t ic  mobi l i ty  of tumor  ce l l s  compa~'ed with homologous normal  ce l l s  
ts  due to d i f fe rences  in the adhesive p r o p e r t i e s  of these two cel l  types  [9]. 

Because  it has  been shown that under  the influence of p olycycl ic  carc inogenic  hydrocarbons  changes  
take place in the shape~ the mutual a r r a n g e m e n t  [3], and the c h a r a c t e r  of contacts  and movement  of the s u r -  
face m e m b r a n e s  of f ibroblas ts ,  the investig:~tion of the su r face  of t umor  cel ls  and cel ls  t r ea t ed  with c a r -  
cinogenic agents  is of cons iderable  i n t e r e s t .  

In the p re sen t  invesLig-ation the ef fec t  of 3 ,4 -benzpyrene  on the e lec t r0phore t ic  mobi l i ty  of f ib roblas t s  
in t i s sue  cul ture  was studied. 

E X P E R I M E N T A L  M E T l t O D  

P r i m a r y  monolayer  cu l tures  of mouse  embryordc  f ib rob tas t s  and ce l l s  of s t r a in  L were  used in the 
invest igat ion.  Strain L was obtained by Ea r l e  and co-worke :  s as  a resu l t  of malignant  t r a n s f o r m a t i o n  of 
f ib roblas t  cu l tures  t r ea ted  with methylcholanthrene  [6]; i ts  mal ignancy was  ver i f ied  by a ~ m a l  inoculation.  

TABLE 1. Effect  of 3 ,4-benzpyrene  on 
E lec t rophore t i c  Mobili ty (EM) of F ib rob la s t s  

I EM (is .hcc/v/cm) i E~,~ e x ~  
s No. I in c-'-~ntr--oi ~ v | EM conuol 

I .-- ire a~cd with l(ln 
I c e l l ~  3,4-benz* 

I I p were 

1.20• 0.03 
1.20• 
1,32• 0.03 
1,35• 
! .24 • 0,08 
1.13• 

! , ~  • 0,03 
i ,~8-'- 0.03 
1,38• 
1,62• 0,08 
!,31~0,0,t 
1,24 • 0.03 

0.005 
0,05 
0.I0 
0.005 
0.50 
2.2 

I12 
I07 
I04 
12O 
106 
II0 

The cells of strain L used in our experiments [oss~ss ~II 
the characteristic properties of malignant cells in culture 
(rapid t:_~wth in the absence of contact inhibition, resist- 
ance to the to~c action of carcinogenic substances, and 
so on). 

The ce l l s  w e r e  grown for  8-10 days  in f l a sks  in m e -  
dium No. 199 with 10% s e r u m .  3 ,4-  benzpyrene  was  added 
on the 3rd-4th  day of cult ivation in a suspens ion in a con -  
cent ra t ion  of I ligfml. The f ibroblas ts  and s t r a i n  L ce l ia  
we re  taken f rom the g lass  sl ide by means  of a rub 'oar  
e r a s e r  without p r e l i m i n a r y  chemica l  t r ea tmen t ,  then 
washed twice with phosphate buffer  (pH 7.3) and cen t r i fuged  
for  I0  rain at  1000 r p m .  
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The e lec t rophorc t ic  mobility of the cel ls  was measured  using the apparatus  descr ibed  previously  by 
A. G..~Ialenkov and E. A. Modyanova [2]. 

In each e.xperiment the mobili ty of 15-20 cel ls  was measured ,  the mobili ty of each cel l  being d e t e r -  
mined in 2 d i rect ions  of the field. Concurrent ly with mcasu remen t s  of the mgbility of each fibroblast ,  the 
mobility of the e ry th rocy te s  was determined,  by adding to the cell  suspension human e ry th rocy te s  twice 
washed in phosphate buffer.  The mobility of the e ry th rocy te  was taken to be 1.31 g / sec /cm,  the absolute 
mobility of e ry th rocy tes  determined previously.  In that case,  the mobili ty of the f ibroblas ts  was given by 
the formula:  

t e 
Ufibr  = 1.31 �9 ~ - .  

where tf and te represen t  the mean t imes  during which the f ibroblas ts  or  e ry throcyte , respec t ive ly ,  t r a v e r s e  
one division of the ocular  m ic rome te r .  

E X P E R I M E N T A L  R E S U L T S  

Results showing changes in e lec t rophore t ic  mobility of f ibroblas ts  under the influence of 3 ,4-benzpy-  
rene  a r e g i v e n  in Table 1. As Table 1 shows, the e lec t rophore t ic  mobili ty of ce l ls  t rea ted  with the ca rc ino-  
gen was 7-15~o higher than that of the control cel ls .  These  changes a re  s ta t is t ical ly  significant and were  
r e g u l a r l y  observed in all exT~criments, although the absolute values of the mobility of the f ibroblas ts  var ied 
slightly, these  var ia t ions were  probably at tr ibutable to the fact that embryonic  f ibroblasts  were used in 
the exper iments ,  and the i r  mobility var ied slightly depending on the age of the embryo .  

Since the increase  in e lec t rophore t ic  mobility took place on the 5th-7th day of t r ea tmen t  with 3,4-  
benzpyrene,  and it war previously sho~n that polycycl ic  carcinogenic  hydrocarbons s t imulate  l iberat ion of 
acid mucopolysacchar ides  by f ibroblasts  during the same period [1], the question a rose  whether this in-  
c rease  in e lec t rophoret ic  mobility of the cel ls  was connected with the appearance of acid mucopolysacchar -  
ides on their  surface .  To answer this question, an exper iment  was per formed in which the cel ls  were  
t rea ted  with tes t icular  hyaluronidase.  The cells  were  washed in phosphate buffer and then incubated for 
1 h ~ith tes t icu lar  hyaluronidase in a concentrat ion of 1 mg/ml at 37 ~ ~ paral lel  exper iments  control  cel ls  
were  incubated in physiological  saline.  After  t rea tment  with the enzyme the cel ls  were  again thoroughly 
washed ~-ith phosphate buffer.  

Trea tment  of f ibroblasts  exposed to the action of 3,4-benzI;yrcne with tes t icu lar  hyaluronidase reduced 
thei r  e lec t rophore t ic  mobility to the control  level (before t rea tment  1.27• af ter  t rea tment  1.15:e0.04, 
control  1.13 +0.04). At the same t ime,  this enzyme did not affect  the e lec t rophore t tc  mobili ty of the control  
cel ls .  Trea tment  with hyaluronidase likewise had no action on the magnitude of the negative charge of the 
s t ra in  L cel ls .  

The absolute e lec t rophore t ic  mobility of the s t ra in  L cel ls  was slightly lower  than that of the f i b r e -  
blasts .  !towever, this observat ion does not conflict with the many observat ions  of increased  e lec t rophore t ie  
mobility of connect ive- t issue cel ls  during malign'ant t ransformat ion,  because we used embryonic  f ibroblasta  
in the exper iments .  Comparison of the e lec t rophore t ic  mobil i ty of mouse embrTonic f ibroblasts ,  f ibroblas ts  
f rom an adult mouse heart ,  and cel ls  of s t ra in  L showed that the e lec t rophore t i c  mobili ty of the embryonic  
f ibroblas ts  was much higher than that of the adult mouse f ibroblasts ,  and the s t ra in  L cel ls  occupied an in-  
te rmedia te  position in this respec t  [8]. Fu r the rmore ,  it has been shown in l iver  cel ls  that the densi ty cf  
the surface-negat ive  charge of prol i fera t ing cel ls  of growing t i ssues  is higher than that of res t ing t i ssue 
cells  [5]. It may accordingly be concluded that the increase  in density of the sur face-negat ive  charge ia not 
a specific feature  of tumor  ce l l s .  

The increase  in e lec t rophore t ic  mobility of the cells  may take place as a resul t  of various changes in 
chemical  composition of the cell  surface.  It has been found, for  instance,  that the inc reases  in su r f ace -  
negative charge of hamste r  embryonic  cel ls  infected with po lymer  virus is due to the appearance of s ia l le  
acid on their  surface [7|. 

The increase  in e lec t rophore t ic  mobility of the cel ls  under  the influence of 3 ,4-benzpyrene takes place 
as  a resul t  of the appearance of hyaluronic acid or  chondroitin sulfate on the cell  surface.  It cannot be 
e'.ated more  definitely which of these two polysacchar ides  is l iberated by the cel ls  on the basis  of the t ech -  
nique used, because both a re  des t royed  by tea t icular  hyaluronidase.  
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Hence, the ability of cells to form contacts may be modifled concurrently with an increase of their 
charge, as uccurs during the action of a carcinogen on fibroblasts. IIowever, simultaneous changes such 
as these are not a rule to which there are no exceptions. In fact, normal embryonic cells possessi~-g a 
high surface charge form stable contacts with each other while cells of strain L, possessing a smaller 
charge, do not form such contacts. Evidently there may be other causes of the changes affecting contacts 
in tumor cells than an increase in density of the negative charge on the cell surface. 
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