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The study of the mechanisms of malignant transformation requires the use of every facility of modern experi- 
mental biological science, including methods of physiological investigation of the cell. 

The results of the authors' observations using a microelectrode technique have demonstrated certain specific 
features of the electrophysiological properties and reactivity of the malignant cell by comparison with the cell of 
normal epithelial tissue [5-9]. Results obtained for the electrophysiological indices of the malignant cell have been 
confirmed in the laboratory directed by K. P. Balitskii [1]. 

The further analysis of the problem requires a microelectrophysiological investigation of a cancer tissue culture. 

Reports in the literature of microelectrode investigations of cancer tissue cultures, as of cultures of nonmalig- 
nant tissue in general, are limited to the well known paper by Schaefer and Schanne [12]. These authors give inter- 
esting figures showing the cell potentials of a culture of two different human carcinomas. However, they do not dis- 
cuss the question of malignant transformation. 

The present article describes the result of the authors' first microelectrode observation on a cancer tissue 
culture. 

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

The test object was a tissue culture of the carcinoma HEp-2 isolated from a carcinoma of the human larynx. 
The culture was grown in glass flasks; a cell suspension was seeded on the surface of the glass, and a layer of cells 
was formed, readily accessible to microelectrode investigation. The nutrient medium contained 10% human blood 
serum, 10% aminopeptide-2,  and 80% medium No. 199. 

During passage the culture was seeded with cell suspension in several flasks simultaneously and these were used 
successively in the experiment at intervals of 24 h. Each individual series of experiments thus included several dif- 
ferent stages of growth of the tissue culture within the limits of one passage. 

Before the experiment, the flask was broken and the pieces of glass with the tissue culture were fixed in a 
special chamber with a glass bottom filled with Tyrode's solution. The ceils of the HEp-2 culture were investigated 
by a microelectrode method, described in detail in several papers from the authors' department [3,4,11]. The di- 
ameter  of the point of the microeleetrode did not exceed 0.5 g. The resistance of the microelectrode varied be- 
tween 5 and 20 rr~. The microelectrode was introduced into individual ceils of the monolayer culture under micro- 
scopic control (microscope MBR-3). Cells from the central portion of the monolayer of tissue culture cells were 
punctured. 

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

The investigations showed that a characteristic sign of the cells of the human carcinoma, as also of the ceils 
of transpIanted malignant tumors in animals, is the low magnitude of the membrane potential (MP). 

Details of the MP of normal and malignant epithelial cells of man and animals obtained by the statistical 
analysis of data collected in the authors' laboratory during recent years are summarized in Table 1. This informa- 
tion fully confirms the results of previous investigation. 

The results of the microelectrode investigations of the cancer tissue culture cells confirmed this basic con- 
clusion. 
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TABLE I. MP of Malignant  and Normal Epithelial  Tissue (M • m) 

Object MP (in mV) 

14.5 + 0.7 Human carc inoma (carc inoma of the stomach) 

Transplanted mal ignant  tumor of animals (Ehrlich's carc inoma of an 
albino mouse) 

Noncancerous epi the l ium of a cancer  pat ient  
Normal ep i the l i a l  tissue of a warm-blooded  an ima l  (albino mottse) 
Normal ep i the l i a l  tissue of a co ld-b looded  an imal  

Epithel ium of a frog's esophagus 

Epithelium of a frog's swimming membrane  

10.8 • 0.4 

18.7 ~ 1.3 

26.9 + 0.6 

16.0 ~ 0.9 
20.0 :k 1.2 

TABLE 2. MP of a Cancer Tissue Cukure 
on Various Days after Seeding (M ~ m) 

t Number of MP 
Object  MP (in mV values below 

15 mV (in %) 

HEp- 2 
2 days 
3 
4 " 
5 " 
6 " 
7 " 

13,8~0,7  
11,3-t-0,6 
11,7-t-0,8 
12,7+ 1,45 
12,15::1,8 
9,9-1-1,2 

60 
71,5 

73 
62,2 

80 
82 

The ampl i tude  of the MP of the cancer  tissue cuhure  was 

much lower than that of normal ep i the l i a l  tissue of man and warm- 
blooded animals.  The  mean MP of the HEp-2 culture did not ex-  
ceed 12-13 mV, i .e . ,  i t  was close to the mean MP of the human car-  
cinoma. However, although the mean values of the  MP were suf- 
f ic ient ly  striking, the absolute values of the MP of individual  cells  
in the HEp-2 culture showed important  individual  variations from 
very low (4-5 mV) to re la t ive ly  high values (25-28 mV). The  re-  
suits of the microe lec t rode  investigations of the  cells of a 3 -day  
HEp-2 culture a re  shown in the figure. 

The l imits  of the individual  variations of the MP in the can-  
cer tissue culture ceils were much wider than in the cells of human 
mal ignant  tumors and, in part icular ,  of transplanted mal ignant  tu- 
mors of animals.  The MP of a cancer  tissue culture depends on the 
t ime  of its growth in an unchanged medium. 

The mean values of the MP were highest in a culture on the second day of growth after seeding. On the fol-  
lowing days of growth of the culture (3rd and 4th days) the vaIues of the MP fell ,  and on the 5th day they again  rose 
fair ly considerably.  Subsequent growth of the culture was associated with a further fa l l  in the MP (Table  2). The  

differences between the values of the MP of the culture at  various stages of growth were confirmed by changes in 

the absolute number of cel ls  charac te r ized  by low MP values (Table  2). 

I t  may be concluded from these investigations that  the main physiological  character is t ic  held in common by 

the cel ls  of a cancer tissue culture and the cells of mal ignant  tumors developing in the human or an imal  body is 
their low MP. The low polar izat ion of the cel l  may therefore be regarded as one of the manifestations of the pro- 
cess of its mal ignant  transformation, one of the indicat ions of the physiological  nature of this process. 

Modern theore t ica l  e lect rophysiology regards the low values of the MP of cancer tissue (the depolar iza t ion of 
the  mal ignant  ep i the l ia l  cei ls  by comparison with the normal  nonmalignant  cel l)  as an indica t ion  that  the cancer  
ce l l  l ives in conditions of permanent  and dist inct ive act ivi ty .  The  nature of this ac t iv i ty  may to some extent  be ex-  

pla ined by the study of the dynamics of the MP of cancer  tissue when t reated by various external  agents. 

It may be concluded from comparat ive  physiological  investigations conducted during recent  years, including 
special  studies made by the present authors of the problem of individual  development  of l iving structures [2,10], that  
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MP of a 3 -day  culture of HEp-2. Along the 
axis of abscissas - MP (in mV); along the 
axis of ordinates -- number of cases (in %). 

the re la t ive ly  high MP values of various tissues of the l iving organ- 
ism are the result of the phylogenet ic  and age evolution of their 
structural and functional  properties. The low values of the MP of 
cancer tissue may be taken as an indica t ion  of the structural and 
physiological  different iat ion of cancer tissue, and the loss of its func- 
t ional  specia l iza t ion.  
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 
tions of the abbreviations as given in the original Russian journal. S o m e  o r  a l l  of t h i s  p e r i -  

o d i c a l  l i t e r a t u r e  m a y  w e l l  b e  a v a i l a b l e  in E n g l i s h  t r a n s l a t i o n .  A complete l ist  of the c o v e r - t o -  
cover English translat ions appears at the back of the first i ssue  of this year. 
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