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The sensi t ivi ty of cul tures  of human tumor  cells (carcinoma of the ovary CaOv, ca rc inoma 
of the s tomach CaVe, mesenchymoma Sal9) to the action of th io -TEPA was studied with the 
use of var ious c r i t e r i a  to a s s e s s  the act ion of the compound. Autoradiography proved to be 
more  sensitive than other  methods (counting the number of surviving cells and the mitotic 
index). Determinat ion of the intensity of DNA synthesis  (with the use of thymidine-H 3) 
demonst ra ted  differences in the sensi t ivi ty of the cell  lines to the action of the compound in 
smal l  doses.  Calculation of the index of labeled cells showed a significant difference b e -  
tween the responses  of sensit ive (CaOv) and res i s t an t  (Sa19) lines. 

Tumors of the same histological structure and in the same localization may differ in their sensitivity 
to the action of the same compound. Existing morphological criteria for assessing the action of compounds 
in tissue culture are not sufficiently sensitive: agreement between positive results and a clinical effect 
does not exceed 50% [5]. Wright and co-workers [6] showed that positive correlation between results in 

vitro and the results of clinical treatment occurred in 35.6% of the cases when the compounds were used in 
high doses causing death of all the cells in the culture, in 48% of cases when the compound had a cytotoxic 
effect, and in 64.2% of cases if low doses were used, causing only slight changes in the cells. 

Agreement between the experimental data and the results of clinical treatment is thus increased if 
the doses of the compounds used in vitro are reduced. It is therefore important to be able to determine the 
minimal dose for cultures which would allow differences in the sensitivity of cells of different tumors to 
the action of the same compound to be determined in agreement with their sensitivity in vivo. 

The object of the present investigation was to determine the sensitivity of cells of different tumors 
to thio-TEPA using different criteria to assess the action of the compound. 

EXPERIMENTAL METHOD 

Cell lines obtained from human tumors were used: carcinoma of the ovary (CaOv), carcinoma of the 
stomach (CaVe), and mesenehymoma (Sal9). The cells were grown under standard conditions. After 48- 
72 h (logarithmic phase of growth) the medium was changed and thio-TEPA was added in different concen- 
trations (from 3200 to 6.25 pg/ml) each one twice the next. Contact with the compound lasted 24 h. The 
cells were counted in a Goryaev's chamber after the addition of 1 :i000 erythrosin solution to the cell sus- 
pension. 

In the autoradiographic experiments, after removal of the compound the cells were washed twice with 
Hanks' solution and medium with thymidine-H 3 (0.05 pCi/ml, specific activity 0.478 Ci/mmole) was added. 
After incubation with thymidine-H 3 (45 rain, 37~ the medium was poured off and the eoverslips were 
washed twice or three times with Hanks's solution and once with medium No. 199. Be cells were I~hen 
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Fig. 1. Curves of number of cells 
of different lines versus  dose of 
th io-TEPA.  Abscissa ,  dose of 
th io -TEPA in pg /ml  and log of 
dose; ordinate,  coefficient of inhi- 
bition. 

fixed with acetic alcohol. Autographs were prepared  with type M (NIIKhim) fine-grain liquid emuls ion .  The 
specimens were exposed at 4~ for 3 days,  then developed and fixed in the usual way and stained with 
a c e t o - o r c e i n .  The intensity of DNA synthesis  and the index of labeling were determined in the experimen-  
tal and control  se r i es .  The intensity of DNA synthesis  for each tes t  dose of th io-TEPA was determined by 
counting the number of s i lver  grains  in the nuclei of 300-450 labeled cells.  The labeling index and mitotic 
index were  determined among 5000 cells for each dose of the compound. Statistical analysis of the resul ts  
was ca r r i ed  out by the Fisher  -S tuden t  method. 

The action of th io -TEPA on the CaOV, CaVe, and Sa19 cultures was as sessed  by the use of the fol- 
lowing c r i t e r i a :  counting the number of surviving (unstained) cells and calculation of the mitotic index, 
and determinat ion of the intensity of DNA synthesis  and the index of labeling. 

For  convenience when compar ing  the different c r i t e r i a  in each case,  the relat ive index of the effect  
(the coefficient of inhibition)was calculated in each case .*  

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

In the exper iments  of se r i e s  I the relat ionship between the number of cells  and dose of th io -TEPA 
was studied. Dose curves  for all cell lines tested are  shown in Fig. 1. Comparison of the curves  revealed 
differences in the sensi t ivi ty of the CaOv, CaVe, and Sal9 cel ls .  CaOv was mos t  sensit ive,  Sal9 was r e s i s -  
tance,  and CaVe occupied an intermediate position. The values of LDs0, calculated by the method of weigh- 
ing coefficients [4], a lso confirmed this difference.  For  the CaOv cel ls ,  for instance, LD~0 was 104,2 p g /  
ml (5.5 • 10 -4 M), for CaVe it was 129.4 pg /ml  (6.9 x 10 -4 M), and for the mesenchymoma 402.5 pg /ml  
(2.12 x 10 -8 M). This difference in sensi t ivi ty was not detected if the compound was given in smal l  doses .  

The doses of the th io-TEPA used for studying i ts  effect upon mitotic activity and DNA synthesis were 
selected on the basis  of the f i rs t  se r ies  of compound experiments .  The compound was used in LDs0 , and 
also in doses of 12.5 and 6.25 #g /ml .  F r o m  Table 1 it can be seen that th io-TEPA great ly suppresses  the 
mitotic activity of the cell  lines studied. Thus, the compound in a minimal dose, i.e., 6.25 p g / m l  (3.31 x 
10 -5 M) great ly  dec reases  the mitotic index (coefficient of inhibition 0.635-0.750). Despite the high sens i -  
t ivity of the tes t ,  differences in th io-TEPA action on the cell lines could not be detected. 

In the next se r ies  of experiments  the effect of th io -TEPA on DNA synthesis  was studied. As Table 1 
shows, when the compound was used in LDs0 the intensity of DNA synthesis in the experimental  se r ies  was 
significantly lower than in the control ,  but at the same time it was roughly equal for all lines (the coeffi- 
cient of inhibition vamied f rom 0.830 to 0.856). These resul ts  are  in agreement  with those of the celt  count- 
ing. If the compound was used in a dose of 12.5 ~g/ml a smal l  but significant difference was found in the 
sensi t ivi ty of the cells of the lines studied (P< 0.001), while if a dose of 6.25 #g /ml  was used the sensit ivity 
of the CaOv and CaVe cells differed f rom that of the Sal9 cells (P< 0.001). 

* Coefficient of inhibition = 
Absolute value in c o n t r o l -  Absolute value in exper iment  

Absolute value in control  
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TABLE I. Action of Thio-TEPA on Stable Cultures of Human Tumor Cells 

Dose  of  
t h i o - T E  P A  
(in , g / m l )  

0 (cont ro l )  

6,25 

12.5 

LDs0 

T e s t  

Mi to t i c  i n d e x :  
a b s o l u t e  va lue  
c o e f f i c i e n t  of i nh ib i t i on  

Mean  n u m b e r  of  g r a i n s  p e r  n u c l e u s :  
a b s o l u t e  va lue  
c o e f f i c i e n t  of i nh ib i t i on  

N u m b e r  of  l a b e l e d  c e l l s :  
a b s o l u t e  va lue  
p e r c e n t  of  c o n t r o l  

Mi to t i c  index :  
a b s o l u t e  va lue  
c o e f f i c i e n t  of  i nh ib i t i on  

Mean  n u m b e r  of g r a i n s  p e r  n u c l e u s :  
a b s o l u t e  va lue  
c o e f f i c i e n t  of  i nh ib i t i on  

N u m b e r  o f  l a b e l e d  c e l l s :  
a b s o l u t e  va lue  
p e r c e n t  of  c o n t r o l  

Mi to t i c  index :  
a b s o l u t e  v a l u e  
c o e f f i c i e n t  of  i nh ib i t i on  

Mean number of grains per nucleus: 
absolute value 
coefficient of inhibition 

Number of labeled cells: 
absolute value 
percent of Control 

Mi to t i c  index :  
a b s o l u t e  va lue  

c o e f f i c i e n t  of  i nh ib i t i on  
Mean  n u m b e r  of  g r a i n s  p e r  n u c l e u s :  

a b s o l u t e  va lue  
c o e f f i c i e n t  of  i nh ib i t i on  

N u m b e r  of  l a b e l e d  c e l l s :  
a b s o l u t e  va lue  

p e r c e n t  of  c o n t r o l  

CaOv 

5 .19•  0.32 
0 

56.90 • 0.12 

0 

38.1 • 0.69 
100 

1.38• 0.17 

0.735 • 0.036 

15.95 ~: 0.10 
0.720 • 0.002 

56.2 ~ 0 . 7 0  

147.5 

1.04 • 0.14 
0.801 • 0.033 

15.00 ~ 0.Ii 

0.734 ~ 0.002 

68.5 ~: 0.64 
179.9 

0 . 1 4  • 0 . 0 4  

0.975 • 0.009 

Ce l l  l ine  

CaVe 

5 . 6 4 •  0.32 
0 

38.03 -~ 0.14 
0 

59.9 • 0.70 
100 

2.06 =~ 0.23 
0.635 • 0.061 

1 0 . 6 5 •  0 . 0 9  

0.721 • 0.003 

7.01 • 0.65 
117,2 

1 , 1 2  • 0 . 1 6  

0.802 • 0.040 

II.15 • 0.17 
0.707 • 0.005 

72.7 • 0.62 
121.3 

0.16 • 0.02 
0.972 • 0.005 

9.70 �9 0.15 
0.830 • 0.002 

6.30 • 0.13 
0.832 • 0.004 

69.1 • 0.65 
181.6 

32.1 • 0.66 
53.7 

Sal 9 

3.20 • 0.25 

0 
I 

30.2 • 0.07 
0 

45.4 • 0.70 
100 

0.80 • 0.13 
0.750 • 0.023 

14.1 • 0.05 
0.533 • 0.002 

72.6 • 0.63 
160.0 

0.60 • 0 , 1 1  

0.812 • 0.044 

9.70 • 0.07 
0.666 • 0.003 

67.9 • 0.66 

149.2 

0.0 

1.0 

430 • 0.10 
0.856 • 0.002 

19.2 • 0.56 
42.3 

The c o e f f i c i e n t  of i nh ib i t i on  of  DNA s y n t h e s i s  fo r  the  CaOv and CaVe c e l l s  was  0.720 and 0.721,  r e -  
s p e c t i v e l y ,  whi le  for  the  S a l 9  c e l l s  i t  was  0.533.  The S a l 9  c e l l s  w e r e  thus  m o r e  r e s i s t a n t  to the ac~;ion of  
s m a l l  d o s e s  of  t h i o - T E P A  than  the  CaOv and CaVe c e l l s .  

To d e t e r m i n e  the s e n s i t i v i t y  of  the  t u m o r  c e l l s  to the a c t i o n  of  the  compound  i t  is  i m p o r t a n t  not  only  
to know the c h a n g e s  in the i n t e n s i t y  of  DNA s y n t h e s i s ,  bu t  a l s o  the  f r a c t i o n  of  the c e l l s  in the  popu l a t i on  in 
which  th i s  s y n t h e s i s  t a k e s  p l a c e .  In th i s  way  the r e a c t i o n  of  the  whole  ee l [  popu l a t i on  can  be  d e t e r m i n e d .  
As  Tab le  1 s h o w s ,  t h i o - T E P A  in d o s e s  of  6.25 and 12.5 # g / m l  l ed  to an i n c r e a s e  in the  n u m b e r  of l a b e l e d  
c e l l s  in a l l  the l i n e s .  Th is  e f f e c t  is  e v i d e n t l y  due to a c e r t a i n  s y n c h r o n i z i n g  a c t i o n  of  the s m a l l  d o s e s  of  
t h i o - T E P A  and not  to s t i m u l a t i o n  of  DNA s y n t h e s i s ,  a s  m i g h t  be  s u p p o s e d  if  t h e r e  w e r e  no e v i d e n c e  to show 
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a d e c r e a s e  in the intensity of incorpora t ion  of thymidine-H 3 with these doses .  This i nc rease  in the index 
of labeling is pe rhaps  due to the accumula t ion  of ce l l s  in the S phase  on account  os an S - g  2 block.  

During the act ion of t h i o - T E P A  in LD~ a significant  d i f ference  was obse rved  in the reac t ion  of the 
t es ted  l ines:  in the ce l l s  of the sens i t ive  line CaOv the index  of labeling was inc reased  by compar i son  with 
the control  (181.6%), whereas  for  the m o r e  r e s i s t a n t  CaVe and Sal9 cel ls  the index of labe!ing was reduced 
below the control  level  (53.7-42.3%). 

To conf i rm the d i f ference  between the r e a c t i o n s  of the CaOv and Sal9 cel ls  to t h io -TEPA in the in- 
t e rva l  be tween LD~ and the smal l  doses ,  the act ion of the compound was fur ther  invest igated in doses  of 
50 and 200 p g / m l .  For  the CaOv cel ls  the index of labeling Was 130.8 and 213.7%, r e spec t ive ly ,  and for  the 
m e s e n c h y m o m a  cel ls  93.1 and 69.7% of the control .  

The r e su l t s  indicate a r e g u l a r  d i f ference  in the r e sponse  of cel ls  of the sens i t ive  and r e s i s t an t  l ines .  
The sens i t ive  line was cha r ac t e r i z ed  by an inc rease  in the index of labeled cel ls  accompanied  by a dec r ea se  
in the intensi ty of DNA synthes i s .  For  the r e s i s t a n t  line the initial i nc rease  in the index of labeling a c -  
companying an inc rease  in the dose was r ep laced  by a dec r ea se  in the index, and this a l so  was accompanied  
by a dec r ea se  in the intensi ty of DNA syn thes i s .  

P r e s u m a b l y  the cause of the dec r ea s e  in the percen tage  of labeled cel ls  in the r e s i s t a n t  line during 
the act ion of t h io -TEPA in inc reas ing  doses  was not o-~ly S - g  2 block,  but a lso  the additional appea rance  of 
a g l - S  block.  As a r e s u l t  of this the pas sage  of the cel ls  into the s tage of DNA synthes is  was inhibited, 
i .e. ,  the propor t ion  of cel ls  mos t  sens i t ive  to the act ion of the a lkylat ing agent  was reduced [1]. 

These r e su l t s  re f lec t ing  the sens i t iv i ty  of the CaOv line a r e  in a g r e e m e n t  with those obtained by 
Kas 'yanenko [2], who used the method of au torad iography  with thymidine-H 3 to a s s e s s  the sensi t iv i ty  of 
an ima l  tumor  cel ls  to s a r co lys in .  La te r ,  however ,  Merkulov and c o - w o r k e r s  [3] did not conf i rm Kas 'ya-  
nenko 's  findings. Hewever ,  these  w o r k e r s  themse lves  mention cer ta in  se r ious  diff icult ies with which they 
had to contend when using the method of au to rad iography  on surviving t i ssue  f r agments  and which could 
have caused the va r i a t ion  in the r e s u l t s .  By ca r ry ing  out the invest igat ions on cell  cu l tures  it was possible  
to avoid mos t  of the technical  diff icult ies  a s soc ia t ed  with the uneven incorpora t ion  of thymidine4-I 3 into the 
different  l aye r s  of cel ls  of the t i s sue  f ragment .  By the use  of au torad iography  it was thus possible  to r e -  
veal  d i f fe rences  in the sens i t iv i ty  of t umor  cel ls  to the act ion of compounds in sma l l  doses ,  which is im-  
poss ib le  b y t h e  usual  morphologica l  method (counting the number  of surviving ce l l s ,  de te rmina t ion  of the 
mi to t ic  index). This is a m a t t e r  of g r e a t  impor tance  to cl inical  medic ine ,  for  a g r e e m e n t  between the r e -  
sul ts  obtained by the use of  t i s sue  cu l tures  and the r e su l t s  of t r ea tmen t  of patients  is inc reased  when 
s m a l l e r  doses  of the compounds a r e  used exper imen ta l ly .  
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