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The eytotoxic action of immune lymphocytes (IL) on synchronized L tumor  cells was studied 
in al lphases ofthe mitotic cycle.  A cytotoxic action was observed only af ter  the addition of 
IL to L-ce l l s  at the ve ry  beginning of the G 1 phase.  Destruction of the L-ce l l s  was observed 
after  30 rain. The addit ion of IL to ta rge t  cells 180 rain or  more  af ter  the beginning of Gt, 
and also their  addition to cells in the S, G 2, and M phases ,  had no cytotoxic action, not only 
af ter  30 min, but throughout the duration of each of these phases .  The addition of IL to L" 
cells in all phases of the cycle except ear ly  G t led to the same cytotoxic effect as in unsyn-  
chronized L-ce l l s .  The importance of the high sensi t ivi ty of ear ly  G i to the cytotoxic action 
of IL for cell physiology and the need for allowing for it during immunotherapy of tumors  
are  discussed.  

Tumor  cells in different phases of the mitotic cycle a re  known to differ in the i r  sensit ivity to chemi-  
cal and physical  agents and also to cytotoxic antibodies. However,  nothing is yet known about the action of 
immune lymphocytes on the various phases of the cell c y c l e s .  

The sensit ivity of target  cells (malignant fibroblasts of s t ra in  L) tn various stages of the mitotic cy -  
cle to the action of immune and normal  lymphocytes was investigated by the cytotoxic test  in vitro and the 
results  are  described below. 

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

A sys tem of the Rosenau and Moon type [5] used for the experiments  was described ea r l i e r  [1, 2]. 

Transplantable L-ce i l s  and lymphocytes of immune C57BL/6] mice were used.  

The L-ce l l s  were seeded in tubes at the rate of 100,000 cells to 1 ml medium No. 199 with 20% bovine 
se rum,  inactivated at 56~ for 30 min and incubated at 37~ for 24 h. An unsynchronized culture was used 
in the control.  Some of the cells were synchronized by the addition of an excess of thymidine (2 mg/ml) ,  
and 20 h later  they were  washed three t imes with Hank's solution at pH 7.2. The degree of synchronizat ion 
was determined in p r e l im ina ryexpe r imen t s  by the method of incorporat ion of thymidine-H 3 (0.5 pCi/ml) 
for 20 min at 37~ followed by coating the preparat ions  with type M emulsion and exposing them for 7 days.  
The resul t ing preparat ions  were stained with methyl green-pyronine (by Brache t ' s  method), 500 cells were 
counted, and the percentage of labeled ceils determined.  The degree of synchronizat ion averaged 80-85%: 

The duration of the phases of the mitotic cycle for the investigated s t ra in  of L-ce l l s  was as follows: 
G 1) 10 h; S) 6 h; G 2) 3 h; M) 30 min. These figures agree  well with data in the l i terature [6]+ 
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Mice of s t ra in  C56BL/6j were  immunized in a single sess ion by intraperi toneal  and subcutaneous in- 
jection of 55 million cells per  mouse at each of 11 different points, in a total volume of 2 ml. On the 8th- 
9th day after  immunization lymphocytes were  obtained f rom the lymph glands and t rans fe r red  to a Po t t e r ' s  
glass homogenizer .  The concentrat ion of the lymphocytes was made up with medium No. 199 to 4 million 
per  ml. 

An experiment was per formed for each plaase of the mitotic cycle.  In each phase of the cycle old me-  
dium was poured f rom the tubes containing L-ce l l s ,  and immune and normal  lymphocytes were added at the 
rate of 1 ml per  tube. The t ime of exposure of the lymphocytes to the L-ce l l s  varied f rom 30 min to 48 h; 
the number of living L-ce l l s  in each tube was then counted by staining with t rypan blue and eosin. 

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

These investigations showed that the sensit ivity of the synchronized tumor  cells to the cytotoxie a c -  
tion of the immune lymphocytes depends on the phase of the mitotic cycle.  

The cytotoxic effect was well defined only in the G i stage of the cell cycle af ter  interaction for 30 
min between the immune lymphocytes and the ta rge t  L-ce i l s .  Moreo~ver, if the lymphocytes were  added to 
the synchronized culture at the ve ry  beginning of the Gi phase, the cytotoxic action was s t rongest ,  but if 
they were  added 3 h af ter  the beginning of the G1 phase e i ther  the action was not significant or  it could not 
be observed (Table 1). 

In the other phases of the mitotic cycle (S, G 2, M) the cytotoxic effect was ill-defined not only after  
interaction for 30 min between the immune lymphocytes and the L-ce l l s  but also after  the i r  interaction 
throughout the phase.  

On incubation of immune lymphocytes with a synchronized culture of tumor  ceils for 48 h a cytotoxic 
effect was observed independently of the phase of the cell cycle (Table 2). 

The investigation of the sensit ivity of synchronized ta rge t  cells of s t rain L in var ious  phases of the 
mitotic cycle to the action of immune lymphocytes thus showed that a cytotoxi c action is possible only at 
the ve ry  beginning of the cell cycle - in the G i phase. 

It is not yet known whether this maximal sensit ivity of thmor  ceils in the G i stage is connected with 
development of the antigens of the H 2 locus in this phase or  whether it reflects  the state of the cells at the 
ve ry  beginning of the G 1 phase, and the problem is at Present  being studied [3, 4, 7]. 

Treatment  with interferon is known to increase  the sensit ivity of the cells to the cytotoxic action of 
both double-helical  RNA and lymphocytes.  The wr i t e r s  Suggest that the cytotoxic action of the lymphocytes 
is connected with the formation of double-helical  forms of RNA and with RNA-dependent RNA synthesis in 
the target  cei ls .  This can be tested in the synchronized sys tem described above. It has also been found 
that interferon itself can synchronize cell cul tures .  

The results  point to the importance,  in principle,  of allowing for the differential sensit ivity of tumor  
cells in different phases of the mitotic cycle during the immunotherapy of cancer  in o rder  to increase  its 
e ffectiveness.  
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