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Summary

In our previous work!? it was reported that very rapidly frozen tumor cells can
survive intracellular freezing. The cells thus frozen appear to be as translucent as intact
unfrozen ones. These, however, increasingly darkened as a result of intracellular recrys-
tallization of ice during slow warming. In the present paper a relation between the
recrystallization temperature of intracellular ice crystals and survival in rapidly frozen
tumor cells is reported using MTK sarcoma IIl, an ascites sarcoma of rat.

A small volume (about 0.002 ml) of the ascites containing tumor cells was dropped
and smeared on a coverslip to form a monolayer of tumor cells. The ascites droplets
on the coverslips prepared in this manner were frozen on the stage of a refrigerated
microscope at about —30°C, where the rate of cooling of the droplets was about 20
to 25°C per second immediately after spontaneous freezing. Upon freezing an irregular
dendritic pattern instantly appeared in the ascites layer surrounding tumor cells. On
the other hand, tumor cells remained translucent in appearance as seen in intact unfrozen
ones (Fig. 1, 1 & 2). With slow rewarming the intracellular growth or recrystallization
of ice in these translucent frozen cells occurred slowly at about —25°C and promptly
at temperatures above —20°C (Fig. 1, 3 & Fig. 2, 7, 8). A change in the pattern of
internal structure of the frozen cells, observed under a phase contrast microscope, only
took place immediately before the time of formation of visible ice crystals in the cell.

Numerous ascites droplets containing tumor cells were separately frozen in the
same manner as described above. These were then rapidly thawed in warmed saline
from various temperatures between —18 and —28°C in the course of slow rewarming.
During the process of freezing and rewarming, all ascites droplets were under micro-
scopic observation. The tumor cells frozen and thawed in this manner were inoculated
into rats. A remarkable growth of tumor cells was observed in the ascites from all
rats inoculated with tumor cells which were obtained by thawing from temperatures
ranging from —22 to —28°C. No tumor cells were found in all four rats inoculated
with tumor cells thawed from —18°C. Of the two rats inoculated with tumor cells
which were thawed from —20°C, one succumbed to tumor growth, while the other
bore no tumor cells.

These results suggest that rapidly frozen tumor cells can survive intracellular freezing
even at relatively high sub-zero temperatures as long as they remain translucent in
appearance. A fatal darkening or recrystallization of ice in the translucent frozen tumor

cells seems to occur promptly at temperatures above —20°C.
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