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Intracellular ice formation (I1F) propagates from cell to cell and causes lethal
damage to the cell during the freezing process. In this study, we hypothesized that IIF passes through
gap junctions between cells and that blockage of gap junctions increases cell viability after the
freeze-thaw process because of the inhibited IIF propagation. Monolayer cultures of Madin-Darby canine
kidney (MDCK) cells on ?Iass coverslips were preincubated with and without the gap-{unction blocker
heptanol and subsequently frozen at different cooling rates on a temperature-controlled stage.
Microscopic observations showed that IIF propagation was successfully inhibited in the blocked group.
However, cell viability in the blocked group after thawing was significantly lower than that in the
non-blocked group. Although results of this study did not confirm our hypotheses, they indicated the
important role of gap-junctional communication in the occurrence of IIF and the consequent cell damage.



2 7

(Intracellular Ice Formation, I1F)

[1-2]
IF
[3] IF
IF
MDCK
10%
Biowest 1% Gibco
a-MEM MDCK
025 mm
130cells/mm?* 2
3 mM (Sigma-Aldrich)
30
Blocked
Control
MDCK
0.05% Lucifer yellow Biotium
15puM PI,

Molecular Probes

30
PBS
(TE300, Nikon)
Lucifer yellow

PI
scrape loading  [4]
IIF
Blocked Control
0.15 M Na(Cl 8 ul
(18 mm x 18 mm,
0.15mm ) NaCl
20 mM HEPES
(920 pm)
(E600FN, Nikon)
( L,
LK-600PM,Linkam)
2a
37°C 5 K/min
-1°C
1 5 10 25 50 K/min
5 -20°C
-20°C 5 5 K/min
0°C 5
5K/min 37°C
—1°C
2b 3
50 K/min
—20°C IIF
IIF
CCD (CSDS60CM3, Toshiba Teli)
IIF
100
( 167 ) IIF
dewar bottle
\ cooling/heating stage
Liquid cold spot
m(?ogen
program device
—— FCTI
00000

T
‘i
\heanng/Coohng block

lid of Cooling/heating stage

automatic
cooling unit

Fig. 1 Schematic of temperature controlled stage.
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Fig. 2b Temperature history of freezing.
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Fig. 3  Fluorescence micrographs of Pl-positive

scraped cells and transfer of Lucifer yellow dye via
gap-junctional coupling between MDCK cells. Bar:
100pum.
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Fig. 4 Distribution of Pl-positive dead cells and
calcein-positive live cells in monolayers of MDCK

cells cooled to —20 °C at 1 K/min. Bar: 100 um.
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Fig. 5 Distribution of Pl-positive dead cells and
calcein-positive live cells in monolayers of MDCK
cells cooled to —20 °C at cooling rates of

25 K/min. Bar: 100 pm.
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Fig. 6. Cell viability after the freeze—thaw process

with different cooling rates.
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Fig. 7 Microscopic images of propagation of IIF.
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Fig. 8 Probability of IIF as a function of

temperature.
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