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SUMMARY

Preneoplastic hepatocytes were isolated by a collagenase perfusion method
from F344 male ratsfed a diet containing 0.029; 2-acetylaminofluorene for 14
weeks. Most of these hepatocytes were putatively preneoplastic cells. Phalloi-
din sensitivity of the preneoplastic cells was considerably lower than that of normal
hepatocytes. The uptake of phalloidin was much lower in the preneoplastic cells
than in normal cells. The low sensitivity of the preneoplastic cells is considered to
depend on the low consumption of the toxin by the cells.
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INTRODUCTION -

Phalloidin is a bicyclic toxic heptapeptide isolated from a poisonous mushroom
called Amanita phalloides. 1t is specifically taken up by hepatocytes. In in vitro
experiments using isolated hepatocytes, multiple cytoplasmic blebs are induced by
the toxin over the cell surface (18, 19). »

A lesser sensitivity to phalloidin was observed in isolated hepatocytes obtained
from baby or young rat liver (20), regenerating liver (20), liver-tumor promoter
treated liver:§15, 17) and carcinbgen treated liver (13,2 14, 21).1 In additien, AS-30D
ascites hepatoma cells were reported to be completely insensitive to the toxin(10).
As for the mechanism of the decrease in the sensitivity, It was reported that the
uptake of the toxin decreased in hepatocytes treated with various liver-tumor
promoters (17) and that ascites hepatoma cells completely did not take up the toxin
(4). Furthermore, it was reported that ascites hepatoma cells took up negligible
amounts of °*H-demethylphalloin, a cyclopeptide similar to phalloidin in its
molecular structure (8).

In the present experiments, we examined whether a decrease in the sensitivity
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of preneoplastic cells induced by 2-acetylaminofluorene (2-AAF)* is also due to a
decrease in cellular uptake of the toxin.

MATERIALS AND METHODS

Adult male F344 rats (Charles River Co., Atugi) weighing about 180 g were fed
a diet (M, Oriental Yeast Co., Tokyo) containing 0.02% 2-AAF (Tokyo Kasei
Indust. Co., Tokyo) for 14 weeks and then placed on a basal diet for one week.
The animals were maintained at 23+ 1°C on a standard 12-h light-dark cycle.

Isolation of preneoplastic hepatocytes was carried out according to the two step
liver perfusion method of Seglen (16) with some modifications. The liver was
perfused ix situ through the portal vein for 2.5 min at a flow rate of 55 m//min with
Ca*—free Hanks’' balanced salt solution (CF-HBSS) supplemented with 0.5 mM
ethylene glycol-bis-(f-amino ethyl ether) N, N’-tetraacetic acid (EGTA), 0.5
ug/ml insulin, 0.04 mg/m/ streptomycin and 40 IU/m/ penicillin-G. After washout-
perfusion, Hanks' solution containing 130 units per m!/ collagenase (Wako Pure
Chem. Indust., Co., Osaka) was perfused for 15 min at a flow rate of 25 m//min.
The liver was then minced by scissors in the enzyme solution and teased by the aid
of 12 m/-injection syringe equipped with 20-gauge needle. The cells were further
bubbled with a gas mixture (95%0,—5%C0,) at 37°C for 10 min. The pellet was
resuspended in CF-HBSS containing 1.5% bovine serum albumin (Fraction V,
Seikagaku Kogyo Co., Tokyo) and centrifuged at 50 X g for 1 min. This procedure
was repeated 3 times. After the last centrifugation, the pellet was resuspended in
Williams’ medium E (Flow Laboratories, Inc., Rockville, Md.) supplemented with
109% calf serum (GIBCO, Grand Island, N.Y.), 0.5 zg/m/ insulin, 0.04 mg/m/
streptomycin and 40 IU/m/ penicillin-G, and centrifuged. The pellet was resu-
spended in the culture medium and filtered through 250 #m nylon mesh and further
through 40 um mesh. After viability of the cells was examined by trypan blue
exclusion test (viability in this experiments was 85—909%), the cells were inocula-
ted in a 35-mm plastic dish at a concentration of 3x10° viable cells/1.5 m/ of the
medium for determination of the sensitivity, and in a 60-mm plastic dish at a
concentration of 3% 10° viable cells/3m! of the medium for estimation of the
consumption, respectively. EGTA had no effect on the phalloidin sensitivity.

Culture and measurement of the sensitivity of the cells to phalloidin (Sigma
Chemical Co., St. Louis, Mo.) were made according to the method previously
described in detail (13,14). The cells in the 35-mm dishes were fixed in ice-cold

* The abbreviations used are: 2-AAF, 2-acetylaminofiuorene ; CF-HBSS, Ca*-free Hanks’
balanced salt solution; EGTA, ethylene glycol-bis-(f-amino ethy! ether) N, N’-tetraacetic
acid ; GGT, y-glutamyltransferase.
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ethanol for 10min and stained for y-glutamyltransferase (GGT) activity (11).
The sensitivity was expressed as the percentage of the number of the cells that had
formed multiple cytoplasmic- blebs over the cell surface to the number of the
observed cells.

Phalloidin consumption experiments were done according to the method
previously described (17).

RESULTS AND DISCUSSION

It was reported that 2-AAF induced numerous preneoplastic nodules in rat
livers after a long period of dietary administration (6, 14). Most of the hepatocytes
isolated from the liver of rats fed the carcinogen for 14 weeks appeared to be derived
from the preneoplastic nodules.

As shown in Table 1,the phalloidin sensitivity of both GGT-negative and GGT -
positive cells of 2-AAF treated rats was evidently decreased in each concentration
of phalloidin. The sensitivity of GGT-positive cells was much lower than that of
GGT-negative cells in both carcinogen treated rats and control rats. The
percentage of GGT-positive cells was remarkably increased. These results
coincided with those of our previous experiments (13, 14).

In examinations of phalloidin uptake, as shown in Figure 1, the decreases in
phalloidin sensitivity started after the first incubation ‘with the toxin and drew a
linear regression line. The regression equation of 2-AAF treated hepatocytes was
Y=62.7—0.152X (r=-—.989), whereas, that of control was Y=65.7—-0.389X (r=
—993).The slope of the regression line was far more gentle in the cells of the

Table 1 Sewnsitivity of GGT-negative and GGT —positive cells to phalloidin.

GGT-negative celvls

Phalloidin sensitivity

Treatment No. of rats

2.57 5 10 20
" CONTROL 5 68.7"+5.2 87.4+1.7 91.9+1.9 94.1+1.5
2-AAF 4 21.8%+3.9 41.6+4.4 61.9+4.3 78.0+2.5

GGT-positive cells

Percentage of Phalloidin sensitivity

Treatment No. of rats GGT(+) cells - - ” "
CONTROL 5 0.2”+0.1 34.6+2.2 52.1x4.1 62.3+2.5
2-AAF 4 24.6%6.8 7.8+3.8 15.8+4.2 27.5%3.6

a) Concentration of Phalloidin (ug/mi)
b) Mean+SD
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Fig. 1 Consumption of phalloidin of preneoplastic rat
hepatocytes induced by 2-AAF.

carcinogen treated rats than in control. It is likely that the decrease in the
sensitivity of the preneoplastic cells to the toxin is related to the decrease in the
cellular uptake of the toxin. Comparison of ascites hepatoma cells (4), preneopl-
astic hepatocytes and hepatocytes of liver-tumor promoter treated rats (17)
suggests that a close correlation is present between the degree of the sensitivity to
and the degree of the uptake of the toxin.

It is well known that the preneoplastic cells acquire a relative resistance to
hepatotoxins (3,5, 7,12). The mechanisms of the resistance have been suggested to
involve a decrease in uptake (3), a decrease in activation (2) and an increase in
detoxication of the toxins (1). Phalloidin was reported neither to be metabolized
(9 nor to bind to liéandin (22) within hepatocytes.

In this context, the results of the present experiments suggest that the first
possibility of the above-mentioned mechanisms, in other words, alteration (s) of
the cell membranes is worthy of note as a mechanism of the resistance.
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