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Abstract

The effect of a specific rabbit antiserum to rat alpha-fetoprotein (AFP) was examined on the
growth and the plating efficiency of AFP-producing rat hepatoma cells (AH70Btc Clone 10-5) in
cultures. The addition of anti-AFP serum to the culture medium inhibited cell growth moderately
and inhibited plating efficiency markedly, although no inhibitory effect of complexes of AFP and
antibody to AFP was observed on cell growth. Anti-AFP globulin in the immune serum was
demonstrated on the cell surface by fluorescent antibody technique. Several clones producing low
levels of AFP were obtained by long-term treatment of the original Clone 10-5 cells with anti-AFP
serum. These treated clones showed characteristics that differed from the untreated original clone
10-5 cells: The relative plating efficiency of the treated clones on agar plates containing 5% anti-
AFP serum was higher than the original Clone 10-15 cells and the amount of AFP secreted by the
treated clones was lower.
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Abstract: The effect of a specific rabbit antiserum to rat alpha
fetoprotein (AFP) was examined on the growth and the plating effi
ciency of AFP-producing rat hepatoma cells (AH70Btc Clone 10-5) in
cultures. The addition of anti.AFP serum to the culture medium
inhibited cell growth moderately and inhibited plating efficiency
markedly, although no inhibitory effect of complexes of AFP and anti
body to AFP was observed on cell growth. Anti-AFP globulin in
the immune serum was demonstrated on the cell surface by fluorescent
antibody technique. Several clones producing low levels of AFP were
obtained by long-term treatment of the original Clone 10-5 cells with
anti.AFP serum. These treated clones showed characteristics that
differed from the untreated original Clone 10-5 cells: The relative
plating efficiency of the treated clones on agar plates containing 5%
anti-AFP serum was higher than the original Clone 10-5 cells and the
amount of AFP secreted by the treated clones was lower.

Alpha-fetoprotein (AFP) is synthesized not only by embryonic liver cells
but also by hepatoma cells in vivo (1). It has also been known that hepatoma
cells secrete AFP in vitro (2). The inhibitory effect of heat-inactivated anti
serum to mouse leukemia cell growth in vitro (3) and the cytotoxic effect of
anti-AFP serum on cultured hepatoma cells (4) have been demonstrated,
although the mechanisms are not fully understood.

The present study was carried out to examine the effects of rabbit anti
serum to rat AFP on the growth and the plating efficiency of cloned rat hepa
toma cells (AH70Btc Clone 10-5) established in our laboratory (5). Further
more, the biological characteristics of cells treated with anti·AFP serum were
examined.

This work was supported by a Grant-in-Aid for Cancer Research from the Ministry of
Education
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MATERIALS AND METHODS

Cells and culture: Cells used in this experiment were AH70Btc Clone 10-5
described in detail in the previous paper (5). The cells were maintained in
Eagle's MEM (Chiba Pref. Serum Inst.) supplemented with 20% heat-inactivat
ed bovine serum (the basal medium). The effect of anti-AFP serum on cell
proliferation was examined by a simplified replicate tissue culture method (6).
The cells were cultured in a medium containing 5% heat-inactivated rabbit
anti-AFP serum or non-immune rabbit serum with 95% basal medium. Non
immune serum was prepared by absorbing normal rabbit serum with adult rat
serum at a ratio of I: 1. The medium was renewed every two days. Cell
viability was determined by a dye exclusion test with trypan blue. The plating
efficiency was performed according to Kuroki's method using 0.5% special agar
Noble (Difco), in final concentration (7). An aliquot (0.1 ml) of cell suspension
containing more than 95% single cells was added to the agar plate containing
5% anti-AFP serum or non-immune serum and spread evenly over the surface
of plates. The plates were incubated at 37°C for two weeks in a CO2-incubator.
The number of colonies formed was counted under low-powered microscope.

Anti-AFP serum and detection of AFP: Pooled serum from ascites hepatoma
(AH70B)-bearing Donryu rats was precipitated with 50% saturation of ammo
nium sulphate and dialyzed overnight. This preparation was used as the crude
AFP for immunization. Rabbits were immunized with a mixture of the crude
AFP and Freund'S complete adjuvant (Difco) three times at intervals of seven
days and bled on the seventh day after the last injection. The sensitized rabbit
serum was absorbed with normal serum of adult Donryu rats. The immuno
logical properties of monospecific anti-AFP serum have been reported previous
ly (5). The concentrations of AFP in the culture medium were determined by
the double antibody technique with 1311_ and 1251-labeled AFP (8,9). A solution
containing complexes of AFP and antibody to AFP was prepared as follows:
AFP secreted by Clone 10-5 cells was precipitated by the addition of anti-AFP
serum, and the precipitate was washed thoroughly and suspended in the basal
medium. Localization of anti-AFP globulin in cells treated with anti-AFP
serum for 24 hr was examined by fluorescent microscopy following staining
with goat anti-rabbit IgG serum conjugated fluorescent isothiocyanate (Be
hringerwerke) (10).

Chromosome preparation: The chromosome preparation was performed by
the air-drying method of Moorhead et al. (11).

Tumorigenicity: The cultured cells were removed from the flasks and 5x 106

cells were transplanted intraperitoneally into adult Donryu rats. The rats
transplanted with cells were observed daily and the number of days of survival
was determined.

RESULTS

AFP secretion and growth curve: Fig. 1 shows the correlation between the
amount of AFP secreted per 24 hr and the cell proliferation of Clone 10-5
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Effect of Anti-AFP Serum on Cultured Cells
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Fig. I AFP secretion and growth curve.
AFP in the culture medium (2 mIl was collected prior to cell

count.

AFPImll 104 cells = __~FP ~o! 24_~!-__ X 104
Average cell number

Each point indicates an average of three tubes. The upper
and lower limits are shown on the AFP secretion values.
o 0, growth curve; ••• AFP secretion; 0., cells cultured
in Eagle's MEM without serum.
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cells. AFP was secreted into the medium at all cell growth phases. The
AFP secretion at the logarithmic phase was less marked than at the stationary
phase.

Effect ofanti-AFP serum on Clone 10-5 cells: The effect of various con
centrations of anti-AFP serum on the growth of Clone 10-5 cells is shown in
Fig. 2. Anti-AFP serum at 5% of concentration in the basal medium pro
vided near maximum inhibition of cell proliferation, but the addition of the
same percentage of non-immune serum or complexes of AFP and antibody to
AFP was ineffective (Fig. 2). Five percent anti-AFP serum in the basal
medium and 5% non-immune serum as control were thus used in the follow
ing experiments.

The inhibition of cell proliferation by anti-AFP serum added at various
growth phases is summarized in Fig. 3. Cell proliferation was inhibited by
adding anti-AFP serum at all growth phases, although inhibition of cell pro
liferation with anti-AFP serum at a low inoculum dose was higher than that
at a high inoculum dose. Moreover, the addition of anti-AFP serum to the
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Fig.2 Effect of various concentrations of anti-AFP serum on the
growth of Clone 10-5 cells. The cells were cultured in the basal me
dium for four days and thereafter supplemented with 10% anti-AFP
rabbit serum L6l. 5% anti-AFP serum (Al, 1% anti-AFP serum (.),
5% non-immune rabbit serum (0), no supplement (e) and complexes of
AFP and antibody to AFP (0), as described in Materials and Methods.
Each point indicates the mean value of three tubes.
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Fig. 3 Effect of anti-AFP serum on the growth of Clone 10-5 cells.
The cells were cultured in the medium containing 5% anti-AFP serum
or 5% non-immune serum. Control (0), addition of anti-AFP serum at
o day (el, 2nd day (Al, and 4th day (.). Each point indicates the
mean value of three tubes, and the upper and lower limits are shown.
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medium led to a massive agglutination of cultured cells and the number of
dead cells gradually increased after treatment by antiserum. The plating
efficiency of the cells was reduced markedly by the addition of anti-AFP
serum, and the size of the colony formed on agar plates containing anti-AFP
serum was smaller than without antiserum (Table 1). Anti-AFP globulin

TABLE I EFFECT OF ANTI-AFP SERUM ON THE PLATING EFFICIENCY

Cell lines Inoculum cell P. E. on agar plate l%)a) Relativeb)
number jplate A B P.E.(%l

Wilde) 1000 12.2±0.7 0.2±0.1 1.6
2000 10.4±0.4 0.3±0.1 2.9

Clone 10-5<1) 1000 8.8±2.7 0.6±0.2 6.9
2000 6.3±0.8 0.5±0.3 7.9

PCe) 1000 6.2±0.9 0.9±0.1 14.5
2000

a) Plating efficiency lP. E.) indicates the percent of cells formed in colony per cells plated.
Agar plates contain non-immune rabbit serum lA) or anti-AFP rabbit serum (B) as
described in Materials and Methods. Mean±SD. /~Xi2-NM

SD=V N

b) R I' I' ffi' P. E. on B 100e atlve p atmg e clency P. E. on A X

cl AH70Btc cells.
d) Colonial cloned cells (the original cells of the treated clones).
e) Single cloned cells.

was detected on the cell surfaces of cells treated with anti-AFP serum by
fluorescent antibody technique.

Long-term treatment of Clone 10-5 cells with anti-AFP serum and the biolo
gical characteristics of treated clones: Eight colonies as described in Table 1
were cultured for two weeks on agar plates containing anti-AFP serum. Each
colony was picked up by pipettes and transferred into new flasks. Among these,
four clones were continuously treated with anti-AFP serum for a further three
months and thereafter, transferred into flasks with the basal medium without
antiserum (designated as long-term treated Clones 1, 2, 3 and 4). The long
term treated clones were further cultured for one month to eliminate the anti
AFP serum that adhered on cells. Four other clones were immediately
cultured back into the basal medium without antiserum (designated as short
term treated Clones 5, 6, 7 and 8). The amounts of AFP secreted by the
treated clones were determined and the values are summarized in Table 2.
AFP levels secreted by long-term treated clones were lower, but those of
short-term treated clones were similar to Clone 10-5.

The biological characteristics of long-term treated clones were investi
gated. Morphological findings of the treated Clones 1 and 2 were almost
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TABLE 2 AFP SECRETION OF TREATED CLONES

Cells Culture days AFP (ng/ml/IO'cells)'"

Long-term treated clon~ 1 326 33.0
2 327 16. 7
3 327 28.2
4 326 11. 6

Short-term treated clone 5 270 98.4
6 270 77.0
7 270 66.9
8 270 70. 7

Clone 10 5 (control) 265 75.3

AFP was measured in the medium of cells cultured for 48 hr. Long-term treated Clones

to 4 and short-term treated Clones 5 to 8 were obtained as described in the text.

'" AFP = _AFP for~!J_r_ x 10'
Average cell number

TABLE 3 DISTRIBUTION OF CHROMOSOME NUMBER OF LONG-TERM TREATED GLONES

Chromosome
number

:>60 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 100<:

Clone I

2

3

4

Clone 10-5

2 2 4 6 II II 5 4 I 2 2
3 4 I 9 12 7 8 1 2

1 1 4 7 17 16 1 2
2 2 3 7 13 5 5 3 1 I 4 I

7 6 7 13 9 2 2

50 metaphases were counted in each clone.

PLANTED WITH LONG-TERM TREATED CLONES

TABLE 4 SURVIVAL PERIOD OF'RATS TRANS-

Each cell of long-term treated clones and
Clone 10-5 was transplanted into three
Donryu rats. "'Average ± SD.

22±5.3
21±2.7
35±6.7
24-±2.7
16±3.3

Days of survival'"Cells

1
2
3
4

Clone 10-5 (control)

Long-term treated
clone

similar to those of Clone 10-5 cells.
Clone 3 was inclined to float and form
aggregates and Clone 4 was composed
of small pavement-like cells. The
chromosome number of the long-term
treated clones decreased compared
with Clone 10-5, but significant differ
ences in number and distribution
were not seen between the long-term
treated clones and Clone 10-5 cells
(Table 3). The mean survival days

of rats transplanted with the cells from long-term treated clones were a little
longer than with Clone 10-5 (Table 4). The plating efficiency of the long
term treated clones was suppressed by anti-AFP serum. But the relative
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plating efficiency of those clones was higher than Clone 10-5 (Table 5).
The inhibitory effect of anti-AFP serum on the growth of long-term treated
clones was similar to Clone 10-5.

TABLE 5 PLATING EFFICIENCY OF LONG-TERM TREATED CLONES

Cell lines Inoculum cell P. E. on agar plate (%)8l Relativebl
number /plate A B P.E.(%)

Clone 1 1000 6. 9± 1. 1 0.9±0.3 13.0
2000 4.4±0.8 0.6±0.2 13.6

2 1000 l3.0±3.7 4.2±0.5 32.3
2000 11. 7±3. 6 3.8±0.3 32.5

3 1000 6.7±O.9 1.6±0.8 23.9
2000 5.3±1.9 1. 5±0. 2 28.3

4 1000 10.6±0.9 0.8±0.1 7.5
2000 8.l±0.7 0.9±0.2 11.1

a) Plating efficiency (P.E.) indicates the percent of cells formed in colony per cells plated.
Agar plates contained non-immune rabbit serum (A) or anti-AFP rabbit serum (B) as
described in Materials and Methods. Mean±SD.

b) Relative plating efficiency =pP. EE. on B X 100
.. on A

DISCUSSION

It has been already demonstrated by Tsukada et at. (12) that low AFP
producing clones can be isolated from AH66 cells producing high levels of
AFP. From this finding and the experiment of ascites hepatoma, it has been
suggested that the hepatoma nodules formed in the liver of rats by a carcino
gen might consist of many types of tumor cells (13). However, low AFP
producing clones could not be isolated from the original strain, AH70Btc, cells
with high levels of AFP, as described in detail (5). In the present study, low
AFP-producing clones could not be isolated by short-term treatment with anti
AFP serum. It remains unknown whether the appearance of low AFP
producing cells by long-term treatment of Clone 10-5 cells producing high
levels of AFP with anti-AFP serum is due to the mutation of Clone 10-5 cells
or to the selection of low AFP-producing cells appearing at cell divisions
from Clone 10-5 cells. However, the present results strongly suggest the
probability of cell mutation, since cloned cells were used.

Biological characteristics of long-term treated clones differ compared to
Clone 10-5. The relative plating efficiency of long-term treated clones on
agar plates containing anti-AFP serum is higher than that of Clone 10-5 and
might indicate that anti-AFP serum was more sensitive to high AFP-producing
cells than to low AFP-producing cells. This observation is consistent with
the previous experiment of AH66 cells (4). The mean survival days of rats
transplanted with long-term treated clones was a little longer than with Clone
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10-5. However, the tumorigenicity of low AFP-producing cells is not always
lower than that of high AFP-producing cells, because the tumorigenicity of
cultured cells decreases during long-term cultivation of cells (14).

Acknowledgment: We express thanks to Dr. Kazuhisa Taketa, Department of Internal
Medicine, Okayama University Medical School, for helpful suggestions and proofreading
this manuscript.
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