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Fig. 1. Tumor development in mice. Cell lines were injected and tumor
development was monitored as described in “Materials and Methods.” L12-
induced tumors (O) were compared with tumors induced by the following cell
lines: L12¢D10 (A), L12cD5B (A), and L12cD13 (O), expressing the wild type
p53; L12M8-3A2 (X) and 230-23-8 (®) expressing mutant p53.

functional B-cell (41-44). In an earlier study, we found that
expression of wild type p53 in L12-derived cell lines induced
the synthesis of cytoplasmic-u in vitro. Our conclusion was that
wild type p53 accelerated the pre-B-cell differentiation process
(40). In the following experiments, we examined the possibility
that under in vivo conditions the process of cell differentiation
can be further induced, leading to terminal differentiation of
these pre-B cells in vivo. To test this, cells were removed from
8-10-day growing tumors just before the onset of tumor rejec-
tion (see Fig. 1), and cell extracts were subjected to Western
blot analysis using anti-IgG antibodies. In each experiment, cell
pellets obtained from growing cells in vitro were compared with
the corresponding induced tumors in vivo. Fig. 2 shows that
L12 and L12-derived tumor cells expressing the wild type p53
exhibit detectable heavy chain IgG by Western blot analysis.
Under the same experimental conditions, the corresponding
pellets obtained from the in vitro growing cells showed no
detectable IgG molecules. In cells expressing the mutant p53,
both the in vitro growing cell lines and the proliferating tumors
failed to show any IgG immunoglobulin production. When
whole cell pellets were used (Fig. 2), we found a nonspecific
background of proteins ranging in size from A, 10,000 to

L12
a b

230-23-8

30,000 that possibly masked the light chain immunoglobulin
molecules. To resolve this, cells were lysed and the immuno-
globulin molecules were absorbed on protein A-Sepharose be-
fore separation on the polyacrylamide gel. Fig. 3 shows that in
addition to the IgG heavy chain synthesis, L12-derived tumor
cells expressing the wild type p53 produced light chain immu-
noglobulin. Similar patterns were found with the parental L12
cells.

Southern Blot Analysis of Tumor Cells. To exclude the pos-
sibility that the immunoglobulin expression measured was a
reflection of immunoglobulin synthesis of host cells invading
the tumor, it was important to assess the clonality of the tumors.
We took advantage of the fact that each of the tumors had a
specific pattern of p53 sequences in its DNA that was distin-
guishable from the normal pattern of the host cell. Genomic
DNA was prepared from tumors obtained 8-10 days after
injection of the various cell lines. At that point tumors, although
small in size, consisted of homogeneous proliferating nonne-
crotic tissue. All L12-derived cell lines had a rearranged p53
gene detected as an enlarged EcoRI fragment (28 kilobases),
compared with the expected 16-kilobase band of the host (38).
A 3.3-kilobase EcoRI fragment that represented the p53 pseu-
dogene was found in all murine cDNAs. Occasionally, a par-
tially digested fragment migrating between the major bands was
detected (see Fig. 4, L12). In addition to these fragments, each
of the cell lines contained the p53 fragments representing the
integrated cDNA-derived sequences. As shown in Fig. 4, gen-
omic DNA of L12 and L12-derived tumor cells showed similar
patterns of p53-specific DNA fragments in both the in vitro
growing cells and the in vivo developing tumor cells. In all
samples tested, no host-specific bands (a 16-kilobase expected
fragment) were found. A similar pattern was found in cases of
lethal developing tumors. Genomic DNA of the 230-23-8 cell
line exhibited a 16-kilobase EcoRI unrearranged fragment that
coded for a mutated p53 protein. These observations support
the notion that the IgG that was detected in tumor cell lysates
originated from the developing tumor cells but not from the
host cells. This conclusion is further supported by the finding
that in tumor cells derived from 230-23-8 or L12-M8-3A2
(which were treated by the same method), no IgG was detected
(Fig. 2).

DISCUSSION

The p53 growth regulator is a short-lived protein that exerts
its activity in normal cells at low molar concentrations. Over-
expression of wild type p53 results in growth arrest of trans-

L12-M8-3A2 L12-cDSB L12-cD10

Fig. 2. Immunoglobulin expression in es-
tablished cell lines in vitro and in tumor cells
in vivo. Cell lysates of in vitro cell lines (a) or
in vivo tumor cells (b) were separated on poly-
acrylamide gels and subjected to a Western
blot analysis using goat anti-mouse IgG (H+L)
antibodies. Arrow, heavy chain of IgG.
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Fig. 3. Expression of heavy and light chain
immunoglobulin in L12-derived cell lines ex-
pressing the wild type pS3 protein. Immuno-
globulin molecules were preabsorbed onto pro-
tein A-Sepharose and subjected to a Western
blot analysis. a, b, ¢, and d, individual tumors
obtained from either L12-cD5 or L12cD10 in
vivo regressive tumors.
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formed cells (45-48). In addition to interfering with cell prolif-
eration, the wild type p53 protein inhibits in vitro malignant
transformation of primary embryonic cells induced by transfec-
tion with other oncogenes (1, 2), suggesting that p53 functions
as a tumor suppressor gene. Several mechanisms of action for
wild type p53 have been proposed. In all cases, however, the
possibility that the endogenously expressed p53 affects the
activity of exogenous wild type p53 was considered. In cases in
which mutant p53 cooperated with the ras oncogene in trans-
forming primary embryonic rat fibroblasts, it was suggested
that endogenous wild type p53 was inactivated because of the
formation of a complex with the transfected mutant p53, which
permitted the malignant transformation (1, 4). In the case of
colorectal tumors, again, the cell type was a determining factor
in the inhibition of cell proliferation mediated by wild type p53.
In colorectal carcinomas, where the host cells expressed mutant
p53, exogenous wild type p53 was inhibitory for growth, and
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Fig. 4. Southern blot analysis of in vitro growing cell lines and in vivo
developing tumor cells. Genomic DNA was digested with EcoRI and probed with
a p53 cDNA insert. Arrows, endogenous pS53-specific sequences. The rest of the
bands represent the exogenous gene transfected sequences.

in colorectal adenomas expressing wild type p53 no suppression
was evident (48). In all these experimental models, the activity
of the transfected gene was superimposed on the activity of the
endogenously expressed p53. Under these circumstances, the
measured effects reflected the combined activity of the exoge-
nous and endogenous p53 proteins (1, 48). Using the L12 p53
non-producer cell line enabled us to measure the net activity of
defined p53 molecules that are not affected by any endogenous
p53 expression. Furthermore, with these cell lines we were able
for the first time to measure the effects of wild type p53
expression on in vivo tumor development.

Tumor rejection can be mediated by several cellular mecha-
nisms that are controlled by host and tumor cell factors. The
fact that L12 p53 non-producer cells are rejected by the host,
whereas other p53 producer Ab-MuLV transformed cell lines
develop lethal tumors, suggests that expression of mutant p53
may be important for the manifestation of a fully malignant
phenotype (33). However, although all Ab-MuLV cell lines
were established by the same method and express similar viral
antigens, it is still possible that factors other than p53 account
for the difference between these cell lines. To study the mech-
anism of p53 involvement in malignant transformation, we
used a gene transfer system in which the same parental L12
cells were induced to express either wild type or mutant p53.
Using this strategy, we found that while mutant p53 enhanced
tumorigenicity of L12 cells, wild type p53 reduced cell prolif-
eration in vivo, leading to a faster regression of tumors. These
in vivo findings are essentially in agreement with a recent report
showing that the in vitro proliferation of a p5S3 non-producer
osteosarcoma cell line was suppressed by overexpression of wild
type p53, whereas expression of mutant p53 facilitated cell
proliferation (49).

The L12 cell line represents an Ab-MuLV transformed pre-
B population and like other members of this category (43),
although exhibiting rearrangements in the immunoglobulin
heavy chain, it produces no immunoglobulin molecules (40). In
our earlier studies, we found that expression of the wild type
p53 in L12cD cell lines induced the synthesis of cytoplasmic u-
protein. This was not the case in L12-derived cell lines express-
ing the mutant p53 protein or in the parental L12 cells (40).
Here we found that these pre-B-cell lines can be further induced
to differentiate in vivo. Indeed, L12 cells or L12-derived cell
lines expressing wild type p53 seemed to differentiate in vivo
and produced IgG immunoglobulin. No differentiation was
found in cell lines expressing mutant p53. The fact that L12-
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derived cell lines expressing the wild type p53, which are at a
more differentiated phase, show a faster tumor regression rate,
suggests that cell differentiation and tumor regression in these
cells are interconnected pathways.

A number of studies have suggested that tumor regression
may involve a process of terminal cell differentiation (50, 51).
We would like to suggest that L12 parental cells and the L12-
derived cell lines expressing the wild type p53 reach terminal
differentiation in vivo. The fact that these two cell types repre-
sent cells at different differentiation phases can explain the
difference in the kinetics of tumor rejection. Expression of
mutant pS53, however, blocks cell differentiation, which most
likely leads to the development of aggressive proliferating
tumors.

That the expression of wild type p53 in pre-B cells did not
induce the terminal growth arrest of the population in vitro,
which was found with other cell lines (45-48), could be due to
the fact that pre-B-cells are early developing cells that may
undergo cell differentiation in vitro without growth arrest of
the population. Under in vivo conditions, these pre-B-cells were
terminally differentiated and therefore terminal growth arrest,
measured as tumor regression, was obtained.

The possibility that regression of tumors originating from
the L12 cell line or from L12 cells expressing the wild type p53
can be due at least in part to an increased immunogenicity of
these regressor cell lines cannot be completely excluded. How-
ever, when major histocompatibility complex-specific markers
were measured, no significant differences between the various
lines was found (data not shown). Furthermore, injection of
these cell lines into immunodeficient mice yielded similar tumor
development patterns. From this we concluded that changes in
tumor development are most likely not a result of changes in
the immunogenicity of the tested cell lines.

Mutations in the p53 gene were found to be located in
different sites of the gene, thus giving rise to a heterogeneous
population of mutant pS3 molecules. Most of the mutations
were shown to be inactivation mutations leading to a protein
without any suppressive activity. However, not all the inacti-
vation mutations were found to be activation mutations. Indeed
there are examples of mutant pS3 protein that had lost their
suppressive activity, as measured in the rat embryo fibroblast
transformation assays, but were incapable of enhancing malig-
nant transformation. Indeed, a mutation at codon 270, where
an arginine is substituted for a cysteine, caused the loss of the
suppressive activity but was not accompanied by an enhance-
ment of transformation activity (52). Likewise, in a series of
nuclear localization defective cDNA clones, we found that the
wild type p53 protein cannot function as a suppressor protein,
nor does it enhance malignant transformation (53). The exist-
ence of such nontransforming p53 mutants, coupled with our
present findings, supports the concept that inactivation of sup-
pressive activity mediated by wild type p53 is not always suffi-
cient, and that induction of malignant transformation may
require, at least in some tissue types, the gain of a certain
activity by mutant p53.
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