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p53 mutations are mostly single amino acid changes resulting in expression of a stable mutant protein
with “gain of function” (GOF) activity having a dominant oncogenic role rather than simple loss of func-
tion of wild-type p53. Knock-down of mutant p53 in human lung cancer cell lines with different endog-
enous p53 mutants results in loss of GOF activity as shown by lowering of cell growth rate. Two lung

Keywords: cancer cell lines, ABC1 and H1437, carrying endogenous mutants p53-P278S and -R267P, show reduction
Mutant in growth rate on knock-down on p53 levels. However, whereas reduction of the p53 level induces loss of
Kﬁi e tumorigenicity in nude mice for ABC1 cells, it escalates tumorigenicity for H1437 cells. We have tested
Specificity their transactivation potential on p53 target gene promoters by performing transient transcriptional
In vivo assays in the p53-null H1299 lung cancer cell line. Interestingly, while the mutant p53 target promoter

AxI was activated by both the mutants, the p21 promoter was activated by p53-R267P and wild-type p53
but not by p53-P278S; showing a clear difference in transcriptional activity between the two mutants.
Our results demonstrate allele specificity between GOF p53 mutants and attempt to show that the
specificity is dependent on the transactivation property of GOF p53; it also suggests importance of p21

activation in tumor suppression by p53.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

p53 is the most frequently mutated “driver” gene in lung can-
cer, and frequencies range from 33% in adenocarcinomas to 70%
in small cell lung cancers [1-4]. Studies suggest that lung cancers
and cells with p53 mutations carry a worse prognosis and are more
resistant to chemotherapeutic drugs and radiation [5-10] suggest-
ing acquisition of gain-of-function (GOF) properties (i.e., acquired
growth enhancing and oncogenic functions) by p53 mutations.

Unlike other tumor suppressors, in addition to loss of tumor
suppressor function, in many cases mutations in p53 result in
GOF activity [11]. A number of different phenotypes have been as-
cribed to the GOF activities of mutant p53 including increased
tumorigenicity [12,13], increased metastasis and invasiveness
[14], decreased sensitivity to chemotherapeutic drugs [9,15], in-
creased growth rate [16], and increased motility [17], among oth-
ers. We have demonstrated that knockdown of endogenous mutant
p53 in lung cancer cells causes loss of tumorigenicity [18].
Whether different p53 mutations differ in their GOF ability (allele
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specificity) has not been deciphered at any length, particularly
mechanistically.

We and others have shown that GOF p53 mutants modulate
transcription of a series of genes, many of which are involved in
cell proliferation and oncogenesis [15,19-24]. The mechanism of
GOF has not been completely established, although mutant
p53-mediated up-regulation seems to play a significant role along
with GOF p53’s ability to interact with p53 family members p63
and p73 [11]. However, some examples of differential GOF activi-
ties for different p53 mutants including transactivation properties,
growth in agar, and tumorigenicity have been demonstrated
[9,25,26] (http://p53.free.fr/our_work/structure.html), although
not studied in depth. Earlier we have shown differences in the
transactivation potential of different p53 mutants [19].

We have used naturally occurring human lung cancer cell lines
with endogenous mutant p53 to investigate allele specificity in
GOF activity of different p53 mutants observed in lung cancer.
Knock-down of mutant p53 in human lung cancer cell lines with
different endogenous p53 mutants results in loss of GOF activity
as shown by lowering of cell growth rate. Two of the lung adeno-
carcinoma cell lines, ABC1 and H1437, carrying two different p53
mutants, showed reduction in GOF activities upon lowering of
p53 levels while their tumorigenicity and transcriptional proper-
ties showed dramatic differences. Our results clearly demonstrated
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A. Western Blot Analysis
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Fig. 1. Human lung cancer cell lines with endogenous mutant p53 show loss of gain of function activities on mutant p53 knock-down. A. Western blot analysis showing knock
down of mutant p53 level in human lung cancer cell lines. VMRC, H2405, ABC1, H1437 and KNS62 cells were infected with GFP or p53-specific ShRNA expressing lentivirus, and
p53 knock-down cell clones were generated as described in Section 2. The Western blot analysis shows representative examples of different clones. B. Growth rate of VMRC,
H2405, ABC1, H1437 and KNS62 lung cancer cells depends on the mutant p53 level. Different cell clones are plated in equal numbers for growth assays as described in Section 2,
and harvested each day for five days to determine the rate of doubling. The cell clones showed are a representative sample of all cell clones which showed similar trends.

allele specificity between GOF p53 mutants and attempted to show
for the first time that the allele specificity is dependent on the
transactivation property of GOF p53.

2. Materials and methods
2.1. Cells

H1299, ABC1, VMRC-LCD, H1437, KNS-62, and H2405 cells were
all purchased from commercial sources, and were maintained in
media as suggested by the suppliers. Mutant p53 knock down cell
lines were generated by using lentivirus expressing short hairpin
RNA (shRNA) against p53 (or control green fluorescence protein,
GFP) utilizing lentivirus systems (Open Biosystems) following the
manufacturer’s protocol. Clones were isolated using puromycin
selection at 1 pg/ml.

2.2. Growth assay

Growth assays were carried out as described by us earlier
[15,19]. Multiple cell clones were used for each assay. All experi-
ments were done in triplicate, and repeated multiple times. The er-
ror bars represent standard deviation from the triplicates.

2.3. Xenograft assay

Nu/nu mice were used for the tumorigenicity studies. For all
injections, 1 x 107 cells/250 ul media were used. Mice were in-
jected subcutaneously on the flanks and tumors allowed to grow
to a maximum size of 1.2 cm, measuring periodically as described
before [17,18]. Two different clones of ABC1 and H1437 cells with
mutant p53 levels reduced by shRNA were used in comparison to
two GFP shRNA control cell lines to rule out clonal variations.

2.4. Transient promoter assays

Axl and p21 promoters were cloned in the pGL3-basic vector
using sequence information available in NCBI or as published.
Transient transfection was performed in H1299 p53-null lung can-
cer cells with 200 ng of promoter and 1 pg of expression plasmid
using Lipofectamine 2000 (Invitrogen) following the manufac-
turer’s instructions. Luciferase analysis was carried out using the
luciferase assay system (E1500) and instructions from Promega.
Both transfection and luciferase assays were performed as de-
scribed previously in triplicate [27]. The Student’s t-test was used
for statistical analysis.
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Fig. 2. p53 knock down in cancer cell lines with naturally occurring p53 mutations
causes a change in rate of tumor growth. Mutant p53 levels were knocked down in
the lung cancer cell lines ABC1 (p53-P278S) and H1437 (p53-R267P) by lentivirus
expressing p53 shRNA or GFP shRNA (used as our control cell line) as indicated and
its tumorigenic ability measured after subcutaneous injection into nude mice. For
all injections, 1 x 107 cells/250 ul media were used. Mice were injected subcuta-
neously and tumors allowed to grow to a maximum size of 1cm, measuring
periodically as described before [17,18]. Two different clones of ABC1 and H1437
cells with mutant p53 levels knocked down by shRNA were used in comparison to
two GFP shRNA control cell lines to eliminate clonal variations. Average tumor size
was calculated by taking the average of the width and length of each tumor, then
taking the average of all tumors from the particular cell line.

2.5. Western blotting

Immunoblottings were carried out as described [15]. p53 was
detected using the p53 antibody PAb 1801, and Erk2 was detected
using the ERK2 (sc-154) antibody from Santa Cruz Biotechnology.
Western blots were developed by the ECL method (GE Healthcare;
Piscataway, NJ).

3. Results

3.1. Lung cancer cells expressing GOF mutant p53 show lowering of
growth potential on reduction of the mutant p53 levels

We have analyzed 5 lung cancer cell lines ABC1 (p53-P278S),
VMRC-LCD (p53-R175H), H1437 (p53-R267P), KNS-62 (p53-
R249S), and H2405 (p53-R273H) for its GOF activity. For this we
have generated mutant p53 knock-down cells with corresponding
controls as described in Section 2. For each cell line, multiple
clones with significantly reduced p53 levels have been generated.
Data in Fig. 1A shows an immunoblot demonstrating such clones
with reduced p53 levels. For illustrative purposes only single
clones have been shown. Rates of growth between the different cell
lines are shown in Fig. 1B, depicting decrease of rate of growth

with reduction of p53 level for a number of cell lines under study.
Other knock-down clones showed a similar trend and the data is
representative of all cell clones. We have earlier demonstrated that
knock-down of mutant p53 in H1437 cells also results in lowering
GOF activity as shown by a reduction of rate of growth [28].

3.2. Lung adenocarcinoma ABC1 and H-1437 cells expressing GOF
mutant p53 show differing effects on tumorigenicity on reduction of
the mutant p53 levels

We wanted to see if lowering the mutant p53 level would affect
one of the most important GOF properties: tumorigenicity in nude
mice. Fig. 2 shows xenograft assay data of ABC1 and H1437 cells
(control and p53 knock downs) obtained after injections in athy-
mic nude mice. The ABC1 and H1437 cell lines showed the fastest
growth compared to the other three cell lines and thus were se-
lected for the tumorigenicity assay. The data show an interesting
situation. As expected, both ABC1 and H1437 control (GFP) cells
formed growing tumors. On reduction of mutant p53, tumorigenic-
ity of ABC1 was reduced; however, tumorigenicity of H1437 the
increased on reduction of the mutant p53 level, although both cell
lines showed reduced growth potential (see above). This suggested
a functional difference between either the cellular milieu or the
mutant p53s.

3.3. Transcriptional properties of GOF p53 mutants expressed in p53-
null H1299 lung cancer cells

To characterize the p53 mutants: p53-P278S and p53-R267P,
endogenous to ABC1 and H1437 for their transcriptional activities,
we tested the transactivation potential on Axl and p21 gene pro-
moters by performing transient transcriptional assays in the
H1299 lung cancer cell line with no endogenous p53. Axl is a mu-
tant p53 target gene whose expression gets up-regulated by GOF
p53 mutants [15] and p21 is a well established target for WT
p53. The data in Fig. 3 interestingly show a clear difference in tran-
scriptional activity between the two mutants, p21 promoter being
activated by p53-R267P and WT p53 but not p53-P278S. The Axl
promoter, on the other hand, has been transactivated by WT and
the two other mutants as expected. WT p53 is expected to transac-
tivate the Axl promoter as Axl has a p53/63 binding site [29].

4. Discussion

Here we demonstrate that lung cancer p53 mutants have differ-
ential GOF properties (Figs. 1-3). The exact reason for the quanti-
tative and qualitative differences between them is not easily
discernible and definable. This manifests perhaps in part the
heterogeneity of lung cancer itself in terms of aggressiveness and
prognosis, a mechanistic reason for which is not clear yet. This is
our attempt to delve into that.

Both of the two p53 mutants under scrutiny here: p53-P278S
(from ABC1) and p53-R267P (from H1437), have demonstrated
GOF activity as shown by decrease of cell growth upon their
knock-down in their native cell surroundings (Fig. 1). However,
after p53 knock-down the two cell lines behaved differently to-
wards tumorigenicity in nude mice, while decrease of p53-P278S
caused reduction of tumor formation, knock-down of p53-R267P
resulted in an increase. This apparent paradox was partially
resolved by examining transcriptional properties of the two p53
mutants in H1299 cells. As expected, both of the mutants activated
the promoter for the Axl gene as did WT p53. WT p53 is expected
to up-regulate the Axl promoter since it has a p53/p63 binding site
[29]. As expected, the p21 promoter was transactivated by WT
p53; surprisingly, however, mutant p53-R267P also up-regulated
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Fig. 3. Wild-type and mutant p53 target promoters are differentially modulated by p53 endogenous to ABC1 and H1437 cells, and WT p53 in H1299 cells. H1299 cells were
transfected with 200 ng of pGL3-basic vector containing the human AxI or p21 promoter upstream of the luciferase reporter gene, and 1ug of the indicated p53 expression
plasmid. Cells lysates were prepared 48 h after transfection, and luciferase activity was determined. Data is shown as fold activation over control. Experiments were done in

triplicate.

this promoter although this position of p53 mutation is conserved
between p53, p73 and p63 [30]. This suggests that p53-R267P re-
tains partial WT p53 functions as it may induce expression of the
p21 gene. The implication of this observation is highly significant
in that it suggests p21 activation to be crucial in tumor suppression
as inability to activate p21 is related to formation of tumor forma-
tion in nude mice.

The mechanism of GOF activities by tumor-derived mutant p53
is still under development. Two mutually non-exclusive possibili-
ties are: (1) GOF functions are attained by mutant p53 interacting
with p53 family members, p73 and p63, neutralizing their growth
suppressive functions leading to the GOF phenotype. In a modifica-
tion of that hypothesis, mutant p53 may interact with other cellular
proteins to gain oncogenic activities. (2) GOF mutant p53 modulates
a series of genes involved in cell growth and oncogenesis. Therefore,
the differential nature of GOF activities that are reported here
should be explained in the light of these two theories.

Since p53 mutations under consideration in this report occupy
structurally different positions in the DNA binding domain of
p53, the structural effects caused by them could be varied. This
could possibly result in an alteration of the three dimensional
structure of the p53 protein in different ways which might impact
its interaction with other proteins differentially. This differential
protein-protein interaction may be responsible for the observed
functional difference, and could be explained by both the hypoth-
eses, as both of these rely ultimately on protein-protein and or
protein/nucleic acid interactions, either with p67/p73 or with
other factor(s) involved in transcription.
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