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Abstract

Objectives/Hypothesis—Mutation of the 7P53gene occurs in over half the cases of head and
neck squamous cell carcinoma (HNSCC). However, little is known about how specific 7P53
mutations affect tumor progression. The objective of this study is to determine the gain of function
of mutant p53 with a proline-to-serine substitution at codon 151.

Study Design—Laboratory based study.

Methods—A panel of HNSCC cell lines was determined with anoikis assays and orthotopic
mouse experiments were performed. TP53 was sequenced. The shRNA knockdown and over-
expression approaches were used for testing mutant p53 functions. The crystal structure of the p53
protein was analyzed using an /n silico approach.

Results—An anoikis resistant cell line, Tu138, was found to have a proline-to-serine substitution
at codon 151 of 7P53, which results in loss of wild-type p53 transcriptional activity. Moreover,
the mutant p53 was shown to promote anoikis resistance and soft agar growth. Using an /7n silico
approach based on the crystal structure of wild type p53 protein, substitution of proline by serine
at position 151 would create a cavity in a hydrophobic pocket, the loss of van der Waals contacts
and the thermodynamically unfavorable placement of a polar group, the hydroxyl oxygen atom of
the serine, within a hydrophobic region, all of which likely cause a locally altered structure.

Conclusions—Our data suggest that mutation at position 151 leads to a structural alteration,
which results in significant functional changes in the p53 protein that impact tumor progression.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) ranks among the cancers most highly
associated with p53 mutation, with a prevalence of over 50% of HNSCC specimens having
p53 sequence alterations. ' 2 The mutation pattern of p53 is unique in that there appears to
be a strong selection bias for missense mutations, particularly involving amino acids in the
DNA-binding domain.3-6 Wild type p53 maintains genomic integrity through the induction
of cell cycle regulatory and apoptosis inducing genes in response to DNA damage. P53
mutation can result in loss of these wild type functions since the commonly mutated p53
proteins detected in human cancers lose DNA-binding activity of p53 responsive elements.’
Some p53 mutants also have a dominant negative effect as they can bind and inhibit the
function of remaining wild-type p53.8 Moreover, some mutant p53 displays oncogenic
properties, termed *“gain of function” (GOF), which is independent of wild-type p53
function. 2 Accordingly, gain of function p53 mutants can enhance cell transformation,
increase tumor formation in mice and confer cellular resistance to chemotherapy.10-14

Normal epithelial cells including those that comprise the mucosa of the upper aerodigestive
tract are dependent upon cell survival signals that are mediated through adherence to the
extracellular basement. When epithelial cells lose contact with their basement membrane,
they undergo apoptosis, which is termed anoikis.® Acquiring resistance to anoikis may be a
general prerequisite for the development and progression of cancers of epithelial origin, or
carcinoma, and previous studies reported have shown that acquisition of anoikis resistance is
a critical step in the progression of oral tongue cancer.16

During our studies of anoikis resistance of HNSCC cells, a cell line, Tu138, was identified
which is highly resistant to anoikis, and it was found that this cell line has a serine
substitution of proline at codon 151 of TP53 (herein referred to p53P151S). We
hypothesized that the P151S mutation confers a gain of function (GOF) to the p53 protein,
which in turn promotes oral cancer progression. This manuscript describes the
characterization of the Tu138 cell line as well as the subcloning and expressing of p53P151S
in non-p53 expressing anoikis-sensitive oral cancer cells, UMSCCL cells. Through these
studies we demonstrate that TP53P151S, can lead to loss of p53 transcriptional activity and
mediate anoikis-resistance and soft agar growth.

MATERIALS AND METHODS

Cell lines

The HNSCC cell lines, which were used in the study, are listed in Table 1 and have been
authenticated by STR analysis (short tandem repeat). Tu138 cells were obtained from Dr.
Gary Clayman at The University of Texas M.D. Anderson Cancer Center. FaDu and
Detroit562 cell lines were purchased from American Type Culture Collection (ATCC). The
PCI cell lines were provided by Dr. Jennifer Grandis, the University of Pittsburgh. JHU cells
were provided by Dr. David Sidransky, Johns Hopkins University and the UM-SCC cell
lines were developed and provided by Dr. Thomas Carey, University of Michigan.
UMSCCl1c2 cells were cloned and isolated from UMSCCL1 cells. The HN4, HN30, and
HN31 cells lines were prepared by Dr. John Ensley, Wayne State University. Dr. Peter
Sacks, New York University, developed and provided the MDA series of cell lines.
Adherent monolayer cultures were maintained and incubated at 37°C in 5% carbondioxide
and 95% air. The cultures were free of Mycoplasma.

Anoikis assay

Anoikis experiments were performed as previously reported.16 Briefly, 2x10° cells were
grown in a 15-ml conical tube (Falcon, Becton-Dickinson, Franklin Lakes, New Jersey) with
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a vented cap (Biocoat, Becton-Dickinson, Bedford, MA) that was placed on a rotating wheel
for different time periods in a humidified incubator at 37 °C with 5% CO». Trypan-blue was
used to identify dead cells. In addition, the DNA fragmentation assay was used to confirm
the cell death by apoptosis. For this assay, the cells were suspended in 1 ml of lysis buffer
(20 mM Tris HCI [pH 8], 10 mM ethylenediaminetetraacetic acid [pH 8], and 0.5% Triton
X-100). The DNA in the supernatant was extracted with ammonium acetate (2 M) and two
volumes of ethanol and was analyzed using 1.5% agarose gel, which was visualized by
ethidium bromide staining of the gel.

The orthotopic nude mouse model of HNSCC

To determine the tumorigenicity of the 8 most anoikis-resistant and 8 most anoikis sensitive
HNSCC cell lines, 5 x 10 cells suspended in 30 L of serum-free media were injected into
the mouse tongue as described previously.1” Ten to 12 mice were prepared for each cell line.

Analysis of TP53 mutation

The genomic DNA from UMSCC1 and Tul38 cells was isolated with Puregene Core Kit 13
(GIAGENE) according to the manufacturer’s instructions and TP53 sequence was analyzed
in the DNA Sequencing Core Facility at Baylor College of Medicine.

Modeling the proline-to-serine substitution at position 151 of p53

The coordinates of the human p53 DNA binding domain bound to DNA (RCSB, Accession
Code 2ACO0, tetrameric p53 binding to DNA) were used in a commercially available
structural analysis program, PyMol ™ (Copyright 2008 DeLano Scientific LLC), to model
possible local structural effects that result from the substitution of the proline at position 151
of p53 with serine.

Plasmids and cell infection

To make a construct expressing mutant p53P151S, total RNA was isolated from Tul38cells
with TRIzol reagent (Invitrogen) and Reverse transcription PCR was performed to
amplifying p53 cDNA with IscriptTM cDNA Synthesis kit (Bio-Rad) using the primers: 5’-
BamH I: 5" CGGGATCCAAGTCTAGAGCCACCGTCCA and 3'-EcoR 1, 5"~
GGAATTCTCAGTCTGAGTCAGGCCCTTCTGTC. The PCR products were inserted into
BamH I and EcoR | of pBaBe-puro retroviral vector (Addgene). After verification of the
mutant p53 by sequencing, the pBaBe-p53P151S construct was transfected into Phoenix
cells with two helpers, pCGP and pVSVG, to generate viruses. The cell culture supernatant
was filtered and used to infect UMSCCL1 cells. The infected cells were selected with
puromycin and pooled cells were used in the study. To knockdown the mutant p53 in Tu138
cells, Lenti-viral vector pLVUHshp53 containing ShRNA that targets p53 and its helper
plasmids, pMD2.G and pCMV-dR8.2 dvpr, were purchased from Addgene and were
transfected into 293T cells. The supernatant was filtered and used to infect Tu138 cells. The
positive infected cells were sorted with flow cytometry since this lenti-viral vector contains
GFP selection marker. The positive cells were pooled for next experiments.

Soft agar assay

For soft agar assay, 1 ml of 0.6% agarose in medium containing 10% FBS was plated in 6-
well plate as bottom gel. The cells, 1x10%, were seeded in 0.3%, 0.6% or 0.9% agarose, 20%
FBS, on the top of solidified bottom layer agar. The cells were maintained in an incubator at
37 °C in 5% CO, for 2—-3 weeks supplemented with 100 pl media every 3 days.
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Western blot

Western blot was performed as described.18 The first antibodies used were: p53 and MDM2
from Santa Cruz Biotechnology and p21Waf1/Cipl from BD Transduction Laboratories.
The horseradish peroxidase conjugated secondary antibodies were from Santa Cruz
Biotechnology.

Statistical analysis

Pearson’s correlation coefficients were computed for the relationship between anoikis
resistance and tumorigenicity. Other data were analyzed with Student’s t test. For all
comparisons, P < 0.05 was considered statistically significant.

Results

HNSCC cell lines have a wide range of sensitivity to anoikis, cell death induced by
detachment from the extra-cellular matrix (ECM)

Our previous study has shown that normal oral epithelial cells undergo apoptosis in
suspension culture or anoikis, and that the few HNSCC cell lines that tested had a varied
capacity to survive in culture after detachment from the ECM.16 To further explore this
observation, a panel of HNSCC cell lines was acquired and authenticated by STR (short
tandem repeat) analysis and the percent of cells surviving after 24 and 48 hours growth in
suspension cultures was assessed. As shown in Table 1, a wide range of sensitivity and
resistance to detachment (anoikis resistance) can be seen across these cell lines ranging from
2.7-98.1% apoptotic cells after 48 hrs in suspension culture.

Anoikis resistance is associated with enhanced local tumor growth of HNSCC in an
orthotopic nude mouse model of oral tongue cancer

Following up on our previous studies, which had demonstrated an association of anoikis
resistance with aggressive tumor growth in an orthotopic nude mouse model of oral tongue
cancer, the 8 most anoikis-resistant and 8 most anoikis sensitive cell lines were injected into
the tongues of nude mice. Anoikis resistance was found to be positively associated with
increased tumor size (Figure 1).

P53P151S mutation displays anoikis resistance

The relatively anoikis-resistant cell line, Tu138 as well as an anoikis-sensitive line,
UMSCC1 were selected for further characterization and confirmed their relative sensitivities
to anchorage independent growth using several different methods. As shown in Fig. 2A,
Tul38 cells are very resistant to anoikis in suspension culture, while UMACCL cells are
very sensitive as assessed for cell death by exclusion of Trypan blue (Fig. 2A). Apoptotic
cell death upon detachment was also determined with a DNA fragmentation ladder assay
shown in Fig. 2B, which confirms the results found in Fig. 2A. It was hypothesized that
alterations in p53 structure may be contributing to differences in anoikis sensitivity between
these two lines, and therefore the p53 gene was sequenced. It was found that Tul138 cells
harbor a proline to serine substitution at position 151 of p53, while UMSCC1 and
UMSCCl1c2 (a subclone cell of UMSCC1) cells carry a mutation in intron 5 at the splicing
site from G to G/A, thereby destroying the splicing site and leading to complete loss of p53
expression at the protein level. Western blotting shows that p53 is stably expressed in Tu138
cells at baseline and under detached conditions at 24 hrs, and cannot be detected in
UMSCCI1 cells (Fig. 2C). To assess the transcriptional activity of these the two p53 mutant
isoforms, both the Tu138 and UMSCCL1 cell lines were treated with the DNA damaging
drug 5-fluorouracil(5-FU), which leads to the induction of p53, mdm-2 and p21 expression
in wild type p53 MCF-7 cells, a breast cancer cell line (Fig 2D). While UMSCCL1 has no
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evidence of p53 expression or functional activity, the mutant p53 in Tu138 shows no
apparent activity in inducing expression of either mdm-2 or p21 (Fig. 2D).

The P151S substitution suggests structural changes

In order to determine whether the substitution of proline at position of 151 of p53 had been
previously reported in human cancers, the p53 database of the International Association for
Research on Cancer of the World Health Organization (www-p53.iarc.fr) was searched, and
it was found that this mutation has been reported in 91 cancer cases including 5 cases of
laryngeal cancer, 2 cases of tongue cancer, 3 oral cancer cases, 2 cases of oropharyngeal
cancer and 4 cases at non-specified head and neck cancer sites. This mutation was seen in
the germline in 3 different reported tumors in one Li-Fraumeni family. Functional studies in
yeast, LnCap, Sao2-2, and H1299 cells summarized in the database have shown mixed
results.

To investigate any possible impact on p53 structure that the substitution of the proline at
position 151 with a serine residue might cause, the coordinates of the human p53 DNA
binding domain bound to DNA (RCSB, Accession Code 2AC0) were used in the structural
analysis. It was noted that residue P151 is tens of angstroms from the DNA binding face of
p53 and hence its substitution would not interfere directly with the DNA binding function of
the protein. Second, proline is a larger amino acid than serine with its side chain covalently
bonded to the peptide backbone, thus generating a closed ring system that restricts the
peptide backbone to a limited area of conformational space. By contrast the smaller serine
residue, with just a two-atom side chain, allows greater peptide backbone conformational
accessibility. /n silico modeling reveals that the P151S substitution results in a cavity in a
hydrophobic/aromatic pocket consisting of residues Y107, V147, L265 and Y220 and also
leads to the loss of multiple van der Waals contacts, including all to residue Y107 (Fig. 3).
The thermodynamic consequences of the loss of these contacts is clearly unfavorable and is
exacerbated by the placement of a polar atom, the hydroxyl oxygen of Ser151, within this
mostly hydrophobic region (Fig. 3). Although the hydroxyl group of Ser151 could hydrogen
bond to the hydroxyl group of nearby residue Thr150, albeit with poor geometry, this
interaction is unlikely to compensate completely the multiple lost interactions that the P151S
substitution would cause. Hence, the replacement of the proline at position 151 by serine
likely results in at the least a local conformational change about this residue that is
deleterious to the function of the protein.

Mutant p53 P151S is critical for anoikis resistance

To determine the potential role of mutant p53P151S in mediating anoikis resistance, the
mutant p53 was knocked-down in Tu138 cells with lentiviral ShRNA for p53. As shown in
Figure 4A, the p53 shRNA construct significantly down-regulated p53 protein expression in
the Tu138 cells as compared to vector control cells. An anoikis assay showed that many
more Tul38 cells undergo anoikis after p53 knock-down as compared to controls (Fig. 4B).
Meanwhile, anoikis sensitive UMSCC1 cells were infected with retroviral pBaBe vector
containing mutant p53P151S cloned from Tul138 cells (Fig. 4C). Consistently, expression of
the mutant p53 led the anoikis sensitive UMSCCDL1 cells to be markedly resistant to anoikis,
suggesting that the mutant p53 plays an important role in mediating anoikis resistance. This
observation was further explored using a soft agar growth assay with the two pairs of stable
cell lines. Both of these cells were plated in 0.3%, 0.6% and 0.9% soft agar and cultured for
14 days (for Tul38 cells) and 21 days (for UMSCC1 cells). As shown in Figure 5A and B,
the number and size of colonies in soft agar was dramatically reduced in Tu138-shp53 cells
compared to the lenti vector controls, while greatly increased in UMSSc1 cells expressing
p53P151S compared to their controls (Fig. 5C and D).
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Discussion

Since the term mutant p53 gain of function was formally suggested, increased evidence
supports that mutant p53 enhances tumor growth and metastasis.14 However, most of the
results have come from studies of hotspot mutant p53 forms. Different mutations may
behave differently depending on the cell type and genetic background of the cell, 14 but little
is known about how specific p53 mutations affect tumor progression. The fact that about
50% HNSCC harbor p53 mutations indicates that mutation of p53 may be critical for the
progression of HNSCC. Anoikis resistance may be a general prerequisite for the
development and progression of HNSCC. Therefore, the sensitivity to anoikis in a panel of
HNSCC cell lines was determined and the tumorigenicity of the 8 most anoikis-resistant and
8 most anoikis sensitive cell lines was assessed in an orthotopic nude mouse model of oral
tongue cancer. The results show that anoikis resistance is closely associated with the
increased tumor size, indicating again that anoikis resistance may be a critical step in the
progression of oral tongue cancer.16

Based on the above results and the finding that a cell line expressing the mutant p53P151S is
anoikis resistant, it was hypothesized that this mutation has gain of function properties and
promotes anoikis resistance. To determine the role of p53P151S in anoikis resistance, two
cell models were used in the study. First, p53-P151S was cloned from Tu138 cells and
introduced into anoikis sensitive UMSCCL1 cells, which is a non-p53 expressing cell line.
Considering the concerns that the effects seen with overexpression of the mutant p53 could
be artifactual and that most tumor cells carrying no p53 may have already been transformed
and do not require mutant p53 for maintaining their transformed phenotypes, a second cell
model used the knockdown of mutant p53 in Tu138 by shRNA. The anoikis assay with the
two cell models shows that p53P151S is very important in mediating anoikis resistance and
this was confirmed by the soft agar experiments. In terms of p53 function in anoikis,
wildtype p53 as an anoikis inducer has been intensively studied. For example, a recent paper
shows that wildtype p53 induces anoikis via upregulation of Bax and PUMA and that SIK1
links LKB1 to p53-dependent anoikis and suppresses metastasis.1® Another study
demonstrates that if FAK or the correct ECM is absent, a p53-dependent pathway is
activated leading to anoikis, which is suppressible by dominant-negative p53.29 However,
p53 gain of function mutations regulating resistance to anoikis have not been previously
reported.

As resistance to anoikis contributes to malignant transformation, tumor progression and
development of metastasis, 16 21 consistent with the above observations, our previous data
derived from animal experiments demonstrate the p53P151S gains oncogenic function that
leads to increased tumor growth and metastases, resulting in shorter time of survival.22 The
function of p53P151S has been previously studied and found to exhibit loss of function in
Yeast and Saos-2 cells.23-26 Consistently, our data also indicate that p53P151S lose its
transcriptional activity for its target genes p21/Wafl and MDM2 after treatment with 5-Fu.
In contrast to the result of p53P151S gain of function, two studies published by another
group have demonstrated that while four gain-of-function p53mutants (G245S, R248W,
R273H, and R273C) are able to mediate androgen-independent growth of LNCaP prostate
cancer cells, p53 (P151S) is not.2”- 28 The reason may be that p53P151S is not involved in
the androgen regulated signal pathway. Meanwhile, their studies also showed that
p53(R173H) can enhance androgen-independent growth by upregulation of H2 relaxin,
however, other p53 mutants (G245S, R248W, and R273C) fail to increase expression of
relaxin protein, meaning that different mutant forms may play roles in different signaling
pathways. Moreover, the reason that in the current study the p53P151S gain of function was
identified may be that this mutation displays oncogenic activity in HNSCC cell lines, but not
in prostate cancer cells, and that the phenotype of mutant p53 gain of function sometime is
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cell type-dependent. In support of the current results is that p53P151S gain of function is
identified in Saos-1 cells exhibiting transcription of MDR-1 and in Yeast cells showing
p73beta interference.?3 25 The signaling pathways that underlie the p53P151S enhanced
resistance to anoikis in HNSCC are under investigation.

As for the impact of missense mutations on p53 structure, two classes of p53 mutations have
been proposed based on the three-dimensional structure of the protein:2? the first class is
referred to as contact mutations including those in residues directly involved in DNA
binding, such as R248Q and R273H. The second class is termed as conformational
mutations comprising substitution of residues that are involved in conformational changes
and include R249S, G245S, R175H and R282W.2%: 30 This led us to investigate the effects
of the substitution of the proline at position 151 with serine on p53 structure. Subsequent
modeling shows that the substitution of serine for proline creates a cavity in a hydrophobic
pocket, causes the loss of multiple van der Waals interactions and places a polar side chain
within a hydrophaobic region, all of which are thermodynamically unfavorable. To
compensate, it was predicted that the P151S substitution results in at least a local
conformational change that alters the function of the protein. The current analysis is
consistent with the reported observations demonstrating that proline 151 is important for the
structure 22 and its mutation likely alters backbone structure and intra-and intermolecular
side chain interactions.3!

Conclusions

The P151S substitution likely results in tertiary structural alteration leading to significant
functional changes in p53 protein with loss of p53 transcriptional activity, increased anoikis-
resistance and soft agar growth. This highlights that specific p53 mutations in head and neck
squamous cell carcinoma can have prognostic significance and could be targets for
therapeutic strategies. Further investigations along these lines are currently in progress.
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The top 8 anoikis-resistant and 8 anoikis sensitive cell lines were selected and injected into

the tongues of nude mice. The association of anoikis resistance (detached for 48 hrs) with

tumor size at 32 days after injection was analyzed.
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Figure2.

A. Tul38 and UMSCC1 cells were cultured in detached conditions for 24 and 48 hrs and
dead cells were determined using Trypan-blue (** p<0.01, n=3). B. Tu138 and UMSCC1
cells were detached for 6, 12 and 24 hrs and fragmented DNA was isolated and subjected to
agarose gel electrophoresis. C. The p53 expression in Tu138 and UMSCCL1 cells was
determined with Western blot after normal and detached culture for 24 hrs. D. Tu138,
UMSCCL1 and UMSCCl1c2 cells were treated with 5ug/ml 5-FU for 20 hrs and the wild-type
p53 MCF-7 cells were used as control. The p53 target genes p21 and MDM2 were examined
using Western blotting.
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Figure 3.

p53P151S makes fewer inter residue contacts than wild type p53. (Left) Structure of wild
type p53 in the vicinity of residue P151, Residue P151 and nearby interacting amino acid
residues are shown as sticks and colored according to atom type whereby oxygen is red,
nitrogen, blue and carbon, white. Dashed yellow lines indicate contacts between residue
P151 and nearby residues (d < 4.2 A). (Right) The structure of the modeled p53P151S
mutant, colored and demarked as in the left panel. The closest approach of the side chains of
S151 and V147 is 5.8 A.
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P53P151S can confer anoikis resistance. Western blot was performed to detect p53

att att det det

Lenti
shp53
Lenti
shp53

*

-
%[I

24h 48h

Olenti
Bshps3

Apoptotic cells (%)

p53

Actin

80
70
60
50
40
30
2
10

0

att att det det

pBaBe
p53
pBaBe
p53

]

]

-

Detached (hrs)  6h 12h

Page 13

HpBaBe
Bp53-61

knockdown effect in stable Tu138 cells after normal and detached culture for 24 hrs. B.

Tul38 p53 knockdown cells and vector control cells were detached for 24 and 48 hrs and
dead cells were determined with Trypan Blue (**, p<0.01, n=3). C. UMSCC1 cells were
infected with retroviral vector pBaBe containing p53P151S cloned from Tul38 cells and

empty vector infected cells as control. The stable cells were cultured in attached and
detached conditions for 24 hrs. D. Anoikis assay was performed in UMSCC1 cells

expressing p53P151S and their control cells (**, p<0.01, n=3).
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UMSCCI1 cells overexpressing mutant p53 and their control cells were cultured in soft agar
for 14 days (for Tul138 cells, A and B. **, p<0.01, n=3) and 21 days (for UMSCC1cells, 5C

and D. **, p<0.01, n=3).
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Anoikis sensitivity in head and neck squamous carcinoma cells after detached culture for 24 and 48hrs

Table 1

Apoptotic cells (%)

Cell lines 24h (%) 48h
Detroit 562 1260  2.700
HN5 2600 5500
FADU 3250  6.123
MDAL1986LN 3810  48.263
PCI-158 4600 30973
UMSCC22A 5081 23541
UMSCC2 6273 14619
TR146 6.768  22.646
UMSCC25 6573 67721
UMSCC 17A 9.283  22.967
MDAL386LN  10.667  62.661
PE/CA-PJ-34 16579 18.729
Tu138 15326 24.256
Ca9-22 16.242 43814
MDA1686 19.424  51.020
0sC-19 20621  43.783
MDAG86LN 20248 67.773
HN30 26.262  58.978
UMSCC17B 29.977 43188
UMSCCA7 30431 58585
PIC-13 33024 68137
138 35261  63.302
JHUO012 38.702  55.705
PIC-15A 40465  67.179
MDA 1386Tu 41358  60.774
UMSCC22B 42992 66.057
HN31 46333  47.250
MDA1168 53030  66.375
HN4 53.250  67.619
Sqeeyl 54.645  80.560
MDA1586 59.994  86.008
UMSCCL1A 50.966  90.038
584A2 64.568  91.753
JHUO011 67.339  95.254
Tu167 80.846  96.258
Tu167c2 82.232  97.464
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Apoptotic cells (%)
Cdll lines 24h (%) 48h
UMSCC1 82.132  98.125
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