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Identifying mutations in the TP53 gene is important for cancer prognosis, predicting response to therapy, and
determining genetic risk. We have developed a high-throughput scanning assay with automatic calling to detect
TP53 mutations in DNA from fresh frozen (FF) and formalin-fixed paraffin-embedded (FFPE) tissues. The
coding region of the TP53 gene (exons 2–11) was PCR-amplified from breast cancer samples and scanned by
high-resolution fluorescent melting curve analyses using a 384-well format in the LightCycler 480 instrument.
Mutations were confirmed by direct sequencing. Sensitivity and specificity of scanning and automatic mutation
calling was determined for FF tissue (whole genome amplified [WGA] and non-WGA) and FFPE tissue.
Thresholds for automatic mutation calling were established for each preparation type. Overall, we confirmed 27
TP53 mutations in 68 primary breast cancers analyzed by high-resolution melting curve scanning and direct
sequencing. Using scanning and automatic calling, there was high specificity (495%) across all DNA
preparation methods. Sensitivities ranged from 100% in non-WGA DNA from fresh tissue to 86% in WGA
DNA and DNA from formalin-fixed, paraffin-embedded tissue. Scanning could detect mutated DNA at a
dilution of 1:200 in a background of wild-type DNA. Mutation scanning by high-resolution fluorescent melting
curve analyses can be done in a high-throughput and automated fashion. The TP53 scanning assay can be
performed from a variety of specimen types with high sensitivity/specificity and could be used for clinical and
research purposes. Hum Mutat 29(5), 757–764, 2008. rr 2008 Wiley-Liss, Inc.
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INTRODUCTION

TP53 (MIM] 191170) encodes a multifunctional transcription
factor involved in cell proliferation, genomic stability, and cell death
[Hollstein et al., 1991; Levine, 1997; Levine et al., 1991]. Mutations
in TP53 occur both in sporadic cancers and familial cancers such as
Li-Fraumeni and Li-Fraumeni-like syndromes [Hollstein et al., 1991;
Malkin et al., 1990; Santibanez-Koref et al., 1991]. Additional
sporadic cancers found to have frequent TP53 somatic mutations are
ovarian, colorectal, and tumors of the aerodigestive tract including
the esophagus, head and neck, and lung [Olivier et al., 2002]. In
contrast, germline TP53 mutations most frequently give rise to breast
cancer, adrenal cancer, sarcomas, and brain cancer.

Alterations in TP53 can occur throughout the coding region
(exons 2–11) and at intron–exon boundaries [Hainaut and
Hollstein, 2000]. The majority of TP53 mutations are missense
substitutions (75%) within the DNA binding domain (exons 5–8)
causing loss of transactivation functions [Ory et al., 1994;
Pavletich et al., 1993; Petitjean et al., 2007a, 2007b]. In sporadic

cancer, about 25% of the mutations are found at highly mutable
hotspots within codons 175, 245, 248, 249, 273, and 282 [Olivier
et al., 2002] while the vast majority of mutations are distributed
along the gene.
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Approximately 25% of breast cancers harbor a TP53 mutation,
although the prevalence changes depending on the population,
stage of disease, and particular molecular subtype [Borresen-Dale,
2003; Olivier et al., 2002; Sorlie et al., 2001]. TP53 mutations in
breast cancer have been associated with aggressive histological
features, poor prognosis, and resistance to therapy [Aas et al.,
1996; Allred et al., 1993; Bergh et al., 1995; Berns et al., 2000;
Borresen-Dale, 2003; Geisler et al., 2001, 2003; Olivier et al.,
2006; Soong et al., 1997]. Despite its strong prognostic
significance in breast cancer and other cancers [Olivier et al.,
2002; Petitjean et al., 2007a], clinical testing for sporadic TP53
mutations in solid/soft tumors is rarely performed. This is in part
due to nonsupportive data from studies associating outcome to p53
mutation status as scored by protein immunohistochemistry
[Elledge et al., 1995; MacGrogan et al., 1996; Rozan et al.,
1998]. However, immunohistochemistry may miss as many as 30%
of TP53 gene mutations (mainly nonsense type) because only
mutations resulting in protein nuclear retention (mainly missense
type) are scored positive [Legros et al., 1994]. Direct sequencing
has been more predictive for outcome and therapy response in
breast cancer [Bergh et al., 1995; Berns et al., 2000; Geisler et al.,
2001; Soussi and Beroud, 2001].

With over 22,000 somatic mutations reported in the TP53 gene,
it has been difficult to sort out the functional and therapeutic
significance of each alteration [Petitjean et al., 2007a, 2007b].
There have been a range of methods employed to scan the TP53
gene sequence including conventional denaturant slab gels
[Borresen et al., 1991], fluorescence-based single-strand confor-
mation polymorphism [Moore et al., 2000], fluorescent melting
curve analyses [Krypuy et al., 2007; Millward et al., 2002],
temporal temperature gradient gel electrophoresis [Sorlie et al.,
2005], and array-based methods [Ahrendt et al., 1999; Le Calvez
et al., 2005; Tonisson et al., 2002; Wikman et al., 2000].
Microarray analysis has also been used to infer p53 functional
status by gene expression [Miller et al., 2005], since alterations in
other genes could effectively result in a null p53 phenotype (e.g.,
amplification of MDM2).

In this work, we apply recent advancements in instrumentation,
reagents, and software to scan the coding region of TP53 (exons
2–11) in breast cancer by high-resolution fluorescent melting
curve analyses. Using the LightCycler 480 (LC480; Roche
Diagnostics Corporation, Indianapolis, IN), we show that this
can be done in an automated, high-throughput fashion using fresh
frozen (FF) tissue, formalin-fixed paraffin-embedded (FFPE)
tissue, and whole genome amplified (WGA) DNA.

MATERIALSANDMETHODS
Sample Procurement and DNA Extraction

All samples used in this study were collected and handled in
compliance with federal and institutional guidelines. A total of 68
primary breast cancer samples, three corresponding lymph node
metastases, and three normal breast samples from reduction
mammoplasty were procured as FF tissue in the Departments of
Pathology at the University of Utah and Thomas Jefferson
University. Samples were flash frozen in liquid nitrogen and stored
at –801C. DNA from three cell lines (MCF7, SKBR3, and BT474)
were used as controls (ATCC, Manassas, VA). Total DNA from
FF samples and cell lines was isolated using the Qiagen DNeasy kit
(Valencia, CA) following the manufacturer’s instructions.

Hematoxylin and eosin (H&E) slides were used to confirm the
presence of cancer (420%) in each FFPE tissue block. Sections of
10 microns were cut from the FFPE tissue blocks and

deparaffinized in Hemo-De (Scientific Safety Solvents, Keller,
TX) and then washed with 100% ethanol. FFPE DNA was isolated
using the Gentra Puregene kit (Gentra Systems, Minneapolis,
MN). All DNA stocks were stored at –801C.

Whole Genomic Ampli¢cation

Whole genome amplification from FF samples was done using
the GenomePlexTM Complete Whole Genome Amplification Kit
(Sigma, St. Louis, MO) and following the manufacturer’s
instructions. Each sample was amplified in triplicate and then
pooled for scanning to reduce variability.

Primer Design

Primers for TP53 were designed from the NCBI RefSeq
NM_000546.3 (www.ncbi.nlm.nih.gov/RefSeq) and using Primer
Design 5 (Scientific and Educational Software, Cary, NC).
Amplicons were designed between 80 and 150 bp in length for
scanning and longer amplicons (4200 bp) were designed for direct
sequencing from fresh tissue DNA. Lyophilized primers (Operon
Inc., Huntsville, AL) were resuspended in 10 mM Tris-HCl (pH
8.3) and 0.1 mM EDTA to a final concentration of 60mM and
stored at–801C. Primer sequences for scanning and sequencing are
presented in Supplementary Tables S1 and S2, respectively
(available online at http://www.interscience.wiley.com/jpages/
1059-7794/suppmat).

Real-Time PCR and Fluorescent Melting Curves

PCR amplification was carried out on the LightCycler
480(Roche Diagnostics Corporation). Each reaction contained
2 ml DNA (10 ng) and 8ml of PCR master mix with the following

TABLE 1. OptimalGrouping Sensitivity forAutomatic Mutation Scanning
in DNA FromDi¡erent Sample Preparations�

Grouping sensitivity thresholds

Fresh frozena 0.20 0.15 0.10
True positives 7 6 5
True negatives 283 285 286
False positives 4 2 1
False negatives 0 1 2
Total amplicons 294 294 294
Sensitivity 1.00 0.86 0.71
Speci¢city 0.99 0.99 1.00

Fresh frozenWGAa 0.20 0.15 0.10
True positives 6 6 4
True negatives 266 274 283
False positives 21 13 4
False negatives 1 1 3
Total amplicons 294 294 294
Sensitivity 0.86 0.86 0.57
Speci¢city 0.93 0.95 0.99

FFPEa 0.20 0.15 0.10
True positives 6 6 5
True negatives 268 287 287
False positives 19 0 0
False negatives 1 1 2
Total amplicons 294 294 294
Sensitivity 0.86 0.86 0.71
Speci¢city 0.93 1.00 1.00

Fresh frozenb 0.20 0.15 0.10
True positives 12 11 11
True negatives 467 469 470
False positives 4 2 1
False negatives 0 1 1
Total amplicons 483 483 483
Sensitivity 1.00 0.92 0.92
Speci¢city 0.99 1.00 1.00

�Bold indicates‘‘group sensitivities.’’
aComparing14 samples across three preparationmethods.
bCalculated from 23 samples with complete sequencing.
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final concentration of reagents: 0.5� Titanium Taq, 50 mM Tris-
HCl (pH 8.3), 100 ng/ml bovine serum albumin (BSA), 3 mM
MgCl2, 0.2 mM dATP, 0.2 mM dCTP, 0.2 mM dGTP, 0.6 mM 20-
deoxyuridine 50-triphosphate (dUTP), 1� LC Green Plus dye
(Idaho Technology, Salt Lake City, UT), and 0.4 mM of both
forward and reverse primers for the selected target. The PCR was
done with an initial denaturation step at 941C for 2 min and then
45 cycles of denaturation (941C for 2 s), annealing (571C for 6 s),
and extension (721C for 6 s). Fluorescence acquisition (530 nm)
was taken once each cycle at the end of the extension phase. The
crossing point (Cp) for each reaction is the fractional cycle number
at which the fluorescence signal from the accumulating PCR
product rises above background. After PCR, a postamplification
melting curve program was initiated by heating to 941C for 10 s,
cooling to 551C for 10 s, and increasing the temperature to 951C
while continuously measuring fluorescence at 18 acquisitions per
degree. Each PCR run contained a negative (no template) control
and each amplicon done in triplicate.

Amplicon Scanning and Automatic Calling

Postamplification fluorescent melting curves were analyzed with
the LC480 Gene Scanning software v1.2.9 (Roche Diagnostics
Corporation). All curves were analyzed after normalization,
temperature shifting, automated grouping, and the inspection of

difference plots. Normalization was performed to remove any
background fluorescence from the melting curve and the results
were rescaled from 0 to 100% annealed. Temperature shifting was
performed to align the fluorescence readings at 5% annealed
(setting of automatic calling at 5). This level was chosen to correct
for instrument and temperature variability across the melting block
while maintaining differences in the melting profiles. The grouping
software uses a curve shape-matching algorithm to identify wild
type from mutant samples and cutoffs are based on variability from
the wild-type curve. The wild-type and test samples were of the
same preparation type. Grouping sensitivities of 0.20, 0.15, and
0.10 were compared to determine optimal mutation calling on the
LightCycler 480 (see Results section). Higher sensitivity settings
tolerate less variability in the melting curves for calling a positive
result. As a cross reference, groupings were verified by inspection
of the difference plots.

Direct Sequencing

Samples were prepared for direct sequencing using sequencing-
specific primers spanning the scanning regions (Supplementary
Table S2). Amplification with the sequencing primers
was performed in a final reaction volume of 20ml containing
1� PCR buffer 3 (Idaho Technology), 10 ng DNA, 0.5 mM each
of forward and reverse primers, 0.2 mM each of dNTP (Applied

FIGURE 1. Comparison of crossing points (Cps) and melting temperatures (Tms) across three di¡erent DNA preparation methods.
DNA was extracted from FF and FFPE tissue on 14 samples and each scanning amplicon (21 total) was compared for variation in
Cps (A) andTms (B). AcomparisonwasmadebetweenFF (bluebars), FFPE (redbars), andWGADNA (greenbars) fromtheFF tissue.
The con¢dence intervals are shown for 2 standard deviations from the mean. Although amplicons between the methods can have
signi¢cantly di¡erent Cps, there is no di¡erence in theTms.
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Biosystems, Foster City, CA), and 0.2 U Platinum Taq (Invitrogen,
Carlsbad, CA). PCR was carried out in the LightCycler (Roche
Diagnostics Corporation) using an initial denaturation step (951C
for 5 min) followed by 50 cycles of denaturation (941C for 3 s),
annealing (581C for 6 s), and extension (721C for 6 s). Samples
were then diluted 1:5 with water and 1ml was used for sequencing.
Sequencing was performed by dideoxynucleotide chain termina-
tion on a 48-capillary ABI 3730 instrument (Applied Biosystems).
Sequences were analyzed using Sequencher version 4.5 (Gene
Codes, Ann Arbor, MI). Mutations detected were numbered based
on the cDNA sequence for TP53 (NCBI RefSeq NM_000546.3)
and numbered with reference to 11 as the A of the ATG
translation start codon (www.hgvs.org/mutnomen).

RESULTS
Sensitivity and Speci¢city of Scanning FromDi¡erent
DNA Preparations

We used LC480 Gene Scanning software to automatically call
TP53 mutation status from PCR amplicon fluorescent melting
curves. Sensitivity and specificity of scanning was compared to
direct sequencing at different ‘‘group sensitivity’’ thresholds set by
the instrument software. The results from sequencing were blinded
until analyses were complete. A set of 14 breast samples were
completely sequenced and scanned for mutations in TP53 using
DNA prepared from FF (WGA and non-WGA) and FFPE tissue.
Table 1 shows optimal ‘‘group sensitivities’’ (bold) for scanning
using different DNA preparations. There was 100% sensitivity and
99% specificity for calling mutations using non-WGA amplified
DNA from fresh tissue (optimal grouping sensitivity 0.2).

Although the specificity remained high for scanning WGA DNA
from fresh tissue (95% specificity) and DNA from FFPE tissue
(100% specificity), the sensitivity decreased to 86% for both these
preparations (optimal grouping sensitivity 0.15).

The E¡ect of Cp on MeltingTemperature (Tm)

Since amplicon sequence, length, and concentration can affect
the melting temperature (Tm) of the PCR product and the ability
to detect mutations, we analyzed the variation in Cp and Tm for
each amplicon across the preparation methods using a common set
of samples (Fig. 1). Although the calculated input for each sample
was the same (10 ng DNA), we found that the different
preparation methods resulted in significantly different amplicon
Cps (Fig. 1A). Importantly, the differences in Cps between the
methods did not result in a significant change in Tm (Fig. 1B).
Finally, differences in Cps across the methods were compared with
GC content (Supplementary Table S1) and, while some high GC
amplicons associated with Cp differences in WGA samples, there
was no consistent trend.

Mutation Detection by Scanning and Direct
Sequencing

We used a set of 23 samples that had complete scanning (483
amplicons) and sequencing to establish an optimal ‘‘grouping
sensitivity’’ for FF tissue DNA (Table 1). We then used this
optimal cutoff to automatically call mutations in an additional
55 FF breast samples scanned for the entire TP53 coding region.
Out of 55 samples and 1,155 amplicons scanned, there were 27
samples flagged for alterations. Direct sequencing of those

TABLE 2. TP53 Alterations Detected�

Sample Amplicon Exon Codon Mutationa Protein Domain Activityb

UB37 X2D1 2 2 c.6G4A p.( 5 ) Transactivation Unknown
UB95 X4D1 4 36 c.108G4A p.( 5 ) Transactivation Normal
UB131 X4D1 4 41 c.121_124delGATG p.Asp41IlefsX2 Transactivation Unknown
UB116 X4D3, X4D4 4 102 c.304dupA p.Thr102AsnfsX29 DNAbinding Unknown
PB126 X4D4 4 107 c.321delC p.Tyr107X DNAbinding Unknown
UB29 X5D2 5 141 c.422G4A p.Cys141Tyr DNAbinding/S3 9.84
UB37 X5D2 5 165 c.493C4T p.Gln165X DNAbinding/L2 0
SKBR3c X5D3 5 175 c.524G4A p.Arg175His DNAbinding/L2 12.41
PB297 X5D3 5 175 c.524G4A p.Arg175His DNAbinding/L2 12.41
PB441 X6D2 6 206 c.618G4A p.( 5 ) DNA binding/S6 Unknown
UB78d X6D2 6 213 c.639A4G p.( 5 ) DNA binding domain Normal
UB78LNd X6D2 6 213 c.639A4G p.( 5 ) DNA binding domain Normal
UB64 X6D2 6 213 c.639A4G p.( 5 ) DNA binding domain Normal
UB45 X6D2 6 213 c.639A4G p.( 5 ) DNA binding domain Normal
UB120d X6D2 6 216 c.646G4A p.Val216Met DNAbinding/S7 0.16
UB120LNd X6D2 6 216 c.646G4A p.Val216Met DNAbinding/S7 0.16
UB110 X6D2 6 220 c.659A4G p.Tyr220Cys DNAbinding 1.21
PB205 X7D1 i6 Intronic c.7^1G4A p.? SpliceAcceptor Site Unknown
PB376 X7D2 7 257 c.770T4A p.Leu257Gln DNAbinding/S9 10.96
UB60 X8D1 8 261 c.783delT p.Ser261ArgfsX115 DNAbinding Unknown
PB268 X8D1 8 270 c.810T4A p.Phe270Leu DNAbinding/S10 8.14
PB268 X8D1 8 271 c.811delG p.Glu271ArgfsX110 DNAbinding/S10 Unknown
UB25 X8D1 8 273 c.818G4C p.Arg273Pro DNAbinding 0.58
UB71 X8D1, X8D2 8 280 c.839G4A p.Arg280Lys DNAbinding/H2 0.46
BT474c X8D2 8 285 c.853G4A p.Glu285Lys DNAbinding/H2 0.58
UB43 X8D2 8 290 c.869G4A p.Arg290His DNAbinding 67.3
UB95 X9D2 i9 Intronic c.9113T4C p.( 5 ) Intronic Unknown
PB419 X10D1 10 333 c.998_999delGT p.Arg333ArgfsX3 Oligomerization Unknown
UB43 X10D1 10 337 c.1010G4T p.Arg337Leu Oligomerization 10.45
UB118 X10D1 10 342 c.1024C4T p.Agr342X Oligomerization 0
PB138 X10D1 10 342 c.1024C4T p.Agr342X Oligomerization 0
UB44 X10D2 i10 Intronic c.10130A4T p.( 5 ) Intronic Unknown

�RefSeqNM_000546.3.
aNumber based on cDNA sequence, 11asA of ATG start codon.
bBased on percent functional activity from in-vitro assays [Kato et al., 2003].
cCell lines with known alterations.
dMatched primary and lymph node (LN) samples.
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amplicons confirmed mutations/polymorphisms in 23 samples
(85% accuracy).

Table 2 presents all the variants (polymorphisms and muta-
tions) found by scanning and confirmed by sequencing. There
were two patients with mutations detected in matched primary
tumor and lymph node samples (UB78/UB78LN and UB120/
UB120LN). Two samples had mutations detected by overlapping
amplicons (UB116 detected by X4D3 and X4D4; UB71 detected
by X8D1 and X8D2). A total of three samples had two variants
detected by different scanning amplicons (UB37, UB43, and
UB95). Sample PB268 had a complex mutation comprised of both
a single-base change and a base deletion in adjacent codons. A
total of six of the variants detected represent known polymorph-
isms with five occurring at codon 213. In addition to the
polymorphisms, we detected 13 missense mutations, six frameshift
mutations, three nonsense mutations, two silent mutations, and
three intronic variations. Figure 2 shows high-resolution fluor-
escent melting curve profiles for five different mutations within
exon 8 of TP53.

Limits of Detection

Since tissue heterogeneity and sampling error are potential
sources of false negatives in tumors, we assessed the ability to

detect DNA mutations in a background of wild type. Figure 3
shows mutant TP53 DNA from the BT474 cell line, carrying the
E285K (853G4A) homozygous mutation, serially diluted into a
background of wild-type TP53 DNA from the MCF7 cell line.
Dilutions from 1:1 to 1:200 were assayed in triplicate. Manual
inspection of the absolute Tm and the shape of the melting curves
in Figure 3A and B show that the largest difference in the plots are
between the very low and very high dilutions. This is clearly seen
in the difference plot (Fig. 3C) that shows the 1:5, 1:10, and 1:20
dilutions approaching the wild-type curve and then the higher
dilutions becoming more aberrant again. The mutant cell line
alone (BT474) shows only a small deviation from the wild-type
alone curve because both are forming homoduplexes. Since each
alteration may have a different limit of detection and dilution
profile, we also performed dilutions with the cell line SKBR3 (loss
of heterozygosity at exon 4, R175H) and found similar results
(data not shown).

DISCUSSION

Comprehensive resequencing efforts are identifying many
potential cancer genes that will need to be further examined to
determine their frequency and distribution across histological types
[Sjoblom et al., 2006]. High-throughput scanning assays that can

FIGURE 2. Distinguishingmultiple types ofmutationswithinanamplicon. Fluorescence-normalized and temperature-correctedmelt-
ing curves (A) and di¡erence plots (B) are shown for ¢ve samples (UB60-green, PB268-gray, UB25-turquoise, UB71-orange, and
BT474-blue) and awild-type control (red). Scanning is able to resolve a spectrumof di¡erentmutations, including three pointmuta-
tions in di¡erent codons (UB25,UB71, and BT474), a single base pair deletion (UB60), and a complexmutation (PB268).
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be automated are invaluable to this research. In addition, assays
that can be performed from archived tissue (i.e., FFPE) and/or
limited sample are particularly appealing since they can be used in
both retrospective studies and within the current framework of
specimen processing in clinical pathology.

Previous work has shown that large regions of fresh tissue DNA
can be scanned by high-resolution fluorescent melting curve
analyses using the dsDNA dyes LC Green or SYTO9 (Invitrogen)
[Herrmann et al., 2006; Krypuy et al., 2007; Wittwer et al., 2003].

This technology has also been used to detect sporadic mutations in
‘‘hotspots’’ for several different cancer genes using DNA from
FFPE tissues [Willmore-Payne et al., 2006a, 2006b].

Our work shows automation of high-resolution fluorescent
melting curve analyses done in a 384-well format with automatic
mutation calling. The assay had high sensitivity/specificity for
scanning the TP53 gene from several different DNA preparation
types (FF, WGA, and FFPE). We saw the highest sensitivity using
FF DNA, although this was based on agreement to direct

FIGURE 3. Limits of detection for scanning. Fluorescent melting curveswithout temperature correction (A) andwith temperature cor-
rection (B) allow for interpretation of themelting temperature and shapeof the curves.Wild-typeDNA from the cell lineMCF7 (red in
duplicate) is compared to mutated DNA from the cell line BT474 alone (purple) and at serial dilutions (1:1-blue,1:2-light green,1:5-
pink,1:10-turquoise,1:20-black,1:50-orange,1:100-darkgreen, and1:200-brown).There is little di¡erence in the shapeof themelting
curves for thewild-typeDNA (MCF7) and homozygousmutatedDNA (BT474) since both formhomoduplexes.Themutations become
more apparent on the di¡erenceplot (C). In order to show the‘‘normal’’variation in the £uorescentmeltingcurves,we selected oneof
the normal duplicates to serve as a reference in the di¡erence plot and included the other as a test sample.
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sequencing performed on the same specimen type. Thus,
sampling differences could account for some discordance between
sequencing results from FF tissue and scanning results from FFPE
tissue.

Regions of the genome that are not well represented, due to
biases in whole genome amplification or susceptibility to
fragmentation by formalin fixation, will have later Cps. We have
shown that variability in Cp does not significantly change Tm,
however very late Cps (i.e.,440) that are a result of limited
starting copy number could potentially be a source of discordance
if only the wild-type copy is amplified.

Because tumor samples are heterogenous and may contain
varying amounts of normal cells and even different populations of
malignant cells, it is important clinically to determine the limits of
detection for a scanning assay. We found by mixing experiments
that we could detect mutant TP53 DNA present as low as 0.5% in
a background of wild-type DNA. This may explain the apparent
overcalling of mutations by scanning since standard dideoxynu-
cleotide chain termination (i.e., Sanger) sequencing only detects
down to about 1:10. For comparison, custom microarray chips
designed to determine alterations at each base of TP53 have shown
high sensitivity but low specificity and limits of detection as low as
1% [Wikman et al., 2000]. Another technology that could nicely
complement scanning by high resolution fluorescent melting curves
is emulsion pyrosequencing, which has been reported to detect
variants in proportions as low as 0.2% [Thomas et al., 2006].

There is convincing evidence from breast cancer studies that a
sequence confirmed mutation in the TP53 gene indicates a poor
prognosis independent of standard clinical parameters (tumor size,
node status, and estrogen receptor [ER]-status) [Olivier et al.,
2006]. Furthermore, TP53 mutations affecting the loop domains
L2 and L3 have been associated with lack of response to standard
chemotherapies in breast cancer [Geisler et al., 2001, 2003].
Interestingly, certain subtypes of breast cancer with a confirmed
TP53 mutation may have an exceptionally good response to
particular chemotherapy regimens. For example, patients with the
Basal-like subtype of breast cancer harboring a TP53 mutation
have shown to respond to a dose-dense epirubicin-cyclopho-
sphamide drug regimen [Bertheau et al., 2007]. Perhaps the
greatest promise for treating patients with p53 mutations will be in
restoring wild-type p53 activity by adenovirus therapy or other
targeted therapies [Bykov et al., 2002; Roth, 2006]. To date, trials
conducted with p53 adenovirus therapy have shown to be safe and
effective [Senzer et al., 2007], but larger prospective studies are
needed.

Most reports of TP53 mutations focus only on the DNA binding
domain (exons 5–8) because initial studies showed that most
alterations occur in that region [Ory et al., 1994; Pavletich et al.,
1993]. Unfortunately, this can lead to an overestimation
of mutation frequency in exons 5–8 and lack of appreciation for
the clinical significance of mutations occurring in exons 2–4 and
9–11. In this study, we were able to scan the entire coding region
of TP53 with the exception of a 53-bp region in exon 4 that gave
inconsistent PCR amplification. A total of 11 out of 27 (41%)
alterations, not including polymorphisms, were found outside of
exons 5–8. The function and activity of most of those mutations
are unknown.

Functional assays combined with scanning and sequencing
efforts are providing a better understanding of the biological
relevance of different TP53 mutations [Kato et al., 2003]. Our
TP53 scanning assay, together with databases that provide
information on clinical and biological significance [Petitjean
et al., 2007a, 2007b], should allow for accurate clinical

interpretation to help guide therapeutic decision making for
breast cancer and other cancers.
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