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Abstract: 7P53 is the most commonly mutated gene in human cancers. Approximately 90%
of mutations in this gene are localized between domains encoding exons 5 to 8. The aim of this
investigation was to examine the ability of the low density DNA microarray with the assistance
of double tandem hybridization platform to characterize 7P53 mutational hotspots in exons
5,7, and 8 of the 7P53. Nineteen capture probes specific to each potential mutation site were
designed to hybridize to specific site. Virtual hybridization was used to predict the stability of
hybridization of each capture probe with the target. Thirty-three DNA samples from different
sources were analyzed for mutants in these exons. A total of 32 codon substitutions were found
by DNA sequencing. 24 of them a showed a perfect correlation with the hybridization pattern
system and DNA sequencing analysis of the regions scanned. Although in this work we directed
our attention to some of the most representative mutations of the 7P53 gene, the results suggest
that this microarray system proved to be a rapid, reliable, and effective method for screening
all the mutations in 7P53 gene.
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Introduction

Cancer disease can be attributed to an accumulation of several genetic alterations,'such
as mutations, amplifications, deletions, translocations, virus integration, etc., thus, the
identification of these alterations in patient DNA can yield useful molecular markers
for diagnosis or prognosis,’ for example, single base mutations in genes such as 7P53.
This tumor suppressor gene is mapped on the short arm of chromosome 17 and harbors
tumor-causing DNA missense mutations in the region that encodes the DNA-binding
domain (DBD) (exons 5-8).> Mutations in this region lead to nuclear accumulation of
p53 protein and loss of its normal cellular functions, such as transcriptional transacti-
vation of target genes that regulate the cell cycle and apoptosis.* Over 24,810 human
tumor mutations in the 7P53 gene have been registered in the International Agency
for Research on Cancer (IARC) 7P53 database (R12, November 2007).° Around 40%
of these mutations are localized at the “hotspot” residues R157, R158, R175, G245,
R248, R249, R273, and R282.%" The detection of such point mutations is useful in
screening for cancers,? as well as for typing of cancers to optimize treatment protocols
to improve the diagnosis and prognosis.'*!

Microarrays and GeneChips have been of considerable recent interest, due to
their remarkable promise for obtaining sequence-specific information in a faster
and simpler manner compared to traditional methods. In this context, a considerable
effort has been made to develop fast and inexpensive techniques suitable for clini-
cal services and small research laboratories for 7P53 mutations detection. Tandem
hybridization used in low density DNA microarrays meets the latter requirements.
Low-density microarrays certainly have the potential to custom development and
the detection of all desired features and could conveniently provide reliable results;

Nanotechnology, Science and Applications 2009:2 1-12 |
© 2009 Rangel-Lopez et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access
article which permits unrestricted noncommercial use, provided the original work is properly cited.



Rangel-Lopez et al

decreasing production costs considerably. The low-density
DNA microarray used in the present study is a variant of
the conventional microarray format employing tandem
hybridization, used to detect some point mutations in DNA
samples.!? This method offers several advantages over tra-
ditional oligonucleotide array mainly due to the annealing
of unlabeled target DNA to relatively long (and labeled)
stacking oligonucleotides, resulting in an increase of the
sequence discrimination, without loss in specificity.'* Previ-
ously, we have reported this hybridization strategy to search
the most frequently altered codons at exons 7 and 8 of the
TP53 gene." The microarray designed, has the ability to
exclude and confirm the presence of some important muta-
tions on 7P53 gene. In the present work, this oligoarray was
modified, adding five probes more in order to interrogate
frequent point mutations in exon 5. Now, this microarray
includes nineteen 7-mer probes to search for 14 mutational
hotspots located in codons 157, 158, 248, 249, and 273 of
TP53 gene. The method used multiplex-PCR and multi-
plex-hybridization format that simplifies some steps of
the procedure and can be developed using instrumentation
available in small laboratories. Besides, this protocol per-
mitted the exact identification of the point mutations coding
missense variants, which could have different contributions
to the molecular diagnostic and can be used as a screening
tool in clinical studies.

Materials and methods

Oligonucleotides

The distribution of nucleotidic changes in the 7P53 gene
associated with all cancers was retrieved from the IARC
TP53 database (see http://www.p53.iarc.fr/p53/database).
Both reference (accession #U94788) and mutated TP53
sequences were used to design the probes, stacking oli-
gonucleotides, PCR primers and synthetic targets. All
oligonucleotides used for mutations in exons 7 and 8
have been previously described.'* Oligonucleotides used
to analyze the mutations in exon 5 were designed in this
work (Table 1).

Natural and synthetic DNA samples

To provide confidence in the interpretation of the signals pro-
duced by human samples, reference hybridization patterns
were prepared using a full set of synthetic DNA targets
(group 1). For this purpose, 17 synthetic targets (44—50 nt),
representing the wild type and mutant sequences, were used
independently and in combination, to represent homozygous
and heterozygous conditions. Twenty-four DNA samples

from different sources were previously screened for all
possible 7P53 mutations using our DNA oligonucleotide
microarray plus automated sequencing,' some having
known wild type or mutant 7P53 sequences and others
with unknown 7P53 genotype. These included 16 blood
samples (six obtained from healthy subjects and 10 obtained
from cancer-affected patients), 10 cancer cell lines (A-
427, C33 A, Hela, SiHa, Jurkat, T24, SW480, 1-37, I-51
and PCS-4), and six recombinant plasmids (pp53, pSCX3,
pM47, pC53, Xbal, C1) were obtained from the DNA Bank
at the Genomic Oncology Laboratory National Medical
Center, Century XXI. From those samples, we selected
11 samples (group 2), with a total of 18 point mutations in
TP53, and then were used in a “blind” test for sensitivity
and accuracy of hybridization signal. Moreover, for exon
5 analysis, 22 DNA samples from different sources (group
3) with unknown 7P53 genotype were analyzed. These
included i) 14 blood samples: six obtained from healthy sub-
jects and eight from cancer-affected patients (four obtained
from lymphoma-affected patients and four from breast-
affected patients); ii) seven bone marrow cells obtained
from lymphoma-affected patients; and iii) a Raji cancer
cell line. Total genomic DNA was isolated and purified
using the Genomic DNA Extraction Kit (Life Technologies
Inc., Gaithersburg, MD, USA) and DNA quality and
concentration was estimated with Pico Green® dsDNA
Quantitation Kit (Molecular Probes Inc., Eugene, OR).
Target preparation: as previously described, DNA targets
were preannealed with their respective stacking?? P-labeled
oligonucleotides.'*

Multiplex and asymmetric PCR-based

approach analysis and direct sequencing

Exons 5, 7, and 8 of the TP53 gene were amplified from
genomic DNA in three amplicons: 129 bp (exon 5: codons
157 and 158); 108 bp (exon 7: codons 248 and 249), and
92 bp (exon 8: codon 273) by multiplex PCR with the same
conditions described.' Briefly: 0.2 mM each ANTP, 50 mM
KCl, 10 mM Tris-HCl (pH8.4), 1.5 mM MgCl,, 0.5 uM each
primer, 2.5 U of Platinum 7ag DNA polymerase (Invitrogen)
and purified DNA (50-100 ng) in a final volume of 100 pL.
PCR profile consisted of: 94 °C for 5 min, 30 cycles for 30 sec
at 94 °C, 30 sec at 55 °C and 72 °C for 7 min. The products
were run on EtBr-stained agarose gels to verify the success of
amplification. PCR-amplified fragments were used to obtain
single stranded DNA (ssDNA) by cyclic DNA synthesis.
These ssDNA were purified with a QIAEX II kit (Qiagen,
Inc., Stanford, USA) according to the manual provided by the
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Table | Sequences of the 5-exon TP53 oligonucleotide microarray

Name Exon Codon Sequence (5" —3") Role

PCREXS5-F 5 157-158 CGCTATCTGAGCAGCGCTCAT PCR primers

PCREX5-R 5 157158 ATGAGCGCTGCTCAGATAGCG

LSO-129-157 5 157 CCACACCCCCGCCCGGCACC Stacking

RSO-129-157 5 157 GCGCCATGGCCATCTACAAGC Oligonucleotides

LSO-129-158 5 158 CACCCCCGCCCGGCACCGCG

RSO-129-158 5 158 CCATGGCCATCTACAAGCTC

ST-157-158WT 5 157158 CTGCTTGTAGATGGCCATGGCGCGGACGC- Synthetic
GGGTGCCGGGCGGGGGTGTGG

ST-157 G—>T 5 157 GCTTGTAGATGGCCATGGCGCGGAAGC- target
GGGTGCCGGGCGGGGGTGTGG

ST-157 G>A 5 157 GCTTGTAGATGGCCATGGCGCGGATGC-
GGGTGCCGGGCGGGGGTGTGG

ST-158 G—>T 5 158 CTGCTTGTAGATGGCCATGGCGAGGACGC-
GGGTGCCGGGCGGGGGTG

ST-158 G—A 5 158 CTGCTTGTAGATGGCCATGGCGTGGACGC-
GGGTGCCGGGCGGGGGTG

ST-158 C—G 5 158 CTGCTTGTAGATGGCCATGGCGCCGACGC-
GGGTGCCGGGCGGGGGTG

@Il =P-I57TWT 5 157 CGCGTCC@ Capture

@2=p-157 G>T 5 157 CGCTTCC@ probes

@3 =p-157 G>A 5 157 CGCATCC@

@4 =P-158WT 5 158 GTCCGCG@

@5 =P-158 G>T 5 158 GTCCTCG@

@6 =P-158 GHA 5 158 GTCCACG@

@7 =P-158 C—>G 5 158 GTCGGCG@

Notes: *L = 31, R=5" @ = Aminopropanol modification used for attachment to the glass slides.

manufacturer, and then sequenced directly with the BigDye
Terminator Cycle Sequencing FS Ready Reaction kit in a
373 automated DNA sequence (Instruments Core-IMSS)
using both the forward and reverse primers.

Target preparation

Target preparation was described previously.'* Briefly,
5 pmol of each dephosphorylated stacking oligonucleotide;
5X Forward Reaction Buffer (5 pl); T4 Polynucleotide
Kinase (10 unit); [32P] ATP (10 puCi/ul, 3000 Ci/mmol)
2.5 ul, specific activity 7000 Ci/mmol, diluted in sterile
water to 7 uCi/ul, and water HPLC-grade to 25 ul. The
mix was incubated 10 min at 37 °C and the reaction was
stopped by adding 5 mM EDTA (2.5 pl).*?P-labeled stacking
oligonucleotides were preannealed with the respective DNA
target. The annealing mixture contained 50 pL 20 x SSC,
10 uL 1 M Tris-HCI (pH 8.0), 3 uL 0.5M EDTA, 0.2 pmol
of each labeled stacking oligonucleotide, 10 UL of target

DNA, and HPLC-grade H,O to a final volume of 90 L.
The mixture was incubated at 95 °C for 5 min, 45 °C for
5 min, then 6 °C for 5 min. Excess [*?P] ATP was removed
by filtration through an Ultrafree spin filter (3,000 Mr cutof),
and the retained DNA was dissolved in 20 puL of 1 x SSC.

Detection of heterozygous mutation

In order to identify heterozygous mutations, we analyzed a
1:1 mixture of the target DNA from A-427 and pp53 that have
wild (AGG) and mutant (AGA) sequence at the codon 249,
respectively. The 1:1 mixture (in terms of concentration) of
target DNA was prepared of genomic DNA templates that
were extracted from both cancer cell lines. Moreover, with
one wild type DNA sample and one mutated genomic DNA
sample (SW480 cell line) mixed in various ratios, keeping
the total DNA constant we determined the lower limit of
detection of the mutated p53 sample, to know how sensitive
our assay is.
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Oligoarray construction and use

Microarray construction and hybridization were performed
as previously described' briefly; three replicate spots of
each probe were aligned in the same rows of the microarray.
Each array contained 19 probes: five wild type sequences
and fourteen mutant sequences corresponding to the 7P53
targets under study, plus one blank spot without any probe
which served as a negative glass control, Figure 1 outlines
the array design used in this study. Complementary stacking
oligonucleotides were designed to form partially duplex
when annealing with single-stranded DNA Figures 1B and C.
The purified amplicon were diluted in hybridization buffer
and hybridized to the 7P53 microarray. Finally, the
microarray was washed and packed in plastic film and
X-ray film exposed for autoradiography, and digitized
hybridization images were obtained using a scanner (HP
Scanjet 4400c).

Virtual hybridization (VH)

A VH module of the Genosensor Probe Designer software'
was used to predict the stability of hybridization of each
capture probe with the DNA target based on calculation of
the Gibbs free energy (AG®) using thermodynamic param-
eters compiled by Santalucia for perfectly matched and

16-19 T calculate the

mismatched oligonucleotide sequences.
AG?® of the oligonucleotide sequences the VH program can
accept thermodynamic calculations for each probe aligned
at all positions along the relevant target DNA sequence.
The target/probe duplexes having AG® values above of a
given cut off value (bigger stability) were tabulated. These
results were compared with the intensity of signals in order
to estimate if the free energy predictions are in agreement
with the signals observed. All the described procedures were
evaluated and approved by the local ethics committee of the
Mexican Institute of Social Security.

Data analysis

ScanAlyze 2.5 software (Stanford University)?® was used to
quantify hybridization signals for each probe and subtract
background hybridization signals. For every perfect match
probe (fully complementary to the target sequence) in each
set of probes, another two identical perfect match probes are
present elsewhere in the array. This redundancy increases
assay sensitivity and specificity by compensating for nonspe-
cific signals that may arise from localized surface imperfec-
tions such as microscopic scratches in the array surface. The
enhanced signal provides greater sensitivity toward detecting
weak hybridization; the specificity was calculated as the ratio

of the perfect match probe (PM), fully complementary to the
target sequence, hybridization signal of the wild-type target
to their single base substitution probe. The raw intensity data
for each experiment was normalized calculating the average
intensity for each individual dataset; then the average of the
averages was calculated. This total average was used as the
basis for the normalization. The average of all normalized
data thereafter equaled the total average.

Results

Reference hybridization patterns (Group |)
All the synthetic targets, including negative controls, yielded
hybridization signals with their respective (“perfectly
matched”) probes. Pairs of wild type with each mutant syn-
thetic target sequences (1:1 mixtures) were also hybridized
to reproduce heterozygous conditions. All gave the expected
signals (data not shown).

Multiplex-PCR and hybridization assay
Multiplex-PCR assay from exons 5, 7, and 8 was highly
reproducible under the described conditions. These amplicons
were run on 4% agarose gels (Figure 2A). Hybridization of
gapped duplex, isolated ssDNA target was done for all DNA
samples. In general, we observed that all samples hybridized
solely with one (homozygous) or two (heterozygous) probes
in 33 different samples tested with the hybridization assay. As
expected, all probes included in the microarray gave signals
and the point mutations were detected by hybridization in
all samples. Figure 2B shows a typical hybridization result
from this multiplex hybridization assay. DNA sequencing
(Figure 2C) confirmed all results.

The minimum amount of target detected, as estimated
by the proportion of equimolar amount of labeled stacking
oligonucleotide annealed with the sample, was 5 to 10 fem-
tomoles (data not shown).

Concordance of positive results, blind
test with DNA samples (Group 2)

Among the 11 samples that we used to verify reproducibility
of the assay, all over again showed the same 18 missense
mutations obtained previously by sequencing codons 248,
249, and 273. Besides, from this group of DNA samples, only
four samples showed nucleotide changes in exon 5: one of
these samples (L1) had two point mutations [(GTC—GAC)
Vall57Asp; (CGC—CAC) Argl58His]; two cases (L9 and
L10) showed the same base change G—T, Vall57Phe and
another case (P6) showed (GTC—GTT) Vall57Val], of
which only three were identified by microarray analysis,
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157 | 158 | 248 273|157 158 2438 273 [157 | 158 | 248 273
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G-T |[CHG | WT GoT |GoT 656G |wT GoT |GoT|C=G|wT GT DNA

157 | 248 | 249 273 157 | 248 249 273 | 157 | 248 | 249 273 .

GoA|WT |G—T| GoA [GoA  |wT G,—T GoA |GoA|WT | G—T G-A | Mmicroarray

158 | 248 | 249 273|158 248 249 273 |158 | 248 | 249 273 | of TP53 gene
WT |[C—T |G, —T C->T |WT CoT G,—»T C-»T |WT |[C—T|G,—~T C—oT

158 | 248 | 249 Glass 157 248 249 Glass 158 | 248 249 Glass

G—T |G,—T |G,—~C| control G—~T [G—-T |G,—C control G—T | G,—~T| G,~C control

A

Codon 157

Wild type Reference sequence 157
5-CTGCTTGTAGATGGCCATGGCGCGGACGCGGGTGCCGGGCGGGGGTGTGG-3”

(RS0-129-157) CGAACATCTACCGGTACCGAG] |
CCACGGCCCGCCCCCACACE]  (Ls0-129-157) — | ANNEALING
%2P-labeled 3 and 5 auxiliary stacking oligonucleotides l

CTGCTTGTAGATGGCCATGGCGCGGACGCGGGTGCCGGGCGGGGGTGTGG
(Ls0-129-157) CGAACATCTACCGGTACCGOG] l CCACGGCCCGCCCCCACACC ] (RS0-129-157)

DOUBLE CONTIGUOUS STACKING HYBRIDIZATION

CTGCTTGTAGATGGCCATGGCGCGGACGCGGGTGCCGGGCGGGGGTGTGG
(LSO-129-157) CGAACATCTACCGGTACCGC] $ CCACGGCCCGCCGCCACACC]  (Rs0-129-157)

/CCTGCGC@ (@1 =P-157 WT
CCTTCGC@ (@2 = p-157 G—T) complementary sense
;:CCTACGC@ (@3 = p-157 G—A capture probe set

CTGCTTGTAGATGGCCATGGCGCGGAGGCGGGTGCCGGGCGGGGGTGTGG
(LSO-129-157) CGAACATCTACCGGTACCGCE ¥ CCACGGCCCGCCCCCACACGC| (RSO-129-157)

CCTGCGC@ (@1 = P-157 WT
CCTTCGC@(@2 = p-157 G—T)
CCTACGC@(@3 = p-157 G—A capture probe set

complementary sense

Cc

Figure | Design of the improved TP53 Low density DNA microarray. A) Schematic of the microarray layout (not to scale). B) An example of the alignment of stacking
oligonucleotides and probes to their respective synthetic wild type target sequences in 157 and |58 contiguous codons of TP53 gene.As shown a nucleic acid target is first
annealed with a molar excess of labeled auxiliary oligonucleotide (the letter inside green square represent the *2P-labeled base of the oligonucleotide). The labeled auxiliary
oligonucleotide serves as a reagent to introduce the detection tag into a single specific site within the nucleic acid target. The partially duplex labeled target is then applied to
the array of capture probes, typically 712 bases long, end-tethered to a glass slide or chip. Each capture probe is designed to hybridize with the target strand in tandem with
a labeled stacking oligonucleotide preannealed to the target. Base stacking interactions between the short capture probe and the long stacking probe stabilize the binding of
partially duplex labeled target to the glass-tethered capture probe. Hybridization is carried out at an (elevated) temperature at which the short capture probe by itself does
not form a stable duplex structure with the target; capture of label to the glass occurs only when the capture probe hybridizes in tandem with the labeled stacking probe.As
depicted in C) a single base mismatch between the short capture probe and the target sequence will disrupt the short duplex, preventing binding of label to the glass.
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Line 1: MW, line 2: exon 5; line 3: exon 7; line 4:
exon 8; line 5: Multiplex-PCR = exons 5, 7 and 8
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3

4 A-427

5
Probe Position: Axis X; Axis Y
@1:157 WT 1; 1
@6:158 G—>A 2; 1
@12:249 WT 3; 2

B @16:273 WT 4; 1

Cell Line Exon7 Mut M

Exon 5 WT

Codon 157
GTC—GTC/T]
G T l C 6 vasctc
Val->GTT
Exon 5 Mut

C G C A C
Exon 7 WT M

cC A cC A

Codon 248
GCA—ACA
Ala—Thr

T G cC A G

Exonsmmcm“ 27

GCA-GTA
T 6 T A G Aasval

Exon 8 Mutm

Figure 2 Electrophoretic analysis of PCR products and single-stranded target DNA produced by “cycle sequencing”. A) Electrophoresis in 2% agarose gel from PCR reactions
of regions from exons 5,7 and 8 of the TP53 gene: 100 bp ladder (Line 1), 129 bp PCR product from exon 5 (line 2), 108 bp PCR product from exon 7 (line 3), 92 bp PCR
product from exon 8 (line 4), multiplex PCR products of exons 5,7 and 8. B) Example of the multiplex hybridization of the microarray against a PCR product from the cell
line A-427 where wild types 157,249 and 273 as well as the mutation 158 G—A were detected C) Electropherograms for the sequencing of wild type and mutant PCR

products from exons 5,7 and 8 of the TP53 gene.

because in the last case the mutant probe was absent of the
microarray. The remaining seven samples did not show
any changes in exon 5; therefore they were considered as
having only wild type TP53 sequences in the region tested
(see Table 2).

Hybridization assay in DNA unknown
(Group 3)

Among the 22 DNA samples of the various sources analyzed,
6 point mutations were identified by sequencing. Those
included three cases of peripheral blood cells with positive
signal for exon 8: B9 Case 11 (CGT—>TGT) Arg273Cys;
B11 Case 57 (CGT—-TGT) Arg273Cys, and B13 Case 80
(CGT—CTT) Arg273Leu missense mutations were identi-
fied. Two cases of peripheral blood were positive for exon 5:
B10 Case 21 (GTC—GTT) Vall57Val; B12 Case 79 (GTC—
GTT) Vall57Val. One case of bone marrow cell sample
showed a mutation in exon 7: BM Case 91 (CGG—CGT)

Arg248Arg. Three point mutations were identified by DNA
microarray and another three (silent mutations) were detected
only for sequencing, since mutant probe was not included on
the array. The remaining samples of this group showed only
wild type TP53 sequences, see Table 2.

Virtual hybridization

Hybridization results are resumed in Table 3. In this table
probes, targeted sequences and free energy values for the
hybridization are indicated for all probes and all target
sequences tested. More stable hybridization sites are
highlighted in green, medium stable hybridization values
are highlighted in red and low stable hybridization values
are colored in blue. It is evident in this table that only per-
fect hybridizations have more stable hybridization values,
except two ambiguous hybridizations for exon 5 and two for
exon 7. Most part of the ambiguous hybridization has medium
or low stable free energy values (more than-9 Kcal/mol).
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Table 2 Mutation detected in exons 5,7 and 8 by DNA microarray and automated sequencing

Sample Group Exon Codon Nucleotide Aminoacid Change DNA oligoarray Sequencing
L-1 A-427 2 5 157 GTC—>GAC Val—Asp T-A MPA* +
5 158 CGC—CAC Arg—His G—A + +
7 248 CGG—CGT Arg— Arg G-T MPA* +
L2 C33A 2 8 273 CGT->TGT Arg—Cys C>T + +
L4 Jurkat 2 7 248 CGG—CGK* Arg—Arg G-T MPA* +
249 AGG—AGR** Arg—Arg G,—>T MPA* +
L7 SW480 2 7 249 AGG—AGR** Arg—Arg G,—>T MPA* +
8 273 CGT—-CAT Arg—His G—oA + +
L8 1-37 2 7 248 CGG—-CGC Arg—Arg G—->C MPA* +
7 249 AGG—CGA Arg—Arg A—C MPA* +
8 273 CGT—>TGT Arg— Cys GoA MPA* +
C->T + +
L-9 1I-51 2 5 157 GTC-HTTC Val—Phe G-T + +
7 248 CGG—CGC Arg—Arg G—C MPA* +
7 249 AGG—CGA Arg—Arg A—C MPA* +
G—oA MPA* +
L-10 PCS-4 2 5 157 GTC—>TTC Val—Phe G-T + +
7 248 CGG—CGC Arg—Arg G—C MPA* +
7 249 AGG—CGA Arg—Arg A—C MPA* +
G—A MPA* +
B3 Case | 16 2 8 273 CGT—CTT Arg—leu G-T + +
B6 Casel52 2 8 273 CGT—CTT Arg—lLeu G-T + +
PI Pp53 2 7 248 CGG—-CGC Arg—Arg G->C MPA* +
249 AGG—AGA Arg—Arg G—A + +
P6 cDNA 2 5 157 GTC-HGTT Val—Val C>T MPA* +
8 273 CGT—CCT Arg—Pro G—C MPA* +
B9 Casel | 3 8 273 CGT->TGT Arg—Cys C->T + +
B10 Case 21 3 5 157 GTC—HGTY#¥* Val—-Val C>T MPA* +
BIl Case 57 3 8 273 CGT->TGT Arg—Cys C-T + +
B12 Case 79 3 5 157 GTC—>GTT Val—Val C>T MPA* +
B3 Case 80 3 8 273 CGT-CTT Arg—leu G-T + +
BM Case 91 3 7 248 CGG—CGT Arg—Arg G-T MPA* +

Notes: *K = G or T (Heterozygous), **R = G or A (Heterozygous), ***Y = C or T (Heterozygous).
Abbreviations: MPA, mutant probe absent; BM, bone marrow cell; P, plasmid; PB, peripheral blood; L, Cell line.

The stability of ambiguous hybridizations is strongly
dependent on the identity of the sequences involved.

Discussion

Alterations in 7P53 gene are probably the most common
genetic abnormalities associated with human malignancies.
Previous studies using DNA microarrays have delimited a
specific pattern of mutational spectrum in some cancers,?'
making DNA microarray an attractive method in order to
define these particular alterations in cancer genetics. A simple

method to identify mutations in this gene could improve its
usefulness in screening, diagnosis, staging, and treatment
of many kinds of cancers. In this work, we evaluated a low
density DNA microarray for specific mutation screening
in a search for an inexpensive and easy alternative method
for small laboratories. This system was developed only to
determine some of the most relevant mutations observed in
exons 5, 7, and 8 of TP53 gene reported by the IARC (see
http://www.p53.iarc.fr/p53/). Besides, one of the aims of
this work was to demonstrate the capability of the tandem
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hybridization approach for the detection of some of the more
disease associated relevant mutations in the 7P53 gene. And
it is critical for us to learn from the previous experience and
design a test with the optimal cost/performance relationship
with potential application for screening. And it is important
to comment that our system was not created to investigate all
the potential mutations that could be observed in the 7P53
gene. The system was directed only against the hotspot muta-
tions that are more commonly observed in exons 5, 7, and 8§
because we think that it is more probable to find mutations
in clinical samples based on the frequency of these mutations
that represent approximately 20% of the sequence changes
affecting the 7P53 gene associated to cancer. Moreover, the
number of probes can be increased to detect as many muta-
tions as wished. According with the literature available there
are two relevant, microarray based, 7P53 assays. These are
the Arrayed Primer Extension Resequencing APEX* and
the GeneChip array.?® APEX uses an array of 2436, 25-mer
oligonucleotides. APEX spans exons 2-9 plus two introns;
it covers 95% (1218 bases) of the mutations described in
TP53.On average, 97.5% of the arrayed TP53 gene sequence
can be analyzed from sense or antisense strands, 81% from
both strands. GeneChip has approximately 65000, 18-mer,
probes. It covers exons 2—11 and +2/-2 splice site junctures.
It searches approximately 1262 bases from 7P53 gene.
Overall, the oligonucleotide microarray demonstrated a
94% accuracy rate, 92% sensitivity, and 100% specificity.
Therefore, neither the APEX array nor the GeneChip array
is able to detect all the described P53 mutations. Besides,
they search only part of the 7P53 gene. The accuracy in both
assays is approximately similar (94%). They cover from 92%
to 95% of the published 7P53 gene mutations with 2436 and
65000 probes approximately. In comparison the micro-Chip
described in this work, which only uses 29 probes and only
tests the mutations in the three main hotspots, is able to search
on average 20% of the cancer related mutations in the 7P53
gene. Our chip is aimed for a primary screen of the somatic
mutations. It can be easily made and used at a relatively
low cost. And those cases giving negative in this assay can
be further tested with other more complex chip, such as the
GeneChip. Of course we are in the process of developing a
more complex chip using tandem hybridization comprising
most of the mutations reported at the TARC database. How-
ever, there are several challenges involved in this design.
Since additional (stacking) oligonucleotides are included into
the hybridization mixture, which add potential interferences
in the system. Some important factors should be addressed in
this design: (a) such microarray will include a considerable

high number of probes and its cost can increase considerably.
However in each experiment only a reduced fraction of
the probes (if any) will provide useful information. Even
including all probes reported at to date some mutations could
be missed. This has been raised the idea of the design of a
microarray for the detection of the most frequent mutations of
this gene as an initial screening. (b) In the tandem hybridiza-
tion approach stacking oligonucleotides are included, which
hybridize contiguously to the site that is recognized by the
capture probe in the microarray. When the number of muta-
tions is tested the assays have been working properly even
in multiplex assays. However if several mutations (many of
the in a close neighborhood) are tested other factors can play
an important role as the competition of some of the stacking
probes for sites that should be recognized by the capture
probe, which can reduce the sensitivity of the approach. Some
solutions have proposed has the hybridization in separated
experiments of samples which include stacking probes which
do not interfere with the capture probes.

In general, oligonucleotide DNA microarrays containing
short (15 to 25-mer) oligonucleotide probes provide greater
point discrimination than microarrays composed of larger
PCR-amplified DNA fragments.'* However, a central chal-
lenge to the application of DNA microarrays in mutation
detection is achieving the specificity needed to resolve the
discriminating between target and no target DNA that differ
by a single nucleotide.?” This level of specificity is needed
to resolve variants of highly conserved genes (eg, 7P53 and
K-RAS) which often are point mutated in cancer.

In our understanding this is a critical issue since it will
answer the capability of the system to perform early detection
in samples commonly containing normal and mutant cells.
The proportion of mutant cells grows with the developing of
the tumor and the prognostic is generally better for tumors
detected in their early stages. Two main factors are involved
in the sensitivity and specificity of the detection. The sensitiv-
ity depends primarily on the minimum amount of molecules
required for fluorescent or radioactive (10'2 molecules) detec-
tion. PCR technique requires 40 cycles to reach this amount
from a single molecule. The PCR in this assay simultaneously
amplifies the same DNA fragment from wild type and mutant
cells. Therefore, the excessive presence of wild type cells
with respect to mutant cells is potentially able to involve the
synthesis of mutant fragments by limitation in the reagents
available in the PCR mixture. This problem affects all the
detection protocols that are depending on PCR reactions.
The specificity is based in the capability of the assay to dis-
criminate between the wild type and the mutant sequence.

Nanotechnology, Science and Applications 2009:2



Specific mutation screening of TP53 gene

In the hybridization-based approaches this depends on the
ATm values, which can be accurately determined for single
mismatches by Nearest Neighbor (NN) Santalucia’s Model.
We have tested previously our Tandem Hybridization system
in the 7P53 model. And, as expected a cross hybridization
was observed only in a mutation in the N N X context (data
not show). This is due to small ATm between the GC pair
and the GA mismatch in the duplexes formed by annealing of
wild type target DNA with the wild type and mutant probes,
respectively, in this sequence. To avoid this problem, it is rec-
ommended to use as target the other strand, in whose case CG
and CT mismatch will be produced in the respective duplexes
which show big ATm value. The same solution is used in the
Resequencing approach. Therefore the Tandem Hybridization
approach should include the sets of probes to perform the
identification in both strands of the target with independent
preannealing of the respective stacking oligonucleotides.

Virtual hybridization is a computer simulation that
allows calculating the thermal stability of a DNA duplex
even in the presence of single mismatches. For this purpose
the nearest-neighbor model for predicting stability of DNA
duplexes is used. Allawi and Santalucia!®'® have calculated
thermodynamic parameters for all the eight possible combi-
nations of mismatches in all sequential contexts. According
with their data the general order of stability of these mis-
matches is as follows:

GA > AC>TT > AA > CC>TC > AC > CC.

However, for a precise calculation of the thermal stability
is necessary to know the identity of the neighboring bases.
The virtual hybridization allows estimating the capacity of
discrimination of the possible mismatches, by comparing
the difference between the free energy of the perfect
hybridization (without mismatches) and the free energy
when mismatches are present. Detailed calculations for
hybridizations tested in this work by virtual hybridization
are showed in Table 3, where it can be seen that in general a
good discrimination, with low possibility of cross reactions,
is predicted, except when the mismatch is located at the ends
of the probe because in such cases all the mismatches are
more stable. However, the tandem hybridization approach
has the effect of accentuate the differences on stability even
when mismatches are close to the ends then increasing the
specificity of the test, which is an advantage of this test
compared with the classical hybridization approach without
stacking probes. This increase in specificity is probably due to
the additional elimination of base stacking at the contiguous
probe and stacking oligonucleotides ends by the production
of target/probe mismatches at the center of the probe.

During the hybridization reaction, the guanine form
relatively stable mismatches, therefore, the duplexes formed
are difficult to discriminate by traditional hybridization."
Short duplexes are considerably more destabilized by even
relatively stable mismatches than longer duplexes, and for
this reason short probes have higher discrimination power.?
Short probes when used individually (without tandem
hybridization) are not adequate because these sequences
can occur by random chance multiple times within relatively
long targets, which would limit their specificity in the single-
probe approach.?’ However, this is not the case in the tandem
hybridization approach because the specificity arises from the
addition of the sequences contained in the short probes plus
the contiguous stacking oligonucleotides (the fact that they
must be contiguous in order to see a hybridization signal is
an important requirement for this technique). In other words,
under stringent hybridization/washing conditions, only 7-mer
sites located adjacent to the stacking oligonucleotides are
interrogated, since 7-mer duplexes (not stabilized by the
base stacking) are unstable under the hybridization condi-
tions used. The stability of 7-mer hybrids stabilized by long
stacking probes is similar to that of traditional 14—20-mer
single probes, depending on the sequences.*3!

Our system was very specific to indicate the presence of
mutations in all cases where a loss of signal was observed,
which was separately confirmed by sequencing, so, that
the specificity of this assay was high. Other future option
to increase the confidence in the results is to perform the
analysis with both target strands. This should be especially
useful when the base substitution involves a G (which is very
frequent), since G forms the most stable mismatches, how-
ever the C in the opposite strand produces the most unstable
mismatches and therefore are highly discriminatory.?? This
approach was successfully used in resequencing by Karaman
and colleagues.?

Some mismatches, as AG and TT mismatches, are excep-
tionally stable, but also the identity of the neighboring bases
as well as the mismatch probe position are important stability
factors. Exceptionally stable mismatches could be difficult to
differentiate using long probes (more than 10-mers), however
short probes do not yield enough stable hybridization. This
problem is circumvolved by the use of the stacking hybridiza-
tion were the stability of the probes is significantly increased
whereas the mismatch discrimination power is maintained
even for the more stable mismatches.

VH hybridization allows predicting stability values
for hybridization of probes against the targets studies and
then is an important tool for designing and evaluating
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microarray performance. The minimum amount of target
detected, as estimated by the proportion of equimolar amount
of labeled stacking oligonucleotide annealed with the sample,
was 5 to 10 femtomoles. It is important to notice that the
intensity of signals seen with the same sample, using 7-mer
probes, under traditional, single tandem and double tandem
hybridizations increases from 3 to 6 times in Single Tandem
Hybridization (which uses only a single stacking oligonucle-
otide) and 6 to 12 times in the Double Tandem Hybridization
(which uses both stacking oligonucleotides) when compared
with traditional hybridization (data not published). In this
work we are using a radioactive label with high specific
activity (6000 Ci/mmol) due to its high sensitivity, besides is
cheaper and easy to reveal, yet it is becoming less attractive
for routine clinical tests and therefore in future studies we
will need to incorporate nonradioactive labeling methods.

In the present study, we showed that the 7P53 point
mutations obtained in the DNA of different cancer samples,
using our DNA microarray, are similar to the frequent point
mutations reported in the IARC TP53 Mutation Database.
In general, of the 165 codons studied (5 codons in the
33 samples tested), only 28 codons (17%) harbored point
mutations. The remaining codons studied with the oligoarray
only gave hybridization signal with the probes corresponding
to wild type sequences. Selecting specimens from a series
of different DNA sources generated the sequencing data of
Table 2. Because the type of the mutation was not preselected
in this study, it was remarkable to observe that in some cases
the affected codon encodes for Arginine. These mutations
will probably affect the biological activity of p53, because
many basic amino acids, such as Arginine, are necessary
for DNA binding of p53.% It is important to notice that the
limited number of capture probes on the oligoarray did not
allowed us to detect some of the mutations, this can be easily
solved by adding the needed probes in future arrays. We
cannot exclude the chance of a mutation occurring outside
of exons 5, 7 and 8 in these samples. However, previous
studies have shown that mutations outside of these exons are
infrequent (less than 5%) in the TP53 gene.3*

Conclusions

In conclusion, low density DNA microarray allowed the
detection of some frequent point mutations present in the
samples tested. Further studies using arrays with a higher
number of probes and the possibility to combine with labeled
fluorescent, might be useful for the detection of specific
mutations that are relevant for the screening diagnosis of the
genesis and progression of cancer disease.
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