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INTRODUCTION 
Our work is directed towards identifying genetic and protein changes in benign 

breast disease (BBD) which might be involved in the pathogenesis of breast cancer, 
and which might serve as markers of risk. We have recently completed a case-control 
study, nested within a cohort of 4,888 women with BBD, in which we demonstrated that 
p53 protein accumulation detected by immunohistochemistry was associated with a 2.5- 
fold increase in the risk of subsequent breast cancer (1). However, by using 
immunohistochemistry alone, we may have underestimated the true risk of developing 
breast cancer in association with p53 changes since approximately 33% of p53 
mutations do not alter the protein in such a way that there is positive immunostaining (2- 
5). Therefore, a more complete assessment of the role of the association between p53 
and breast cancer risk will come from studies combining both immunohistochemistry 
and p53 gene sequencing. We hypothesized that p53 mutations in benign breast tissue 
are associated with increased risk of subsequent breast cancer. 

We are testing our hypothesis by: 
(1) analyzing benign breast tissue from 138 cases and 556 controls for the 

presence of p53 mutations using PCR-SSCP and PCR-direct DNA sequencing; and 
2) estimating the risk of breast cancer in relation to: (a) the presence of p53 

mutations in BBD; and (b) the presence of both p53 mutations and p53 protein 
accumulation in BBD. We will localize the mutations to determine whether they occur 
preferentially in specific sites of the DNA and to compare them to known mutations 
listed in p53 mutation banks (6-9). We also propose to compare mutations detected in 
the cancers with those detected in their proceeding benign breast tissue samples. 

BODY 

Task 1: Extracting DNA from paraffin blocks (Months 1-24): 

A) Cut histological sections from paraffin embedded tissue. 
B) Extract DNA 

Task 2: PCR-SSCP analysis (Months 4-34): 

A) PCR for exons 2-11 
B) SSCP gels for each exon 
C) Autoradiography 

We currently doing both task 1 and 2. Primers for exons 2 to 11 of the p53 gene have 
been generated. We have developed the optimal PCR conditions, e.g. temperature, 
cycle number, primer concentration, and magnesium concentration, for each exon. We 
have cut histological sections from paraffin blocks (which contain the tissue to be 
analyzed), when appropriate microdissected out the appropriate area in the tissue, and 
extracted the DNA using proteinase K. We have examined the PCR products for each 



exon. Each sample is run under two conditions (2 and 10% glycerol in tiie loading 
buffer). Samples that show abnormal band migration in either one or both gels (please 
see a representative SSCP gel in the appendix 1) undergo repeat PCR. The new PCR 
product then undergoes repeat SSCP analysis. Those samples that show reproducible 
abnormal band migration are identified as samples that require DNA sequencing to 
confirm the presence of a p53 gene alteration. The bands are excised from the gels and 
stored at 4°C until they are further analyzed. 

Task 3: Sequencing DNA with altered mobility on SSCP gels (Months 5-30): 

A) Excise band with altered mobility 
B) Elute DNA 
C) PCR appropriate exon(s) 
D) Sequence reaction and separation on acrylamide gels 
E) Autoradiography 
F) Automated sequencing 

We are currently also working on task 3. Those samples that show reproducible 
abnormal band migration in the SSCP gels are identified as samples that require DNA 
sequencing to confirm the presence of a p53 mutation or polymorphism. The bands are 
excised from the SSCP gels and stored at 4°C until they are analyzed further. The DNA 
is eluted into water and then undergoes PCR using the same primers as the in the initial 
PCR reaction. The product is run on a 2% agarose gel. The band is extracted using 
QIAquick gel extraction kit (Qiagen Inc, Mississauga, ON). The purified DNA will be 
sequenced using ThermoSequenase radiolabelled terminator cycle sequencing kit 
(Amersham Life Sciences, Cleveland, OH) and the sense primer according to the 
manufacturer's directions, followed by gel electrophoresis and autoradiography. 
Negative controls include DNA which contains no p53 mutation. Gene alterations are 
being compared to those listed for breast cancer in a p53 database 
(http://www.iarc.fr/p53). This work is nearing completion. 

In addition we have compared the efficiency and reproducibility of Affymetrix p53 
microarray technology to manual sequencing. Previous work indicated that DNA 
obtained form paraffin-embedded tissue is only suitable for automated p53 sequencing 
if sufficient DNA can be extracted. However in this study we have only small amounts of 
DNA because unlike breast cancer, benign breast disease lesions are much smaller 
and thus we have much less starting tissue. Thus automated sequencing could not be 
used so we investigated an alternative method that would require less DNA. To do this 
study 5 um sections were cut from the 62 paraffin blocks, dewaxed and stained briefly in 
hematoxylin. The cancer tissue was then microdissected out, collected in a microfuge 
tube and digested with proteinase K (GIBCO BRL, Burlington, ON, 0.5 mg/mL in 50 
mM Tris HCI, pH 8.5, 10 mM EDTA, 0.5% Tween 20) for at least 48 hours at 55°C. The 
proteinase K was inactivated by heating to 95°C for 15 minutes. The DNA was then 
divided in half and analysed by direct manual sequencing and the p53 Genechip 
(Affymetrix, Santa Clara, CA) as follows. 



p53 Genechip Assay 
Aliquots of DNA were purified using a MinlElute Agarose Gel Purification kit (Qiagen, 
Mississauga, ON) using ttie manufacturer's protocol. The sampled was eluted using 10 
to 15 ul depending on the amount of tissue microdissected. The DNA was amplified in a 
multiplex PCR reaction. Each 100 |aL PCR reaction included IX PCR buffer (PE 
Biosystems, Boston, MA) 2.5 mM MgCb, (PE Biosystems, Boston, MA) 0.2 mM each of 
dATP, dCTP, dGTP and dTTP (Eppendorf, Westbury, NY), IX p53 Genechip primer set 
(Affymetrix, Santa Clara, CA) and 0.8 U of Amplitaq Gold (PE Biosystems, Boston, MA). 
The PCR was performed using a PE 9600 thermal cycler according to the 
manufacturer's directions. A 5uL aliquot of the multiplex PCR was visualized on a 10% 
polyacrylamide gel at 200 V for 1.5 hours to confirm amplification of 10 PCR products of 
the correct size. The 10 PCR products were fragmented using DNase I, and then 
labelled using Fluorescein-ddCMP. Each 50^1 fragmentation reaction included 45|aL of 
the multiplex PCR reaction, 0.005U fragmentation reagent (DNase I in 10 mM Tris HCI 
(pH 7.5), lOmM CaCb, 10 mM MgCb, 50% glycerol)(Affymetrix, Santa Clara, CA), 
O.OSmM EDTA, 0.05 U Calf Intestinal Alkaline Phosphatase (Roche, Laval, QB) and 0.5 
mM Tris Acetate pH 8.2. Each reaction was incubated for 15 minutes at 25°C followed 
by heat-inactivation of the enzyme at 95°C for 10 minutes. To confirm the 
fragmentation a 5uL aliquot of the sample was visualised on 2% agarose gel to reveal a 
collapse of the 10 PCR products to fragments of approximately 50 base pairs. 

Each terminal labelling reaction contained 50iaL of the amplified and fragmented 
target, IX reaction buffer (Enzo Diagnostics, Farmingdale, NY), IX CoCb (Enzo 
Diagnostics, Farmingdale, NY), IX Flourescein ddCTP (Enzo Diagnostics, Farmingdale, 
NY), and IX Terminal Deoxynucleotide Transferase (Enzo Diagnostics, Farmingdale, 
NY)! The reaction was incubated in a 37°C waterbath for 45 minutes followed by the 
addition of 5^L of 0.2M EDTA to stop each reaction. To confirm the labelling of the 
multiplex PCR product a 3uL aliquot of the sample was visualised on 2% agarose gel 
using the UVP Gel DocSystem (UVP, Upland, CA). If adequate the DNA was then 
hybridized to the gene chip, washed and scanned (GeneChip Microarray Facility, at the 
Albert Einstein College of Medicine). The data analysis was performed using the 
Affymetrix Microarray Suite to generate a score for each sample that indicated the 
presence or absence of mutations. A score of > 12 was considered indicative of a gene 
alteration. When an alteration was identified and not confirmed by direct sequencing, 
the DNA undenA/ent repeat PCR and processing to repeat the evaluation by gene chip. 

Direct Manual Sequencing 
DNA was amplified using PCR and primers designed to contain each coding exon of 
p53 and the splice sites flanking each exon (Table 1). The 15 ^iL PCR reaction included 
1.5 X PCR buffer, 1.5mM MgCl2 (Qiagen, Mississauga, ON), IX Q solution (Qiagen, 
Mississauga, ON), 0.1 mM of dATP, dCTP, dGTP and dTTP (Eppendorf, New York, 
NY), 0.3 nM of the appropriate fonward and reverse primers (Gibco BRL, Burlington, 
ON), 0.09 ^Ci [a^^P] dATP (Dupont NEN, Boston, MA) and 0.07 U Hotstar Taq (Qiagen, 
Mississauga, ON). Thermal cycling (Eppendorf, Westbury, NY) was performed as 
described in Table 1. Aliquots of the PCR product were analysed by manual 
sequencing as described previously The remaining PCR product was visualised via 1 % 
agarose gel electrophoresis (30-35 minutes at 150 V).   The quantity of the DNA was 
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determined by comparing a low DNA mass ladder (GIBCO BRL, Burlington, ON) with 
the PCR product for each exon. Products that were greater than 50 ng were excised 
and purified using QiaQuick Agarose Gel Extraction Kit (Qiagen, Mississauga, ON) 
according to the manufacturers directions, eluting with 25-30)j,L of elution buffer. The 
purified PCR product was then sequenced using ThermoSequenase Radiolabelled 
terminator cycle sequencing kit according to the manufacturer's protocol(Amersham Life 
Sciences, Cleveland, OH). Following amplification, 4|aL of stop/loading buffer was 
added to each reaction, then denatured for 3 minutes at 95°C and 2.5 |j,L was loaded 
onto a 6%, 8.3-M urea, denaturing polyacrylamide gel. The gel was processed for 
autoradiography and exposed to Biomax MR film (Kodak, Westhaven, CT) for 24-48 
hours. For 22 samples the exon 4 portion of exon 3-4 partial PCR product was 
unreadable. For these samples a PCR reaction and sequencing was performed with 
primers that were specific for exon 4 only in order to read the 3' portion of exon 4. When 
an alteration was detected than the DNA underwent repeat PCR and sequencing 
(Figures 1,2) 

To determine whether gene chip microarray analysis or direct sequencing is 
better at identifying p53 mutations the sensitivities of these methods were determined. 
The changes detected by direct sequencing that are outside of the 2 base pairs beyond 
the splice site of each exon were not included as these are beyond the intronic 
boundaries of the p53 Genechip and thus could not be identified. The sensitivity of 
each method for Identifying changes in each exon was calculated relative to the 
combined number of confirmed alterations detected by direct sequencing and the p53 
Genechip as each method appeared to identify some different alterations. The 
sensitivity of direct sequencing was 78% (42/54) and was 50% (27/54) for the p53 
Genechip. 

The ability to detect different types of mutations varied between the two 
sequencing methods. The p53 Genechip showed a higher mutation detection rate for 
missense mutations 100% (19/19) than direct sequencing analysis (52%, 10/19). Direct 
sequencing was unable to identify 3 single base pair deletions that the p53 Genechip 
identified. Direct sequencing identified an unreadable change that the p53 Genechip 
was unable to detect. However, although the numbers are small, the two sequencing 
methods could identify other types of mutations, equally well. This included nonsense, 
splice junction mutations and intronic changes with mutation detection rates of 100% 
(2/2), 100% (2/2) and 100% (1/1) respectively. 



Table 1: PCR Conditions for Exons 2-11 

Exon Primers Exon 
Size 
(bp) 

PCR 
product 
Size 

Conditions Number 
of 
Cycles 

2 F-CCAGGGTTGGAAGCGTCT 
R- 
GACAAGAGCAGAAAGTCAGTC 
C 

102 260 95°C 50sec; 56°C 50 
sec;72°C 60 sec 

35 

3 
Partial 
4 

F-ATGGGACTGACTTTCTGC 
R-CGGCATCTGGACCTGGT 

Exon 
3-22 
Partial 
Exon4 
-80 

238 95°C 50sec; 56°C 50 
sec;72°C 60 sec 

35 

Partial 
4 

F-GGACCATATTCAACAATGGT 
R-ATGGAACCCAGCCCCTCAG 

209 258 95°C 50sec; 56°C 50 
sec;72°C 60 sec 

35 

4 F-ATCTACAGTCCCCCTTGCCG 
R-TGACTTGCACGGTCAGTTGC 

289 345 95°C 50sec; 56°C 50 
sec;72°C 60 sec 

35 

5 F-GCTGCCGTGTTCCAGTTGCT 
R-CCAGCCCTGTCGTCTCTCCA 

188 295 95°C 50sec; 60°C 8 
min;72°C 60 sec 

35 

6 F-GGCCTCTGATTCCTCACTGA 
R-GCCAGGACAACCACCC1 lA 

112 202 95°C 50sec; 56°C 50 
sec;72°C 60 sec 

35 

7 F-TGCCACAGGTCTCCCCAAGG 
R- 
AGTGTGCAGGGTGGCAAGTG 

200 196 95°C 50sec; 56°C 50 
sec;72°C 60 sec 

35 

8 F-CCTTACTGCCTCTTGCTTCT 
R-ATAACTGCACC1 1GGTCTC 

137 225 95°C 50sec; 56°C 50 
sec;72°C 60 sec 

35 

9 F- 
GCCTCAGATTCACTTTTATCAC 
C 
R- 
CTTTCCACTTGATAAGAGGTCC 
C 

74 152 95°C 50sec; 56°C 50 
sec;72°C 60 sec 

30 

10 F- 
TGATCCGTCATAAAGTCAAACA 
A 
R-CCC1 1ACTGGCCCTACTCC 

118 237 95°C 50sec; 60°C 8 
sec;72°C 60 sec 

38 

11 F-GCACAGACCCTCTCACTCAT 
R- 
TGCTTCTGACGCACACCTATTG 

119 272 95°C 50sec; 56°C 50 
sec;72°C 60 sec 

35 

8 
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KEY RESEARCH ACCOMPLISHMENTS 

1) The results of the study are dependent on analysis of data from the entire case- 
control series and this not yet completed. 

2) DNA extracted from paraffin embedded tissue is suitable to use for p53 gene 
analysis using the microarray technology (p53 gene chip, Affymetrix). 

10 



REPORTABLE OUTCOMES 

1)We have received a grant from the Department of Health and Human Services, Public 
Health Service for grant support for a proposal entitled "p53 in benign breast disease 
and breast cancer risk: A multicenter Cohort". Tom Rohan is the principal investigator 
and Rita Kandel is one of the co-investigators. The grant will support the creation of a 
cohort of over 25,000 women from Portland, Detroit, London (England) and Toronto 
(Canada) to expand this study of p53 and breast disease and breast cancer risk. 

2) We have published a paper in the journal Modern Pathology entitled "Correlation of 
p53 mutations in thin prep processed fine needle aspirates with surgically resected 
breast cancer." This is appended. 

Individuals who have been employed or paid in whole or part from this grant include: 
Melissa Cooper: MSc student 
ShuQiu Li: Technician 
Tajinder Bhardwaj: Technician 
Hanje Chen: Technician 
Hangjun Wang: Postdoctoral fellow/research assistant 

11 
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CONCLUSIONS 

1) We are able to extract DNA from the paraffin embedded tissue samples and the DNA 
obtained is suitable for PCR-SSCP, sequencing and analysis using microarray 
technology. 

2) Gene abnormalities detected by PCR-SSCP are being confirmed using manual 
sequencing. 

3) Microarray technology is less sensitive than direct sequencing for paraffin embedded 
tissue using the Affymetrix gene chip. 

12 
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Correlation of p53 Mutations in ThinPrep-Processed 
Fine NeecUe Breast Aspirates with Surgically Resected 
Breast Cancers 
Aaron Pollett, M.D., Yvan C. Bedard, M.D., Shu-Qiu Li, Tom Rohan, M.D., Ph.D., Rita Kandel, M.D. 
Department of Pathology and Laboratory Medicine, Mount Sinai Hospital, Toronto, Ontario, Canada (AP, 
YCB, S-QL, RK), Department of Epidemiology and Social Medicine, Albert Einstein College of Medicine, 
Bronx, New York (TR) 

Mutations of the p53 gene are one of the most com- 
mon genetic changes found in cancer; their pres- 
ence may be prognostic and even influence treat- 
ment for breast cancer. In this study, we 
investigated whether DNA could be extracted from 
the residual cells left in ThinPrep-processed breast 
fine-needle aspirates and whether p53 gene changes 
could be detected in the DNA. The results were then 
correlated with DNA extracted fixim the matched 
formalin-fixed, parafiBn-embedded, sui^cally re- 
sected breast cancer when available. DNA was suc- 
cessfully extracted from 54 of 62 aspirates and all 31 
surreal specimens. p53 gene mutations were de- 
tected in 10 of the 54 cytology specimens (18.5%) 
and consisted of base pair substitutions or dele- 
tions. Silent or intronic p53 changes were found in 
five additional aspirates. One of the aspirates had 
two gene alterations, resulting in a total of six gene 
changes. Five of these changes were located in in- 
trons 6 or 9 and the sixth was a silent (no amino acid 
change) change in exon 6. p53 Polymorphisms were 
detected in nine aspirates (16.3%) and were located 
in codon 47 (one aspirate), codon 72 (six aspirates), 
and codon 213 (two aspirates). All cases witii surgi- 
cal material available showed identical p53 muta- 
tions, alterations, and polymorphisms in the re- 
sected tumors compared with those detected in the 
corresponding aspirates. The results of this study 
show that DNA suitable for analysis of p53 gene 
sequence changes can be successfidly extracted 
fix>m ThinPrep-processed breast fuie-needle aspi- 
rates, and that identical alterations are detected in 
both the cytology and surgical specimens. 

Copyright © 2000 by The United States and Canadian Academy of 
Patiiology, Inc. 
VOL. 13, NO. U, P. 1173, 2000 Printed in the U.SA. 
Date of acceptance: June 5, 2000. 
This work was supported in part by a grant from the US Army Medical 
Research and Materiel Command. 
Address reprint requests to: Dr. Rita Kandel, Department of Pathology and 
Laboratory Medicine, Mount Sinai Hospital, Room 600, 600 University 
Avenue, Toronto, Ontario M5G 1X5, Canada; fax: 416-586-8628. 

KEYWORDS: Fine needle aspiration; breast canceii 
p53 mutation; TtiinPrep 

Mod Pathol 2000;13(11):1173-1179 

Mutations of the p53 gene are among the most 
common molecular changes detected in human 
cancers (1). Experimental studies have shown that 
functional p53 is required for the in vitro cytotoxic 
action of some chemotherapeutic agents (2) The 
presence of p53 mutations is associated with an 
increased chemoresistance to doxorubicin in breast 
cancer patients (3) and may be involved in the 
development of multidrug resistance (4). Clinical 
studies have shown that breast cancers that contain 
p53 gene mutations are associated with decreased 
disease-free and overall survival (3, 5-9). These re- 
sults suggest that the presence of p53 mutations 
might provide prognostic information and influ- 
ence the treatment of the breast cancer. 

Fine-needle aspiration (FNA) of the breast is a 
safe, effective method for diagnosing breast cancer 
with minimal intervention and complications (10, 
11). As reviewed by Bedard et al, for the detection 
of carcinoma, it has a sensitivity ranging from 74 to 
97% and a specificity ranging from 82 to 100% (12). 
ThinPrep-processed and conventionally processed 
breast FNA have been shown to have similar diag- 
nostic accuracy (12). In addition, immunohisto- 
chemistry (13, 14) and molecular analysis (15-17) 
have been successfully applied to ThinPrep- 
processed specimens. 

Because FNA is often the initial sampling of the 
tumor, it could be a source of cells for the early 
detection of p53 mutations. In this study, we exam- 
ined whether p53 mutations could be detected in 
the cells present in the residual fluid from 
ThinPrep-processed breast FNAs. When available, 
the corresponding paraffin-embedded surgically 
resected tissue was also analyzed for p53 mutations 
and the results were correlated. 

1173 
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MATERIALS AND METHODS 

Specimen Acquisition, Clinical History, and 
Pathology Review 

Cytology reports from November 1997 to April 
1999 in the files of Mount Sinai Hospital were re- 
viewed. Of the cases diagnosed as positive or sus- 
picious for maUgnancy, DNA could be extracted 
from 54 of 62 specimens of ThinPrep processed 
breast FNA obtained from 62 different women. In 
cases in which DNA was successfully extracted from 
the cytology fluid, the surgical pathology records 
were reviewed to detennine whether there was a 
corresponding breast tumor specimen. Formalin- 
fixed, paraffin-embedded tissue was available for 31 
women. Clinical details and tumor characteristics 
were obtained from surgical reports. The breast 
cancers were graded according to the Elston's mod- 
ified Bloom and Richardson criteria (18). In 30 of 
the 31 surgical specimens, the tumor was removed 
after the cytology specimen. On average, the spec- 
mien was removed 33 days after the FNA (range, 8 
to 72 days). In one case, the FNA was from a tumor 
recurrence in the scar 6 weeks after the mastec- 
tomy. 

p53 Molecular Analysis 

DNA Extraction: Cytology 
After completing the cytological examination the 

residual preservative fluid (PreservCyt solution, Cy- 
tyc Corporation, Boxborough, MA) was stored at 
4°C for up to 3 months. The fluid was centrifiiged at 
4000 f and the supernatant was removed. DNA was 
extracted from the remaining cells using TriZol 
(Gibco-BRL, Rockville, MD). DNA extraction was 
performed according to the manufacturer's instruc- 
tions for cells grown in suspension. The DNA was 
stored at 4''C until used for analysis. 

DAM Extraction: Surgical Specimens 
Sections (5 fim) were cut from the paraffin blocks 

and stored for up to 2 weeks. Before microdissec- 

tion, the sections were dewaxed and stained briefly 
witii hematoxylin. A representative portion of the 
tumor containing minimal numbers of stromal and 
inflammatory cells^was microdissected and placed 
in a microfuge tube. The tissue was digested witii 
proteinase K (0.5 mg/mL in 50 niM Tris-HCl, pH 8 5, 
10 mM EDTA, 0.5% Tween 20) for at least 48 hours 
at 55''C (19). The proteinase K was inactivated by 
heating at 95°C for 15 minutes. The DNA was stored 
at -20''C for up to 3 wk until fiirther analyzed. 

Polymerase Chain Reaction (PCR)—Single Strand 
Conformational Polymorphism Analysis (SSCP) 

A l-fiL aliquot from each sample was added to 14 
fiL of PCR solution containing 1.5 niM CaClj 20 niM 
Tris-HCl, pH 8.0,50 mM KCl, 0.25 fiu concentrations 
of each primer, 0.1 niM concentrations of each 
dNTP, 1 U Taq DNA polymerase (GibcoBRL, Rock- 
ville, MD), and 2 fiCi [a-^^pjdATP. The primers and 
the cycling conditions for each exon are listed in 
Table 1. The reaction product was run on an 8% 
nondenatiiring polyacryiamide gel and tiie gel was 
processed for autoradiography (20, 21). Potential 
mutations were detected by shifts in band mobility. 
If tiiere was no band shift, tiie tissue was considered 
to have no mutation. For samples showing band 
shifts, tiie PCR-SSCP analysis was repeated. In cases 
in which different band shifts were detected in the 
cytology and corresponding paraffin-embedded 
samples, an additional paraffin block was selected, 
cut, microdissected, and processed as above. Neg- 
ative controls, paraffin-embedded cells that con- 
tained no p53 mutation in tiie exon examined and 
a water contirol to replace tiie DNA, were included 
m each analysis. Positive conti-ols for exons 5 to 9 
(exon 5, SKBrS; exon6, T47D,- exon 7, colo 320DM; 
exon 8, MDA-MB468; exon 9, SW480) were also 
included where appropriate. 

p53 Sequencing 
The abnormally shifted band was excised from 

tiie SSCP gel and the DNA was eluted into water. 
The DNA was reamplified by PCR using tiie same 

TABLE 1. pS3 PCR Primers and Cycling Conditions 

Exon 

1174 

5 

6 

7 

8 

9 

Primer-sense (5'-3') 
•antisense (5'-3') 

ATCTACAGTCCCCCTTGCCG 
GCAACTGACCGTGCAAGTCA 
GCTGCCGTGTTCCAGTTGCT 
CCAGCCCTGTCGTCTCTCCA 
GGCCTCTGATTCCTCAGTGA 
GCCACTGACAACCACCCTTA 
TGCCACAGGTCTCCCCAAGG 
AGTGTGCAGGGTGGCAAGTG 
CCTTACTGCCTCTTGCTTCT 
ATAACTGCACCCTTGGTCTC 

GCCTCAGATTCACTTTTATCACC 
CTTTCCACTTGATAAGAGGTCCC 
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Product Size 
(bp) 

296 

294 

199 

196 

225 

152 

Cycling Parameters 

30 cycles; 50 s 
50 s at S5'C, 60 

30 cycles; 50 s 
50 s at 58°C, 60 
30 cycles; 50 s 

50 s at 55°C, 60 
30 cycles; 50 s 

SO s at 56*0, 60 
30 cycles; 50 s 

50 s at 55*C, 60 
30 cycles; 50 s 

50 s at 56°C, 60 

at 95'C. 
sat72°C 
at 95"C, 
s at 72''C 
at 95X, 
s at 72»C 
at 95'C, 
s at 72°C 
at gS'C, 
s at 72'C 
at 95°C, 
sat72°C 

m 



primers and the product was run on a 2% agarose 
gel. The band was extracted using a QIAquick Gel 
Extraction Kit (QIAGEN, Chatsworth, CA). The pu- 
rified DNA was sequenced using a ThermoSeque- 
nase radiolabeled terminator cycle sequencing kit 
(Amersham Life Sciences, Cleveland, Ohio) and the 
sense primer according to the manufacturer's di- 
rections, followed by gel electrophoresis and auto- 
radiography. To confirm the mutation, the DNA 
product was resequenced using the antisense 
primer. Negative controls were included in each 
analysis. Cell lines with known mutations in exons 
5 to 9 were also included where appropriate. Mu- 
tations were compared with those mutations listed 
for breast cancer in a known p53 database (http:// 
www.iarc.fr/p53) (22). 

Statistical Analysis 
The associations between p53 gene alterations 

and clinical/tumor variables were examined using 
the }^ or, where appropriate, Fisher's exact test (23). 
Two-sided P-values below 0.05 were considered to 
be statistically significant. 

RESULTS 

Histological review of the 31 surgically resected 
breast tumors showed that they consisted of 29 
infiltrating ductal carcinomas not otherwise speci- 
fied, one invasive ductal carcinoma with lobular 
features, and one mucinous carcinoma. DNA was 
successfully extracted from all paraffin-embedded 
tumors. 

Of 62 cytology samples, DNA suitable for p53 
sequencing was extracted from 54, yielding an 
evaluable specimen in 87% of the cases. p53 Gene 
mutations were detected in 10 of the 54 cytology 
specimens (18.5%). As shown in Table 2, these con- 
sisted of base pair substitutions and deletions. For 
eight of these  10 aspirates, surgically resected 

breast tumor tissue was available for gene analysis. 
All eight cases showed identical p53 mutations in 
both the aspirate and the surgically resected tumor. 
A representative SSCP gel is shown in Figure 1 and 
the associated sequencing gel is shown in Figure 
IB. 

Other types of p53 gene changes were found in 
five other aspirates. One aspirate had two gene 
alterations resulting in a total of six gene changes. 
As shown in table 3, five changes were located in 
introns 6 or 9 and one was a silent change (no 
amino acid change) in exon 6. For two of these five 
aspirates, surgically resected breast tumor tissue 
was available for gene analysis and both of the 
cases showed identical p53 gene changes in the 
aspirate and the surgically resected tumor. 

p53 Polymorphisms were detected in nine aspi- 
rates (16.3%) and as shown in Table 4 were located 
in codon 47 (one aspirate), codon 72 (six aspirates), 
and codon 213 (two aspirates). For seven of these 
nine aspirates, surgically resected breast tumor tis- 
sue was available for gene analysis and all seven 
cases showed identical p53 polymorphisms in both 
the aspirate and the surgically resected tumor. 

The clinical features and tumor characteristics 
were correlated with the p53 gene status and are 
summarized in Table 5. DNA suitable for p53 se- 
quencing could be obtained from aspirates of tu- 
mors of all three grades. The women whose tumors 
had a p53 mutation or an intronic change or a silent 
change were grouped together for these analyses 
because of the small numbers. There was a signif- 
icant correlation between a younger age (P = .038) 
or larger tumor size (P = .046) with the presence of 
p53 gene alterations. There was no correlation be- 
tween the presence of estrogen (P = .449) or pro- 
gesterone (P = 0.066) receptors or tumor grade (P = 
.227) and the presence of p53 gene alterations. 

DISCUSSION 

This study demonstrated that DNA can be ex- 
tracted from ThinPrep processed breast FNAs. This 

TABLE 2. Summary of p53 Mutations 

Case Number 
Exon Codon Sequence Amino-Acid 

Surgical Cytology Change Change 

20 13 5 • del 23 bases 
9 7 5 130 C-^T Leu^Phe 

10 3 5 175 G-»A Arg-»His 
36 61 5 183 c-^ Ser-^STOP 
38 29 6 209 del 2 bases 
13 19 6 220 A-K; Tyr-^Ser 
17 38 7 232 T->G Ile-*Ser 
34 60 7 248 G-^A Arg-*Gln 

NA 59 8 270 T^C Phe->Leu 
NA 62 9 331 C-*T GIn->STOP 

*, deletion (del) starting at nucleotide residue 13041 in intron 4 and involving codons in exon 5. 
NA, tissue not available. 
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Sample 
S-17       C-38 

AC G T     A C G T 

HGURE 1. A, a representative SSCP gel of p53 exon 7 PCR product 
&om Aree cases and a negative control (Control). S-16 (surgically 
resected breast cancer) shows no abnormality. The cytology sample (C- 
38) and the corresponding parafBn-embedded surgical sample (S-17) 
show similar band shifts (-). B, the sequencing gel for samples C-38 
andS-17si»»a-^*o-GbasesubstitUWHn (^*>M||)CwHU type 
sequendngjattem (control) in the same region Salso shown. 

is in keeping with the findings of other groups that 
have reported successful extraction of RNA or DNA 
fi-om ThinPrep-processed cytology specimens of 
breast and cervix (15-17). In addition, the current 
study showed that the extracted DNA was suitable 
for p53 gene analysis by PCR-SSCP and sequencing. 
Using the protocol described above, the mutations 
detected in exons 4 to 9 were identical to those 
found in the formalin-fixed, paraffin-embedded, 
surgically resected breast cancer when this tissue 
was available for analysis. In contrast, studies as- 
sessing p53 immimoreactivity m FNAs and 
formalin-fixed, parafBn-embedded tumors have 
shown variable correlations ranging from 73 5 to 
93.3% (24-26). 
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Recent studies have shown that gene alterations 
detected m parafBn-embedded tissue may be arti- 
facts induced by fixation or processing of surgical 
specimens (27, 28)...Several precautionary steps 
were undertaken to minimize this possibility. The 
fidelity of the PCR amplification of DNA extracted 
from paraffin can be markedly improved by pro- 
longed proteinase K digestion and using small DNA 
templates  (29), so in this study the parafBn- 
extracted DNA was digested by proteinase K for at 
least 48 h and the primers were chosen to provide 
gene sequences of less than 300 base pairs in 
length. To ensure that the gene alterations were not 
caused by nucleotide substitutions as a result of 
Taq DNA polymerase misincorporation, all speci- 
mens with abnormal SSCP underwent repeat PCR- 
SSCP to confirm that the change was reproducible. 
Only those samples that showed similar changes on 
the repeat PCR-SSCP were considered to have a 
sequence alteration, which was then confirmed by 
sequencing.   Furthermore,   identical   alterations 
were seen in the methanol fixed aspirates and in the 
corresponding formalin-fixed, parafiin-embedded, 
surgically resected tumors. This suggests that the 
p53 alterations identified in this study were genu- 
ine. 

p53 Mutations were found in 18.5% of patients. 
This is within the frequency reported for breast 
carcinoma in other series (8,9,30-34). The majority 
of changes reported for breast cancer have been 
pomt mutations (22), and in our series, eight of the 
10 mutations (80%) involved base pair substitu- 
tions. All mutations, except two (cytology speci- 
mens 7 and 13) have been previously reported to 
occur in breast cancer as listed in a p53 database 
(22). Silent gene changes were detected in 1.9% of 
patients, which is similar to the frequency (1.8%) 
reported by Bums et al. (6). In the database exam- 
ined, there was no report of the sUent change ob- 
served at codon 224 (cytology specimen 56). No 
similaf comparison could be done for the intronic 
alteratiians because the nucleotide position of these 
tfpes of gene changes is not provided in the data- 
base. Codon 47 in exon 4, codon 72 in exon 4 and 
codon 213 in exon 6 contained known polymor- 
phisms in one, six, and two patients, respectively 
(1.8, 11.1, and 3.7% of the patients). This is within 
the range determined for the normal population 
(35-37). Because the frequencies of mutations and 
polymorphisms are similar to those shown by oth- 
ers, this suggests that our methodology to detect 
p53 gene changes is appropriate. 

The presence of p53 alterations showed statisti- 
cally significant associations with larger tumors and 
younger patient age. No significant association was 
seen between p53 alterations and tumor grade or 
the presence or absence of estrogen and progester- 
one receptors. Other studies examining the associ- 
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TABLE 3. Summary of p53 Silent and Intronic Changes 

Case Niunber 

Surgical Cytology 

NA -             56 
NA 18 
NA 55 

8 35 
8 35 

15 5 

Location 

ExonS 
Intron 6 
Intron 6 
Intron 6 
Intron 9 
Intron 9 

Site 

Codon 224 
nr13449 
nr13964 

nr13964 
nr 14755 
nr 14766 

Sequence 
Change 

G-»A; 

G-*C 
Pel 1 base 
Del I base 

G-»T 
'T-»C 

Amino-Acid 
Change 

Glu-»GIu 

nr, nucleotide residue; NA, tissue not available. 

TABLE 4. Summary of p53 Polymorphisms 

Case Number 

Surgical Cytology 

2 36 
15    . 5 

NA 18 
38 29 

4 33 
2 36 

34 60 
NA 37 
31 39 

Exon 

Exon4 
Exon 4 
Exon 4 
Exon 4 
Exon 4 
Exon 4 
Exon 4 
Exon 6 
Exon 6 

Codon 

47 
72 

72 
72 

72 
72 
72 

213 
213 

Sequence 

Change 

C-*T 
G-O 
G^C 
G-*C 
G-<: 
G-»C 
G-<; 
A-^G 
A-»G 

Amino-Acid 
Change 

Pro-*Ser 
Arg-»Pro 
Arg-»Pro 
Arg-»Pro 
Arg^Pro 
Arg-»Pro 
Arg-»Pro 
Arg-*Arg 
Arg-^Arg 

NA, tissue not available. 

TABLE 5. Patient and Tumor Features 

p53 Status 
Features P-value 

Wild-Type Altered" 

Age 
<40 ■4 2 
40-55 3 7 0.038 
56-70 6 1 
>70 7 1 

Tumor Size 
S2cm 6 3 
2-5 cm 14 5 0.046 
>5 cm 0 3 

Estrogen receptor 
+ 13 5 0.449 
- 7 6 

Progesterone receptor 
+ 13 3 0.066 
- 7 8 

Grade 
1 3 0 
2 8 3 0.227 
3 9 8 

"Altered p53 status includes mutations, silent and intronic changes for 
surgically resected tumors. 

ation between these clinical variables and p53 pro- 
tein accumulation and/or mutations have yielded 
inconsistent and often conflicting results. For ex- 
ample, CalefB et al. found that p53 mutations oc-, 
curred in younger patients (38) but other studies 
have not found an association between age and p53 
status (5, 39, 40). The number of patients in the 
current report is small and may have compromised 
the statistical power of the study to detect associa- 
tions. 

The   use   of  residual   cells   from   ThinPrep- 
processed samples has several advantages. First, 

the fluid from ThinPrep processing can be stored at 
4''C for up to 3 months, before extracting the DNA, 
as observed in the present study. Second, because 
only the residual fluid is needed for analysis, the 
original diagnostic slides do not have to be used. 
Third, in contrast to paraffin-embedded tissue, 
which has to undergo proteinase K digestion for at 
least 48 h before DNA extraction, ThinP'rep- 
processed aspirates can undergo DNA extraction 
the same day they are obtained. However, there 
may also be disadvaiitages to using the residual 
material from ThinPrep-processing. Not all cases 
have tumor cells remaining in the residual fluid and 
thus DNA may not be available for analysis. In 
addition, if the aspirate contains numerous benign 
ceUs admixed with the malignant cells, mutations 
may be missed (20, 21). 

Immunohistochemical staining can be used to 
detect p53 protein accumulation in either cytolog- 
ical or surgical specimens (24-26) but the immu- 
nohistochemical results do not always reflect the 
presence of imderlying genetic changes (33, 34, 41, 
42). For example, nonsense mutations will not 
cause protein accumulation, so these, cells will be 
negative by immunohistochemical staining. In 
keeping with this, the presence of p53 jnutations in 
the breast cancer was shown to be associated with 
decreased disease free survival as well as overall 
survival (5-9, 31), but the presence of p53 protein 
detected immunohistochemically in the tumor has 
not consistently been associated with a worse prog- 
nosis (7, 8, 42). As molecular analysis of p53 may 
provide prognostic and treatment information for 
patients with breast cancer, ThinPrep aspirate is a 
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suitable alternative to the paraffin-embedded tissue 
as a source of cells for this type of analysis in 
patients Mvho will receive neoadjuvant chemother- 
apy or have unresectable tumors. 

In summary, ThinPrep-processed breast FNAs 
provide DNA suitable for molecular analysis more 
rapidly than paraffin-embedded tissue. FNAs seem 
to be a reliable source of cells to determine the p53 
gene status, given that identical alterations were 
detected in both the cytology and surgical speci- 
mens examined in this study. 
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