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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 from the matched
formalin-fixed, paraffin-embedded, surgically re-
sected breast cancer when available. DNA was suc-
cessfully extracted from 54 of 62 aspirates and all 31
surgical 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 with 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 successfully extracted
from ThinPrep-processed breast fine-needle aspi-
rates, and that identical alterations are detected in
both the cytology and surgical specimens.

KEY WORDS: Fine needle aspiration; breast cancer;
p53 mutation; ThinPrep

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 Bédard 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.
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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 malignancy, 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 determine 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-
imen 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 centrifuged at
4000 g 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.

DNA Extraction: Surgical Specimens
Sections (5 mm) were cut from the paraffin blocks

and stored for up to 2 weeks. Before microdissec-

tion, the sections were dewaxed and stained briefly
with 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 with
proteinase K (0.5 mg/mL in 50 mM TriszHCl, 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 220°C for up to 3 wk until further analyzed.

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

A 1-mL aliquot from each sample was added to 14
mL of PCR solution containing 1.5 mM CaCl2, 20 mM

TriszHCl, pH 8.0, 50 mM KCl, 0.25 mM concentrations
of each primer, 0.1 mM concentrations of each
dNTP, 1 U Taq DNA polymerase (GibcoBRL, Rock-
ville, MD), and 2 mCi [a-33P]dATP. The primers and
the cycling conditions for each exon are listed in
Table 1. The reaction product was run on an 8%
nondenaturing polyacrylamide gel and the gel was
processed for autoradiography (20, 21). Potential
mutations were detected by shifts in band mobility.
If there was no band shift, the tissue was considered
to have no mutation. For samples showing band
shifts, the 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 the exon examined and
a water control to replace the DNA, were included
in each analysis. Positive controls for exons 5 to 9
(exon 5, SKBr3; 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

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

TABLE 1. p53 PCR Primers and Cycling Conditions

Exon
Primer-sense (59–39)

-antisense (59–39)
Product Size

(bp)
Cycling Parameters

4 ATCTACAGTCCCCCTTGCCG 296 30 cycles; 50 s at 95°C,
GCAACTGACCGTGCAAGTCA 50 s at 55°C, 60 s at 72°C

5 GCTGCCGTGTTCCAGTTGCT 294 30 cycles; 50 s at 95°C,
CCAGCCCTGTCGTCTCTCCA 50 s at 58°C, 60 s at 72°C

6 GGCCTCTGATTCCTCAGTGA 199 30 cycles; 50 s at 95°C,
GCCACTGACAACCACCCTTA 50 s at 55°C, 60 s at 72°C

7 TGCCACAGGTCTCCCCAAGG 196 30 cycles; 50 s at 95°C,
AGTGTGCAGGGTGGCAAGTG 50 s at 56°C, 60 s at 72°C

8 CCTTACTGCCTCTTGCTTCT 225 30 cycles; 50 s at 95°C,
ATAACTGCACCCTTGGTCTC 50 s at 55°C, 60 s at 72°C

9 GCCTCAGATTCACTTTTATCACC 152 30 cycles; 50 s at 95°C,
CTTTCCACTTGATAAGAGGTCCC 50 s at 56°C, 60 s at 72°C
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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 x2 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
1B.

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 5 .038)
or larger tumor size (P 5 .046) with the presence of
p53 gene alterations. There was no correlation be-
tween the presence of estrogen (P 5 .449) or pro-
gesterone (P 5 0.066) receptors or tumor grade (P 5
.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
Change

Amino-Acid
ChangeSurgical Cytology

20 13 5 * del 23 bases
9 7 5 130 C3T Leu3Phe

10 3 5 175 G3A Arg3His
36 61 5 183 C3G Ser3STOP
38 29 6 209 del 2 bases
13 19 6 220 A3C Tyr3Ser
17 38 7 232 T3G Ile3Ser
34 60 7 248 G3A Arg3Gln

NA 59 8 270 T3C Phe3Leu
NA 62 9 331 C3T Gln3STOP

*, deletion (del) starting at nucleotide residue 13041 in intron 4 and involving codons in exon 5.
NA, tissue not available.
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is in keeping with the findings of other groups that
have reported successful extraction of RNA or DNA
from 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 immunoreactivity in FNAs and
formalin-fixed, paraffin-embedded tumors have
shown variable correlations ranging from 73.5 to
93.3% (24 –26).

Recent studies have shown that gene alterations
detected in paraffin-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 paraffin-
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, paraffin-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
point 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 Burns et al. (6). In the database exam-
ined, there was no report of the silent change ob-
served at codon 224 (cytology specimen 56). No
similar comparison could be done for the intronic
alterations because the nucleotide position of these
types 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-

FIGURE 1. A, a representative SSCP gel of p53 exon 7 PCR product
from three cases and a negative control (Control). S-16 (surgically
resected breast cancer) shows no abnormality. The cytology sample (C-
38) and the corresponding paraffin-embedded surgical sample (S-17)
show similar band shifts (3). B, the sequencing gel for samples C-38
and S-17 shows a T-to-G base substitution (3). The wild type
sequencing pattern (control) in the same region is also shown.
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ation between these clinical variables and p53 pro-
tein accumulation and/or mutations have yielded
inconsistent and often conflicting results. For ex-
ample, Caleffi 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, ThinPrep-
processed aspirates can undergo DNA extraction
the same day they are obtained. However, there
may also be disadvantages 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
cells 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 underlying 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 mutations 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

TABLE 3. Summary of p53 Silent and Intronic Changes

Case Number
Location Site

Sequence
Change

Amino-Acid
ChangeSurgical Cytology

NA 56 Exon 6 Codon 224 G3A Glu3Glu
NA 18 Intron 6 nr 13449 G3C
NA 55 Intron 6 nr 13964 Del 1 base

8 35 Intron 6 nr 13964 Del 1 base
8 35 Intron 9 nr 14755 G3T

15 5 Intron 9 nr 14766 T3C

nr, nucleotide residue; NA, tissue not available.

TABLE 4. Summary of p53 Polymorphisms

Case Number
Exon Codon

Sequence
Change

Amino-Acid
ChangeSurgical Cytology

2 36 Exon 4 47 C3T Pro3Ser
15 5 Exon 4 72 G3C Arg3Pro

NA 18 Exon 4 72 G3C Arg3Pro
38 29 Exon 4 72 G3C Arg3Pro

4 33 Exon 4 72 G3C Arg3Pro
2 36 Exon 4 72 G3C Arg3Pro

34 60 Exon 4 72 G3C Arg3Pro
NA 37 Exon 6 213 A3G Arg3Arg
31 39 Exon 6 213 A3G Arg3Arg

NA, tissue not available.

TABLE 5. Patient and Tumor Features

Features
p53 Status

P-value
Wild-Type Altereda

Age
,40 4 2
40–55 3 7 0.038
56–70 6 1
.70 7 1

Tumor Size
#2 cm 6 3
2–5 cm 14 5 0.046
.5 cm 0 3

Estrogen receptor
1 13 5 0.449
2 7 6

Progesterone receptor
1 13 3 0.066
2 7 8

Grade
1 3 0
2 8 3 0.227
3 9 8

a Altered p53 status includes mutations, silent and intronic changes for
surgically resected tumors.
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suitable alternative to the paraffin-embedded tissue
as a source of cells for this type of analysis in
patients who 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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Book Review

Craighead JE: Pathology and Pathogenesis of
Human Viral Disease, 600 pp, San Diego,
Academic Press, 2000 ($129.95)

The breadth of knowledge and the scope of prac-
tice in pathology have grown dramatically in the
past decade. As a result of new advances in mo-
lecular biology in general and virology in partic-
ular, our understanding of basic mechanisms in-
volved in virus-induced diseases is constantly
growing. This has been paralleled by discoveries
of new and emerging viral infections and the
development of novel diagnostic techniques to
identify viral agents. The overwhelmed patholo-
gist constantly needs to learn new terminology,
classifications, and technology to be able to com-
municate and survive in this rapidly changing
word. These changes require quick access to a
source of information to use as a starting point.
In an age when many of us have personal com-
puters and Internet on our desks and in our
pockets, there is still a role for good reference
book and journals. We can hold them and turn
pages as we search for answers in reviewing dif-
ficult cases.

The book Pathology and Pathogenesis of Hu-
man Viral Disease in 32 chapters is written by a
single author who is an experienced and well-
published pathologist. The chapters are clearly
written without redundancy with a large number
of black-and-white and full-color photographs

throughout. References are extensive and as up-
to-date as can be expected (1997–1998) in such a
large text. I have few criticisms of this book, and
most of them are pre-empted in the author’s
short preface. As Dr. Craighead indicates, “it is
not an overview text of medical virological pa-
thology,” and it “is not traditional diagnostic vi-
rology.” What is it then? According to the author,
the organizational framework of the book “is an
amalgam of classical virology interwoven with
considerations of pathologic syndromes.” As a
result, the book lacks structural organization and
detailed descriptions that are required for didac-
tic studies or reference. I missed a few introduc-
tory chapters describing, at least briefly, ad-
vances in molecular pathology and virology as
well as mechanisms of virus-induced cell injury,
including apoptosis. The breadth and the limita-
tions of present knowledge are only partially ex-
amined. The book provides a personal view of a
field at the end of the era by a well-informed
pathologist who attempted to accomplish an im-
possible task. Despite these limitations, this book
is a reasonable resource for the practicing pa-
thologist and virologist with interest in human
diseases.

Boris Yoffe
Baylor College of Medicine
Houston, Texas
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