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TP53 mutations have been found in 16-64% of breast carcinomaghrough deletion or gene conversion, resulting in a loss of
The aim of our study was to investigate loss of the wild-type TPS$heterozygosity (LOH) or a reduction to homozygosity in the

gene by in situ hybridization (ISH) of fine-needle aspirates (FNAC - . .
from breast carcinomas. The material consisted of FNAC from 334110 cells? The majority of the mutations are found in the

breast carcinomas, with histologic specimens from 19 of the case§lomain that contains the sequence-specific DNA binding
Routine diagnostic smears were used for cytologic grading. ISH ofictivity of the p53 protein, and they result in loss of DNA
the wild-type TP53 gene and chromosome 17 was performed obinding More than 80% are missense point mutations and

air-dried smears. Hybridization signals were counted in at leastdeletions that do not cause a downstream frameshift. Most

100 nuclei, and the percentage for each signal number was . .
calculated. FNAC from four fibroadenomas as well as cell prepara-":llter"jltlons have been found in exons 5-8, and they are most

tions from five lymphocyte cultures were used as normal/benig@ften accomp.anied by.p53 protein overexpression in the
controls. Cutoff for defining loss of p53 gene signals was set at 200tumors. Mutations outside exons 5-8 are chiefly nonsense
of cells with zero and one gene signal only. Concomitant p53point mutations and deletions causing a downstream frame-

protein expression was determined on 20 histologic sections andpift or stop codon, and these tumors are usually p53 protein
eight additionally available air-dried smears. negativelss '

Loss of wild-type p53 gene was found in 20 carcinomas (60.6%). ’ o o
The rate of signal loss varied from 0.4% to 75.3% of the cells. Al Wild-type p53 protein is a transcription factor that
tumors with aneusomy of chromosome 17 revealed loss of p53 gemegulates entry into the S-phase of the cell cycle and has the
signals, as did 42% of the disome cases. Loss of wild-type p53 gengpility to induce apoptosis in malignant cellsoss of these

was present in 10 of 16 grade 1 cancers (62.5%), eight of 13 gradqunctions may result in genomic instability with accumula-

2 tumors (61.5%), and two of four grade 3 cases. Signal loss did. . .
not correlate with p53 protein expression. ion of DNA damage, gene amplifications, and aneuplbidy

In conclusion, subpopulations with loss of the wild-type ps3Tumor cells lacking normal p53 function thus have a
gene are a common finding in breast carcinomas; they are detectegelective growth advantage and might be expected to be

in more than 60% of the tumors, including grade 1 cancers. more aggressive clinically than cells with normal p53
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Structural abnormalities of chromosome 17 are common in

Alterations in the p53 gene occur in about 60% of all humarbreast cancer cell§;??reflecting alterations in the p53 and

cancers:2 Commonly, one allele harbors a mutation thatneu genes, among others. Numeric aberrations of chromo-

inactivates the normal function, and the second allele is lossome 17 occur most often in high-grade, highly aneuploid

tumors?® Some studies have found that LOH at 17p13.1

correlates with p53 mutatiot$? whereas others have
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LOSS OF WILD-TYPE P53 IN BREAST CARCINOMA

Table |. Procedure of In Situ Hybridizatién ¥

1. Aspirates fixed in methanol/acetic acid (3:1) for 40 mir-20°C - :
2. Dehydration at room temperature (RT) in 70%, 80%, and 96%
alcohol, allowed to dry
3. Denaturation in & SSC, 70% formamide at pH 7.0 and 70°C for 2
min &5
4. Dehydration at-20°C; 2 min each in 70%, 80%, and 96% alcohol;
allowed to dry
5. Denaturation oé-satellite probe (chromosome 17) 5 min in water
bath at 70°C
6. Pre-warming of p53 probe at 37°C for 5 min b :
7. p53 gene and-satellite probes applied to separate areas of the slide T i e
and incubated at 37°C for 16 hr (overnight) X & el T e
8. Post-hybridization wash (0.60SSC, pH 7.0) at 72°C for 5 min N Ty e oEd
9. Washed in PBS with 0.25% Triton-X 100 for 2 min at RT Pl s 11 TN . i
10. Incubated with mouse anti-digoxigenin for 3 hr at RT i L g T g
11. Incubated with biotinylated anti-mouse (ABC kit) for 30 min at RT g 40 G .
12. Washed with TBS, 5 min at RT o sads e :
13. Incubated with ABC complex for one hour at RT A
14. Washed with TBS, 5 min at RT
15. DAB solution 10 min
16. Wash in running tap water, counterstain with hematoxylin and mount

=

aSSC, standard sodium citrate; PBS, phosphate-buffered saline; TBS,
tris-buffered saline; ABC, avidin-biotin-complex; DAB, diaminobenzidine. Fig. 1. Breast carcinoma cells without significant loss of wild-type p53
gene signals. Most nuclei harbor two small, dark (brown) signals@00).

carcinomas. The results were correlated with overexpression

of p53 protein, numeric abnormalities of chromosome 1753 gene signals in the carcinoma cells. Whenever there was
and cytologic grading. extensive numeric gain of chromosome 17, the ratio be-
tween p53 gene and chromosome 17 signal numbers was
estimated, to reveal the relative loss of wild-type p53 gene
ignals. The p53 hybridization signals were significantly
Qmaller than the centromere signals and had to be counted

Materials and Methods
The material consisted of fine-needle aspirates from 3

according to the method of Robinson et?abn routine
diagnostic smears. In cases where additional air-dried sme
were available, they were put aside and kepta0°C. ISH
was performed according to the manufacturer’s instruction

ahg/bridization wash with 0.6< SSC instead of 0.X SSC
(standard sodium citrate), as proposed from Oncor for p53
determination. In chromosome 17, the rate of insufficient

with the modifications shown in Table I. A digoxigenin- ﬁgg?rgi'ézt'?; tvr\:isr;;edhgzl)(/jeijrrr?'nqnualIt}rl]efr?grtrgl.t angr
labeleda-satellite probe for chromosome 17 (Oncor, Gai- : w ining w u

thersburg, MD) and a unique sequence probe (17p13.1) fJ}ad a normal or abnormal number of chromosome 17.

detecting wild-type TP53 gene (Oncor, catalog no. IO5106_Specimens with=70% two-signal nuclei were regarded as

DG.5) were used. An ABC (avidin-biotin-complex) tech- disome for chromosome 17. Both loss and gain of chromo-

nique (Vector Laboratories, Burlingame, CA) with diamino- SOCMe numbers outside this range were regarded as aneu-
benzidine (DAB) was used for visualization. somy?3.|n general, countlng of both the.centromere and the

The number of signals for the p53 gene (Fig. 1) and9€ne signals takes approximately 15 min. _
chromosome 17 was counted in at least 100 well-preserved Concomitant p53 protein expression could be evaluated in
tumor cell nuclei. Only signals in clearly discernible nuclei 28 Of the 33 cases. Twenty histologic specimens and eight
were counted, and the percentage of cells with varyingdir-dried smears were analyzed using a monoclonal antibody
signal number was recorded. Smears from four fibroadendor P53 from Ventana (Ventana Medical Systems, Inc.,
mas and five lymphocyte cell cultures were used as benigrffinland; catalog no. 250-1542), prediluted and with micro-
normal controls. For each of the benign specimens, th&vave pretreatment. Staining was performed on the Ventana
maximum and mean percentage of nuclei with none and ongS automated immunostaining system. A biotinylated sec-
signal, respectively, of the p53 gene and chromosome 1®ndary antibody and avidin—-horseradish peroxidase with
were assessed, to reveal the magnitude of insufficienDAB werre used for visualization. Staining for p53 protein
hybridization. The sum of the maximum percentage of cellsvas considered positive when10% of tumor cell nuclei
harboring zero and one signal of wild-type p53 gene inwere positive. A known p53 protein—positive breast carci-
benign cells was used to define a cutoff of 20% for loss ofnoma was used as control.
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Table Il.  Estimates on Insufficient Hybridization of Wild-type p53 Gene Table Ill.  Relationship of Numerical Aberrations of Chromosome 17,
in Fibroadenoma Cells and Lymphocytes Cytologic Grading, Immunohistochemical Determination of p53 Protein
- and Loss of Wild-type p53 Gene Signals
Lymphocyte Fibroadenoma

Percentage of p53 gene signals preparations cells Loss of p53 gene No loss of p53 gene
Maximum of zero signals 11% 8.6% signals signals
Mean of zero signals 5.1% 7.7% Aneusomy chrom 17 9
Maximum of one signal 12.4% 11.1% Disomy chrom 17 11 13
Mean of one signal 7.6% 8.5% Grade 1 10 6
Maximum of zero plus one signal 20.9% 18.8% Grade 2 8 5
Mean of zero plus one signal 12.7% 16.2% Grade 3 2 2

P53 protein positive 6 9

P53 protein negative 11 2

Table IV. Comparison of Loss of Wild-type p53 Gene Signals and
Cytologic Grading in Breast Carcinomas with Disomy of Chromosome 17

x

a5

i 1 7 6
%‘- 2 3 5

e 3 1 2

—% % o, Cytologic grading Loss of p53 gene signals No loss of p53 gene signals
‘f v G -

£Y ulu Loss of wild-type p53 gene signals varied from 0.4% to
= i R 75.3%, with a mean of 22.5% and a median of 14%.
' Significant loss of both gene signals was found in six cases.
; ; A mixed loss was shown in eight specimens, whereas six
tumors mainly had loss of one gene signal. Grade 1 tumors
gy had a mean loss of 23.9%, a median of 14%, and a maximum
of 75.3%. Grade 2 cancers showed a mean loss of 20.1%, a
median of 8.4%, and a maximum of 58%. The relationships
between p53 gene loss/no loss and numeric aberrations of
& ,_ﬁ chromosome_l?, cytologic grqding, and immupohistochemi-
R . cally determined p53 protein are shown in Table Il
Fig. 2. Breast carcinoma cells with significant loss of wild-type p53 gene Chromosome 17 disomy was found in 13 of 16 grade 1
signals. Many nuclei harbor only one gene signal. Some nuclei have no ps8umors, eight of 13 grade 2 tumors, and three of four grade 3
gene signal, whereas some tumor cells have kept both wild-type signalsgncers. Characteristics of p53 gene signal loss and grading
(>1,000) in tumors with disomy of chromosome 17 are shown in
Table IV.

e

Results

The maximum and mean percentages of fibroadenoma celldISCUssion

and lymphocytes showing only one or zero wild-type p53Determination of the loss of the wild-type p53 gene provides
gene signals are shown in Table Il. The largest percentage @in indirect estimate of p53 mutations and deletions, but
cells with one plus zero gene signal was 20.9%; thiswithout any specifications as to type of abnormality. Our
percentage was found in one of the lymphocyte prepararesults yielded a rather high rate of loss of wild-type p53
tions. According to these figures, 20% of cells showing 10sg60.6%). They are in concordance with the results of Deng et
of gene signals was chosen as the cutoff for defining loss dl..? who found p53 mutations in 57% of breast cancers, and
the wild-type p53 gene on the carcinoma specimens. IShvith those of Singh et al? who found 64% loss of the p53
revealed aneusomy of chromosome 17 in nine cases (27%agllele. A number of studies with lower percentat@gs1516
Three of these showed hyposomy with signal loss (80%have mainly screened for mutations in exons 5-8, which
40%, and 28% monosomy, respectively), whereas six hathay underestimate the mutation rate by approximately
signal gain. Loss of wild-type p53 gene signals (Fig. 2) was20%5

found in 20 of 33 carcinomas (60.6%). In two of these 20, On the basis of the results from the controls, we defined a
the percentage of signal loss was proportional to the loss afutoff of 20% signal loss to correct for insufficient hybridiza-
chromosome signals (the cases with 80% and 40% mondion. This is the same level as set by Li et¥#whereas two
somy of chromosome 17). Two cases with extensive gain obther studies defined the cutoff at 40% and 50%, respec-
chromosome 17 signals had a relative loss of p53 gengvely.3132They both used FISH and had a somewhat higher
signals. rate of insufficient hybridization. In contrast to FISH,
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nonfluorescent ISH does not give a cell-to-cell relationship In conclusion, subpopulations with loss of the wild-type
between the p53 gene and chromosome 17 signal numbeb3 gene are a common finding in breast carcinomas; they
but rather the rate of carcinoma cells lacking wild-type p53are seen in more than 60% of these tumors, including grade 1
within the individual tumors. tumors. Preoperative investigation of this feature might have
Subpopulations with loss of wild-type p53 are apparentlya role in singling out tumors with possibly more aggressive
common, even in low-grade tumors. The extent of loss wa®ehavior and aid in deciding on the optimal primary
highly variable in both grades 1 and 2 carcinomas, but thdreatment of the patients.
mean loss and median loss were about the same in bofeferences
groups. Most cases revealed a moderate loss of the wild-type i
. . % of t lls showi . Levine AJ, Perry ME, Chang A, et al. The 1993 Walter Hubert lecture:
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