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Abstract

Since mutagens produce an extraordinary diversity of muta-
tional patterns, differential mutational exposures among

populations are expected to produce different patterns of
mutation. Classical epidemiological methods have been suc-

cessful in implicating specific mutagens in cancers such as

those of lung and skin in which one mutagen predominates.
In breast cancer, however, no mutagens have been impli-
cated in an unequivocal manner. In an attempt to facilitate
epidemiological studies, we have been studying the pattern
of p53 gene mutations in breast cancers from multiple popu-

lations with high and low breast cancer incidences. Wepre-

viously reported that breast cancers from Midwest United
States, predominantly rural Caucasian women, have a dif-
ferent pattern of p53 gene mutation from populations of
Western European women. Herein, we analyze patterns of
p53 mutations from Graz, Austria, another population with
a high incidence of breast cancer. Among the 60 Austrian
breast cancers analyzed, 14 (23% ) have a p53 gene mutation
in exons 5-9 or in adjacent splice junctions. Analysis of the
patterns of mutation shows differences between the "West-
ern European" profile and the Austrian and Midwest
United States groups (P = 0.027 and 0.024, respectively).
The Austrian pattern is characterized by a high frequency
of A:T-*T:A transversions (P = 0.006). The presence of
distinct patterns of mutation among the limited number of
analyzed populations of Western European origin supports
the idea that differential mutagenic exposure and/or genetic
differences contribute to breast cancer mutagenesis among

geographically distinct Caucasians of Western European or-

igin. (J. Clin. Invest. 1995. 95:686-689.) Key words: breast
cancer * mutation * p53 gene * mutagens * Austria

Introduction

The pattern of acquired mutations in identical regions of a given
gene in the same cancer type offers the possibility of detecting
differences in mutagenic processes in different populations (1,
2, 3). The mutational pattern in the p53 gene is a particularly
useful epidemiological tool for exploring mechanisms of muta-

genesis because this gene is altered frequently in nearly all types
of human cancers (reviewed in reference 4). Differences in
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mutational patterns of the p53 gene may reflect the effects of
specific carcinogens, for example the relationships between
G-OT transversions, cigarette smoke mutagens, and lung cancer
(5); G-OT transversions in codon 249, aflatoxin B, exposure
and hepatocellular carcinoma (6, 7); and CC-'TT tandem dipyr-
imidine transitions, UV-B radiation, and squamous and basal
cell carcinomas of the skin (8, 9).

We are studying patterns of p53 gene mutation in breast
cancers of populations at different risk for this disease to look
for evidence that different environmental or endogenous factors
contribute to mammarycarcinogenesis to different extents (10,
11). In breast cancer the frequency of the disease varies more
then fivefold between low-risk groups like Japanese womenand
high-risk populations like Caucasian women living in North
America or Europe (12, 13). Immigration from a low-risk re-
gion (Japan) to a high risk region (California) substantially
increases the frequency of disease (14-16), but no mutagens
have been implicated in an unequivocal manner. We have
shown that the pattern of p53 mutations in white, largely rural
Midwestern U.S. women (11, 17) differs from the pattern in
inner city African American women in Detroit, Michigan (18)
and that reported in Scottish women (19). Herein, exons 5-9
of the p53 gene were analyzed in 60 primary breast cancers
from the city of Graz, Austria.

Methods

Human tissue samples. 60 primary breast cancers collected consecu-
tively by the Department of Surgery at Graz, Austria were analyzed.
Written informed consent for these studies was obtained from the pa-
tients by G. Rosanelli (Graz). These samples were snap frozen in liquid
nitrogen, stored at -700C, shipped to Rochester, Minnesota, on dry ice,
and kept at -70TC until analysis. The following clinical and biochemical
data were provided from the Department of Surgery at Graz (G.R.):
age, tumor stage, histological diagnosis, lymph node status, estrogen/
progesterone receptor (ER/PR)' status, DNAploidy, and time of recur-
rence free survival. Samples were analyzed for p53 mutation by person-
nel without knowledge of these data.

Amplification and sequencing. Clusters of 50-100 tumor cells from
touch preparations of the surface of partially thawed breast cancer tissue
were used for the molecular analysis as described previously (10).
Genomic amplification with transcript sequencing (GAWTS) was per-
formed according to Stoflet et al. (20). PCRand sequencing primers
for exons 5-9 and adjacent intronic regions were as described previously
(10, 11). Exons 5-9 and adjacent intronic regions were screened for
the presence of mutations by dideoxyfingerprinting (ddF). ddF is a
hybrid of single stranded conformation polymorphism analysis (SSCP)
and Sanger dideoxy sequencing. In ddF, a Sanger sequencing reaction
is performed with only one of the four dideoxynucleotides. The sample
is then electrophoresed on a nondenaturing gel. The presence of a muta-
tion is detected by an abnormal migration pattern in any of the dideoxy
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terminated segments containing the mutation and/or by an alteration in
the number of segments. ddF detected 84 of 84 different types of point
mutations in the factor IX gene (21). In an additional blinded compari-
son, ddF detected all 25 mutations in 73 breast cancers found by direct
genomic sequencing of the p53 gene (Blaszyk, H., A. Hartmann, J. J.
Schroeder, R. M. McGovern, S. S. Sommer, and J. S. Kovach, manu-
script submitted for publication). Regions with abnormal ddF patterns
were sequenced in both directions. The mutations found by direct se-
quencing were confirmed by reamplifying and resequencing the p53
gene segments from at least one additional cluster of tumor cells. Allelic
status (hemi-, heterozygous) was judged on the basis of the presence
or absence of wild-type sequence at the site of the mutation.

Immunohistochemistry. Clusters of tumors cells in touch prepara-
tions were stained for expression of p53 as described previously (10,
11). Briefly, the touch preparations were incubated with each of three
p53 specific monoclonal antibodies (PAbl80I, 0.5 jg/ml, Cambridge
Research Biochemicals [Cambridge, MA]; PAb240, 1 jig/ml, Santa
Cruz Biochemicals [Santa Cruz, CA]; and PAb42I, 1 jig/ml, Oncogene
Sciences Inc. [Manhasset, NY]). Bound antibody was detected with an
avidin-biotin complex Elite kit (Vector Labs, Burlingame, CA) as di-
rected by the manufacturer. Normal mouse IgG reagent was utilized as
a negative control; tumor samples with p53 missense mutations which
show strong nuclear staining with all three antibodies were used as
positive controls. Tumors with 5%or more cells expressing p53 to any
of the antibodies were considered immunohistochemically positive.

Statistical analysis. The patterns of mutation in exons 5-9 and
adjacent splice regions in breast cancers of different ethnic groups were
compared by the Fisher exact test using the StatXact software package
(Cytel, Inc., Cambridge, MA). Time to progression was estimated by
the method of Kaplan and Meier (22), and compared between women
with a mutation versus women without a mutation by the exact log-
rank statistic (23). To adjust for the prognostic factors, ER, PR, and
lymph node status, we performed a stratified log-rank statistic, strati-
fying on the prognostic factor.

Results

14 mutations (23.3%) were found in exons 5-9 and adjacent
intronic regions among the 60 Austrian breast cancers studied
(Table I). This frequency of mutation is similar to the frequen-
cies of p53 mutation in breast cancers of other European women
(Table H). Only neoplastic cells were analyzed for mutations
in the p53 gene. However, the vast majority of the detected
mutations are presumed to be of somatic origin, because germ-
line mutations in the p53 gene in womenwith breast cancer are
rare even in a sample enriched for women with onset of the
disease before age 35 or with a family history of breast can-
cer (24).

The three tumors with nonsense mutations or frameshift
alterations did not express p53, whereas the only tumor with a
splice site mutation (345T) did show nuclear immunoreactivity
with all three antibodies (see Table I, asterisk). Of the 10 breast
cancers with missense mutations, all but one expressed p53,
detectable with at least two of the three antibodies used (Table
I). The exception was a tumor with a G:C-+A:T transition in
codon 246 (tumor 347T) changing a methionine to isoleucine.
This tumor may have a second p53 mutation outside exons 5-
9, which might result in the absence of immunohistochemically
detectable p53. However, we did not find any double mutation
in 194 breast cancers sequenced in exons 2-1I1 of the p53 gene
(Hartmann, A., H. Blaszyk, R. M. McGovern, J. J. Schroeder,
J. Cunningham, E. M. G. DeVries, J. S. Kovach, and S. S.
Sommer, manuscript submitted for publication).

For analysis of the mutational pattern, the mutations were
classified into eight groups: deletions/insertions, G:C--A:T

transitions at the dinucleotide CpG, G:C-+A:T transitions not at
CpG, A:T-{G:C transitions, and the four types of transversions.
No statistically significant strand bias was observed, although
5 of 7 C:G-+T:A transitions were G-+A changes in the sense
strand. The pattern in the Austrian cohort was compared to
the French, Icelandic, Norwegian and Scottish and our U.S.
Caucasian groups and to a "European" profile consisting of
the combined data for France, Scotland, Norway, and Iceland
(Table II). Pairwise group analyses of the eight classes of muta-
tion among the groups (Fisher Exact Test; 2 x 8 table - see
Table II, footnotes) indicated an intergroup difference between
the "Europeans" and the U.S. (P = 0.024) patients as well as
a difference between the "Europeans" and the Austrians (P
= 0.027). The major intergroup differences were due to a higher
frequency of A:T--T:A transversions in the Austrians (P
= 0.006) and an abundance of microdeletions in the U.S. whites
(P = 0.012). The frequency of A:T-+T:A transversions in the
Austrian group is significantly higher than in the Icelandic (P
= 0.04), Norwegian (P = 0.005) and Scottish (P = 0.03) but
not in the French or U.S. groups.

Analysis of grade, stage, and type of carcinoma, DNA
ploidy, age, and family history of the Austrian women did not
reveal significant differences between those with and those
without p53 mutations. Mutations were associated with low
estrogen (P = 0.0001) and progesterone receptor (ER/PR)
content (P = 0.0004). However, mutation, ER/PR status and
lymph node status (involved or not involved) did not correlate
with prognosis as assessed by disease free interval with a me-
dian duration of follow-up of 24 mos.

Discussion

Excess A:T-T:A transversions. Breast cancers from Austrian
womenhave a different pattern of p53 gene mutation than breast
cancers from other Caucasians of Western European origin. The
most distinguishing feature of the pattern of mutation in the
Austrian population is an excess of A:T-+T:A transversions (4/
14; 28.6%). This difference is unlikely to be a technical artifact
because: (a) the pattern of mutation in breast cancer is not
significantly affected by tumor stage or size (Hartmann, A., H.
Blaszyk, J. Cunningham, R. M. McGovern, J. J. Schroeder,
D. Schaid, J. S. Kovach, and S. S. Sommer, manuscript in
preparation) so that differences in the ascertainment of patients
with early cancers are unlikely to affect the observed patterns;
and (b) preferential detection of certain types of point mutations
is not an issue since essentially 100% of mutations are detected
by the methodology used (see Methods).

The basis for the observed excess of A:T-+T:A transversions
in the Austrian patients is not known. A:T-+T:A transversions
comprise less than 10% of all mutations reported in the p53
gene in human cancers including breast cancers from pooled
populations (25) and less than 10% of all mutations in the
factor IX gene (26). The pattern of mutation in the factor IX
gene is similar across multiple ethnically and geographically
diverse populations and is believed to reflect the endogenous
(background) pattern of mutation in man (27). Thus, the three-
fold excess of A:T-+T:A transversions in the Austrian group
raises the possibility that there might be a factor contributing
to mutagenesis that is more prevalent in that population. We
are not aware of any epidemiological studies suggesting poten-
tial risk factors in the population of women residing in or near
Graz/Austria.
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Table 1. Mutations in Exons 5-9 in the p53 Gene in Breast Cancers from Austrian Women

Immunohistochemistry:
nuclear reactivity with

antibody
Tumor Exon/

No. Age Stage intron Nucleotide change Structural change codon/A.A. 1801 240 421 Mutation type Allelic status

321T 60 IIIB E5 AGC(T-A)GTG 145 L-+Q + + + Missense Heterozygous
322T 73 IIIB E6 CTT(A-'T)TCC 195 I-F + + - Missense Hemizygous
323T 63 I E7 AAC(C--T)GGA 248 R-W + + - Missense Hemizygous
329T 66 I E5 GGC(G-*A)CTG 175 R-IH + + + Missense Heterozygous
340T 64 I E5 GAT(A)GCG 185 1 bp deletion - - - Deletion/frameshift Hemizygous
345T* 71 IIB 14 aca(g-lc)TAC Last 3' base splice junction + + + Splice site alteration Hemizygous
346T 72 I E5 CCA(G-A)GAG 179 H-Q + + + Missense Hemizygous
347T 68 I E7 CAT(G-+A)AAC 246 M-II - - - Missense Hemizygous
350T 83 IIA E8 TGC(G-A)TGT 273 R-IH + + + Missense Hemizygous
351T 53 IIB E6 GAC(A--T)GAA 209 R-*stop - - - Nonsense Hemizygous
363T 50 IIA E7 ACC(G-A)GAG 248 R--Q + + + Missense Heterozygous
366T 69 IIB E8 GAG(G-'A)AAG 286 E-*K + + + Missense Hemizygous
371T 51 I E5 TGCCCCC(C)AC 176-178 1-bp insertion - - - Insertion/frameshift Hemizygous
375T 57 IIA E8 GTG(C-+T)GTG 273 R-C + + + Missense Heterozygous

* The 3'-splice site is determined by a scanning mechanism which searches for the first AG located 3' of the lariat branch point (29). The next
available AGdinucleotide occurs after a pyrimidine rich sequence 21 nucleotides downstream (5'-TACTCCCCTGCCCTCAACAAGATG-3'). If
splicing occurred with this site, a 7-amino acid inframe deletion would result. The previous inframe deletions analyzed are associated with
immunohistochemical nuclear reactivity (17).

Xenobiotics which target primarily A:T base pairs can cause
A:T-+T:A changes. For example, ethylene oxide, an industrial
chemical produced in large volumes and also formed in vivo
after metabolic conversion of ethene, causes A:T--T:A transver-
sions in the hypoxanthine-guanine phosphoribosyltransferase
gene (5 of 13 induced single base substitutions) (28). Based
on comparison of p53 mutations in breast cancers in different
populations, we previously suggested that there are differences
in factors contributing to breast carcinogenesis among racially
and geographically diverse groups (11, 17, 18). Coles et al.
(19) and Biggs et al. (25) also have speculated that exogenous
genotoxic factors may play a role in mammary carcinogenesis
based on differences in patterns of mutations in the p53 gene

in breast, lung, and colon cancer and in comparison with the
pattern in the factor IX gene. Assuming genetic factors de-
termining DNAreplication and repair are similar among Aus-
trian, other European, and U.S. Midwestern white women, the
differences in frequency of microdeletions and in specific types
of transitions and transversions among the different populations
are compatible with the possibility that exposure to environmen-
tal toxins contributes to mammary carcinogenesis to different
extents in these groups. Additional mutations in the Austrian
population are desirable in order to confirm the apparent excess
of A:T-+T:A transversions in this cohort.

Werecently found a strong association between p53 muta-
tion and shorter time to recurrence and a shorter survival in

Table II. Mutations in Exons 5-9 of the p53 Gene in Breast Cancer from Various Caucasian Populations (in %)

No. of mutations Transitions Transversions
(percentage of Deletion/

Origin of patients tumors) insertion G:C-A:T CpG G:C-A:T non-CpG A:T-G:C G:C-C:G G:C-T:A A:T-C:G A:T- T:A

Austrian 14 (23.3) 14.3 35.7 14.3 0 7.1 0 0 28.6
Midwest U.S.* 18 (34.0) 38.8 27.8 5.5 0 11.1 0 5.5 11.1
Scotland' 41 (29.9) 7.3 14.6 17.0 9.7 9.7 22.0 14.6 4.9
France' 18 (18.8) 11.1 22.2 11.1 0 11.1 22.2 11.1 11.1
Iceland1' 15 (15.5) 20.0 40.0 20.0 6.7 0 13.3 0 0
Norwayl 35 (20.0) 17.1 28.6 20.0 11.4 2.9 11.4 8.6 0
European

pooled** 109 (21.0) 12.8 23.8 17.4 8.3 6.4 17.4 10.1 3.7

The mutations were obtained from the following sources (the P values in parentheses are the result of comparisons with the Austrian pattern of
mutation by a Fisher Exact Test): * Saitoh et al. 1994 (17; P = 0.31); Coles et al. 1992 (19; P = 0.028); § Mazars et al. 1992 (30; P = 0.39);
11 Thorlacius et al. 1993 (31; P = 0.10); I Andersen et al. 1993 (32; P = 0.04); ** Because all pairwise comparisons of the patterns of mutation
in the cohorts from Scotland, France, Iceland, and Norway were not statistically significant, the data of the different European groups were pooled
(P = 0.027).
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breast cancers in U.S. Midwestern white women after adjust-
ment for EBR, PR, and nodal status (17). Several other groups
have reported that p53 mutation, frequently assessed indirectly
on the basis of immunohistochemical overexpression of p53
protein, is correlated with poor prognosis (reviewed in reference
4). However, in the present study there were only a few recur-
rences of breast cancer (8 of 60; 13.3%), none of the Austrian
women died of their disease and neither the presence of a p53
mutation nor ER/PR status and lymph node status correlated
with prognosis as assessed by disease free survival with a me-
dian follow-up of two years. The low recurrence and death rate
in Austrians compared to the Midwestern U.S. group may be
related to differences in the tumor stages between these two
groups as assessed by comparison of all stages according to the
American Joint Committee on Cancer (I, IIA, IIB, IIIA, IIIB,
IV - Fisher Exact Test; 2 x 6 table; P = 0.028). Pairwise
comparisons of the specific stages revealed, that the main differ-
ence between the Austrian and the U.S. Midwestern groups was
a greater frequency of stage I tumors (23 of 60; 38.3%) in the
Austrian cohort compared to the U.S. Caucasian women (6 of
53; 11.3%). The Caucasian population had many more stage
II tumors, whereas the frequency of advanced stage III and IV
breast cancers was nearly the same. In our U.S. sample with an
18-mo follow-up, 7 of 18 patients with p53 mutation died
whereas none of the 35 patients without p53 mutation died.
Longer follow-up and larger cohorts are necessary to assess the
value of p53 mutation analysis as a prognostic indicator in
stages I and II breast cancer in European and U.S. populations.
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