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Abstract
Background—Breast cancer is the most common tumor in women with Li Fraumeni Syndrome
(LFS), an inherited cancer syndrome associated with germline mutations in the TP53 tumor
suppressor gene. Their lifetime breast cancer risk is 49% by age 60. Breast cancers in TP53
carriers have recently been reported to more often be hormone receptor and HER-2 positive by
immunohistochemistry and FISH in small series. We seek to expand this small literature with this
report of a histopathologic analysis of breast cancers from women with documented LFS.

Methods—Unstained slides and paraffin-embedded tumor blocks from breast cancers from 39
germline TP53 mutations carriers were assembled from investigators in the LFS consortium.
Central histology review was performed on 93% of the specimens by a single breast pathologist
from a major university hospital. Histology, grade and hormone receptor status was assessed by
immunohistochemistry; HER-2 status was defined by immunohistochemistry and/or FISH.

Results—The 43 tumors from 39 women comprise 32 invasive ductal carcinomas and 11 ductal
carcinomas in situ (DCIS). No other histologies were observed. The median age at diagnosis was
32 years (range 22–46). Of the invasive cancers, 84% were positive for ER and/or PR; 81% were
high grade. Sixty three percent of invasive and 73% of in situ carcinomas were positive for Her2/
neu (IHC 3+ or FISH amplified). Of the invasive tumors, 53% were positive for both ER, and
HER2+; other ER/PR/HER2 combinations were observed. The DCIS were positive for ER and
HER2 in 27% of the cases.
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Conclusions—This report of the phenotype of breast cancers from women with Li Fraumeni
syndrome nearly doubles the literature on this topic. Most DCIS and invasive ductal carcinomas in
Li Fraumeni syndrome are hormone receptor positive and/or HER-2 positive. These findings
suggest that modern treatments may improve outcomes for women with LFS-associated breast
cancer.
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Introduction
Early onset breast cancer is one of the component tumors of the rare autosomal dominant
hereditary cancer syndrome, Li Fraumeni Syndrome. The syndrome also features soft tissue
and bone sarcomas, brain tumors, leukemias, and adrenal cortical carcinomas and a wide
spectrum of other malignancies, predominantly in childhood and early adult life [1, 2].
Germline mutations in the TP53 tumor suppressor gene (tumor protein p53, chromosome
17p13; OMIM 191170) are identified in 70% to 90% of families meeting classic criteria for
LFS [3, 4]. Breast cancer is the most common tumor among women with germline TP53
mutations. The risk of breast cancer in women with LFS is approximately 49% by age 60,
with significant risk before age 40 [5]. The frequency of TP53 mutations in population-
based series of young onset breast cancers (age <30 years at diagnosis) ranges from <1% to
approximately 7% [6–8].

Microarray analysis has shown distinctions among breast cancer subtypes [9, 10]. In
addition, breast cancers occurring in individuals with specific hereditary predisposition
syndromes have been shown to cluster by subtype. For example, the majority of BRCA1-
associated breast cancers share the gene expression profile of sporadic basal-like tumors (ER
negative, PR negative, HER-2 negative) [10, 9]. In contrast, BRCA2-associated breast
cancers are predominantly estrogen and progesterone receptor positive and HER-2 negative
[11]. Recent reports suggest that breast cancers in women with LFS are both hormone
receptor and HER2/neu – positive [12–14].

Given the rarity of Li Fraumeni syndrome, an international consortium of academic cancer
genetics programs has been formed with the goal of providing clinical care and research
participation to adults and children with LFS. Consortium investigators pooled their
paraffinembedded breast cancer specimens from women with TP53 mutations to better
characterize the features of malignant breast tumors in the context of LFS.

Materials and Methods
Forty-three paraffin-embedded tumor blocks or unstained slides from invasive and in situ
breast cancers from women with a known TP53 mutation were identified by investigators
from the City of Hope, Dana Farber Cancer Institute, Memorial Sloan Kettering Cancer
Center, Stanford University, University of Michigan, University of Texas Southwestern and
Hospital Vall d’Hebron, in Barcelona, Spain.

Clinical data, family history information and mutation status on these women had been
collected under institution-specific institutional review board-approved protocols: individual
identifiers were not shared. Review of histology and determination of estrogen and
progesterone receptors by immunohistochemistry and HER2 status by
immunohistochemistry and/or fluorescence in situ hybridization (FISH) were performed on
93% of the specimens by a single breast pathologist from a major university hospital (DD
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from BWH). Histopathologic description and ER, PR and HER2/neu status from 4 cases
from one pathology department (BWH) without tissue available for confirmation was
accepted by pathology report only, as all breast cases at BWH are reviewed by an expert
breast pathologist.

Histologic analysis
For 93% of the cases at least one H&E slide was available for central review by an expert
breast pathologist. Invasive carcinoma was classified as ductal, lobular, or mixed ductal and
lobular according to standard criteria and graded using a modified Scarff-Bloom-Richardson
grading system [15]. Cases with only ductal carcinoma in situ (DCIS) were classified
according to nuclear grade (high, intermediate or low). Areas appropriate for coring were
marked for tissue microarray (TMA) construction.

Tissue microarray construction
TMAs were constructed in the Dana Farber Harvard Cancer Center Tissue Microarray Core
Facility from cases with available formalin-fixed, paraffin-embedded archival tissue blocks.
Three 0.6 mm cores from cases of invasive carcinoma and four to six cores from cases of
DCIS were taken from marked areas and placed into a recipient block using a manual
arrayer (Beecher Instruments). Representative cores of normal breast epithelium were
included.

Immunohistochemistry for ER, PR and Her2/neu
Immunohistochemistry was performed on 4-µm tissue sections (TMA sections and whole
slide sections) using EnVision+ System-HRP (DAKO, Carpinteria, CA). Briefly, slides were
deparaffinized, rehydrated and endogenous peroxidase activity blocked using 3% hydrogen
peroxide in methanol. Antigen retrieval was performed using 10mM citrate buffer pH 6.0
(Target Retrieval Solution, S1699, DAKO) and pressure cooking (Biocare Medical,
Concord, CA) at 122°C (14 and 17 psi) for 45 minutes. Primary antibodies for estrogen
receptor (SP1, 1:200; Lab Vision, Fremont, CA), progesterone receptor (PgR636, 1:200;
DAKO) and Her2/neu (SP3 1:100; Labvision, Fremont, CA) were incubated for 40 minutes
at room temperature. A DAKO polymer secondary antibodysystem was used (Envision Poly
K4011 for the SP1 RabMab and Envision Mono K4007 for PR MMab) and incubated at
room temperature for 30 minutes in a humid chamber. 3,3′-diaminobenzidine (Sigma
Chemical, St Louis, MO) was used for detection as with counterstaining using Mayer
hematoxylin. External positive controls were included with each run.

Slides were scored by a breast pathologist (DD) as positive (greater than or = 1% tumor
nuclei staining) or negative (less than 1%) for ER and PR according to ASCO/CAP
guidelines [16]. Immunohistochemistry for Her2/neu was scored as positive 3+ (strong
complete membrane immunoreactivity in >30% of tumor cells), equivocal 2+ (weak to
moderate complete membrane immunoreactivity in at least 10% of tumor cells), negative 1+
(faint, weak partial membrane immunoreactivity in at least 10% of tumor cells) and negative
0 (no immunoreactivity or immunoreactivity in <10% of tumor cells) according to ASCO/
CAP guidelines [17].

Fluorescence In Situ Hybridization
Bacterial artificial chromosome clones RP11-62N23, RP11-1065L22 and RP11-1044P23
were obtained from Children’s Hospital, Oakland and used in construction of FISH probes
for a 340kb region including ERBB2. Probes were biotin-labeled using the Random Prime
DNA Labeling System (Invitrogen) according to the manufacturer's protocol and detected
with rhodamine (red). FITC-labeled probe to the chromosome 17 centromeric region was
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purchased from Abbott/Vysis. Specificity of probe binding was verified using normal
lymphocyte metaphase spreads.

Dual color FISH was performed on TMA and whole tissue sections. Slides were
counterstained with DAPI/Antifade (Vector Labs, Burlingame, CA) and evaluated using an
Olympus BX51 fluorescence microscope. Hybridization signals were scored in at least 20
tumor cells according to ASCO/CAP guidelines. A ratio of HER2 probe signals to
centromere probe signals was calculated, with a ratio of >2.2 reported as amplified and a
ratio of <1.8 as not amplified.

Results
Forty-three specimens from 39 women with confirmed germline TP53 mutations included
32 invasive ductal carcinomas and 11 DCIS. Two women had both DCIS and invasive
carcinomas and 2 had bilateral invasive breast cancers. The median age at diagnosis of
invasive breast cancer was 32 years (range 22–60 years); it was 34 years for DCIS (range
22–40 years) (Table 1). All women in the cohort were carriers of confirmed deleterious
TP53 mutations.

Thirty of 39 women reported family cancer histories that meet the 2009 Chompret criteria
for LFS [18] (Table 2). One or more additional primary malignancies were reported among
27 women of which 21 were tumors considered components of LFS. Eleven women had had
a primary cancer prior to their breast cancer diagnosis, of which five were childhood tumors.
High nuclear grade was observed in 26 (81%) of the invasive carcinomas and all DCIS
cases. Immunohistochemical analysis revealed that 27 (84%) of the invasive cancers stained
positive for ER and 23 (72%) for PR; 6 (55%) of the DCIS stained positive for ER and PR.
HER-2 was positive by IHC and/or FISH in 63% of invasive and 73% of in situ carcinomas
respectively. Among the tumors in this cohort, the most common immunophenotype was ER
+/HER2+, present in 53% of invasive carcinomas and 27 % of DCIS (Table 3). Of note, we
found one DCIS specimen with a heterogeneous pattern characterized by adjacent areas of
HER2 positivity and negativity (Figure 1).

Discussion
In our series of 43 tumors in 39 women with TP53 mutations we found that 63% of the
invasive breast cancers and 73% of DCIS were positive for HER2, and more than three
quarters of the tumors were positive for ER. The concurrent expression of the estrogen
receptors and HER-2 was present in 49% of the samples. Similar to other LFS series, the age
at diagnosis of breast cancer in LFS was much younger than in the general population in the
United States (median age at diagnosis at 32 years versus 61 years, p<0.0001) [19].

Our study represents the largest cohort of breast cancer in LFS reported to date and adds to
the recently published data on the clinical pathological features of breast cancers in TP53
mutation carriers. The rarity of LFS makes it difficult to assemble large series of tumors for
analysis. Our results confirm the finding that breast tumors in LFS are predominantly – but
not exclusively – hormone receptor and HER-2 positive.

The histopathologic profile of breast tumors in women with germline TP53 mutations has
been recently characterized in two other cohorts. In the initial observation, Wilson et al.
found that breast cancers in 9 TP53-mutation carriers in a clinical-based series from one UK
regional genetics service are more likely to be HER-2 positive (83%) compared to 16% in a
reference panel of 231 young onset breast tumors of women diagnosed age aged ≤ 30 years
participating in the Prospective Study of Outcomes in Sporadic versus Hereditary Breast
Cancer study (POSH) [12]. A group from MD Anderson Cancer Center and the University

Masciari et al. Page 4

Breast Cancer Res Treat. Author manuscript; available in PMC 2013 July 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of Chicago confirmed these findings in their analysis of specimens from their cohort of 30
TP53 mutation positive patients, with 70% positive for estrogen receptor and 67% showing
HER-2 over-expression and/or amplification in comparison to 68% of ER positive and 25%
of HER-2 positive in the control group of TP53 mutation negative patients [14].

The HER-2 gene is amplified in 15–25% of invasive breast cancers. In cohorts of young
women (age < 40) with breast cancer unselected for family history, 52–66% of tumors were
estrogen receptor positive and 22–33% HER2 positive [20–22]. Among women in our
cohort diagnosed before age 40, 75% of tumors were estrogen receptor positive and 72%
HER2 positive.

In our paper, the data demonstrate that breast cancers arising in individuals with germline
TP53 mutations have a predominant immunohistochemical profile that correlates with
molecular phenotype. The subtype differs from those observed in breast cancers arising in
other hereditary predisposition syndromes. Breast cancers arising in BRCA1 mutation
carriers are predominantly basal-like by microarray; 80% of breast cancers in women with
germline BRCA2 mutations are ER+ and HER2 negative. In women with CDH1 mutations
(Hereditary Diffuse Gastric Cancer Syndrome), the breast tumors have invasive lobular
histology [23]. TP53 abnormalities have been detected in sporadic HER2+ breast
carcinomas [24]. It is notable that BRCA1-associated basal-like tumors are frequently TP53
mutant [25]. Tumors arising in LFS are also TP53 mutated, but whether loss of the second
allele is an early event is not known [26]. The data raise questions about biologic
mechanisms underlying the diversity of tumor types, among which differences in cell-of-
origin, order of mutation acquisition and epigenetic influences are candidates.

These findings may have important clinical implications for women with LFS. Over-
expression of HER-2 has been associated with an aggressive phenotype which includes
poorly differentiated and high-grade tumors, high rates of cell proliferation, lymph-node
involvement, and resistance to certain types of hormonal and chemotherapies [27, 28]. In
contrast, the outcome for women with HER2-positive tumors has improved markedly in the
era of HER2-targeted therapies [29]. It remains to be shown that women with LFS-
associated HER2 positive tumors benefit to same extent as do women with sporadic HER2-
positive tumors; the prevalence of women with TP53 mutations among the clinical trial
cohorts should be very low. In addition, it would be interesting to know the prevalence of
TP53 mutations among young women with HER2+ breast cancer which may lead to
consideration for TP53 testing in young patients with this breast cancer subtype.

In conclusion, our results confirm the finding that breast cancers developing in individuals
with germline TP53 mutations often feature a hormone receptor positive, HER2 positive
subtype. Further research is needed to understand the biology driving this observation.
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Figure 1.
A: Representative sections with immunohistochemical stains for Her2/neu in invasive ductal
carcinoma in case 1, showing the strong complete membrane immunoreactivity (3+ pattern)
characteristic of HER2-amplified tumors; B: Representative immunohistochemical stain for
Her2/neu in case 2 showing heterogeneity of DCIS. HER2+ DCIS is seen in the upper left
and HER2- DCIS is seen in the lower right. Of interest, patient 2 also had a HER2- invasive
ductal cancer (not shown).
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Table 1

Characteristics of breast cancers in women with germline TP53 mutations.

DCIS (%)
n=11

IDC (%)
n=32

Age at Diagnosis 34 32

Range 22–40 22–60

Histology

    DCIS 8 -

    DCIS/Microinvasion 3 -

    IDC - 31

    ILC - -

    IDLC - 1

Grade

    High Nuclear Grade 11 -

    I - 1

    II - 5

    III - 26

TNM

    Tis 7 -

    T1 - 15

    T2 - 10

    N0 6 10

    N1 2 10

    N2 - -

    N3 - 1

    N/A 3 11

ER

    ER+ 6 27

    ER− 5 5

PR

    PR+ 6 23

    PR− 5 9

HER2

    HER2+ 8 20

    HER2− 3 12

IDC: invasive ductal carcinoma; ILC: invasive lobular Carcinoma; IDLC: invasive ductal/lobular carcinoma.
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Table 2

Fulfillment of clinical criteria for Li-Fraumeni syndrome and description of additional primary cancers in
women with germline TP53 mutations and breast cancer.

Criteria N=39

Classic LFS Criteria 10

Chompret Criteria 30

Additional primary tumors 36

    Adrenal Cortical Carcinoma 2

    Breast Carcinoma 5

    Central Nervous System Tumor 1

    Lung Carcinoma 2

    Sarcoma 14

    Thyroid Carcinoma 5

    Other Malignancies 7
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