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Breast ducts contain two types of epithelial cells, inner luminal cells and outer basal/myoepithelial cells. These
cells can be distinguished by their immunophenotype. Cytokeratins (CKs) 8 and 18 are expressed in the luminal
layer, whereas CK5/14 and the transcription factor p63 characterize the basal epithelial layer. We studied a
population-based cohort of 288 sporadic ductal invasive cancers and found 9% positive for CK5/14 and 4%
positive for p63. Using a highly sensitive polymer-based immunohistochemical staining, all sporadic tumors
were positive for the luminal CK8/18, including those positive for CK5/14. Pairs of primary tumors and
metastases (n¼ 38) were always concordant for CK5/14 expression. The majority of the CK5/14-positive cases
were of histologic grade III (P¼ 0.0007) and steroid hormone receptor negative (Po0.0001). CK5/14 expression
was inversely associated with HER-2 oncogene amplification, but only in the subgroup of estrogen receptor-
negative tumors (P¼ 0.007). In a separate set of 42 hereditary breast cancers, the majority (78%) of the BRCA1-
associated tumors, but only one of 15 BRCA2-associated tumors was positive for CK5/14. In contrast to
sporadic CK5/14-positive tumors, BRCA1-associated tumors displayed less intense CK8/18 staining, including
some truly CK5/14-positive CK8/18-negative cases. These results suggest that CK5/14-positive sporadic breast
cancers arise from glandularly committed progenitor cells rather than true CK8/18-negative basal cells.
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The degree of differentiation and functional char-
acteristics of epithelial cells giving rise to breast
carcinoma have remained unclear. Most investiga-
tors have addressed breast carcinoma precursors by
analyzing expression of cytokeratins (CKs) as differ-
entiation markers, since their expression is thought
to remain stable throughout carcinogenesis.1 In
general, breast cancers are thought to arise from
luminally differentiated epithelial cells, as evi-
denced by strong expression of CK8, CK18 and
CK19, similar to the situation in the cells lining the
lumen of normal breast ducts.1–3 A small fraction of
breast cancers express CK5 together with its major
partners CK14 and CK17,2,4–7 which are normally
found in the basal cell layer of the mammary
duct.1–3,8 For this reason, tumors expressing these
CKs have been named ‘basal-type’ breast cancer.
Breast cancers are generally thought to express

either luminal (CK8/18/19þ ) or basal (CK5/14þ )
cytokeratins.5,9,10 However, some CK5/14- and CK8/
18-coexpressing tumors have also been found.2,4,6,8 It
has been proposed that tumors positive for CK5
originate from multipotent CK5-expressing progeni-
tor cells,2,8,11,12 located between the basal/suprabasal
and luminal cell layers in normal ducts.8 CK5-
positive progenitor epithelial cells can gradually
differentiate towards glandular and myoepithelial
lineages.2,8,11,12

Basal phenotype tumors represent a histologically
poorly differentiated estrogen receptor (ER)-negative
tumor subtype.4,6,7,9,10,13–16 The precise prevalence
and clinicopathological characteristics of basal and
luminal CK-expressing and -coexpressing tumors
remain unclear. In particular, it is currently not
known whether amplification of the HER-2 onco-
gene is characteristic of basal or luminal phenotype
tumors, or whether there is no association. The
results of some studies have suggested that basal
phenotype tumors may express less HER-2 pro-
tein.7,16 These findings are supported by the results
of gene expression microarray studies, which ex-
clusively classify HER-2-expressing and basal phe-
notype tumors as separate entities.10,17,18 In contrast,
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Birmbaum et al9 have reported that HER-2 oncogene
amplification would be associated with basal phe-
notype breast cancer. More coherent data is avail-
able on hereditary breast cancers in BRCA1
mutation carriers. These tumors have a high fre-
quency of basal cell CK expression,18–20 but for
BRCA2-associated tumors, no immunohistochem-
ical CK expression data have been reported.

In addition to CKs, the nuclear transcription factor
p63 is a newly discovered marker of basal
and myoepithelial cells in normal breast.21–24 Its
expression has been found in 10–12% of breast
tumors,24–26 and it is associated with high grade,
large tumor size, nodal metastasis and ER negativity.
However, some investigators have found no p63
in invasive breast carcinomas.21,23 Thus, current
data on p63 expression and its associations is
controversial.

In the present work, we studied basal (CK5/14)
and luminal (CK8/18/19) CK and p63 expression in
a large population-based cohort of sporadic invasive
ductal breast cancers as well as in tumors from a
separate cohort of BRCA1 and BRCA2 germline
mutation carriers. Our aim was to define the precise
prevalence of basal phenotype breast tumors, and
to examine clinicopathological correlations, with
special emphasis on association with the HER-2
oncogene. For this purpose, we analyzed an addi-
tional set of 141 HER-2-amplified breast tumors.

Materials and methods

Tumor Samples

The study material consisted of a population-based
cohort of 288 consecutive sporadic invasive ductal
breast cancers derived from the archives of the
Department of Pathology at Seinäjoki Central Hos-
pital. Histopathological information was collected
for each patient sample (including grade, tumor size,
lymph node metastasis, ER, progesterone receptor
(PR) and HER-2). Separate sets of 27 tumors from
BRCA1 germline mutation carriers, 15 tumors from
BRCA2 germline mutation carriers (both from
Department of Oncology, University of Lund, Lund,
Sweden), 141 HER-2-amplified cancers and 38 pairs
of primary and metastatic carcinomas (both from
Department of Pathology, Seinäjoki Central Hospi-
tal, Seinäjoki, Finland and Institute of Medical
Technology, University of Tampere, Tampere, Fin-
land) were also studied. Mutation analyses of
BRCA1 and BRCA2 have been described pre-
viously.27

To optimize and validate the basal phenotype
immunostaining method, a subset (n¼ 101) of the
tumors was prepared as five tissue microarray
blocks, each containing cores (1mm diameter) of
carcinoma-containing tumor tissue. All samples
were routinely formalin fixed and paraffin em-
bedded. Sections were cut (3 mm) and used for
immunohistochemistry.

Immunohistochemistry

The slides were deparaffinized and rehydrated
before pretreatment. Antibodies tested were against:
CK5, clone XM26 (Novocastra, Newcastle upon
Tyne, UK); CK14, clone LL002 (Novocastra); CK5/
6, clone D5/16B4 (DakoCytomation, Glostrup, Den-
mark) and p63, clone 4A4þY4A3 (Neomarkers,
Fremont, CA, USA). Five different antigen retrieval
pretreatments were compared for all antibodies
using adjacent tissue microarray sections: protease
(from Bacillus Licheniformis, Sigma-Aldrich, St
Louis, MO, USA) treatment at 371C for 3min 30 s,
heat treatment in an autoclave at 1031C for 5min
with 0.05M Tris-HCl buffer, pH 9.0, containing
0.001M EDTA and with Antigen Retrieval AR-10
Solution pH 10 (Biogenex, San Ramon, CA, USA),
and the same autoclave pretreatment with the two
different buffers followed by proteinase K treatment
at room temperature for 10min (ChemMate Protei-
nase K, DakoCytomation). In subsequent experi-
ments, antigen retrieval for all the antibodies tested
and the basal cell antibody cocktail (see Results) was
carried out in autoclave at pH 9.0 as described
earlier.

For the CK5/CK14/p63 antibody cocktail (clones
XM26/LL002/4A4þY4A3) dilutions of 1:400, 1:400
and 1:1500 were used, respectively. Luminal CK8/18
were detected with a monoclonal antibody (5D3,
1:400, Novocastra). In control experiments, CK8,
CK18, CK19 and CK17 were immunostained sepa-
rately, using monospecific monoclonal antibodies
(TS1, 1:800, NeoMarkers; DC10, 1:300, DakoCyto-
mation; RCK108, 1:200, Euro-Diagnostica (Arnhem,
Netherlands) and E3, 1:50, Neomarkers, respec-
tively). ER and PR were immunostained via mono-
clonal antibodies 6F11 (1:400, Novocastra) and PgR
636 (1:1000, DakoCytomation), respectively. Smooth
muscle actin was immunostained via monoclonal
antibody 1A4 (DakoCytomation). For ER, PR,
smooth muscle actin, CK8/18 and CK17, antigen
retrieval was carried out as described for the CK5/
CK14/p63 antibody cocktail. For monospecific CK8,
CK18 and CK19 antibodies, proteinase K enzymatic
pretreatment was carried out after autoclave treat-
ment.

Immunostaining was carried out with a Techmate
500þ autostainer (DakoCytomation). Endogenous
peroxidase was blocked with hydrogen peroxide
(ChemMate Peroxidase-Blocking Solution, Dako-
Cytomation) for 3� 2min 30 s followed by 30min
primary antibody incubation. A Powervisionþ
polymer kit (PowerVisionþt, Immunovision Tech-
nologies Co., Brisbane, CA, USA) was used for
detection. The reaction was visualized with DAB
chromogen (2� 5min, Liquid DABþ , DakoCytoma-
tion) and enhanced with 0.5% CuSO4 for 5min.
Hematoxylin (Chemmate hematoxylin, DakoCyto-
mation) was used as a counterstain.

Basal cell carcinoma, skin and normal breast
tissue were used as positive controls. For negative
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controls, we omitted the primary antibodies. The
specimens were interpreted as positive for CK5/14 if
more than 20% of the neoplastic cells showed
cytoplasmic staining and positive for p63 when the
staining was nuclear. Two observers (ML and JI)
agreed with the interpretation in more than 95% of
the cases. Amplification of the HER-2 oncogene was
determined by chromogenic in situ hybridization as
described previously.28

Results

Optimization of Immunohistochemical Staining for
Basal Phenotype Breast Cancer

Tissue microarrays (consisting of 97 analyzable
primary breast tumors) were first used to optimize
detection of basal phenotype breast cancer. The two
basal cell CKs (CK5 and CK14) did not identify
exactly the same tumors when used alone. Among

the 97 tumors, there were seven positive for CK5 and
six positive for CK14. Two of the CK5-positive
tumors were negative for CK14, and one tumor
showed the opposite condition. The transcription
factor p63 was expressed in the basal cells of normal
breast ducts, and was found in three CK5/14-
negative tumors and in one CK5/14-positive tumor.
To ensure detection of basal phenotype breast
cancers with high sensitivity, a cocktail of the three
antibodies was used in subsequent experiments.
The CK5/CK14/p63 antibody cocktail was further
validated by comparing the results of antibody
cocktail with those from tests with single antibodies.
Only one tumor of the 97 showed a discordant
result. An example of a CK5- and p63-positive
case immunostained via CK5/CK14/p63 antibody
cocktail and single antibodies is shown in Figure 1.
More example micrographs can be seen in our
website http://www.webmicroscope.net/supplements/
LaaksoM.asp.

Figure 1 Immunohistochemical staining with CK5/CK14/p63 antibody cocktail (a) shows both cytoplasmic CK and nuclear p63
immunoreactivity. The single antibodies CK5 (b), CK14 (c) and p63 (d) show concordant results with antibody cocktail for this CK5/p63-
positive tumor. More examples of the immunohistochemistry using the CK5/CK14/p63 antibody cocktail vs single antibodies can be seen
as an appendix in our website http://www.webmicroscope.net/supplements/LaaksoM.asp.
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Prevalence and Characterization of Basal Phenotype
Breast Cancer

Of the 288 sporadic invasive ductal breast cancers,
24 (9%) were positive for CK5/14 and 12 (4%)
were positive for p63 (Table 1). Matched pairs of
primary tumors and metachronous metastases
(from 38 patients) were always concordant for
CK5/14 expression. There were four CK5/14-posi-
tive tumor-metastasis pairs (11%) and the rest were
negative (examples are shown in the web appen-
dix; http://www.webmicroscope.net/supplements/
LaaksoM.asp).

Of the 288 breast cancers, 207 were immuno-
stained for CK8/18 to investigate the coexpression of
basal and luminal CKs. Surprisingly, all tumors in
this cohort stained strongly for CK8/18, including
all those scored positive for CK5/14 (Table 1). To
study luminal CK expression pattern further, we
immunostained CK5/14-positive tumors for CK8,
CK18 and CK19 separately, using monospecific
antibodies. All 20 CK5/14-positive tumors investi-
gated were immunopositive for both CK8 and CK18,
although some tumors exhibited relatively weaker
staining intensity (Table 2). Staining for CK19 was
also positive in all but one of the CK5/14-positive
tumors (Table 2). Further characterization of the
CK5/14-positive tumors with the myoepithelial
differentiation marker smooth muscle actin showed
no reactivity in any of the tumors studied.

To ascertain that CK17 does not identify more
basal tumors than found with the antibody cocktail
CK5/CK14/p63, we stained 110 tumors out of the
288 invasive ductal breast cancers with CK17. These
tumors included all the CK5/14-positive tumors and
the tissue microarrays used for antibody cocktail
staining optimization. There were 11 (10%) CK17-
positive tumors out of the 110 and only one of the
CK17-positive tumors was CK5/14 negative (data not
shown). Half of the CK5/14-positive tumors (10/20)
showed CK17 positivity (data not shown).

Of the 27 hereditary BRCA1 germline mutation
tumors, 21 (78%) were positive for CK5/14 and one
was also positive for p63 (Table 1, see http://
www.webmicroscope.net/supplements/LaaksoM.asp
for figures). Out of 20 CK5/14-positive BRCA1-
associated tumors, 10 were CK8/18 positive with
strong intensity (3þ ), five with moderate intensity
(1�2þ ) and five were totally negative for CK8/18
(data not shown). In contrast to the BRCA1-asso-

ciated tumors, only one of the 15 BRCA2-associated
tumors showed CK5/14 and CK8/18 coexpression,
whereas the rest showed the luminal CK5/14-
negative CK8/18-positive phenotype (Table 1).

Clinicopathological Correlations of the
CK5/14-Positive Tumors

The presence of CK5/14 immunoreactivity showed
no correlation with patient age (P¼ 0.81), tumor size
(P¼ 0.42) or the presence of axillary lymph node
metastasis (P¼ 0.76, Table 3). The great majority
(72%) of the CK5/14-positive tumors were of
histological grade 3 (P¼ 0.0007) and, vice versa,
17% of the grade III tumors were CK5/14-positive. A
strong association was found with negative ER and
PR status (Po0.0001 for both). As many as 92% of
the CK5/14-positive tumors were ER and PR nega-
tive. Positivity for CK5/14 was seen in 12% of the
HER-2 oncogene-amplified cases (amplification con-
firmed by means of CISH) and in 8% of the HER-2-
nonamplified samples (P¼ 0.59, Table 3). A total of
24% of the CK5/14-positive tumors showed HER-2
amplification. The association of CK5/14 and HER-2
was further studied in the subgroup of ER-negative
tumors (Table 4). In this group, there was an inverse
association, which was statistically highly signifi-
cant (P¼ 0.007). To confirm further the prevalence
of CK5/14 expression and HER-2 amplification, a
separate set of 141 sporadic HER-2-amplified breast
tumors was studied. There were 19 (13%) CK5/14-
positive tumors in this cohort (Table 1). Of these
tumors, 116 were stained for CK8/18, including all
CK5/14-positive tumors. Confirming the result from

Table 1 Proportion of tumors immunohistochemically positive for basal CK5/14, luminal CK8/18 and the transcription factor p63 in
sporadic, sporadic HER-2-amplified and hereditary breast cancers

Tumor entity Positive for CK5/14 Positive for CK8/18 Positive for p63

Sporadic ductal tumors (population-based cohort) 9% (25/288) 100% (207/207) 4% (12/288)
Sporadic HER-2-amplified tumors (selected cohort) 13% (19/141) 100% (116/116) 8% (11/141)
BRCA1-associated tumors 78% (21/27) 81% (21/26) 4% (1/27)
BRCA2-associated tumors 7% (1/15) 100% (15/15) 0% (0/15)

Table 2 Immunoreactivity of luminal CK8, CK18 and CK19 in
CK5/14-positive invasive ductal breast cancer

Luminal CK Negative Positive
Intensity of the IHC staining

0 1+ 2+ 3+

CK8 0% 10% 10% 80%
CK18 0% 15% 0% 85%
CK19 5% 0% 5% 90%

Data from 20 tumors.
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the population-based cohort, all tumors showed
strong CK8/18 immunoreactivity (Table 1).

Clinicopathological Correlations Regarding
Transcription Factor p63

In all, 4% of the invasive ductal breast cancers were
p63 positive, but there was no correlation with
patient age, tumor grade, tumor size, steroid hor-
mone receptor status, axillary lymph node meta-
stasis or HER-2 oncogene amplification (Table 3). In
the cohort of 141 HER-2-amplified tumors, 8% of the

tumors showed p63 expression (Table 1), again with
no correlation to ER status.

Discussion

Antibody cocktails have become increasingly popu-
lar in immunohistochemical staining of diagnostic
tumor markers. When using a single chromogen,
they are technically as easy to use as single
antibodies, but can offer significantly more diag-
nostic information, as has been shown with the
P504S/p63 antibody cocktail in prostate cancer.29 In
breast cancer, CK14 is a major partner of CK5 and
both of these are associated with the basal pheno-
type.1–6,8 CK6, which is often used in combination
with CK5, using the bi-specific antibody D5/16B4,2

is not expressed in normal breast tissue,2,30 speaking
against its importance as a predominant marker of
basal and progenitor cells of the mammary duct.2

CK17, also a known partner of CK5, is associated
with basal phenotype breast cancer, but it has not
been shown to relate to breast progenitor cells.1–5,14

Further, only one CK17-positive CK5/14-negative
tumor was found among 110 invasive ductal breast
cancers in this study. Our results showed that CK5
and CK14 are coexpressed in most tumors, but that
tumors expressing CK5 only or CK14 only also exist.

Table 3 Association of CK5/14 and p63 positivity with clinicopathological features in 288 sporadic invasive ductal breast cancers

Clinicopathological parameter CK5/14-positive/total P-value p63 positive/total P-value

All invasive ductal tumors 25/288 (9%) 12/288 (4%)

Patient age (years)
o50 5/47 (11%) P¼0.81 3/47 (6%) P¼ 0.67
Z50 20/241 (8%) 9/241 (4%)

Tumor grade
I 1/19 (5%) P¼0.0007 2/19 (11%) P¼ 0.16
II 6/163 (4%) 4/163 (2%)
III 18/106 (17%) 6/106 (6%)

Tumor size (cm)
o2 13/120 (11%) P¼0.42 6/120 (5%) P¼ 0.49
2–5 11/140 (8%) 4/140 (3%)
Z5 1/28 (4%) 2/28 (7%)

Axillary lymph node metastasis
No 17/182 (9%) P¼0.76 7/182 (4%) P¼ 0.96
Yes 8/106 (8%) 5/106 (5%)

ER
Negative 23/55 (42%) Po0.0001 3/55 (5%) P¼ 0.88
Positive 2/233 (1%) 9/233 (4%)

PR
Negative 23/103 (22%) Po0.0001 5/103 (5%) P¼ 0.90
Positive 2/185 (1%) 7/185 (4%)

HER-2 amplification
No 19/236 (8%) P¼0.59 10/236 (4%) P¼ 0.80
Yes 6/52 (12%) 2/52 (4%)

Table 4 Association between CK5/14 positivity, HER-2 amplifi-
cation and ER status in a population-based cohort of 288 invasive
ductal breast cancer

CK5/14
immunoreactivity vs
ER and HER-2 status

CK5/14 negative,
n¼263

CK5/14 positive
(%), n¼25

ER�HER2� 12 18 (60%)
ER�HER2+ 20 5 (20%)
ER+HER2� 205 1 (0.5%)
ER+HER2+ 26 1 (4%)

P¼ 0.59 (HER-2 vs CK5/14 in ER+ and ER� combined).
P¼ 0.007 (HER-2 vs CK5/14 in ER� subgroup).
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Somewhat surprisingly, nuclear transcription factor
p63, which is another basal cell marker and has
also been associated with breast cancer,24–26 was
expressed only in a minority of CK5/14-positive
tumors. However, there were rare p63-positive cases
alone without CK5 or CK14. For these reasons, we
used a CK5/CK14/p63 antibody cocktail, which
recognizes basal phenotype breast cancers specifi-
cally, but as widely as possible.

We found that 9% of invasive ductal breast
cancers were CK5/14-positive and that they all
coexpressed CK8/18. Clarke et al31 suggested that
breast progenitor cells positive for CK5 only,
originally described by Boecker et al,2 express low
amounts of CK8/18, which is detectable only in
frozen sections. When using a highly sensitive
peroxidase-polymer-based immunostaining method
and optimized antigen retrieval, we found that all
sporadic invasive ductal tumors, including those
positive for CK5/14, immunostained positively for
CK8/18. The high sensitivity of CK8/18 immunode-
tection was also evident among BRCA1-associated
tumors, previously considered as CK5/14 positive
and mainly CK8/18 negative,19 but which mostly
immunostained positively for CK8/18. However, a
relatively low staining intensity was found in many
cases, which suggest that these tumors might have
been scored CK8/18 negative with less sensitive
immunohistochemical method. The CK8/18 anti-
body used (clone 5D3) recognizes CK8 and CK18,
and also to some extent CK19.32 To further char-
acterize luminal CKs in CK5/14-positive tumors,
immunostaining using monospecific CK8, CK18
and CK19 antibodies was carried out. All three
luminal CKs were expressed in CK5/14-positive
tumors, further confirming the coexpression of basal
and luminal CKs in this tumor type. Further, all
CK5/14-positive tumors in our study lacked expres-
sion of smooth muscle actin, indicating that these
tumors are not differentiated towards myoepithelial
lineage. Our observations indicate that CK5/14-
positive invasive ductal tumors originate from
glandularly committed progenitor cells of the breast,
which have been shown to coexpress CK5/14 and
CK8/18 during maturation to fully differentiated
luminal cells.2,8

Cancers associated with the BRCA1 germline
mutation have been shown to be associated strongly
with basal phenotype breast cancer.18–20 This was
also the finding in our material, as 78% of the
BRCA1-associated tumors expressed CK5/14. In
contrast to sporadic cancer, there were some CK5/
14-positive CK8/18-negative phenotypes among the
BRCA1-associated tumors, suggesting that these
tumors probably originate from true basal phenotype
cells. Foulkes et al has hypothesized that the key
function of the wild-type BRCA1 is to act as a stem
cell regulator and promote the differentiation to-
wards glandular epithelium in the normal breast. In
BRCA1 mutated tumors, this transition has failed
or not completed and basal cell phenotype gene

expression is retained.33 This kind of incidents
might lead to CK5/14 positive but CK8/18 negative
or weakly these luminal CKs expressing BRCA1
germline-mutated tumors seen in this study. How-
ever, BRCA1-associated tumors were found to be a
more heterogeneous group than previously thought.
Although CK5/14 positivity was a common finding,
there were several tumors resembling sporadic
‘luminal-type’ tumors in their CK profile (CK5/
14�; CK8/18þ ). The results from BRCA2 germline
mutation carriers were more uniform and showed
that their breast tumors were of luminal epithelium
phenotype, similar to the majority of sporadic
cancers.

Our results showed that CK5/14-positive breast
cancers were exclusively ER- and PR-negative grade
III carcinomas, which is in line with the results of
earlier studies.4,7,9,10,16–18 This finding could suggest
a link to HER-2 oncogene amplification, which
has also been associated with negative ER status in
a large number of studies (Konecny et al34 and
references therein). Unexpectedly, our results
showed that there was no statistically significant
association between CK5/14 positivity and HER-2
amplification (CISH) when both ER-positive and ER-
negative tumors were considered. However, there
was a significant inverse association between HER-2
oncogene amplification and CK5/14 immunoposi-
tivity within the subgroup of ER-negative tumors.
This indicates that CK5/14-positive breast cancers
and tumors with HER-2 amplification are mainly
different tumor entities. Published data on HER-2
and basal phenotype are limited and somewhat
conflicting. The results of microarray studies have
suggested that basal phenotype breast cancer is
HER-2 nonamplified.10,17,18 In contrast, Birmbaum et
al9 have reported that basal phenotype breast cancer
is associated with HER-2 amplification. Our results
clearly show that HER-2-amplified CK5/14-positive
breast cancers exist, although it is a minority. A
recent in vitro study suggests that these tumors may
form an interesting subgroup of HER-2-positive
tumors, for example, with respect to therapeutic
sensitivity to the HER-2-inhibiting drug trastuzu-
mab.35 Both CK5/14 positivity and HER-2 ampli-
fication are each associated with poor clinical
outcome,17,18,26 but currently there are no data
available on prognosis or therapeutic response
prediction among patients whose tumors are HER-
2 amplified and positive for basal CKs.

In conclusion, CK5/14-positive breast cancers
represent about 9% of sporadic invasive ductal
breast cancers and 78% of BRCA1-associated tu-
mors. These tumors are mostly aggressive grade III
steroid hormone receptor-negative breast cancers,
and they are inversely associated with HER-2
oncogene amplification in the subgroup of ER-
negative tumors. These tumors express basal and
luminal CKs concomitantly and therefore may
originate from luminally committed progenitor cells
of the breast.
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