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Expression of small breast epithelial mucin (SBEM) protein in tissue microarrays (TMAs) of
primary invasive breast cancers
Aims: Small breast epithelial mucin (SBEM) is a
recently described gene product that shows promise
as a new breast biomarker. The aim was to investigate
for the first time SBEM protein expression in a large
cohort (n = 300) of invasive breast cancers, its relationship to established clinical variables and its association with clinical outcome.
Methods and results: Immunohistochemical analysis
was performed on tissue microarrays consisting of
149 oestrogen receptor (ER) a) and 151 ERa+ breast
cancers. Overall, 18% of tumours were SBEM+
(n = 53 ⁄ 300). However, SBEM protein was more
frequently observed in ER) (22%) than in ER+
cancers (13%; P = 0.049). A significant association

with psoriasin ⁄ S100A7 expression (P £ 0.0001) was
observed in the entire cohort. SBEM was also positively
associated with HER-2 (P = 0.046) in ER) cancers,
and increased levels of SBEM were strongly associated
with higher tumour grade (P = 0.0015). Furthermore,
SBEM expression showed a trend towards an association with reduced overall survival and relapse-free
survival in the ER+ cohort (P = 0.063 and P = 0.072,
respectively).
Conclusions: Our results suggest that SBEM may
identify a unique subset of breast cancers with poor
prognosis and may have future implications for therapeutic management of this disease.
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Introduction
Breast cancer is the most common cancer among
women and is the second leading cause of cancer death
in women in developed countries.1,2 The 5-year
survival rate is approximately 75% for women
with locally advanced breast cancer.2 However, if the
cancer has metastasized, the average survival time falls
to <2 years,3,4 and at such time a very limited number
of treatment options are available for patient management.
To date, oestrogen receptor (ER) and progesterone
receptor (PR) are the two most useful clinical markers
predicting response to hormonal therapy in both
metastatic disease and in the adjuvant setting.5–7 More
recently, HER-2, which is overexpressed in 25% of
breast cancers and is associated with aggressive disease
and poor prognosis, has also been used in the clinical
setting, as a prognostic and predictive marker.8 Many
other markers have been or are being investigated,
including the mucin 1 (MUC1) gene product and
related tumour antigens (CA27.29), carcinogenic
embryonic antigen, cathepsin D, gross cystic disease
fluid protein ⁄ human prolactin inducible protein, mammaglobin and p53.9–15 Because breast cancer encompasses a highly heterogeneous group of tumours, our
failure to treat or cure a given patient may result from
our inability to match the particular phenotype of the
tumour cells of the patient with the appropriate
treatment. Therefore, there is an urgent need to identify
and evaluate new breast biomarkers for monitoring
both progression and treatment of the disease. Prognostically significant clusters of breast cancers have
recently been identified by a number of investigators
reporting on gene profiling and tissue microarray
(TMA) analyses. The biologically distinct groups of
markers defining these tumour clusters are likely to
have real clinical and prognostic ⁄ diagnostic relevance
in the near future.16–18 Identification of tumour markers with expression that is restricted to the mammary
epithelium would have a significant impact not only on
reporting proliferative changes in the breast (which
may predict increased risk of breast cancer development), but also on enhancing the detection of micrometastatic disease by identifying cancer cells of breast
origin in lymph nodes.
The small breast epithelial mucin (SBEM) gene, also
known as BS106 and ⁄ or B511S, was originally identified as a putative breast-specific gene.19–22 SBEM
encodes a secreted 90 amino acids glycoprotein, which
consists of a secretion signal peptide, three tandemly
repeated octapeptide motifs (TTAAXTTA) and exhibits
characteristics of members of the mucin family.20 Dot

blot analysis has revealed that SBEM RNA is highly
expressed in normal breast and salivary glands, but not
in other normal tissues tested, including prostate, lung,
ovary and testis.19,20 Similarly, reverse transcriptasepolymerase chain reaction (RT-PCR) analysis of cDNA
extracted from various cancer cell lines has revealed
consistently high levels of SBEM in breast cancer cell
lines (7 ⁄ 8), whereas none of the six non-mammary cell
lines tested was positive.19,20 Furthermore, SBEM gene
expression, as assessed by RT-PCR, has been observed
in >90% of primary or metastatic breast cancers.19,20
Moreover, it has recently been demonstrated that the
combined use of SBEM, cytokeratin (CK) 19, trefoil
factor-3 (p1B) and epithelial glycoprotein-2 (EGP-2)
expression allows the identification of micrometastases
in sentinel node biopsy specimens of breast cancers,
missed by standard histological evaluation.23
Overall, the accumulated data so far suggest that the
utility of SBEM as a new breast cancer marker may be
promising. However, with the exception of one study,19
which was carried out on a very small cohort of breast
cancers, all studies conducted to date have examined
SBEM mRNA expression. In the latter study an
increase of SBEM protein expression in tumours versus
normal breast tissue was observed. To date, there have
been no reports in which large cohorts of selected
breast cancer cases have been evaluated for SBEM
protein expression and in which differences in SBEM
protein expression by subject characteristics have
been examined. In the present study, we have investigated SBEM protein expression by immunohistochemistry (IHC) in TMAs and its association with
other established markers of prognosis, in a large
cohort of invasive breast cancers corresponding to 300
patients.

Materials and methods
b r e a s t t u m o u r t i s s u e m i c ro a r r a y s
All invasive breast cancers used in the current study
were obtained from the Manitoba Breast Tumour Bank
(MBTB, Department of Pathology, University of Manitoba), which operates with the approval of the Faculty
of Medicine, University of Manitoba, Research Ethics
Board.24 As described previously, all tissues are
accrued to the bank from cases at multiple centres
within Manitoba, which are collected and frozen at
)70C immediately after surgical removal. A portion of
the frozen tissue from each case is then processed to
create matched formalin-fixed paraffin-embedded and
frozen tissue blocks. The histopathology of all MBTB
cases has been previously assessed and entered into a
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computerized database to enable selection based on
composition of the tissue as well as clinicopathological
parameters. After selection, cases were re-reviewed on
haematoxylin and eosin sections by a breast pathologist (P.H.W.). ER+ and ER) TMAs were constructed
from cohorts of 246 ERa+ and 255 ERa) primary
invasive ductal breast carcinomas, respectively. In
brief, duplicate core tissue samples (0.6 mm diameter)
were taken from selected areas of maximum cellularity
for each tumour with a tissue arrayer instrument
(Beecher Instruments, Silver Spring, MD, USA). Only
tumour biopsy specimens whose ER status was determined both by ligand binding assay (LBA; ER+
>3 fmol ⁄ mg protein) and by IHC were included.
Ultimately, 300 cases provided reliable information.
In addition, a commercially available TMA (Biomax
Inc., Rockville, MD, USA; cat. No. BN08013, http://
www.biomax.us) consisting of 68 normal breast tissue
biopsy specimens was also analysed by IHC.
clinic op athological c haracteristics
of patient cohorts
The recommendations for tumour marker prognostic
studies (REMARK) as reported by McShane25 were
followed as closely as possible. Case selection was based
on the following criteria: (i) a minimum patient followup of 60 months; (ii) tumours had an invasive component of >20% of the tissue section, and £10% of the
normal epithelial content; (iii) ER) status was defined
by LBA criteria of £ 3 fmol ⁄ mg protein. The criteria
for interpretation of the variables were as follows:
(i) PR+ status was defined as >10 fmol ⁄ mg protein by
LBA; (ii) tumour grading was consistent with the
Nottingham system (scores 3–5 = low; 6–7 = moderate; and 8–9 = high); (iii) tumour size was classified as either small (£20 mm) or large (>20 mm);
(iv) tumour inflammation was assessed on a scale from
1 to 5 and then assigned to low (score 1–3) or high
(score 4 and 5) categories. In the ER) TMA (n = 149),
patients received a variety of treatments, such as
hormonal therapy (n = 21), hormonal plus radiotherapy (n = 6), hormonal, radiotherapy and chemotherapy (n = 13), hormonal plus chemotherapy (n = 4),
radiotherapy alone (n = 5), radiotherapy plus chemotherapy (n = 43), chemotherapy alone (n = 32), surgery alone (n = 21), and for four patients the treatment
regimen was unknown. In the ER+ TMA (n = 151),
patients received the following treatments: hormonal
therapy alone (n = 92), hormonal plus radiotherapy
(n = 56), hormonal and chemotherapy (n = 1) and
radiotherapy alone (n = 1), whereas one patient had
surgery alone (n = 1).
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b r e a s t c a n c er se c t io n s
Ten pairs of matched frozen and paraffin-embedded
breast cancers were selected from the MBTB for
examining SBEM gene and protein expression. Serial
tissue sections obtained from these biopsy specimens
were evaluated for gene expression by both RT-PCR
and Northern blot analysis, whereas protein expression
was assessed by IHC and Western blot analysis. ER and
PR levels ranged from 2.3 to 180 fmol ⁄ mg protein and
4.5 to 105 fmol ⁄ mg protein, respectively (nine ER+
and eight PR+ breast cancers). The ages of patients
were between 58 and 78 years, and tumour size varied
from 15 to 50 mm.
rna a nd prot ein e xtraction
Total RNA was extracted from 20-lm frozen tissue
sections (10–20 sections ⁄ tumour) using the Trizol
RNA extraction protocol (Trizol; Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instructions. Protein extraction was carried out as previously
described.26 Briefly, tissues were homogenized in
ice-cold homogenization buffer containing 20 mm
3-(N-morpholino)-propanesulfonic acid (pH 7.2–7.5),
60 mm b-glycerophosphate, 5 mm ethylene glycol-bis
(b-aminoethyl ether)-N,N,N¢,N¢-tetraaceticacid (pH 8.0),
5 mm sodium fluorate, 1 mm sodium vanadate, 1%
NP40 (all from Sigma, St Louis, MO, USA) and a miniprotease inhibitor cocktail tablet (Boehringer Mannheim, Indianapolis, IN, USA) per 10-ml extraction
buffer and sonicated several times using an ultrasonic
cell disrupter (Sonics & Materials, Inc., Danbury, CT,
USA). Sonicates were centrifuged at 13 000 g for
20 min at 4C and stored at )20C until use. Protein concentration was determined using the Lowry
assay.27
rt-pcr an alysis
Two micrograms of total RNA was reverse-transcribed
for 1 h at 37C as previously described.12 A negative
control for the RT-PCR was included in which no
Moloney murine leukaemia virus (MMLV) enzyme was
added. SBEM primers consisted of a forward primer
designated SBEM-U (5¢-gatcttcaggtcaccaccatg-3¢) and
a reverse primer designated SBEM-L (5¢-gggacacactc
taccattcg-3¢). Two microlitres of each reverse transcription mixture, in the presence of 20 mm Tris–HCl
(pH 8.4), 50 mm KCl, 1.5 mm MgCl2, 200 lm of each
dNTP, 200 ng of each primer and 0.5 U of Taq DNA
polymerase, was used for PCR in a final volume
of 50 ll. Primers for glyceraldehyde-3-phosphate
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dehydrogenase (GAPDH) consisted of a forward primer
GAP-U (5¢-acccactcctccacctttg-3¢) and a reverse primer
GAP-L (5¢-ctcttgtgctcttgctggg-3¢). PCR products were
visualized with UV irradiation on a GelDoc2000 ⁄
ChemiDoc System (BioRad, Hercules, CA, USA) and
quantified by densitometry using QuantityOne software
(version 4.2; BioRad). Three independent PCRs (35
cycles; 15 s at 94C, 15 s at 52C and 15 s at 72C)
were performed from each separate RT reaction and the
average of the relative signals was calculated. Briefly,
SBEM signals in breast tumour no. 4 were arbitrarily
set as 1.0 and SBEM signals in all other samples were
quantified relative to tumour no. 4. This strategy was
also employed for the quantification of the GAPDH
(control gene, Table 2). All SBEM signals were
expressed relative to the signal of tumour sample no.
4 (quantification of SBEM mRNA levels SEM; Table 2).
northern blot analysis
Total RNA (3–15 lg) was separated by electrophoresis
on a 1% agarose gel and transferred to nylon
membranes (Schleicher & Schuell BioScience, Keene,
NH, USA) as previously described.28 The blot was
hybridized with a 291-bp random-primed SBEM
32
P-labelled probe, generated as previously described.29
Equal loading and integrity of RNA were monitored by
ethidium bromide staining of the 28s and 18s subunits
of rRNA.
w es t e r n bl ot a n a ly s is
Immunoblotting analysis of SBEM was performed using
an SBEM monoclonal antibody H39C51 (Dr T. Colpitts,
Abbott Laboratories), at a dilution of 1:500.19 Equal
amounts of total protein lysates (25 lg) were extracted
and analysed by sodium dodecyl sulphate–polyacryl-

amide gel electrophoresis as previously described,26 in
the absence or presence of a SBEM neutralizing peptide.
immunohistochemistry
Serial sections (5 lm) of the TMAs were stained with
the SBEM monoclonal antibody H218C31 at a dilution
of 1:800 (Table 1). Commercially available antibodies
were utilized for Ki67, CK5 ⁄ 6, epidermal growth factor
receptor (EGFR) and HER-2 (Table 1), while psoriasin ⁄ S100A7 antibody has been previously validated by
our group.30 IHC was performed as recently reported.31
Briefly, sections were dewaxed, rehydrated and then
submitted to heat-induced antigen retrieval for 8 min
in the presence of a citrate buffer (CC1; Ventana
Medical Systems, Tucson, AZ, USA) using an automated tissue immunostainer (Discovery Staining Module; Ventana Medical Systems). The initial dilution
quoted above was diluted further 1:3 with buffer
dispensed onto the slide with the primary antibody.
For each set of experiments, a strong SBEM+ and
an SBEM– tumour sample, as previously assessed by
RT-PCR, were included as controls. SBEM monoclonal
antibody H218C31 was further validated at the IHC
level, by pre-incubation for 4 h at 4C with a 20-fold
excess of a SBEM peptide (69–89aa, RKDIPVLP
KWVGDLPNGRVC).
q u a n t i f i c a t i o n an d c u t - o f f s e l e c t i o n
Immunopositivity for SBEM protein expression in the
TMAs was assessed using semiquantitative scoring
(H-scores). H-scores were derived from a semiquantitative assessment of both staining intensity (scale 0–3)
and the percentage of positive cells (0–100%), which,
when multiplied, generated a score ranging from 0
to 300. TMA immunohistochemistry was evaluated

Table 1. Details of antibodies and experimental conditions used for immunohistochemistry in the present study
Biomarker

Antibody clone

Supplier

Dilution

Incubation

Method*

SBEM

H218C31

Dr T. Colpitts, Abbott Laboratories

1:800

1 h at 42C

CC1

HER-2

CB11

NovocCastra, Newcastle, UK

1:50

1 h at 42C

CC1

EGFR

3C6

Ventana Systems, Tucson, AZ, USA

Dispensed

30 min at 42C

Protease 1**

CK5 ⁄ 6

D5 ⁄ 16134

Zymed, San Francisco, CA, USA

1:20

1 h at 42C

CC1

KI67

MIB1

Dako, Mississauga, Canada

1:50

1 h at 42C

CC1

ERa

6F11

NovoCastra

1:50

1 hr at 42C

CC1

*Mild and standard cell conditioning, using CC1 antigen retrieval buffer (Ventana Medical Systems).
**Ventana Medical Systems using protease-1 enzyme for antigen retrieval.
SBEM, small breast epithelial mucin; EGFR, epidermal growth factor receptor; CK, cytokeratin; ER, oestrogen receptor.
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Table 2. Correlation of
SBEM gene and protein
expression in the small
panel of 10 breast cancers

Breast
cancer
no.

Northern
blot
analysis

RT-PCRs
SBEM ⁄ GAPDH
signal ± SEM

1

)

0.71 ± 0.13

0

)

2

+

1.52 ± 0.26

10

)

3

)

0.70 ± 0.17

5

)

4

)

1±0

0

)

5

+

5.8 ± 1.55

150

+

6

+

1.92 ± 0.43

0

)

7

+

3.22 ± 1.26

10

)

8

+

0.90 ± 0.36

10

)

9

)

3.12 ± 1.50

20

)

10

+

4.56 ± 1.12

40

)

IHC
(H-score)

359

Western
blot
analysis

SBEM gene expression was primarily assessed by Northern blotting and secondarily by reverse
transcriptase-polymerase chain reaction (RT-PCR) analysis, whereas protein expression was
assessed by immunohistochemistry (IHC) and Western blot.
GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

independently by three investigators (G.P.S., C.P.,
P.H.W.) and where discordance (i.e. different scores
given by different investigators) was found (30 discordant cases, which were 10% of our entire cohort), cases
were re-evaluated and a consensus reached. Primary
categorical analysis was as follows: breast cancers were
considered SBEM+ with an IHC score of >0. Only
cytoplasmic reactivity was evaluated and scored. Also,
since there is at present no relevant clinical cut-off
point reported for SBEM in the literature, several cut-off
points were tested for the IHC score, equivalent to an
absence of staining, a 25th percentile and median IHC
score values. Results reported in this study were based
only on an IHC score of >0. Positivity for psoriasin ⁄ S100A7 (a marker that correlates with indicators
of poor prognosis) and CK5 ⁄ 6 (one of the markers of
basal phenotype) was set at >0, for Ki67 at >30
(corresponding to the median of the ER) TMA),
whereas for EGFR and HER-2, only breast cancers that
showed strong, intense membranous immunopositivity
of IHC 3+ (>30% of invasive tumour cells) were
considered positive, as reported, used and recommended by other groups.32–34
sta ti st ic al a na ly s i s
Correlations were assessed by Spearman’s rank correlation test (r), whereas associations between SBEM and
other clinicopathological variables were tested using

contingency methods (Fisher’s exact test). Kruskal–
Wallis test and Dunn’s method test (which compares all
pairs of columns) were taken as correction for multiple
analyses. Univariate survival analyses were performed
using the log rank test to generate Kaplan–Meier
curves. Overall survival (OS) was defined as the time
from initial surgery to the date of death attributable to
breast cancer only. Relapse-free survival (RFS) was
defined as the time from initial surgery to the date of
clinically documented local or distant disease recurrence or death attributed to breast cancer. Statistical
analyses were carried out using GraphPad Prism 4.02
version (GraphPad, San Diego, CA, USA) and SPSS 12
for windows statistics software (SPSS Inc., Chicago, IL,
USA).

Results
s b em m r n a an d p r o t e i n ex p r e s s i o n
in prima r y breast c an cers
As a first step in assessing SBEM protein expression, we
examined whether an association existed between RNA
and protein levels in a small panel of 10 randomly
selected primary breast cancers. Serial sections
obtained from biopsy specimens were evaluated for
gene expression by both RT-PCR and Northern blot
analysis, whereas protein expression was assessed by
IHC and Western blot analysis.
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Figure 1. SBEM RNA and protein expression in a small panel of 10
human breast cancers. RNA and protein were extracted from breast
cancers (n = 10) as described in Materials and Methods. Numbers
(1–10) represent individual tumours. A, RT-PCR analysis. ‘N’ is a
negative RT-PCR, i.e. reverse transcription performed minus MMLV
enzyme, and ‘B’ is a PCR negative control. Lane M, PhiX174 RF
DNA ⁄ Hae III DNA ladder. B, Northern blot analysis. Breast cancers
were analysed as described in Materials and methods. Fifteen
micrograms of total RNA from tumours 1–7, three from tumour
no. 8, 10 lg from no. 9 and 6 lg from no. 10 were separated on
agarose gels and hybridized using SBEM 32P-labelled probes. Loading
controls are provided with 18s and 28s RNA bands on the bottom
panel M, ladder. C, Western blot analysis. Total proteins (25 lg) were
analysed by sodium dodecyl sulphate–polyacrylamide gel electrophoresis using the SBEM H39C51 monoclonal antibody. M = ladder.

All breast cancers were positive by RT-PCR (10 ⁄ 10)
and a single band of 291 bp corresponding to SBEM
mRNA was detected (Figure 1A). Various levels of
expression were observed (low to moderate in tumour
samples 1, 3, 4 and 9; high in all others; Figure 1A,
Table 2). Only tumours that showed the highest
expression by RT-PCR were also positive by Northern blot analysis. Northern blot analysis showed a
700-bp SBEM transcript, which was identified in six
out of 10 samples, with the highest level of expression
observed in tumour sample no. 5 followed by tumour
sample no. 10 (Figure 1B).
Western blot analysis revealed detectable levels of
SBEM protein only in tumour sample no. 5 (which

corresponded to the high SBEM mRNA expressor
detected by Northern blot), whereas all others were
negative (Figure 1C). In addition to the expected SBEM
band, a 25-kDa band was sometimes apparent. However, only the 17-kDa band was related to SBEM
protein, as repeatedly confirmed by peptide competition
assay (data not shown).
Results from immunohistochemical analysis revealed
that seven of the 10 breast cancers were immunopositive for SBEM (Table 2; Figure 2). Incubation with a
20-fold excess of the peptide abolished the SBEM signal
(Figure 3E,F). The highest protein levels were detected
in tumour no. 5, followed by tumour no. 10 (Table 2;
Figure 2). No immunoreactivity was noted in tumours
1, 4 or 6. Notably, in tumours 4, 7 and 10,
immunopositivity was observed in the surrounding
normal mammary gland (data not shown), whereas in
tumour no. 3, some normal breast ducts were SBEM+
(data not shown). Overall, SBEM protein expression
(determined by IHC) correlated with SBEM gene
expression [determined by RT-PCR (r = 0.727,
P = 0.017 two-tailed, n = 10) and also by Northern
blot analysis (tumours 5, 10, 8, 7 and 2; Table 2)].
s b e m p r o t e i n ex p r e s s i on a n d
c l i n i c o p a t h ol o g i c a l pr o g n o s t i c va r i a b l e s
i n b r e a s t c a n c e r c o h or t (n = 3 0 0 )
Serial TMA sections were stained using IHC with
specific antibodies recognizing SBEM, Ki67, CK5 ⁄ 6,
EGFR, HER-2 and psoriasin ⁄ S100A7 (Table 1). Cytoplasmic reactivity was observed and scored for SBEM
and positivity was defined as an IHC score of >0. From
our studies, data on SBEM protein expression in 300
breast cases were obtained, but for the analysis of some
of the other markers the numbers of cases analysed are
slightly lower due to missing tumour cores on the
TMAs, or unavailable data for analysis (Table 3). In
this combined cohort of ER+ and ER) invasive breast
cancers, 18% of tumours were positive for SBEM
(n = 53 ⁄ 300). Using categorical analysis (i.e. SBEM
defined as positive or negative), SBEM was strongly
positively associated with psoriasin ⁄ S100A7 [Fisher’s
exact test, P £ 0.0001, n = 280, odds ratio (OR)
6.77, 95% confidence interval (CI) 3.2, 14; Table 3],
a marker that correlates with other indicators of
poor prognosis,30,35,36 and negatively associated with
Ki67, a marker of proliferation (Fisher’s exact test,
P = 0.009, n = 230, OR 0.356, 95% CI 0.16, 0.78),
and ERa (Fisher’s exact test, P = 0.049, n = 300, OR
0.536, 95% CI 0.29, 0.98). No other statistically
significant associations between SBEM and established
prognostic factors such as tumour size, axillary lymph
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Figure 2. Immunohistochemical analysis of SBEM expression in the small panel of 10 human breast cancers. Immunohistochemistry was
performed as described in Materials and Methods. Patient ⁄ sample identification is indicated on top left of each picture, and the corresponding
H-score for IHC is presented on the bottom right corner. H-scores were derived from semiquantitative assessment of both staining intensity
(scale 0–3) and the percentage of positive cells (0–100%) and, when multiplied, generate a score ranging from 0 to 300. Bar = 50 lm.
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B

A

D

E

C

F

Figure 3. SBEM expression, determined by immunohistochemistry in ER+ and ER) tissue microarrays. A, ER+ cancer stained with the
SBEM monoclonal antibody (H218C31) showing no expression (H-score of 0). B, ER+ tumour showing low expression (H-score of 30).
C, ER+ breast cancer showing medium expression (H-score of 60). D, ER+ tumour showing high expression (H-score of 225). E, ER) breast
cancer (ER and PR levels of 2.3 and 8.9 fmol ⁄ mg protein, respectively) immunoreactive for the H218C31 SBEM-specific antibody showing
high expression. F, Serial section of the ER) breast cancer, where the primary antibody was incubated with ·20-fold excess SBEM peptide
and abolished the specific stain.

node status and progesterone receptor were observed
(Table 3). Interestingly, even though no association
existed between overall survival and SBEM expression
(Figure 4A), a trend toward significance was observed
for those breast cancers that exhibited high levels of
SBEM positivity and a shorter time to disease progression, compared with those that were SBEM) [low
levels, P = 0.057, n = 300, hazard ratio (HR) 0.65,
95% CI of ratio 0.37, 1.04; Figure 4B]. This trend,
along with the strong association observed with
psoriasin expression, prompted us to examine further
the relationship between SBEM protein expression and
the ER status of the tumours.
sbem protein e xpression, clinicop athological
p r o g n o s t i c v a ri a b le s a n d su r v i v a l i n
e r) brea st ca nc ers
In the ER) breast cancers analysed, only 22% of
tumours were SBEM+ (n = 33 ⁄ 149). There was a
positive and statistically significant correlation between
SBEM and psoriasin ⁄ S100A7 expression (Spearman
coefficient, r = 0.44, P < 0.0001, n = 146, 95% CI

0.29, 0.56). A significant inverse correlation with
Ki67 (Spearman coefficient, r = )0.39, P < 0.0001,
n = 148, 95% CI )0.52, )0.23) and CK5 ⁄ 6, a basal
epithelial phenotype marker, was also observed (r =
)0.34, P < 0.0001, n = 130, 95% CI )0.48, )0.17).
Univariate analysis showed that SBEM was significantly associated with psoriasin ⁄ S100A7 (Fisher’s
exact test, P = < 0.0001, n = 146, OR 14.48, 95%
CI 3.3, 63.5; Table 4) and less significantly with HER-2
(Fisher’s exact test, P = 0.046, n = 135, OR 2.39, 95%
CI 1.04, 5.48; Table 4). In the same cohort, SBEM was
negatively associated with Ki67 and CK5 ⁄ 6, respectively (Fisher’s exact test, P = < 0.0001, n = 148, OR
0.232, 95% CI 0.098, 0.545; and P = < 0.0001, n =
130, OR 0.147, 95% CI 0.057, 0.381; Table 4),
whereas lack of SBEM expression was associated with
higher tumour grade (Fisher’s exact test, P = 0.0015,
n = 139). No other statistically significant associations
between SBEM and established prognostic factors such
as tumour size, axillary lymph node status and PR were
observed (Table 4). Furthermore, no difference in
disease outcome (OS and RFS) was found between
low and high SBEM expression (Figure 4C,D).
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Table 3. Distribution of SBEM+ and SBEM) cases within the cohort of 300 patients
Prognostic factor ⁄
characteristics

Number
(n)

Subgroup cut-offs

EGFR

248

+

6

14

)

38

+

HER-2

CK5 ⁄ 6

Ki67

S100A7

PR (LBA)

Node

Age

Grade

Size

ERa (IHC)

231

272

230

280

300

300

300

290

300

300

SBEM+

%

SBEM)

%

P-value

23

11

0.61

86

181

89

16

37

48

32

)

27

67

140

68

+

16

33

100

45

)

32

67

124

55

x ‡ 30

9

20

78

42

x < 30

35

80

108

58

+

37

77

77

33

)

11

23

155

67

x ‡ 10 fmol ⁄ mg

32

60

152

62

x < 10 fmol ⁄ mg

21

40

95

38

+

17

32

55

22

)

36

68

192

78

x > 50

45

85

185

75

x £ 50

8

15

62

25

Low (3–5)

8

16

33

13

Mod (6–7)

28

55

121

51

High (8–9)

15

29

85

36

>20 mm

35

66

172

70

£ 20 mm

18

34

75

30

+

20

38

131

53

)

33

62

116

47

0.13

0.20

0.009

<0.0001

0.88

0.16

0.15

0.70

0.62

0.049

For each characteristic, clinical and pathological (see Materials and Methods), the total number of cases is given (n). P-values
have been calculated following Fisher’s exact test. Cut-offs were previously set (Materials and Methods). Statistical analysis was
performed with GraphPad Prism 4.02 software (San Diego, CA, USA), and statistically significant values are in bold.
EGFR, epidermal growth factor receptor; CK, cytokeratin; PR, progesterone receptor; LBA, ligand binding assay; ER, oestrogen
receptor.

s b e m p ro t e i n ex p r e s s i o n , c l i n i c o p a t h ol o g i c a l
p r og n os t i c v a r i a b l e s a n d s u rv i v a l i n
er+ breast can cers
In the ER+ breast cancers, 13% of tumours (n =
20 ⁄ 151) were immunopositive for SBEM (Figure 3A–D).

SBEM was significantly correlated and associated with
psoriasin ⁄ S100A7, respectively (Spearman’s coefficient, r = 0.21, P = 0.015, n = 132, 95% CI 0.036,
0.373; and Fisher’s exact test, P = 0.016, n = 134, OR
4.053, 95% CI 1.34, 12.21; Table 5). No other
associations between SBEM and established prognostic
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1.00
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C

1.00
0.75
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0.25
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0
24 48 72 96 120
Time to progression (months)

F
1.00
0.75
0.50
0.25
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0
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1.00

Proportion disease free

B

A

1.00
0.75
0.50
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0
24 48 72 96 120
Time to progression (months)

factors were observed in this better prognosis cohort
(Table 5). However, using the log rank test to generate
Kaplan–Meier curves, an interesting trend toward
significance was observed in disease outcome (OS and
RFS), with patients with higher SBEM levels being
associated with worse survival and a shorter time to
progression (P = 0.063, HR 0.461, 95% CI of ratio
0.117, 1.060; and P = 0.072, HR 0.522, 95% CI of
ratio 0.172, 1.078, respectively; Figure 4E,F).
sbem protein e xpression i n normal breast
tissue
IHC was also performed on a TMA consisting of 68
normal tissues (Biomax; cat. No. BN08013). Moderate
to strong immunoreactivity for SBEM was detected in
nine normal tissues (three breast ducts, six fibro-fatty
tissues) and SBEM expression was calculated at 13%
(9 ⁄ 68 cases). Three malignant breast biopsy specimens, included as markers for orientation purposes in
the TMA, showed no specific SBEM reactivity (0 ⁄ 3). A
highly positive SBEM breast cancer sample and a

Figure 4. Kaplan–Meier graphs
for overall survival and relapse
free survival-time to progression for SBEM expression in the
entire breast cancer cohort
(A,B), ER a) (C,D) and ERa+
cancers (E,F). Symbols on the
graph lines represent censored
data, P-values are given for log
rank tests. A (top left), n = 300;
low SBEM events = 80, high
SBEM events = 23; B (top
right), n = 300; low SBEM
events = 95, high SBEM
events = 26; C (left), n = 149;
low SBEM events = 57, high
SBEM events = 16; D (right),
n = 149; low SBEM
events = 55, high SBEM
events = 17; E (bottom left),
n = 151; low SBEM
events = 23, high SBEM
events = 7; F (bottom right),
n = 151; low SBEM
events = 40, high SBEM
events = 9.

SBEM) one, previously assessed by RT-PCR, were used
as controls, for IHC analysis.

Discussion
Most data on SBEM thus far have been accumulated
from gene expression studies, whereas SBEM protein
expression in human breast cancers has not been
explored. As a first step in addressing SBEM protein
expression in breast cancer, we examined the relationship between gene and protein expression. As expected,
differences were observed when using techniques with
known different levels of sensitivity. For example, when
all samples were positive using RT-PCR, SBEM protein
was detected in only one tumour by Western blot
analysis. This underscores the critical importance of
setting standards and references to be used in the
assessment of expression of a specific biomarker
for clinical management purposes. A significant correlation was found between results from protein
assessment by IHC and RNA measurement by semiquantitative RT-PCR. This finding was surprising, as
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Table 4. Distribution of SBEM+ and SBEM) cases within the ER) cohort (n = 149)
Prognostic factor ⁄
characteristics

Number
(n)

Subgroup cut-offs

EGFR

116

+

HER-2

CK5 ⁄ 6

Ki67

S100A7

PR (LBA)

Node

Age

Grade

Size

135

130

148

146

149

149

149

139

149

SBEM+

%

SBEM)

%

P-value

5

20

23

25

0.79

)

20

80

68

75

+

14

42

24

23

)

19

58

78

77

+

7

24

69

68

)

22

76

32

32

x ‡ 30

9

27

71

62

x < 30

24

73

44

38

+

30

94

58

51

)

2

6

56

49

x ‡ 10 fmol ⁄ mg

13

39

36

31

x < 10 fmol ⁄ mg

20

61

80

69

+

17

52

55

47

)

16

48

61

53

x > 50

25

76

69

59

x £ 50

8

24

47

41

Low (3–5)

3

10

3

3

Mod (6–7)

15

48

32

30

High (8–9)

13

42

73

67

>20 mm

23

70

82

71

£ 20 mm

10

30

34

29

0.046

<0.0001

<0.0001

<0.0001

0.40

0.70

0.10

0.015

1.0

For each clinical and pathological characteristic (see Materials and Methods), the total number of cases is given (n). P-values
have been calculated following Fisher’s exact test. Cut-offs were previously set (Materials and Methods). Statistical analysis was
performed with GraphPad Prism 4.02 software (San Diego, CA, USA), and statistically significant values are in bold.
EGFR, epidermal growth factor receptor; CK, cytokeratin; PR, progesterone receptor; LBA, ligand binding assay.

even though IHC is currently used to assess biomarker
positivity (ER, for example), we were not expecting
statistical significance when comparing with a semiquantitative assay performed on such a small cohort
(n = 10). This suggests that a strong association exists
between SBEM RNA and protein expression. It also
suggests that an even better estimation of the expression of this gene might be performed with the more
quantitative real-time PCR. If SBEM is to be used as
a clinical biomarker, the possibility of accurately
measuring its levels from a tiny amount of tissue

(biopsy specimen) is another major advantage to be
considered.
The findings presented here include the largest
number of breast cancers to date to examine SBEM
protein expression. In a combined cohort of 300 ER+
and ER) invasive breast cancers, it was found that
18% of cancers were positive for SBEM. SBEM was also
found to be highly associated with psoriasin ⁄ S100A7,
a member of the S100 family of genes. Psoriasin ⁄ S100A7 is known to correlate with indicators of
poor prognosis, specifically in ERa) breast cancers, and
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Table 5. Distribution of SBEM+ and SBEM) cases within the ER-positive cohort (n = 151)
Prognostic factor ⁄
characteristics

Number
(n)

Subgroup cut-offs

EGFR

132

+

1

5

0

0

)

18

95

113

100

+

2

20

24

28

)

8

80

62

72

+

9

47

31

25

)

10

53

92

75

x ‡ 30

0

0

7

10

x < 30

11

100

64

90

+

7

44

19

16

)

9

56

99

84

x ‡ 10 fmol ⁄ mg

19

95

116

89

x < 10 fmol ⁄ mg

1

5

15

11

+

0

0

0

0

)

20

100

131

100

x > 50

20

100

116

89

x £ 50

0

0

15

11

Low (3–5)

5

25

30

23

Mod (6–7)

13

65

89

68

High (8–9)

2

10

12

9

>2

12

60

90

69

£2

8

40

41

31

HER-2

CK5 ⁄ 6

Ki67

S100A7

PR (LBA)

Node

Age

Grade

Size

96

142

82

134

151

151

151

151

151

SBEM+

%

SBEM)

%

P-value
0.14

0.72

0.06

0.58

0.016

0.70

1.0

0.22

0.96

0.45

For each clinical and pathological characteristic (Materials and Methods), the total number of cases is given (n). P-values have
been calculated following Fisher’s exact test. Cut-offs were previously set (Materials and Methods). Statistical analysis was
performed using the GraphPad Prism software version 4.02 (San Diego, CA, USA), and statistically significant values are in bold.
EGFR, epidermal growth factor receptor; CK, cytokeratin; PR, progesterone receptor; LBA, ligand binding assay.

may represent an independent prognostic factor for
clinical outcome.30,35,36 To investigate SBEM protein
expression further in separate subgroups, we divided
the patient cohort according to ER status (as determined by both the ligand binding assay and IHC). In
the ERa) TMA, which represents a more aggressive
group of breast cancers, SBEM protein was detected
in 22% of breast cancers. Univariate analysis showed
that SBEM was strongly associated with psoriasin ⁄
S100A7 and less so with HER-2, the latter being well
documented to confer poor prognosis in breast

cancer patients. Interestingly, a significant association
between HER-2 determined by IHC and increasing
amounts of SBEM mRNA (P = 0.003) has also been
reported by others.37 These results suggest that SBEM,
like psoriasin ⁄ S100A7 and HER-2, may also be associated with poor prognosis, an observation which is
consistent with our previous findings that SBEM mRNA
expression was higher in node-positive tumours.20
Interestingly, in the ER-positive ⁄ node-negative cohort,
SBEM expression was also significantly associated with
psoriasin ⁄ S100A7, and perhaps identifies, within a
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breast cancer cohort generally considered to have a
very good prognosis, a minority of patients more likely
to experience recurrence of disease. This is emphasized
by the fact that strong trends were observed toward
both a lower survival rate and a higher recurrence of
the disease in SBEM+ patients. SBEM protein, however,
was more frequently expressed in ER) breast cancers,
consistent with its positive association with psoriasin ⁄
S100A7 and HER-2. Furthermore, it is interesting that
a SBEM correlation exists with Ki67, but not with
tumour grade. However, correlation with proliferation
index but not with grade could arise from lack of
association or competing association with the other
components of tumour grade (which was based on the
Nottingham grading score, in which the grade reflects
nuclear morphology and tubular differentiation, as well
as proliferation rate). Further pathological analysis is
required to explore this aspect.
Because of the heterogeneous nature of breast
cancers, it is unlikely that any single tumour marker
would be sufficient for breast cancer diagnosis or
detection of metastasis. Indeed, an increasing number
of reports have suggested that the use of multiple
markers could indeed improve the likelihood of detecting tumour cells across the population.23,38,39 Identification of a new subset of patients using SBEM protein
detection would be likely to enhance the potency of
such a multimarker set. In line with such a multimarker strategy to disease management, we have previously shown that both SBEM and mammaglobin gene
expression correlate positively with axillary lymph
node metastasis.20 SBEM has also been included in a
list of markers (18 in total) currently used for the
detection of disseminated tumour cells, and their
significance and limitations have been reviewed and
discussed.22 In addition, a marker set containing CK19,
p1B, EGP2 and SBEM has been reported to facilitate the
discrimination between negative and positive lymph
nodes in breast cancer patients.23 Recently, SBEM
(BS106) gene expression has also been investigated
with real-time PCR in a series of breast cancers, lymph
nodes from cancer and non-cancer patients and normal
breast tissues.37 SBEM was highly expressed in all but
one breast cancers and in all normal breast tissues. The
authors concluded that SBEM added to the potential
utility of other markers in breast cancer, such as
mammaglobin and CK19.37
The TMAs used in this study were constructed with
duplicate cores (0.6 mm) derived from each tumour
sample. Our results have shown some heterogeneity in
SBEM staining. Furthermore, it may be a matter of
concern whether two cores are entirely representative
of gene expression in a large tumour sample, as they
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could result in both over- and underscoring of protein
expression in the TMA. However, although we cannot
entirely exclude this possibility, previous studies by
others have shown that with use of the standard breast
cancer prognostic markers (ER, PR and HER-2), two
cores are sufficient and have resulted in >95% accuracy.40–42 Similarly, two cores have also been reported
to provide a high level of accuracy in the TMA analysis
of other cancers, such as metastatic prostate and
ovarian cancer.43,44
Overall, SBEM expression was observed in 22% of
ERa) and 13% of ERa+ breast cancers. No statistically
significant association between SBEM expression and
clinical outcome was observed. However, in ER+ breast
cancers a definite trend toward significance between
SBEM protein levels and disease outcome of patients
was observed, suggesting that SBEM may be associated
with worse survival and shorter time to progression in
this specific subgroup. In ER) cancers, SBEM protein
expression was highly associated with some markers of
poor prognosis. We believe further analyses are needed,
using real-time RT-PCR, to refine our assessment of
SBEM expression in breast cancers. Altogether, these
results suggest that SBEM may identify a unique subset
of breast cancers and may have future implications for
therapeutic management of the disease.

Competing interests
None to declare.

Acknowledgements
G.P.S. is funded by a Postdoctoral Fellowship Award
from the Manitoba Health Research Council (MHRC)
and previously from the CancerCare Manitoba Foundation (CCMF). F.H. was a MHRC Fellow. Y.M. is a
Manitoba Medical Service Foundation Career Awardee.
This work was supported by the Canadian Institute of
Health Research (CIHR no. MOP 62971). The authors
thank Dr Tracy Colpitts and Abbott Laboratories for the
SBEM monoclonal antibodies and the personnel at
the MBTB for technical support. We acknowledge the
strong support of the CCMF for our facilities at
Manitoba Institute of Cell Biology.

References
1. International Agency for Research on Cancer. IARC Screening
Group, Breast Cancer Research Studies. 2005. Available at
http://www.iarc.fr
2. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics. CA
Cancer J. Clin. 2002; 55; 74–108.

 2008 The Authors. Journal compilation  2008 Blackwell Publishing Ltd, Histopathology, 52, 355–369.

368

G P Skliris et al.

3. Quiet CA, Ferguson DJ, Weichselbaum RR, Hellman S. Natural
history of node-positive breast cancer: the curability of small
cancers with a limited number of positive nodes. J. Clin. Oncol.
1996; 14; 3105–3111.
4. Ingle JN, Suman VJ, Kardinal CG et al. A randomized trial of
tamoxifen alone or combined with octreotide in the treatment of
women with metastatic breast carcinoma. Cancer 1999; 85;
1284–1292.
5. McGuire WL. Hormone receptors: their role in predicting
prognosis and response to endocrine therapy. Semin. Oncol.
1978; 5; 428–433.
6. Osborne CK. Steroid hormone receptors in breast cancer management. Breast Cancer Res. Treat. 1998; 51; 227–238.
7. Bardou VJ, Arpino G, Elledge RM, Osborne CK, Clark GM.
Progesterone receptor status significantly improves outcome
prediction over estrogen receptor status alone for adjuvant
endocrine therapy in two large breast cancer databases. J. Clin.
Oncol. 2003; 21; 1973–1979.
8. Ross JS, Fletcher JA, Linette GP et al. The Her-2 ⁄ neu gene and
protein in breast cancer 2003: biomarker and target of therapy.
Oncologist 2003; 8; 307–325.
9. Shiu RP, Iwasiow BM. Prolactin-inducible proteins in
human breast cancer cells. J. Biol. Chem. 1985; 260; 11307–
11313.
10. Haagensen DE Jr, Mazoujiay G. Biochemistry and immunohistochemistry of fluid proteins. In Haagensen DE ed. Diseases of the
breast. Philadelphia: W.B. Saunders, 1986; 474.
11. Watson MA, Fleming TP. Mammaglobin, a mammary-specific
member of the uteroglobin gene family, is overexpressed in
human breast cancer. Cancer Res. 1996; 56; 860–865.
12. Stearns V, Yamauchi H, Hayes DF. Circulating tumour markers
in breast cancer: accepted utilities and novel prospects. Breast
Cancer Res. Treat. 1998; 52; 239–259.
13. Cheung KL, Graves CR, Robertson JF. Tumour marker measurements in the diagnosis and monitoring of breast cancer. Cancer
Treat. Rev. 2000; 26; 91–102.
14. Esteva FJ, Hortobagyi GN. Prognostic molecular markers in early
breast cancer. Breast Cancer Res. 2004; 6; 109–118.
15. Slade MJ, Coombes RC. The clinical significance of disseminated
tumour cells in breast cancer. Nat. Clin. Pract. Oncol. 2007; 4;
30–41.
16. Makretsov NA, Huntsman DG, Nielsen TO et al. Hierarchical
clustering analysis of tissue microarray immunostaining data
identifies prognostically significant groups of breast carcinoma.
Clin. Cancer Res. 2004; 10; 6143–6151.
17. Abd El-Rehim DM, Ball G, Pinder SE et al. High-throughput
protein expression analysis using tissue microarray technology of
a large well-characterised series identifies biologically distinct
classes of breast cancer confirming recent cDNA expression
analyses. Int. J. Cancer 2005; 116; 340–350.
18. Gruvberger-Saal SK, Cunliffe HE, Carr KM, Hedenfalk IA.
Microarrays in breast cancer research and clinical practice –
the future lies ahead. Endo. Relat. Cancer 2006; 13; 1017–1031.
19. Colpitts TL, Billing P, Granados E et al. Identification and
immunohistochemical characterization of a mucin-like glycoprotein expressed in early stage breast carcinoma. Tumour Biol.
2002; 23; 263–278.
20. Miksicek RJ, Myal Y, Watson PH, Walker C, Murphy LC, Leygue
E. Identification of a novel breast- and salivary gland-specific,
mucin-like gene strongly expressed in normal and tumour
human mammary epithelium. Cancer Res. 2002; 62; 2736–
2740.

21. Hube F, Mutawe M, Leygue E, Myal Y. Human small breast
epithelial mucin: the promise of a new breast tumour biomarker.
DNA Cell Biol. 2004; 23; 842–894.
22. Lacroix M. Significance, detection and markers of disseminated breast cancer cells. Endo. Relat. Cancer 2006; 13; 1033–
1067.
23. Weigelt B, Verduijn P, Bosma AJ, Rutgers EJ, Peterse HL, van’t
Veer LJ. Detection of metastases in sentinel lymph nodes of breast
cancer patients by multiple mRNA markers. Br. J. Cancer 2004;
90; 1531–1715.
24. Watson PH, Snell L, Parisien M. The NCIC-Manitoba Breast
Tumour Bank: a resource for applied cancer research. CMAJ
1996; 155; 281–283.
25. McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, Clark
GM. REporting recommendations for tumour MARKer prognostic
studies (REMARK). Breast Cancer Res. Treat. 2006; 100; 229–
235.
26. Troup S, Njue C, Kliewer EV et al. Reduced expression of the
small leucine-rich proteoglycans, lumican, and decorin is associated with poor outcome in node-negative invasive breast
cancer. Clin. Cancer Res. 2003; 9; 207–214.
27. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J. Biol. Chem. 1951;
193; 265–275.
28. Gheorghiu I, Deschenes C, Blais M, Boudreau F, Rivard N, Asselin
C. Role of specific CCAAT ⁄ enhancer-binding protein isoforms in
intestinal epithelial cells. J. Biol. Chem. 2001; 276; 44331–
44337.
29. Leygue E, Snell L, Dotzlaw H et al. Mammaglobin, a potential
marker of breast cancer nodal metastasis. J. Pathol. 1999; 189;
28–33.
30. Emberley ED, Niu Y, Njue C, Kliewer EV, Murphy LC, Watson PH.
Psoriasin (S100A7) expression is associated with poor outcome
in estrogen receptor-negative invasive breast cancer. Clin. Cancer
Res. 2003; 9; 2627–2631.
31. Skliris GP, Leygue E, Curtis-Snell L, Watson PH, Murphy LC.
Expression of oestrogen receptor-beta in oestrogen receptor-alpha
negative human breast tumours. Br. J. Cancer 2006; 95; 616–
626.
32. Neven P, Van Calster B, Van den Bempt I et al. Age interacts with
the expression of steroid and HER-2 receptors in operable
invasive breast cancer. Breast Cancer Res. Treat. 2007; Aug 9;
[Epub ahead of print].
33. Gong Y, Yan K, Lin F et al. Determination of oestrogenreceptor status and ERBB2 status of breast carcinoma: a
gene-expression profiling study. Lancet Oncol. 2007; 8; 203–
211.
34. Wolff AC, Hammond EH, Schwartz JR et al. American Society
of Clinical Oncology ⁄ College of American Pathologists Guideline Recommendations for Human Epidermal Growth Factor
Receptor 2 Testing in Breast Cancer. J. Clin. Oncol. 2007; 25;
118–145.
35. Al Haddad S, Zhang Z, Leygue E et al. Psoriasin (S100A7)
expression and invasive breast cancer. Am. J. Pathol. 1999; 155;
2057–2066.
36. Krop I, Marz A, Carlsson H et al. A putative role for psoriasin
in breast tumour progression. Cancer Res. 2005; 65; 11326–
11334.
37. Brown NM, Stenzel TT, Friedman PN, Henslee J, Huper G,
Marks JR. Evaluation of expression based markers for the
detection of breast cancer cells. Breast Cancer Res. Treat. 2006;
97; 41–47.

 2008 The Authors. Journal compilation  2008 Blackwell Publishing Ltd, Histopathology, 52, 355–369.

SBEM protein expression in TMAs of breast carcinomas

38. Maruvada P, Wang W, Wagner PD, Srivastava S. Biomarkers in
molecular medicine: cancer detection and diagnosis. Biotechniques 2005; Apr (suppl.); 9–15.
39. Jacquemier J, Ginestier C, Rougemont J et al. Protein expression
profiling identifies subclasses of breast cancer and predicts
prognosis. Cancer Res. 2005; 65; 767–779.
40. Gillett CE, Springall RJ, Barnes DM, Hanby AM. Multiple tissue
core arrays in histopathology research: a validation study.
J. Pathol. 2000; 192; 549–553.
41. Camp RL, Charette LA, Rimm DL. Validation of tissue microarray
technologyin breast carcinoma.Lab. Invest. 2000; 80; 1943–1949.

369

42. Rimm DL, Camp RL, Charette LA, Olsen DA, Provost E.
Amplification of tissue by construction of tissue microarrays.
Review. Exp. Mol. Pathol. 2001; 70; 255–264.
43. Mucci NR, Akdas G, Manely S, Rubin MA. Neuroendocrine expression in metastatic prostate cancer: evaluation of high throughput tissue microarrays to detect
heterogenous protein expression. Hum. Pathol. 2000; 31;
406–414.
44. Rosen DG, Huang X, Deavers MT, Malpica A, Silva EG, Liu J.
Validation of tissue microarray technology in ovarian carcinoma.
Mod. Pathol. 2004; 17; 790–797.

 2008 The Authors. Journal compilation  2008 Blackwell Publishing Ltd, Histopathology, 52, 355–369.

