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Aim: To study simultaneously the actions of maspin and CXCR4, which share several similar pathways in
cancer, including apoptosis and angiogenesis.
Methods: Our material consisted of 151 invasive breast carcinomas arranged in a tissue microarray setting.
Maspin and CXCR4 expression was evaluated by immunohistochemistry. Microvessel density was assessed
by CD34 immunodetection and apoptosis by the Tdt-mediated dUTP nick end labelling assay.
Results: Maspin expression was related to CXCR4 expression, apoptosis, patient age and the Nottingham
prognostic index. The expression of both maspin and CXCR4 progressively increased in high-grade tumours.
In patients with lymph node negative breast cancer, maspin overexpression was associated with increased
risk of death. High CXCR4 expression was associated with prolonged survival of patients with high maspin
expression.
Conclusions: Our results show that maspin overexpression could prove to be a potentially useful marker,
especially for the clinically important group of patients with lymph node negative breast cancer. The
expression of CXCR4 is of less significance in our study, but may be informative for specific patient subsets or
in a longer time frame.

B
reast cancer is the commonest malignancy in the female
population worldwide.1 Studies on putative prognostic
factors are necessary to improve prediction and to

determine appropriate therapeutic interventions.
Maspin is a unique serine protease inhibitor of the serpin

superfamily with reported tumour-suppressing activity in breast
cancer.2 The anti-tumour effects of maspin can be attributed to
inhibition of pericellular proteolysis.3 Recent studies have shown
the involvement of maspin in inhibition of angiogenesis4 5 and
induction of apoptosis.6 7 Maspin has been detected in the
myoepithelial cells of normal breast tissue, where it has been
considered to act defensively against malignant growth.8 The
clinical significance of maspin in breast cancer remains elusive,
as contradictory results have been reported.2 9–14

The chemokine receptor CXCR4 (fusin) is a G-protein-coupled
receptor that plays an important part in a number of cellular
functions, including cell migration during morphogenesis15 and
modulation of the immune response.16 CXCR4 was found to act
as a cofactor for T cell infection by the HIV virus.17 Recently,
CXCR4 was also shown to mediate chemotactic and invasive
responses in breast cancer cells through its ligand CXCL-12/
stromal cell derived factor-1 (SDF-1).18 The CXCR4/SDF-1 axis
may have a putative prognostic role in breast cancer.19–21

Maspin and CXCR4 operate in closely connected pathways,
but the possibility of their correlation has not been studied.
Maspin expression has been associated with stromal lympho-
cyte infiltration,13 and SDF-1, the CXCR4 ligand, is a highly
efficacious lymphocyte chemoattractant.22 Furthermore, CXCR4
and maspin expression may affect both tumour angiogenesis
and apoptosis4–7 23–27 through synergistic or competing pathways.

MATERIALS AND METHODS
Patients
The study included 151 women with invasive breast cancer who
presented consecutively at the Queen Elizabeth Hospital in

Birmingham, UK, from January 1999 to May 2001. All patients
received appropriate surgical and adjuvant treatment according
to stage and oestrogen receptor status. The median post-
surgical follow-up was 47 months (interquartile range,
18 months) and 31 (21.4%) patients died of the disease during
that time. Table 1 shows the clinical and pathological
characteristics of the patients. Histological grading was
estimated by the Nottingham Modification of the Bloom and
Richardson system28 29 and oestrogen receptor status was
evaluated according to the NHS guidelines.30 31

Tissue microarray construction
Tissue cores for the construction of tissue microarrays (TMAs)
were taken with a 3 mm skin punch biopsy needle (Stiefel
Laboratories, Buckinghamshire, UK) from the paraffin wax
blocks that were used for histological diagnosis. The tissue
cores were inserted in the holes of the rectangular carrier made
of liver tissue, punched out by a 4 mm punch biopsy needle
(Stiefel Laboratories). The carrier facilitated the smooth cutting
of sections with minimal artefacts in transition from paraffin
wax to tissue. Each carrier had a grid of 465 holes and, in
addition to the breast tumour tissue samples, contained one
core of normal breast tissue as a control. Four cores per sample,
from multiple areas of the same tumour, were included in the
TMA and embedded in different blocks at different positions on
the grid for redundancy. After core insertion, the tissue was re-
embedded in paraffin wax. A small number of cores were
damaged during TMA construction or subsequent methods and
were labelled as non-informative. On average, 83.4% of the
cores, or 3.3 cores per specimen, were informative and were
used in the analysis.

Abbreviations: SDF-1, stromal cell derived factor-1; TMA, tissue
microarray
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Immunohistochemistry
Antibodies used

N Maspin Ab-1 (Clone EAW24, IgG2A mouse monoclonal
antibody, corresponding to the N terminal region of human
maspin; Lab Neomarkers, Athens, Greece)

N MAB171 (IgG2A mouse monoclonal antibody, immunogen
CXCR4 transfectants; R&D Systems, Anti-Sel, Athens,
Greece)

N ab9002 (IgG sheep polyclonal antibody, immunogen LDH-5,
purified from human placenta; Abcam, Cambridge, UK)

N QBend/10 (IgG3 mouse monoclonal antibody, immunogen
CD34 isolated from human placenta; Lab Neomarkers,
Athens, Greece)

Immunohistochemistry was performed according to the indir-
ect biotin–streptavidin–hyperoxidase method, as previously
described.32 The antibody dilutions were 1:75 for oestrogen
receptors, 1:100 for maspin, 1:600 for CXCR4, 1:200 for LDH-5
and 1:20 for CD34. Negative controls were created by omitting
the primary antibody. Myoepithelial cells served as maspin
internal positive controls.13

For all antibodies, tumour cells were counted in the
entire core area at 6430 magnification. Subsequently, the

percentage of cells with positive staining versus the total
number of cells was calculated. Nuclear or cytoplasmic staining
of tumour cells for maspin was considered positive and
recorded separately. Similarly, nuclear or cytoplasmic staining
for LDH-5 and cytoplasmic staining for CXCR4 were consi-
dered positive. Microvessel density was assessed as described
previously.33

Tdt-mediated DUTP nick labelling assay
Double-strand DNA breaks were detected by Tdt-mediated
dUTP nick end labelling assay, as described previously.34

Statistical analysis
The R language for statistics V.2.2 was used.35 All tests for
difference and correlation were non-parametric (Wilcoxon,
Spearman). Both the log-rank test for Kaplan–Meier estimates
of survival and Cox proportional hazards models were used in
the analysis of survival. When necessary, the expression of
study parameters was stratified into ‘‘low’’ and ‘‘high’’ groups,
below and above the median, respectively. The Bonferroni–
Holm correction was applied for multiple comparisons where
appropriate, and results were considered significant when
p,0.05.

Table 1 Patient characteristics*

I II III Missing n

Stage 46 (31) 79 (52) 11 (7) 15 (10) 146
1 2 3

Grade 20 (14) 79 (52) 50 (33) 2 (1) 149
Ductal Lobular

Tumour type 119 (79) 24 (16) 8 (5) 143
Positive Negative

Lymph node status 58 (38) 78 (52) 15 (10) 146
Oestrogen receptor status 112 (74) 39 (26) 0 151

Min Median Mean Max
Age at diagnosis 29 63 62.93 94 0 151
NPI 2.1 4.3 4.34 8 16 (11) 135

NPI, Nottingham Prognostic Index.
*Numbers in parentheses are percentages.

Normal

Cancer

Maspin CXCR 4 LDH 5

Figure 1 Immunohistochemistry for maspin, CXCR4 and LDH-5. Sections of normal breast epithelium (original magnification 6100). Adjacent breast
carcinoma sections (original magnification 6100 for maspin staining and 6200 for CXCR4 and LDH-5 staining).
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RESULTS
TMA analysis and data validation
To validate our TMA analysis, the expression of every parameter
was compared between the different cores of each specimen by
intraclass correlation (one-way analysis of variance). The
values obtained were 0.72, 0.88, 0.91, 0.92 and 0.98 for maspin,
CXCR4, LDH-5, microvessel density and apoptotic index,
respectively, reflecting high reliability for all parameters
examined. This high reliability could be attributed to the large
diameter of cores in our study, compared with 0.6 mm2 cores in
other studies.36 The mean value of each specimen’s cores was
used in the analysis.

Immunohistochemical analysis
All samples displayed high cytoplasmic maspin expression with
a median value of 92%. The standard deviation (SD 3.94) and
other measures of variability (interquartile range 4.6) were very
low and small differences in expression were reliably consid-
ered significant despite the abundance of immunohistochem-
ical staining. Nuclear staining was also observed in 36 (26%)
cases. Myoepithelial cells showed cytoplasmic and occasionally

nuclear staining, whereas normal epithelial cells were not
stained. Cytoplasmic and occasional membrane staining for
CXCR4 was found in 133 (88%) tumours, whereas normal
epithelium displayed insignificant focal staining. Cytoplasmic
staining of LDH-5, a marker of anaerobic metabolism, was
observed in 146 (97%) specimens, whereas nuclear staining was
limited to 32 (22%) specimens. Adjacent normal breast tissue
showed weak LDH-5 staining (fig 1 and table 2).

Correlation between maspin, CXCR-4 and
clinicopathological factors
The immunohistochemical expression of CXCR4 correlated
with both maspin (p,0.001, r = 0.34) and LDH5 expression
(p,0.001, r = 0.31). The expression of all three molecules
varied significantly between ductal and lobular carcinomas
(p = 0.001 for maspin, p = 0.03 for CXCR4 and p = 0.015 for
LDH-5). Maspin and CXCR4 expression progressively increased
in higher grade tumours (p = 0.006 for maspin and p = 0.005
for CXCR4).

Analysis of survival
Simple univariate models were used as a starting point (table 4).
As expected, most known prognostic factors (stage, lymph node
status, patient age and oestrogen receptor status) were found to
significantly affect survival. The prognostic value of the
Nottingham prognostic index approached significance with
p = 0.059. Histological type and grade were not significant
predictors of survival.

To further refine and explore our results, we proceeded with
the construction of multivariate models of survival using the
Cox proportional hazards method. After adjusting for disease
stage or the Nottingham prognostic index, maspin expression is
still associated with a worse prognosis (hazard ratio 1.2 or 1.17,
p = 0.0098 or 0.02, respectively) and CXCR4 expression is
associated with a small survival advantage that becomes
significant (hazard ratio 0.98 or 0.98, p = 0.018 or 0.0094,
respectively). Furthermore, the ‘‘high maspin, low CXCR4’’
group has worse survival than the ‘‘low maspin, high CXCR4’’
group, as is evident in fig 2A (model p = 0.004, maspin hazard

Table 2 Molecular characteristics of the tumours

Min Median Mean Max Missing* n

Maspin IHC (%)� 70 92 91.1 97 3 (2) 148
CXCR4 IHC (%) 0 53 47.9 91 0 (0) 151
LDH5 IHC (%)� 0 63 58.4 100 0 (0) 151
AI 0.28 0.85 1.26 4.2 6 (4) 145
MVD 5.5 21.8 22.8 57.5 4 (3) 147

Present n* Absent n* Missing* n
Nuclear maspin
expression 36 (24) 102 (68) 13 (8) 138
Nuclear LDH-5
expression 32 (21) 116 (77) 3 (2) 148

AI, apoptotic index; MVD, microvessel density.
*Numbers in parentheses are percentages.
�Refers to cytoplasmic staining.

Table 3 Correlation of molecular and clinicopathological variables with maspin and CXCR4 expression

Maspin CXCR4

Median Median p Value Median Median p Value

Stage 0.4 0.55
I vs II 91.2 91.5 0.29 51.7 56.3 1
II vs III 91.5 92.1 0.96 56.3 25 1
I vs III 91.2 92.1 0.96 51.7 25 1

Grade 0.006 0.011
1 vs 2 90.9 91.3 0.97 13.8 48.3 0.16
2 vs 3 91.3 93 0.01 48.3 65 0.08
1 vs 3 90.9 93 0.08 13.8 65 0.07

Lobular Ductal Lobular Ductal
Tumour type 89.1 92.5 0.001 28.1 55 0.03

Negative Positive Negative Positive
Lymph node status 91.5 93 0.06 50 67.7 0.15
Oestrogen receptor status 93 91.8 0.14 60 49.2 0.31

Maspin low Maspin high CXCR4 low CXCR4 high
Age (years) 58 68 0.03 63.5 62 0.79
NPI 3.5 4.5 0.01 3.5 4.5 0.07
Maspin IHC (%) — — — 90 93 ,0.001
CXCR4 IHC (%) 37.5 66.7 ,0.001 — — —
LDH5 IHC (%) 63.3 64.4 0.53 53.3 73.3 ,0.001
AI 0.8 1.2 0.049 0.9 0.9 0.56
MVD 22 21.4 0.81 22.8 21.4 0.55

AI, apoptotic index; IHC, immunohistochemistry; MVD, microvessel density; NPI, Nottingham prognostic index.
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ratio 1.17, p = 0.014, CXCR4 hazard ratio 0.98, p = 0.007) and
fig 2B (model p = 0.004, maspin hazard ratio 1.19, p = 0.016,
CXCR4 hazard ratio 0.98, p = 0.019). By contrast, LDH5
expression did not provide prognostic information when
disease stage or lymph node status was included in the model.

The division between lymph node negative and lymph node
positive breast cancer is of profound clinical significance
because lymph node positivity is assumed to indicate a high
possibility of undetectable micrometastatic disease. In the
group of patients with lymph node negative breast cancer
(n = 75), maspin is associated with worse prognosis (hazard
ratio 1.27, p = 0.038). In that group, 27% of patients with high
maspin expression died during follow-up, compared with only
14% of patients with low maspin expression. In the group of
patients with lymph node positive breast cancer (n = 54),
maspin has no prognostic value (p = 0.88). The exact opposite
is true for CXCR4, whose expression is of no significance in
patients with lymph node negative breast cancer (n = 75,
p = 0.43) but does predict a small survival benefit in patients

with lymph node positive breast cancer (n = 55, hazard ratio
0.978, p = 0.005).

The most powerful stepwise predictive model that we
constructed included stage, oestrogen receptor status, maspin
expression and CXCR4 expression. This model could not be
improved with the inclusion of age, lymph node status, grade,
histology, apoptosis, Nottingham prognostic index, LDH5 or
maspin expression and should be considered conclusive for our
dataset. In this model, maspin expression was again associated
with a poorer prognosis (hazard ratio 1.19, p = 0.012) and
CXCR4 expression was associated with a very small reduction
in risk (hazard ratio 0.98, p = 0.016). Oestrogen receptor
expression reduced risk by almost 60% (hazard ratio 0.44,
p = 0.049).

DISCUSSION
The abundant staining for maspin seems paradoxical at first,
but has been reported elsewhere.12 One would normally expect
the activity of a tumour suppressor protein like maspin to be
down regulated in cancer. However, its staining does not have
to diminish. The apparent overexpression of maspin can be
attributed to the accumulation of dysfunctional isoforms, a
phenomenon that occurs with mutant p53.37 Maspin can also
form dimers and higher order polymers under certain condi-
tions,38 39 but it is unclear whether this takes place in cancer
cells and whether it explains the abundant staining.

Despite some studies to the contrary,9 14 our results associate
maspin overexpression with adverse pathological characteris-
tics. Similar results have also been published for colorectal
cancer.40 The statistical trend between high maspin expression
and lymph node positivity in our report cannot be considered
conclusive, but it is consistent with the ‘‘aggressive’’ profile of
maspin-overexpressing tumours (table 3). Recent reports, in
vitro and in mice,7 41 42 have focused on the proapoptotic
abilities of maspin. Indeed, we observed higher apoptosis in
tumours that overexpressed maspin, suggesting that it retains
its proapoptotic ability in breast cancer. The increase of maspin
expression in older patients has been reported in a recent study
of normal skin samples and keratinocyte cell cultures,5 and it
may reflect a senescent phenotype with protective paracrine

Table 4 Univariate analysis of survival

Cox model

p Value Hazard ratio

Stage 0.026 3.3, 3.6
Grade 0.26 —
Lymph node status 0.039 2.3
Oestrogen receptor status* 0.029 0.382
Lobular or ductal 0.140 —
Age 0.009 1.04
NPI 0.059 1.32
Maspin 0.048 1.7
CXCR4 0.085 0.98
LDH5 0.013 0.98
AI 0.2 —
MVD 0.61 —
Nuclear maspin 0.52 —
Nuclear LDH5 0.27 —

AI, apoptotic index; MVD, microvessel density; NPI, Nottingham prognostic
index.
*Result refers to patients who did receive hormonal treatment.
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CXCR4 expression, maspin expression and survival
cox model p = 0.004

CXCR4 low, maspin low

CXCR4 low, maspin high

CXCR4 high, maspin low
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CXCR4 expression, maspin expression and survival
adjusted for stage and estrogen receptor status

cox model p = 0.004
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Figure 2 Survival analysis. Maspin and CXCR4 coexpression patterns correlate to patient survival (A) even after adjustment for stage and oestrogen
receptor status (B).
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antiangiogenic activity. Although maspin did not exert a
significant effect on microvessel density in our study, possibly
because of the antagonistic recruitment of other pathways by
the tumour tissue microenvironment, we believe that the
functional link between cellular senescence and maspin
expression deserves further investigation.

It is not surprising that maspin overexpression was asso-
ciated with an increased hazard ratio and a shorter overall
survival. Our results are in line with several studies in
breast,10 11 43 lung,44 thyroid45 and other tumour types. The fact
that this effect is prominent in patients with lymph node
negative disease leads us to consider the possibility that maspin
overexpression is associated with a high risk for clinically
undetectable disease spread and subsequent recurrence.
Maspin expression was not informative in patients with lymph
node positive disease, but its levels were uniformly high in
these cases, as discussed, and the division into ‘‘low’’ and
‘‘high’’ expression was far less pronounced within that group.
The substantial increase of maspin expression in patients with
lymph node positive disease (table 3) strengthens the assump-
tion that maspin overexpression is associated with disease
progression, but could weaken its discriminatory power in
advanced stages. In that sense, the evaluation of maspin
expression might prove to be primarily useful in the early stages
of breast cancer.

The immunohistochemical staining of CXCR4 was detected
in the cytoplasm and membrane of cancerous cells as expected
for a membrane receptor. Others have reported the existence of
nuclear CXCR4 staining19 21 that we could not verify. Like
maspin expression, CXCR4 expression was associated with a
higher tumour grade and a tendency towards higher NPI values
and lymph node positivity. Similar findings have been reported
previously.19 21 46

Generally, CXCR4 is believed to facilitate breast cancer
metastasis18 20 by helping cells migrate to various target organs.
However, we were unable to deduce any prognostic implica-
tions in patients with lymph node negativity who over-
expressed CXCR4. Similarly, the survival of patients who had
low levels of maspin and were therefore expected to be at a
lower risk of death was not affected by the presence of high
CXCR4. By contrast, high levels of CXCR4 were associated with
a small but measurable survival advantage in patients who
were lymph node positive or overexpressed maspin and were
assumed to already harbour more advanced disease. The
possibility that CXCR4 and maspin may have opposing
functions should be considered, although such an antagonistic
activity can only be reliably deduced from molecular studies.
Alternatively, high CXCR4 expression in these patients could be
a secondary effect of a protective reaction like lymphocyte
infiltration and the corresponding up regulation of SDF-1.22

Although we are reluctant to generalise this finding, others
have reported a survival benefit in patients with familial
chronic lymphocytic leukemia who express high CXCR447 and
in patients with non-small cell lung cancer48 who express
nuclear CXCR4.

The prognosis of patients with lymph node negative breast
cancer varies considerably and the selection of an appropriate
therapeutic regimen can be hard. We believe that there is now
sufficient evidence to support a more extensive evaluation of
maspin as a potentially sensitive prognostic marker in these
patients. The prognostic value of CXCR4 in patients with lymph
node negative disease was not significant in our study, but it
may have to be assessed in a larger study. The unexpected
finding of slightly longer survival in patients with lymph node
positive disease with high levels of CXCR4 could be a special
characteristic of their molecular profile and might fuel further
investigations.
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