
Abstract. The L1 adhesion molecule (L1-CAM) is associated
with impaired prognosis in many carcinomas. However,
limited information about its expression in breast cancer
tissue is available. Therefore, we carried out an analysis on
L1 expression in primary breast cancers using a combination
of Western blot, DNA-microarray analysis and immunohisto-
chemistry. We observed L1 protein and mRNA overexpression
in 14-15% of the carcinomas and this was confirmed by
immunohistochemical staining. High L1 expression was asso-
ciated with nodal involvement, high grading, human epidermal
growth receptor 2 (Her-2), plasminogen activator inhibitor 1
(PAI-1) and vascular endothelial growth factor (VEGF)
expression and a negative estrogen receptor (ER) status, but
not with neuroendocrine markers. Moreover, patients with
tumors showing high L1-CAM expression had a shorter
disease-free and overall survival. Given the emerging func-
tional role of L1 in promoting tumor cell migration, invasion,
tumor growth and metastasis, our results suggest that L1 may
have this function in breast cancer as well.

Introduction

Breast cancer is the most common cancer in women; world-
wide more than one million women will be diagnosed with
breast cancer annually (1). While primary breast cancer can
be surgically removed, the process of metastasis formation
represents a formidable clinical problem as metastasised
breast cancer can ultimately not be cured. In order to achieve
any progress in the treatment of breast cancer, the molecular

features of metastasis formation have to be understood in
order to develop rational treatment strategies.

During malignant progression, cell to cell and cell to
matrix interactions mediated by cell adhesion molecules play
an important role. Modifications in cell adhesion molecule
expression and/or function have been involved in the develop-
ment of miscellaneous tumor types. Studies have shown, that
the dysregulation of cell-cell adhesion caused by changes in
the levels of immunoglobulin-like CAMs (Ig-CAM) plays an
crucial role in the progression of many epithelial tumors (2).

In this study, we focussed on the cell adhesion molecule
L1-CAM, which is a 200- to 220-kD type I membrane
glycoprotein of the immunoglobulin (Ig) superfamily (3).
Several studies have shown that L1-CAM plays a pivotal role
during the malignant progress of various human tumors (4-
11). Most notably in melanoma and ovarian/endometrial
carcinoma but also in colon cancer, L1-CAM expression has
been linked to poor prognosis (5,6,11,12). The interaction of
L1-CAM with other molecules is complex as it binds both to
L1-CAM molecules on other cells (homophilic binding) (13),
to RGD-binding integrins (heterophilic binding) (14,15)
and/or to various cell surface molecules of other cells as
well as components of the extracellular matrix (reviewed in
ref. 16).

On the basis of the scarce information on the role of L1-
CAM in breast cancer in vivo, we decided to evaluate L1-
CAM expression in breast cancer samples in terms of
prognostic impact and correlations with clinical or histo-
logical tumor parameters using cDNA arrays and Western
blot analysis.

Patients and methods

Patients. For the retrospective analysis of L1-CAM protein in
tumor lysates, we used 106 primary breast cancer tissue
samples which had been collected after surgery, snap-frozen
and stored in liquid nitrogen. For array-based L1-CAM
mRNA detection, samples from 167 patients were analysed,
with an overlap of only 20 cases between the cohorts. All
patients were treated for breast cancer at the University
Medical Center Hamburg-Eppendorf, Germany, Department
of Gynecology, between 1991-2002. Patient selection was
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based upon availability of tumor tissue. The median follow-
up time was 84 months (range 8-169 months). All patients
gave written informed consent to access their tissues and
review their medical records in accordance with the principles
of the declaration of Helsinki after review and approval of the

consent form by the local ethics committee (Ethikkommission
der Ärztekammer Hamburg). Breast conserving surgery was
performed in 53% of patients, and 47% were treated by
mastectomy. All additional histological and clinical tumor
characteristics are summerized in Table I.
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Table I. Cohort characteristics for L1-CAM protein and mRNA expression analysis.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

L1-CAM protein analysis L1-CAM mRNA analysis
n (%) n (%)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)

Mean age (median) 56.9 (57.0) 55.5 (56.2)
Range 25-90 29-85

Histological type
Ductal 90 (86) 117 (70)
Lobular 11 (10) 26 (16)
Others/unknown 5 (4) 24 (14)

Tumor stage
pT1 24 (23) 38 (23)
pT2 63 (59) 112 (67)
pT3 3 (3) 5 (3)
pT4 8 (8) 8 (5)
Unknown 8 (8) 4 (2)

Grading
G1 6 (6) 12 (7)
G2 56 (53) 65 (39)
G3 44 (42) 84 (50)
Unknown 0 (0) 6 (4)

Lymph node involvement
Node positive 25 (24) 47 (28)
Node negative 75 (71) 118 (71)
Unknown 6 (6) 2 (2)

Estrogen receptor status
Positive 76 (72) 117 (70)
Negative 30 (28) 41 (25)
Unknown 0 (0) 9 (5)

Progesterone receptor status
Positive 83 (78) 99 (59)
Negative 23 (22) 59 (35)
Unknown 0 (0) 9 (5)

Therapy (multiple therapies included)
Adjuvant chemotherapy 36 (34) 104 (62)
Endocrine treatment 62 (58) 91 (54)
Unknown 11 (10) 6 (4)

Follow-up
Information available 93 (88) 165 (99)
Recurrence 32 (30) 54 (32)
Died of disease (DOD) 25 (24) 41 (25)

Total number 106 167
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1109-1117.qxd  10/9/2009  09:20 Ì  ™ÂÏ›‰·1110



Protein extraction. Tumor cell content in snap-frozen
samples exceeded 40% as shown by H&E staining of cryo-
cut sections. Tissue samples of ca. 100 mg were cut from the
sample and pulverized using a microdismembrator (Braun-
Melsungen, Melsungen, Germany) for 2x45 sec at 2000 rpm.
The resulting powder was immediately suspended in ice-
cold sample buffer pcsb1 (50 mM Tris, pH 6.8; 1% SDS,
10% sucrose). The suspension was stored at -80˚C until use.
Protein content was determined by BCA protein assay.

Western blot analysis. Western blots were performed as
described (17). Equal amounts of protein (20 μg) of each
sample were loaded per well. Electrophoresis was performed
in a 6% polyacrylamide separating gel with a 3% stacking
gel, and proteins were transferred to polyvinylidene difluoride
(PVDF) membranes (Immobilon P, Millipore, Eschborn,
Germany) by semidry blotting. After overnight incubation at
4˚C in blocking solution, membranes were incubated for 1 h at
room temperature with MAb L1-11A (subclone of UJ127.11).
As secondary antibody, peroxidase-conjugated anti-mouse-
IgG (Santa Cruz, Heidelberg, Germany; 1:2000) was used,
which was visualized by chemiluminescence reagents (Super
Signal West Pico kit, Pierce, Rockfort, IL) with Hyperfilm
ECL films (GE-Healthcare, Freiburg, Germany). As control
for comparable exposure of chemiluminescent membranes
and as standard for densitometry, proteins from the cell line
HeLa (20 μg) and the melanoma cell line FEMX-1 (2 and
20 μg) were loaded.

Subsequently, all membranes were further incubated with
goat anti-actin antibodies (I-19; 1:10000; Santa Cruz) and
peroxidase-conjugated anti-goat-IgG (1:4000; Santa Cruz) to
control loading. Band intensities were quantified by densito-
metry (GS-700 Imaging Densitometer, Bio-Rad, München,
Germany). The intensities of the specific L1-CAM bands were
calculated as percent intensity of the control sample (FEMX-1).

Immunohistochemistry. Immunohistochemical studies were
performed on formalin-fixed tissue sections embedded in
paraffin wax. Three-micron sections were deparaffinized
with xylene and rehydrated in a series of ethanols. For epitope
retrieval, slides were heated in EDTA (pH 8.0), in a digital
pressure cooker (Decloaking chamber, Biocare Medical) at
120˚C for 8 min. After they had cooled, the slides were washed
in distilled water. L1 expression was analyzed using an auto-
mated I6000 Immunostainer (Biogenex, San Ramon, CA), in
accordance with the manufacturer's instructions, using L1
mAb clone 14.10 (18) (Signet Laboratory, Dedham, MA)
diluted 1:100. Staining was completed using a Super Picture
sensitive polymer detection kit (Zymed, San Francisco, CA)
in accordance with the manufacturer's instructions. The
color reaction product was developed with either aminoethyl
carbazole (AEC) or diamino benzidine (DAB) (Zymed kit).
All sections were counterstained with hematoxylin. Antibodies
to ER (clone 6F11, Novocastra Laboratory, Newcastle, UK)
diluted 1:60, Retrieval in EDTA pH 8.0) or Her-2 (clone
TAB 250, Zymed Laboratory, San Francisco, CA) and were
used as described by the manufacturer.

RNA isolation. Approximately 50 μg of frozen breast tumor
tissue was crushed in liquid nitrogen. RLT-buffer (Qiagen,
Hilden, Germany) was added and the homogenate was centri-

fuged through a QIAshredder column (Qiagen). The total
RNA was isolated from the eluate by the RNeasy kit (Qiagen)
according to the manufacturer's instructions. RNA yield was
determined by UV absorbance and RNA quality was assessed
by analysis of ribosomal RNA band integrity on an Agilent
2100 Bioanalyzer RNA 6000 LabChip kit (Agilent Techno-
logies, Palo Alto, CA).

Microarray analysis. The Affymetrix (Santa Clara, CA) HG-
U133A array and GeneChip System™ was used to quantify
the relative transcript abundance in the breast cancer tissues.
Starting from 5 μg total RNA, labeled cRNA was prepared
using the Roche Microarray cDNA Synthesis, Microarray
RNA Target Synthesis (T7) and Microarray Target Purifi-
cation kit, according to the manufacturer's instructions. In the
analysis settings, the global scaling procedure was chosen
which multiplied the output signal intensities of each array
to a mean target intensity of 500. Samples with suboptimal
average signal intensities (i.e., scaling factors >25) or GAPDH
3'/5' ratios >5 were relabeled and rehybridized on new arrays.

Statistical analysis. Correlations between L1-CAM protein
or mRNA expression and histological or clinical tumor
characteristics were calculated by ¯2 tests using SPSS 15.0
software. For prognostic parameters, the following groups
were compared: histological grade, G1/G2 vs. G3; staging,
pT1 vs. pT2 vs. pT3/pT4; nodal involvement vs. nodal-
negative tumors; ER/PR positive cases vs. ER/PR negative
tumors; ductal vs. lobular vs. other carcinomas; age <median
vs. >median. Pearson correlation was used as a measure of
association between variables using the continuous
expression values. Kaplan-Meier analysis was also
performed using SPSS 15.0 software. OAS was computed
from the date of diagnosis to the date of death due to distant
metastasis. Survival curves were compared with the log-
rank test. Univariate as well as multivariate p-values for the
respective risk factors in the survival model were obtained by
a Cox proportional hazards model as implemented in SPSS.
All tests were performed at a significance level of p=0.05.
All p-values are two-sided, and no corrections for multiple
testing were applied.

Results

Detection of L1-CAM by Western blot analysis. Western blot
analysis of L1-CAM expression in breast cancer tissues
resulted in the detection of broad bands ranging from around
220-140 kD due to partial degradation (Fig. 1A). The band
intensities varied strongly within the cohort. In relation to the
signal obtained from control cell line which was used in a
1:10 dilution for calculation of band intensities (FMEX-1),
the mean L1-CAM expression in the carcinomas ranged from
0 to 252% with a mean expression of 16.2% and a median of
1.7% (Fig. 1B). Thus, L1-CAM protein expression values were
not normally distributed. In the vast majority of the cases
L1-CAM protein expression was undetectable or very low
(Fig. 1A).

Correlation of L1-CAM protein expression with clinical and
histological parameters and disease outcome. Because of the
abnormal distribution of L1-CAM protein expression levels,
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we decided not to use a technical cut-off, i.e. the median, for
statistical analysis. Instead, we used a cut-off value of 20% to
generate two groups with absent/low L1-CAM expression
(n=90) and L1-CAM overexpression (n=16). By ¯2 statistics,
we found significant associations of high L1-CAM expression
with nodal involvement (p<0.001; Fig. 1C), high grading
(p<0.001; Fig. 1E), advanced clinical stage (p=0.011; Fig. 1D)
and a negative estrogen receptor status (p=0.037; Fig. 1F).
No significant correlations were found with age and proges-
terone receptor status (data not shown). By Kaplan-Meier
analysis, tumors with high L1-CAM expression appeared to
have a shorter disease-free survival, but this difference was
not statistically significant (data not shown).

L1-CAM detection by immunohistochemistry. In order to find
out if the L1-CAM expression detected in Western blots was
indeed derived from tumor cells, immunohistochemistry was
performed on paraffin sections of 8 tumors, among them 5
cases with strong L1-CAM expression as shown in Western
blots. Membraneous and weak cytoplasmic L1-CAM staining
in tumor cells was found in 4 cases with L1-CAM over-
expression in Western blots (Fig. 2A), with some heterogeneity
within the tumors. Within larger tumor cell clusters, the
highest staining intensity was detected in marginal tumor
cells adjacent to the stroma.

To obtain additional information about the pattern of L1
expression in breast tumors and corresponding metastases,
we examined independently 2 other cases of breast carci-
noma for which both the primary tumor and the brain
metastasis were L1-CAM positive (Fig. 2B). Both the primary

tumor and the metastasis were ER negative and Her-2 positive
(Fig. 2B) (see also below). Similar results were obtained in
the second set of paired tumor samples (data not shown).

L1-CAM RNA detection by microarray analysis. For the
analysis of L1-CAM mRNA expression, the datasets obtained
on Affymetrix chips using 167 breast cancer samples were
used. Since the genchips harbored two probesets for L1-
CAM (204584_at and 204585_at), we first compared the
expression data for both probes by Pearson analysis and
found a highly significant positive correlation of both results
(p<0.001; data not shown). Since the expression levels for
204584_at were higher than those for 104585_at (mean
values 123 and 25, respectively), we decided to use the
204584_at probeset for further analysis. Expression values
obtained for this set ranged from 5 to 833.4 (mean 122.6;
median 96.5), and similar to the L1-CAM Western blot
results, they did not show a normal distribution (Fig. 3A).

Correlation of L1-CAM mRNA expression with established
prognostic parameters and disease outcome. For statistical
analysis, the 167 patients were first divided into three groups
of similar case numbers with low, moderate and high L1-
CAM mRNA expression levels. Although the third group
showed a worse overall survival, this difference was not
statistically significant (data not shown). Because of the
unnormal distribution of the RNA expression values, we
therefore used a cut-off value of 200 that separates a group of
24 tumors (14.5%) with high L1-CAM RNA expression from
the remaining 143 cases (85.5%). By comparison of these
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Figure 1. Western blot analysis of L1-CAM expression. (a) Representative Western blot result showing L1-CAM expression in the FMEX melanoma cell line
(diluted 1:10 in the lower panel), HeLa cells, and 19 breast cancer samples. As a housekeeping gene, actin detection is shown. (b) Distribution of L1-CAM
protein expression values after densitometric evaluation of Western blot results. Expression is given as a percent intensity of a positive control sample (2 mg
F-MEX cell extracts). For statistical evaluation, a cut-off of 20% was used (see text). (c-f) Correlations of L1-CAM protein expression levels with clinical
stage (c), nodal involvement (d), histological grading (e) and estrogen receptor status (f). Correlations were calculated by ¯2 test.
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Figure 2. L1-CAM immunohistochemistry showing membraneous and, partially, cytoplasmic staining in tumor cells (x400). (A and B) Representative tumors
which had shown strong L1-CAM expression in Western blots. (A) Poorly differentiated ductal carcinoma (stage 2, nodal positive). (B) Moderately
differentiated ductal carcinoma (stage 4, nodal positive). (C) Ductal carcinoma and corresponding brain matastasis both showing strong L1-CAM and Her-2
expression but no reactivity for ER.

Figure 3. Results of L1-CAM microarray analysis in 167 clinical breast cancer samples. (a) Distribution of L1-CAM mRNA expression data (probeset
204584_at) in 167 breast cancer samples. For statistical evaluation, a cut-off of 200 was used (see arrow). (b-e) Correlations of L1-CAM mRNA expression
levels with nodal involvement (b), clinical stage (c), histological grading (d) and estrogen receptor status (e). Correlations were calculated by ¯2 test.
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groups with respect to clinical and histological parameters,
we found significant correlations of L1-CAM expression
with nodal involvement (p=0.003; Fig. 3B), high histological
grading (p=0.003; Fig. 3D), a negative estrogen receptor
status (p<0.001; Fig. 3E) and progesterone receptor status
(p=0.040; not shown), but no significant association with age
(p=0.054; not shown) and clinical stage (p=0.926; Fig. 3C).
By Kaplan-Meier analysis, patients with high L1-CAM
expression levels (>200) had a significantly shorter disease-
free survival (p=0.011) and overall survival (p=0.005) than
patients with lower L1 mRNA levels (Fig. 4). By multivariate
Cox regression analysis including the classical prognostic
parameters clinical stage, nodal involvement, histological
grading and estrogen receptor status, high L1-CAM expression
was a weak independent predictor with borderline signi-
ficance for a shorter overall survival (p=0.054; Table II),
whereas it lost it prognostic significance for disease-free
survival (p=0.168).

Correlations of mRNA expression levels of L1-CAM and
biologically relevant markers. In order to compare the L1-
CAM expression with other clinically or biologically relevant
markers in breast cancer, we correlated mRNA levels of
L1-CAM with those of steroid hormone receptors (ER, PR),
epidermal growth factor receptor (EGFR), its relative Her2/
erbB2, proteins involved in tumor invasion (uPA, PAI-1,
uPAR) and angiogenesis (VEGF-A-C; Table III). By Pearson
analysis using the continuous expression values, we could
validate the inverse correlation of L1-CAM and ER expression
which had been shown on protein level (p<0.001). Moreover,
we found a significant inverse correlation with PR (p=0.009)
and significant direct associations of L1-CAM with HER2
(p<0.001), PAI-1 (p=0.005) and the members of the VEGF
family VEGF-A (p=0.014), VEGF-B (p=0.033) and VEGF-C
(p=0.009). In addition, there were non-significant weak asso-
ciations with EGFR (p=0.053), uPAR (p=0.058), and uPA
expression (p=0.101). Since the same cohort had been analyzed
before with respect of another adhesion protein, the Activated
Leukocyte Cell Adhesion Molecule (ALCAM) (19), we also
compared the expression levels of both immunoglobulin

proteins, but we did not find any significant association
(p=0.894).

L1-CAM is primarily expressed in normal neuronal cells,
and in colorectal carcinomas, positive L1-CAM immuno-
staining correlated with expression of the neuroendocrine
marker chromogranin A (18). Therefore, we analyzed
mRNA levels of the neuroendocrine markers synaptophysin,
chromogranin A, chromogranin B, and neurone-specific
enolase, but we did not find any significant association of
L1-CAM expression with these markers (Table III).

Discussion

L1-CAM is known to be expressed by gynecological
carcinomas such as ovarian and endometrial cancer but so far
no evidence has been provided for its presence in breast
carcinoma. In a previous study by Huszar et al 25 cases of
infiltrating ductal carcinomas were reported to be L1 negative
by immunohistochemical staining (18). In the present study
we have reinvestigated primary breast cancers using higher
patient numbers and other techniques than IHC to detect L1
in tumor tissues. Positive cases identified using biochemical
techniques or microarray analyses were reconfirmed by IHC.
Regarding both L1 protein and mRNA expression, we
observed a non-normal distribution of expression values, with
approximately 15% of the tumors showing L1 overexpression.
In the group of 106 patients where L1 was identified by
biochemical means, we observe significant associations of
high L1-CAM protein expression with nodal involvement
(Fig. 1C), high grading (Fig. 1E), advanced clinical stage
(Fig. 1D) and a negative estrogen receptor status (Fig. 1F).
By Kaplan-Meier analysis, tumors with high L1-CAM
expression appeared to have a shorter disease-free survival,
that was, however, not statistically significant. In a second
group, 167 tumor-derived mRNAs were investigated by
microarray analysis. Subsequent to the analysis these tumors
were divided into a high L1-CAM RNA expression group
(14.5%) from the remaining cases with no or little expression
(86.5%). The comparison of both groups showed again signi-
ficant correlations of L1-CAM with nodal involvement

SCHRÖDER et al:  L1-CAM IN BREAST CANCER1114

Figure 4. Prognostic impact of L1-CAM mRNA expression in breast cancer patients (n=167). The differences in disease-free survival (a) and overall survival
(b) in months are shown. Dashed line, low L1-CAM mRNA expression (<200). Solid line, strong L1-CAM mRNA expression (>200).
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(Fig. 3B), high histological grading (Fig. 3D), and a negative
estrogen receptor status (Fig. 3E). Kaplan-Meier analysis
revealed that patients with high L1-CAM expression levels
had a significantly shorter disease-free survival and overall
survival. Furthermore, high L1-CAM expression was a weak
independent predictor with borderline significance for a
shorter overall survival (Table II), whereas it lost it prognostic
significance for disease-free survival. Thus, both techniques

of detection of L1 revealed not only that L1 was expressed in
primary breast tissues but was a marker of poor prognosis for
the patients.

We used the data obtained by microarray expression
analysis to further examine relevant markers in breast cancer
in the L1 positive group. By Pearson analysis we could
confirm the inverse correlation of L1-CAM and ER expression
and the direct associations of L1-CAM with HER-2, PAI-1
and members of the VEGF family. Interestingly, we observed
no association with the neuro-endocrine markers synapto-
physin, chromogranin or neurone-specific enolase. The lack
of correlation for these markers argues against the assumption
that L1 positive tumors are of neuro-endocrine origin which
has been observed in L1 positive colon cancers (18). In
addition, breast carcinomas with neuro-endocrine differentation
defined as being positive for 2-3 markers comprise only
approximately 3.3% of all breast cancers (20).

A major concern of studies based on solubilized tumor
tissue is the contribution of normal cells to the detected
signal. Although the normal breast is poorly innervated,
contaminating nerves could contribute to L1 positivity of the
tumor sample. Yet, this would not explain the striking dif-
ferences in L1 expression between different tumors. We used
immmunohistochemical staining to verify that the signals we
were detecting were derived from the carcinoma. Indeed, we
detected L1 expression in several cases of tumor tissue that
had been before identified to have L1 by biochemical means.

ONCOLOGY REPORTS  22:  1109-1117,  2009 1115

Table II. Cox regression analysis including L1-CAM mRNA
expression and conventional prognostic markers (nodal
involvement, stage, grading, estrogen receptor status).
–––––––––––––––––––––––––––––––––––––––––––––––––
A. Overall survival HR 95% CI P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
L1-CAM mRNA

<200 1
≥200 2.29 0.99-5.29 0.053

Nodal metastasis
Negative 1
Positive 1.30 0.63-2.66 0.481

FIGO stage
I-II 1
III-IV 2.47 1.20-5.08 0.014

Estrogen receptor
status

Negative 1
Positive 0.68 0.32-1.43 0.306

Grading
G1-2 1
G3 0.96 0.48-1.94 0.911

–––––––––––––––––––––––––––––––––––––––––––––––––
B. Disease-free survival HR 95% CI P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
L1-CAM mRNA

<200 1
≥200 1.67 0.81-3.47 0.168

Nodal metastasis
Negative 1
Positive 1.73 0.95-3.16 0.073

FIGO stage
I-II 1
III-IV 1.29 0.70-2.38 0.421

Estrogen receptor
status

Negative 1
Positive 0.77 0.40-1.49 0.434

Grading
G1-2 1
G3 1.70 0.88-3.26 0.114

–––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Pearson analysis of correlations between mRNA
expression levels of L1-CAM and clinically or biologically
relevant markers as detected by cDNA array analysis.a

–––––––––––––––––––––––––––––––––––––––––––––––––
Gene N r P-value
–––––––––––––––––––––––––––––––––––––––––––––––––

Estrogen receptor 114 -0.383 <0.001

Progesterone receptor 114 -0.244 0.009

HER2/ErbB2 114 0.481 <0.001

EGFR 114 0.182 0.053

uPAR 114 0.178 0.101

PAI-1 114 0.299 0.001

uPAR 114 0.178 0.058

VEGF-A 114 0.230 0.014

VEGF-B 114 0.199 0.033

VEGF-C 114 0.245 0.009

ALCAM 158 -0.011 0.984

Chromogranin A 158 -0.012 0.880

Chromogranin B 158 0.016 0.840

Synaptophysin 158 0.096 0.231

Neurone-specific enolase 158 -0.015 0.855
–––––––––––––––––––––––––––––––––––––––––––––––––
aInverse associations are indicated by negative r values, and signi-
ficant correlations (p<0.050) are shown in bold.
–––––––––––––––––––––––––––––––––––––––––––––––––
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We also detected L1 in two pairs of breast tumor and brain
metastasis that had been independently investigated. In these
paired samples the tumor and the metastasis were ER negative
and Her-2 positive. Although performed only on a few tumors,
the phenotype agreed with the observed positive association
with Her-2 and negative association with ER found by micro-
array analysis. In addition, the lack of association of L1 with
neural-specific enolase, that is a marker of neural cells, argues
against a major contamination of our tumor samples with
axons.

Recent investigations on the functional role of L1 in
carcinomas have demonstrated that L1 is not only a novel
marker but plays an essential role in tumor biology. It was
shown that expression of L1 augmented i) cell motility on
extracellular matrix components (21-23), ii) enhanced the
invasiveness in matrigel assays (9,24), and iii) promoted
increased tumor growth in immunodefficient mice (9,25).
Importantly, L1 expression can alter gene expression
(23,26,27) and is involved in the induction of resistance to
chemotherapy (28,29). These findings suggested that L1 in
breast tumors could contribute to a more malignant pheno-
type. Currently, anti-L1 mAb-based immunotherapy is under
development with the hope to specifically target L1 positive
tumors.

Collectively, our results show for the first time that L1-
CAM is expressed in a low percentage of human primary
breast cancers and marks an aggressive subpopulation. Further
studies will be needed to evaluate the role of L1 in metastasis
formation.
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