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Original Article 
Overexpression of L1 cell adhesion molecule  
correlates with aggressive tumor progression  
of patients with breast cancer and promotes  
motility of breast cancer cells
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Abstract: Background and purpose: L1 cell adhesion molecule (L1CAM) has been observed to be aberrantly ex-
pressed and implicated in progression of several types of human cancers. However, its roles in breast cancer have 
not been fully elucidated. In this study, we aimed to investigate the clinical significance of L1CAM in human breast 
cancer and to validate whether it participates in cancer cell migration and invasion. Methods: Immunohistochemical 
analysis of 100 breast cancer and matched non-cancerous breast tissues was performed to detect the expression 
and sub-cellular localization of L1CAM protein. Its associations with clinicopathological characteristics of breast 
cancer patients were statistically analyzed and its phenotypic effects were also evaluated in vitro. Results: Of the 
100 breast cancer patients, 89 (89.0%) were positive for L1CAM immunostaining localized in the membrane of 
cancer cells. The immunoreactive scores of L1CAM protein in breast cancer tissues were significantly higher than 
those in matched non-cancerous breast tissues (P<0.05). Chi-Square analysis showed the significant associations 
between L1CAM overexpression and high tumor stage (P=0.01), advanced tumor grade (P=0.03), positive lymph 
node metastasis (P=0.01) and tumor recurrence (P=0.01) in breast cancer patients. Moreover, we found that RNA 
interference-mediated knockdown of L1CAM could inhibit the migration and invasion abilities of breast cancer cells 
in vitro. Conclusions: Our results suggest that the overexpression of L1CAM may be related to several established 
markers of poor prognosis in breast cancer patients. L1CAM might be a potential therapeutic target against meta-
static breast cancer.
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Introduction 

Breast cancer, one of the most common malig-
nancies and the leading cause of cancer-relat-
ed mortality in women worldwide [1]. Due to 
high incidence and mortality, a median overall 
survival period of patients with this cancer 
remains 2 to 3 years [2]. It has been indicated 
that the clinical management and outcome of 
patients with breast cancer may be determined 
by various clinicopathological characteristics 
and molecular markers because of its high het-
erogeneity at the histopathologic and molecu-
lar levels [3]. Tumor metastasis, which consists 

a complex series of events including cell migra-
tion, invasion, adhesion and vessel formation, 
has been confirmed to cause the great majority 
of breast cancer patients’ mortalities [4]. Thus, 
to clarify the underlying molecular mechanisms 
of breast cancer metastasis is the key point  
for the identification of effective therapeutic 
targets.

L1 cell adhesion molecule (L1CAM), a member 
of the immunoglobulin superfamily of cell adhe-
sion molecules, is a 200-220 kDa transme- 
mbrane glycoprotein composed of 6 Ig-like 
domains and 5 fibron ectin type III repeats fol-
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lowed by a transmembrane region and a highly 
conserved cytoplasmic tail [5]. Under the physi-
ological condition, L1CAM is originally found in 
the nervous system and is expressed in devel-
oping neuronal cells, hematopoietic cells, renal 
epithelial cells, endothelial cells, and intestinal 
crypt cells [6]. Growing evidence show the 
abnormal expression pattern of L1CAM in a 
variety of cancer types, including glioma, neuro-
blastoma, melanoma, anaplastic thyroid ca- 
rcinoma, non-small cell lung cancer, gastric  
cancer, hepatocellular carcinoma, pancreatic  
cancer, colorectal cancer, ovarian cancer and 
endometrial cancer [7-17]. Moreover, the pres-
ence of L1CAM overexpression has been indi-
cated to be associated with advanced cancer 
progression and poor patients’ prognosis. 
These findings imply the central role of L1CAM 
in human carcinogenesis, which prompted a 
large number of studies on the development 
and preclinical testing of L1CAM specific  

ermore, L1CAM was silenced in breast cancer 
cells and the effect on cell migration and inva-
sion was examined.

Materials and methods 

Patients and tissue samples 

Experiments on human tissues was approved 
by the Research Ethics Committee of Nanjing 
Medical University Affiliated Jiangsu Cancer 
Hospital, Huai’an First People’s Hospital, 
Huai’an Second People’s Hospital, the People’s 
Hospital of Hong’ze County and the 82 Hospital 
of PLA, P. R. China. Written informed consent 
was obtained from all of the patients enrolled in 
this study. All tissue specimens were handled 
and made anonymous according to the ethical 
and legal standards. 

A total of 100 breast cancer and matched non-
cancerous breast tissue specimens obtained 

Table 1. Associations between L1CAM protein and clinicopathological 
characteristics of patients with breast cancer

Clinicopathological features No. of cases
L1CAM expression

P
High (n, %) Low (n, %)

Age
    <50 40 20 (50.00) 20 (50.00)

NS
    ≥50 60 31 (51.67) 29 (48.33)
Tumor size (cm)
    <2.0 55 26 (47.27) 29 (52.73)

NS
    ≥2.0 45 25 (55.56) 20 (44.44)
Histological type
    Ductal 70 35 (50.00) 35 (50.00)

NS    Lobular 10 6 (60.00) 4 (40.00)
    Others 20 10 (50.00) 10 (50.00)
Histological grade
    I 22 6 (27.27) 16 (72.73)

0.03    II 48 23 (47.92) 25 (52.08)
    III 30 22 (73.33) 8 (26.67)
Tumor stage
    I 10 3 (30.00) 7 (70.00)

0.01    II 55 23 (41.82) 32 (58.18)
    III 35 25 (82.86) 10 (17.14)
Lymph node metastasis
    Negative 32 5 (15.63) 27 (84.37)

0.01
    Positive 68 46 (67.65) 22 (32.35)
Tumor recurrence
    Negative 40 11 (27.50) 29 (72.50)

0.01
    Positive 60 40 (66.67) 20 (33.33)
‘NS’ refers to the differences without statistical significance.

antibody for the target  
therapeutic strategies of 
cancers.

Several studies have foc- 
used on the potential role 
of L1CAM in breast cancer. 
For example, Li et al. [18] 
reported that the soluble 
form of L1CAM could pro-
mote breast cancer cell 
adhesion to extracellular 
matrix (ECM) and cell 
migration; Zhang et al. [19] 
validated that L1CAM mi- 
ght mediate vascular meta- 
stasis of hypoxic breast 
cancer cells to the lungs. 
However, its involvement in 
breast cancer has not been 
fully elucidated. In the cur-
rent study, the expression 
pattern and subcellular 
localization of L1CAM pro-
tein in breast cancer tis-
sues were detected by 
immunohistochemistr y 
analysis based on a large 
cohort of clinical samples. 
Then, the associations bet- 
ween L1CAM protein and 
various clinicopathological 
characteristics were sta- 
tistically evaluated. Furth- 
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from patients who underwent 
surgery between 2008 and 
2012 at Department of 
General Surgery, Nanjing 
Medical University Affiliated 
Jiangsu Cancer Hospital and 
Huai’an First People’s Hos- 
pital were enrolled in this 
study. All these tissue speci-
mens were formalin-fixed and 
paraffin-embedded for his- 
topathologic diagnosis and 
immunohistochemical study. 
Histological examination was 
performed by two patholo-
gists, who were both unaware 
of the clinical data, on paraf-
fin-embedded sections after 
hematoxylin-eosin staining. 
The tumor-node-metastasis 
(TNM) system of tumor stage 
and histological grade were 
performed according to the 
World Health Organization 
guidelines. The clinicopatho-
logical characteristics, includ-
ing patients’ age, tumor size, 
histological type, tumor sta- 
ge, histological grade, lymph 
node status and tumor recur-
rence status, were summa-
rized in Table 1.

Immunohistochemistry

Immunohistochemistry of 10- 
0 breast cancer and matched 
non-cancerous breast tissu- 
es was performed to detect 
the expression and sub-cellu-
lar localization of L1CAM pro-
tein. Briefly, the sections were 
dewaxed in xylene and rehy-
drated in graded ethanols, 
and immersed in 3% metha-
nolic peroxide for 10 min to 
block the endogenous peroxi-
dase activity. Then, the sec-
tions were incubated with the 
primary antibody for L1CAM 
(a goat polyclonal L1CAM 
antibody, sc-31032, Santa 
Cruz Biotechnology, CA, USA) 
for 60 min at room tempera-

Figure 1. Overexpression of L1CAM protein in human breast cancer tissues. 
A. Positive L1CAM immunostaining was localized in the membrane of breast 
cancer cells; B. Negative or weak membrane staining of L1CAM was shown 
in non-cancerous breast tissues; C. There were 88 of 100 (88.0%) cases 
of breast cancer overexpressed L1CAM compared with the matched non-
cancerous breast tissues; D. Statistical analysis showed that the L1CAM ex-
pression level in breast cancer tissues was higher than that in the matched 
non-cancerous breast tissues, with mean IRS at 5.12 ± 1.19 vs. 3.08 ± 0.84 
(P<0.05).
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ture. After that, the immunoperoxidase staining 
was accomplished using the Supersensitve 
Detection Kit with DAB (Zymed Labs, San 
Francisco, CA) as substrates, and counter-
stained with hematoxylin before coverslipping 
and reading by light microscopy. Negative con-
trols were performed by omitting the primary 
antibodies. The breast cancer tissue speci-
mens with the overexpression of L1CAM pro-
tein confirmed by western blot were used as 
positive controls. The specificity of the L1CAM 
antibody was reported in previous studies [20].

To evaluate the results of immunohistochemis-
try analysis, all sections were independently 
conducted by two pathologists, who were both 
blinded for clinical outcome data. The scores of 
the two pathologists were compared and any 
discrepant scores were trained through re-
examining the staining by both pathologists to 
achieve a consensus score. All sections were 
scored in a semi-quantitative manner and the 
immunoreactivity scores (IRS) were calculated 
based on the number of immunoreactive tumor 
cells and the intensity of immunostaining as 
reported in the previous studies [21, 22]. The 

percentage scoring of immunoreactive tumor 
cells was as follows: 0 (0%), 1 (1-10%), 2 (11-
50%) and 3 (>50%). The staining intensity was 
visually scored and stratified as follows: 0 (neg-
ative), 1 (weak), 2 (moderate) and 3 (strong). A 
final IRS was obtained for each case by multi-
plying the percentage and the intensity scores.

Cell culture

Two human breast cancer cell lines: HBL-100 
and MCF-7 were purchased from the Cell Bank 
of Type Culture Collection of Chinese Academy 
of Sciences (Shanghai, China) and maintained 
in Dulbecco’s modified Eagle’s medium (DMEM) 
(GibCo BRL, Grand Island, NY) supplemented 
with 10% heat-inactivated fetal bovine serum 
(FBS, GibCo BRL, Grand Island, NY), 2 mM 
L-glutamine, and 100 U/ml penicillin–strepto-
mycin mixture (GibCo BRL, Grand Island, NY) at 
37°C and 5% CO2.

Small interfering RNA transfection

HBL-100 and MCF-7 cells were seeded at a 
density of 2×105 cells per well in 6-well plates 
and were transfected the following day with 
either L1CAM-targeting siRNA (si-L1CAM, 5’- 
AGGGAUGGUGUCCACUUCAAATT-3’) or nontar-
geting control siRNA (si-con, 5’-TTCTCCGA- 
ACGTGTCACGT-3’) to a final concentration of  
30 nM using Lipofectamine 2000 (Life Tech- 
nologies, Carlsbad, CA, USA).

Western blot analysis

Western blot analysis was performed to detect 
the expression level of L1CAM protein in breast 
cancer cells transfected with either L1CAM-
targeting siRNA (si-L1CAM) or nontargeting con-
trol siRNA (si-con). Briefly, 20 μg of total protein 
were mixed with loading buffer containing sodi-
um dodecyl sulfate (SDS), boiled for 5 min, and 
then resolved by 7.5% SDS polyacrylamide gel 
electrophoresis. After blocking with 5% non-fat 
milk, the membranes were probed with goat 
anti-L1CAM polyclonal antibody (#sc-31032, 
Santa Cruz Biotechnology, CA, USA). GADPH 
antibody (Santa Cruz Biotechnology, CA, USA) 
was used as an internal reference. After that, 
the blots were incubated with peroxidase-con-
jugated anti-goat IgG (Santa Cruz Biotechnology, 
CA, USA) for 1 h at room temperature at a 
1:1000 dilution. Immunobands were detected 
using ECL plus Western Blotting Detection 
System (GE Healthcare, Buckinghamshire, 
England). 

Figure 2. RNA interference-mediated knockdown 
of L1CAM protein in breast cancer cells in vitro. A. 
L1CAM protein levels in nontargeting control siRNA 
(si-con) and L1CAM-targeting siRNA (si-L1CAM) 
transfected HBL-100 and MCF-7 cells cells were de-
tected by Western blot. B. LKB1 knockdown efficien-
cy was quantified using densitometry. The L1CAM 
siRNA used in this study could reduce the level of 
L1CAM protein expression by >70% in both HBL-100 
and MCF-7 cells.



L1CAM functions as an oncogene in breast cancer

9244 Int J Clin Exp Pathol 2015;8(8):9240-9247

Wound healing assay

Wound healing assay was performed to evalu-
ate the effect of L1CAM on breast cancer cell 
migration ability in vitro. Briefly, cells were 
seeded to nearly complete confluence in a 
monolayer in 6-well plates. Forty-eight hours 
following the transfection with either L1CAM-
targeting siRNA (si-L1CAM) or nontargeting con-
trol siRNA (si-con), cells were serum starved for 
12 h. Then, the monolayer was scratched with 
a 10 μL pipette tip. After that, cells were washed 
with PBS and cultured in 5% FBS-DMEM at 5% 
CO2 and 37°C. The wounded areas were moni-
tored by inverted Leica phase-contrast micro-
scope (Leica DFC 300 FX) and the assays were 
performed in triplicate.

Cell invasion assay

Cell invasion assays were conducted using 
transwell chambers (8 μm pore; BD Biosciences, 
Franklin Lakes, NJ, USA). Briefly, cells were 
seeded in a 6-well plate and transfected with 
either L1CAM-targeting siRNA (si-L1CAM) or 
nontargeting control siRNA (si-con). Forty-eight 
hours post-transfection, cells were replated at 
a density of 2.5×104 cells per invasion chamber 
(BD Biosciences, Franklin Lakes, NJ, USA) in 
serum-free media. After that, serum-containing 
media was used as a chemoattractant and 

placed outside of the chamber. Twenty-four 
hours later, noninvading cells were removed 
from inside the chamber. Cells on the exterior 
of the chamber were fixed, stained, visualized 
and photographed. The assays were performed 
in triplicate.

Statistical analysis 

Data analyses were carried out by the software 
of SPSS version13.0 for Windows (SPSS Inc, IL, 
USA). Data were expressed as means ± stan-
dard deviation (S.D.) for continuous variables. 
χ2 tests were used to assess the associations 
between L1CAM expression and clinicopatho-
logical characteristics. Student’s t-test or one-
way ANOVA were used to evaluate differences 
in protein expression, cell migration and inva-
sion. Differences were considered statistically 
significant when P was less than 0.05.

Results 

Overexpression of L1CAM protein in human 
breast cancer tissues

Of the 100 breast cancer patients, 89 (89.0%) 
were positive for L1CAM immunostaining local-
ized in the membrane of cancer cells (Figure 
1A), while there was no detectable L1CAM 
immunoreactivity in 11 cases (11.0%). Non-

Figure 3. Knockdown of L1CAM expression inhibits cellular motility of breast cancer cells in vitro. L1CAM knock-
down HBL-100 and MCF-7 cells both showed an approximately 2.5-fold decrease in migration (A) and a 2-fold de-
crease in invasion (B), compared with L1CAM-overexpressing cells.
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cancerous breast tissues showed negative or 
weak membrane staining of L1CAM (Figure 
1B). There were 88 of 100 (88.0%) cases of 
breast cancer overexpressed L1CAM compared 
with the matched non-cancerous breast tis-
sues (Figure 1C). Statistical analysis showed 
that the L1CAM expression level in breast can-
cer tissues was higher than that in the matched 
non-cancerous breast tissues, with mean IRS 
at 5.12 ± 1.19 vs. 3.08 ± 0.84 (P<0.05, Figure 
1D). 

In addition, breast cancer patients with L1CAM 
levels less than the median IRS value of 5.06 
were assigned to the low expression Group 
(n=49), whereas those with L1CAM levels more 
than the median IRS value of 5.06 were 
assigned to the high expression group (n=51). 

Overexpression of L1CAM protein associates 
with aggressive progression of patients with 
breast cancer

Table 1 summarized the associations between 
serum L1CAM levels with clinicopathological 
parameters of patients with breast cancer. Chi-
Square analysis showed the significant associ-
ations between L1CAM overexpression and 
high tumor stage (P=0.01, Table 1), advanced 
tumor grade (P=0.03, Table 1), positive lymph 
node metastasis (P=0.01, Table 1) and tumor 
recurrence (P=0.01, Table 1) in breast cancer 
patients. However, no statistically significant 
associations of L1CAM protein with patients’ 
age, tumor size and histological type of breast 
cancer were found (all P>0.05, Table 1).

Knockdown of L1CAM expression inhibits cel-
lular motility of breast cancer cells in vitro

To determine whether the overexpression of 
L1CAM is required to maintain the cellular 
motility of HBL-100 and MCF-7 cells, we used 
the siRNA targeting L1CAM mRNA to silence its 
expression. As shown in Figure 2, the L1CAM 
siRNA used in this study could reduce the level 
of L1CAM protein expression by >70% in both 
HBL-100 and MCF-7 cells. As shown in Figure 3, 
L1CAM knock-down HBL-100 and MCF-7 cells 
both showed an approximately 2.5-fold dec- 
rease in migration and a 2-fold decrease in 
invasion, compared with L1CAM-overexpressing 
cells, indicating that L1CAM knock-down could 
significantly inhibit the migration and invasion 
of breast cancer cells in vitro.

Discussion

Since breast cancer is prone to invade into 
adjacent regions and to metastasize to lymph 
nodes and distant organs, it is extremely nec-
essary to identify the related molecules 
involved into tumor migration and invasion. In 
the current study, our data demonstrated and 
functionally characterized L1CAM as an impor-
tant player in breast cancer progression. We 
first observed the strongly positive immunos-
taining of L1CAM protein in cellular membrane 
of cancer cells in the primary breast cancer tis-
sues, and then found a positive correlation 
between L1CAM levels and aggressive progres-
sion of breast cancer patients. After that, our 
data also addressed the role of L1CAM in cel-
lular motility of breast cancer cells in vitro. To 
the best of our knowledge, this is the first study 
to evaluate the clinical significance of L1CAM 
expression based on a large series of 100 
breast cancer patients.

Growing evidence shows that L1CAM expres-
sion is increased in various types of cancer, 
predominantly at the invasive front of tumors 
and in metastases, suggesting its involvement 
in advanced tumor progression. Functionally, 
the overexpression of L1CAM often leads to the 
increased motility, the enhanced growth rate 
and the promoted cell transformation and 
tumorigenicity of malignant cells. For example, 
Ben et al. [14] reported that the downregulation 
of L1CAM could inhibit proliferation, invasion 
and arrest cell cycle progression in pancreatic 
cancer cells in vitro; Kim et al. [10] indicated 
that L1CAM was highly expressed in the sam-
ples taken from patients with anaplastic thyroid 
carcinomas, and might play an important role 
in determining tumor behavior and chemosen-
sitivity in cell lines derived from anaplastic thy-
roid carcinomas; Ito et al. [12] found that 
L1CAM downregulation by siRNA could signifi-
cantly decrease cell proliferation, migration, 
and invasion in gastric cancer cell lines through 
the ERK pathway. In line with these findings on 
other malignancies, the current study also 
demonstrated the oncogenic role of L1CAM in 
breast cancer and found that the knock-down 
of L1CAM had the similar suppressive effects 
on migration and invasion of HBL-100 and 
MCF-7 cell lines. Moreover, recent studies have 
revealed that the aberrant expression of L1CAM 
in clinical tumor samples often conferred the 
capacity to promote tumor progression. For 
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example, Wang et al. [23] reported that the 
expression of L1CAM in gastric cancer was sig-
nificantly associated with lymph node and dis-
tant metastasis, and poor prognosis, implying 
that L1CAM could be a useful marker to predict 
tumor progression and prognosis; Bosse et al. 
[17] identified L1CAM expression as a strong 
independent predictor for distant recurrence 
and overall survival in stage I endometrial can-
cer; Hai et al. [11] recognized L1CAM as an 
independent prognostic marker in resected 
non-small cell lung cancer patients, with over-
expression strongly associated with worse 
prognosis. Agree with these previous findings, 
our data here also indicated the significant 
associations between L1CAM expression and 
unfavorable clinicopathological characteristics 
of breast cancer patients. The expression lev-
els of L1CAM protein in breast cancer tissues 
with high tumor stage, advanced tumor grade, 
positive lymph node metastasis and tumor 
recurrence were all dramatically higher than 
those with low tumor stage and tumor grade, 
and without lymph node metastasis and tumor 
recurrence. Since tumor stage, histological 
grade, lymph node status and tumor recur-
rence status have been extensively used as 
prognostic markers for breast cancer patients, 
we hypothesized that L1CAM might influence 
breast cancer prognosis and probability of 
response to systemic therapies, which are 
required further validation based on a large 
cohort of clinical samples.

In conclusion, our results suggest that the over-
expression of L1CAM may be related to several 
established markers of poor prognosis in 
breast cancer patients. L1CAM might be a 
potential therapeutic target against metastatic 
breast cancer.
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