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L1CAM-positive expression is associated with
poorer survival outcomes in resected
non-small cell lung cancer patients
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Abstract: Studies have found that L1CAM is significantly related to poor survival prognosis of many human cancers,
but few studies focused on the prognostic value of LLCAM in lung cancer patients. Therefore, we detected L1CAM
protein expression by immunohistochemistry and analyzed associations with survival outcomes of resected non-
small cell lung cancer (NSCLC) patients. Overall, a number of 129 patients were enrolled in our study. Totally, 45
(34.9%) out of 129 NSCLC patients had L1CAM-positive expression. L1CAM-positive NSCLC patients had poorer
B-year survival than patients with LLICAM-negative expression by univariate analysis (P=0.05). The same trend
manifested among the lung ADC patient set (P<0.05) other than lung SCC (P=0.42). Likewise, univariate analysis
showed that L1CAM-positive expression significantly associated with poorer PFS for NSCLC, ADC, and SCC patients
(all P<0.05). Multivariate analyses suggested that LLICAM was a predictive factor for patients’ PFS, independent of
patients’ clinical features and treatments (P<0.05). However, we failed to observe significant results for NSCLC pa-
tients’ OS (P=0.176). Summarized, LLICAM-positive expression associated with poorer survival outcomes, but to elu-
cidate whether L1CAM is an independent predictive factor of poor OS for NSCLC patients, more studies are needed.
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Introduction gastrointestinal cancer [9, 10]. Relatively, little
is known about functions of LICAM in lung can-
cers [11, 12]. Therefore, we conducted this
study to detect the expression of L1CAM pro-
tein and find associations between the L1CAM
protein expression and survival outcomes of

resected NSCLC patients.

Lung cancer is the most commonly diagnosed
cancer and the leading cause of cancer-related
death worldwide [1]. Fewer than 20% of lung
cancer patients can achieve 5-year survival [2].
About 85% of lung cancer patients have non-
small cell lung cancer (NSCLC) stratified by
tumor histology [2]. Considering the global dis-
ease burden and unfavorable survival of lung
cancer, we need to investigate tumor-associat-
ed biomarkers, which probably contribute to
new targets for cancer treatments.

Materials and methods
Patients and specimens

NSCLC patients who underwent complete pri-
mary tumor resection were consecutively en-

As a member of the immunoglobulin (Ig) super-
family, L1 cell adhesion molecule (LLCAM) con-
sisting of six Ig-like domains, five fibronectin
Type Ill repeats, a transmembrane region, and
a highly conserved cytoplasmic tail [3], has
been found to play an important role in the pro-
gression and metastasis of human cancers [4],
mostly in melanoma [5, 6], breast [7, 8] and

rolled in our study during the year of 2008 to
2011 from West China Hospital, Sichuan
University. All patients received simultaneously
standard therapies after surgery according to
the non-surgical management for lung cancer
of Clinical Oncology Information Network guide-
lines. Patients with previous malignancies, neo-
adjuvant therapy or incomplete clinical data
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Table 1. Baseline data of eligible patients

Variables Data (n=129)
Age (mean * SD, range, year) 56.09+10.08
Gender

Male 90 (69.8%)

Female 39 (30.2%)
Smoking status

Yes 82 (63.6%)

No 47 (36.4%)
Histologic subtype

ADC 72 (55.8%)

SCC 50 (38.8%)

Others 7 (5.4%)
Differentiation

Poor 68 (52.7%)

Moderate-well 61 (47.3%)
T stage

T1-2 88 (68.2%)

13-4 41 (31.8%)
N stage

NO 69 (53.5%)

N1-3 60 (46.5%)
M stage

MO 122 (94.6%)

M1 7 (5.4%)
Radiotherapy

Yes 35 (27.1%)

No 94 (72.9%)
Chemotherapy

Yes 96 (74.4%)

No 33 (25.6%)

ADC, Adenocarcinoma. SCC, Squamous cell carcinoma.

were excluded. Tumor specimens were forma-
lin-fixed and paraffin-embedded immediately
after removal from NSCLC patients and then
were made into 4 um-thick sections. We col-
lected patients’ clinical data, including gender,
age, smoking status, histological subtype strat-
ified by the WHO classification for NSCLC [13],
tumor differentiation, tumor-node-metastasis
(TNM) stage on the basis of the TNM staging
system of the America Joint Committee on
Cancer (AJCC 7th edition) [14].

Follow-up continued until cancer-related death
or no less than 5 years after diagnosis. We
defined progression-free survival (PFS) as the
time interval from the date of operation to the
date of first documented disease progression
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or disease-related death and overall survival
(0S) as the time interval between the date of
first diagnosis and the date of disease-related
death or the end of follow-up. Informed con-
sents were obtained from eligible patients and
our study was approved by the Committee on
Medical Ethics of West China Hospital, Sichuan
University.

Immunohistochemistry assay

We detected L1CAM protein expression in
NSCLC tumor sections by using immunohisto-
chemistry as described in our previous study
[15]. Briefly, tumor sections first were dewaxed
in xylene and dehydrated in the gradient etha-
nol series, then immersed in sodium citrate
buffer (pH 6.0) at 95°C for 16 minutes for anti-
gen retrieval. Subsequently, endogenous per-
oxidase was blocked with 3% H,O,-methanol
solution for 20 minutes. After that sections
were incubated with the 1:200 diluted primary
antibodies at 4°C overnight. Primary antibodies
were recombinant rabbit monoclonal 1gG anti-
bodies purchased from HuaAn Biotechnology
Corporation (Hangzhou, China, Product ID:
JM11-05). Next, secondary antibodies, goat
anti-rabbit antibodies purchased from Dako
Corporation (Denmark), were incubated for 60
minutes at room temperature. Afterwards, sec-
tions were stained with 3,3’-diaminobenzidine
and finally counterstained with hematoxylin.
Negative controls, primary antibodies were
replaced with phosphate-buffered saline (PBS),
did not manifest immunoreactivity.

Immunoreactive evaluation

Immunoreactive evaluation was independently
finalized by two pathologists blind to patients’
clinical data. Three fields in tumor sections
were randomly chosen under light microscope
to evaluate areas of brown-stained tumor cells.
Averagely, more than 1% brown-stained cells
on sections were defined as positive expres-
sion. Divergences about immunoreactive evalu-
ation were resolved through discussion bet-
ween pathologists.

Statistical analysis

Statistical analysis were conducted using the
software SPSS version 19.0 (Chicago, USA) and
graphs were drawn using Graphpad prism ver-
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Figure 1. Immunohistochemistry staining showed the L1CAM expression in
lung adenocarcinoma (A, negative; B, positive) and lung squamous cell car-
cinoma (C, negative; D, positive). Original magnification: x400.

sion 6 (La Jolla, USA). Chi-square (x?) tests were
adopted to analyze correlations among pa-
tients’ clinical data and L1CAM expression.
Kaplan-Meier curves and log-rank tests were
used to evaluate correlations among patients’
survival and L1CAM expression. Multivariate
Cox regression models were built to evaluate
independent prognostic factors. P values <0.05
were considered statistically significant.

Results

Clinical features of enrolled patients in our
study

In total, NSCLC tumor specimens of 129 cases
were enrolled for immumohistochemistry.
Clinical features of the 129 patients were dem-
onstrated in Table 1 in detail. Altogether, 90
cases (69.8%) were male and the mean age of
all was 56.09 years old. Of the patients, 82
cases (63.6%) were ever or current smokers.
Our study included 72 cases (55.8%) of adeno-
carcinoma (ADC), 50 cases (38.8%) of squa-
mous cell carcinoma and 7 cases (5.4%) of
other histologic subtypes, consisting of 3 cases
of adenosquamous carcinoma, 1 case of ade-
noid cystic carcinoma, 1 case of lymphoepithe-
lioma-like carcinoma, 1 case of large cell carci-
noma, and 1 case of mucoepidermoid carcino-
ma, data not shown in Table 1.
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Correlations among clinical
features and L1CAM expres-
sion

L1CAM was positively stained
in cytoplasm and cytomem-
brane in tumor cells (brown-
stained, Figure 1). Of the pa-
tients, 45 (34.9%) were posi-
tive expression. Correlations
among L1CAM expression and
clinical features were demon-
strated in Table 2. LICAM was
significantly correlated with
patients’ age (P=0.006), wher-
eas no statistical significance
was observed among L1CAM

,4 S TR by expression and other clinical

variables (all P>0.05).

Correlations between L1CAM
expression and patients’ sur-
vival

About 53.3% of NSCLC patients with L1CAM-
positive expression achieved five-year survival,
significantly lower than 70.1% for L1CAM-
negative patients (P=0.05, Figure 2A). No sig-
nificant difference was observed among lung
squamous cell carcinoma (SCC) patients (P=
0.42, Figure 2B), whereas we observed L1CAM-
positive expression was significantly related to
poorer OS for the lung adenocarcinoma (ADC)
patients set, the same trend as that of the
NSCLC patients set (P<0.05, Figure 2C). More
detailed data are demonstrated in Table 3.

Further analyses showed that 16.0% of L1CAM-
positive NSCLC patients achieved 2-year pro-
gression-free survival (PFS), significantly lower
than 62.4% for the L1CAM-negative set (P<
0.05, Figure 3A). Subgroup analyses show-
ed around 23.2% of L1CAM-positive lung SCC
patients achieved 2-year PFS, significantly
lower than 73.0% for LCAMI1-negative set
(P=0.028, Figure 3B). Likewise, the trend was
observed among the lung ADC patients set
(P=0.007, Figure 3C).

More interestingly, multivariate Cox regression
models including L1CAM expression, clinical
variables and treatments, including age, gen-
der, smoking status, T stage, N stage, M stage,
tumor differentiation, radiotherapy, and chemo-
therapy manifested that LLICAM-positive NSCLC
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Table 2. The correlations among L1CAM expression and

clinical features of patients

expression. L1ICAM-positive expression
was significantly associated with age in

L1CAM (n=129)

Variables — -
Positive (n=45) Negative (n=84)

resected NSCLC patients (P<0.05).

P value L1CAM-positive NSCLC patients had

Age (years)

<65 30 (66.7%) 73 (86.9%)

>65 15 (33.3%) 11 (13.1%)
Gender

Male 33 (73.3%) 57 (67.9%)

Female 12 (26.7%) 27 (32.1%)
Smoking history

Yes 30 (66.7%) 52 (61.9%)

No 15 (33.3%) 32 (38.1%)
Histologic subtype

ADC 23 (51.1%) 49 (58.3%)

SCC 20 (44.4%) 30 (35.7%)

Others 2 (4.4%) 5 (6.0%)
Differentiation

Poor 22 (48.9%) 46 (54.8%)

Moderate-well 23 (51.1%) 38 (45.2%)
T stage

T1-2 28 (62.2%) 60 (71.4%)

13-4 17 (37.8%) 24 (28.6%)
N stage

NO 21 (46.7%) 48 (57.1%)

N1-3 24 (53.3%) 36 (42.9%)
M stage

MO 41 (91.1%) 81 (96.4%)

M1 4 (8.9%) 3(3.6)
Radiotherapy

Yes 10 (22.2) 25 (29.8)

No 35 (77.8) 59 (70.2)
Chemotherapy

Yes 35 (77.8%) 61 (72.6%)

No 10 (22.2%) 23 (27.4%)

0.006*

0.256

poorer 5-year survival than patients
with LICAM-negative expression by uni-
variate analysis (P=0.05). The trend
was strongest among the lung ADC

0.519 patients group (P<0.05) other than lung

SCC (P=0.42). Likewise, univariate ana-
lysis showed that L1CAM-positive

0.592 expression significantly associated with

poorer PFS for NSCLC, ADC, and SCC
patients (all P<0.05). Multivariate anal-

0.615 yses suggested that LLICAM was a pre-

dictive factor for patients’ PFS, inde-
pendent of patients’ clinical features
and treatments (P<0.05). However, we
failed to observe significant results for

0.524 NSCLC patients’ 0S (P=0.176).

L1CAM is a 200-220 kDa transmem-

0.284 brane glycoprotein composed of six

Ig-like domains, five fibronectin Type I
repeats, a transmembrane region and
a highly conserved cytoplasmic tail [3].
A previous study showed that L1CAM
expression was positively related to epi-
thelial-mesenchymal transition (EMT)

0.204 markers such as slug, vimentin, and

beta-catenin, but inversely with E-
cadherin through double IHC and IF.

0.359 TGF-betal induced increased L1CAM

expression in A549 and H1395 cell
lines, and LLCAM knockdown led to sig-

0522 nificantly reduced Matrigel invasion

[12]. Another study also found that
L1CAM knockdown led to reduced

*Statistically significant. NSCLC, non-small cell lung cancer. ADC, Ad-

enocarcinoma. SCC, Squamous cell carcinoma.

patients had poorer PFS (P=0.003). Unfor-
tunately, our study did not suggest L1ICAM was
an independent prognostic factor for OS among
NSCLC patients (P=0.176), detailed data shown
in Table 4.

Discussion
Our study found L1CAM was positive expres-
sion mostly in the membrane and cytoplasm of

NSCLC tumor cells and about 45 (34.9%) out
of 129 NSCLC patients had L1CAM-positive
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migration and invasion in three NSCLC
cell lines, whereas overexpression of
L1CAM enhances invasion in noninva-
sive cells. L1CAM induced sustained
Erk activation in vitro and in vivo experiments.
Downregulation of LICAM significantly retarded
tumor growth in SCID mice and reduced metas-
tasis in nude rats [11]. The findings above indi-
cate L1CAM is involved in lung cancer progres-
sion, which may explain our results that LICAM
is significantly related to poorer survival in
resected NSCLC patients. Tischler et al found
that L1CAM expression was associated with
unfavorable OS and PFS of NSCLC patients in
univariate analysis and L1CAM was an indepen-
dent predictor of survival in a multivariate anal-
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Figure 2. Kaplan-Meier survival curves showed the
correlations between L1CAM expression and over-
all survival in non-small cell lung cancers (NSCLC)
(A), lung squamous-cell carcinomas (SCC) (B), and
lung adenocarcinomas (ADC) (C).

Table 3. The correlations among L1CAM expression and patients’ survival by univariate analysis

) 0S PFS
Variables
HR 95% ClI P value HR 95% ClI P value
L1CAM in NSCLC (P/N) 1.75 1.00-3.47 0.05* 2.26 1.58-5.58 <0.05%
L1CAM in SCC (P/N) 1.49 0.56-4.11 0.42 2.56 1.22-9.52 0.03*
L1CAM in ADC (P/N) 3.40 2.06-12.90 <0.05* 2.40 1.44-7.57 <0.05*
*Statistically significant. OS, overall survival. PFS, progression-free survival. P, positive. N, negative.
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Table 4. The correlations among L1CAM expression and NSCLC patients’ survival by multivariate

analysis
i 0s PFS
Variables
HR 95% ClI P value HR 95% ClI P value
L1CAM in NSCLC (P/N) 1.553 0.820-2.939 0.176 2.709 1.399-5.245 0.003*

*Statistically significant.

ysis including pT, pN, and pM category, and
tumor differentiation grade for PFS [12], which
is consistent with results in our study. However,
they also showed L1CAM was an independent
predictor of OS in a multivariate analysis includ-
ing pT, pN, and pM category, and tumor differ-
entiation grade [12]. Our study did not show
L1CAM was an independent predictive factor
for OS. Our multivariate analysis models in-
cludes age, gender, smoking status, T stage, N
stage, M stage, tumor differentiation, radiother-
apy and chemotherapy, which may contributes
to the different results. In addition, Hai et al
analyzed 4 published microarray studies among
NSCLC patients and revealed that LLICAM was
significantly associated with poorer PFS or OS
in 3 study cohorts, however they did not
observed the same results for PFS in 1 study
cohorts. Furthermore, multivariate analyses
indicated L1CAM was an independent predic-
tive factor for PFS or OS in 2 study cohorts, but
in another 2 cohorts they did not observed the
same results [11]. All these divided results indi-
cate that more prospective studies are needed
to confirm the prognostic significances of
L1CAM among NSCLC patients.

Actually, though L1CAM has not been widely
reported in lung cancer, overwhelming evidence
has shown that LICAM expression was associ-
ated with poor prognosis, tumor progression
and metastasis to lymph nodes in nearly all
cancers and Altevogt et al have reviewed these
studies [4]. Based on studies on functions of
L1CAM in human cancers, further animal stud-
ies have shown that LICAM monoclonal anti-
bodies led to a significant tumor reduction in
ovarian carcinoma, cholangiocarcinoma, and
pancreatic cancer [16-18]. A recent study also
found that LLCAM knockdown led to a reduced
expression of EMT-related genes and increased
p53/p21 and P38 activity, resulting in reduced
lung metastasis in a melanoma xenograft
model [5]. These results suggested that LLCAM
might be a promising new target for antibody-
based therapy of human advanced malignan-
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cies. More interestingly, another study found
that injection of a mouse specific LLICAM-mAbs
multiple times into normal mice did not gener-
ate behavioral changes or other detectable
side effects, which further enables L1CAM to
be a putative anti-cancer target [19].

Summarized, LICAM-positive expression asso-
ciated with poorer survival outcomes, but to
elucidate whether L1CAM is an independent
predictive factor of poor OS for NSCLC patients,
more studies are needed.
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