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Increased L1CAM (CD171) levels are associated
with glioblastoma and metastatic brain tumors
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Abstract N\
L1 cell adhesion molecule (L1CAM) is a member of the immunoglobulin-like cell-adhesion molecule family that was shown to be |
associated with a worse prognosis in several human cancers. L1 ectodomain shedding via vesicles or exosomes has been detected
in extracellular fluids after cleavage from the cell surface by metalloproteases. We evaluated the presence of L1CAM in cyst fluid and
tissue from glioblastomas or brain metastases.

The amount of L1CAM in cyst fluid of 9 glioblastomas and 11 brain metastases was assessed using enzyme-linked
immunosorbent assay (ELISA). Corresponding tumor tissue slices were stained immunohistochemically for L1CAM. Cerebrospinal
fluid of 20 non-tumor patients served as controls.

Mean levels of L1CAM in tumor cyst fluid were significantly higher in glioblastoma (6118 +4095ng/mL) and metastasis patients
(8001 +£6535ng/mL) than in CSF of control patients (714+22ng/mL). The immunohistochemical expression of L1CAM in
corresponding tissue was significantly higher in metastases than in glioblastomas.

The present study demonstrates high levels of L1CAM in cyst fluid of glioblastoma and metastatic brain tumors. Soluble L1CAM
may represent a motility promoting molecule in cancer progression, a co-factor for development of tumor cysts and a target for new
treatment strategies.

Abbreviations: ADAM = a disintegrin and metalloproteinase, CSF = cerebrospinal fluid, ELISA = enzyme-linked immunosorbent

assay, FFPE = formalin-fixed paraffin embedded, HRP = horseradish peroxidase, IRS = immunoreactive score, L1CAM = L1 cell
adhesion molecule, SD = standard deviation, sL1CAM = soluble L1CAM, TBS = Tris-buffered saline, TGF-B = transforming growth

factor-B, VEGF = vascular endothelial growth factor, WHO = World Health Organization.
Keywords: cyst fluid, glioblastoma, immunohistochemistry, L1 cell adhesion molecule, tumor markers

1. Introduction

Glioblastoma is one of the most common and most aggressive
primary malignant brain tumors. Despite multimodal therapy,
prognosis remains uniformly fatal with an expected survival of
<15 months."" In glioblastoma patients, cystic tumors are
encountered in 7% to 13% of cases.”?! However, the formation of
tumor cysts is not only a feature of glioblastomas, but can also be
found in astrocytomas, meningiomas, and especially in brain
metastases. There are differing reports, whether the presence of a
cystic compartment is associated with increased survival rate.*=®!
The cyst fluid inside these intratumoral compartments may be
depending on its protein content, an important determinant for
the growth potential of the surrounding tumor cells. Therefore,
the analysis of the cyst content can enhance knowledge on
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pathophysiologic pathways of the underlying tumor, which may
result in targeted treatment strategies.!”!

L1 is a 200 to 220kDa multidomain typel membrane
glycoprotein of the immunoglobulin superfamily, which plays
a central role during neural development and in regeneration of
the adult nervous system.!®! L1 cell adhesion molecule (L1CAM)
participates in myelination processes and promotes neural cell
survival.”! The extracellular domain of L1 can be cleaved
regulatorily from the tumor cell surface in a process called
shedding. The process of L1CAM ectodomain shedding,
mediated by proteases such as ADAM 10 (a disintegrin and
metalloproteinase), enhances cancer cell migration in various
extracellular matrix components through autocrine or paracrine
binding of integrins.!'"!

Thus, L1CAM can also be detected as soluble form of LICAM
in the serum and ascites of patients with ovarian, uterine, or
further cancers,'17131

L1CAM ectodomain shedding may also play a role in the
development of brain tumor cysts. Therefore, the aim of the study
was to examine the presence and concentration of LICAM in
tumor cyst fluid and solid tissue of patients with glioblastomas or
brain metastases. Cerebrospinal fluid of non-tumorous patients
with hydrocephalus or spinal stenosis served as controls.

2. Material and methods

2.1. Patients and clinical data

The study was approved by the Ethics committee of the
University of Leipzig and informed consent of patients was
obtained (reference number: 330-13-18112013). Nine patients
with primary cystic glioblastoma and 11 patients with cystic
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metastasis were investigated for L1 levels in aspiration fluids from
tumor cysts. Corresponding tissue samples from all patients were
taken at the time of surgery and were evaluated for LICAM
expression by immunohistochemistry. Cerebrospinal fluid (CSF)
from 10 patients with normal pressure hydrocephalus and 10
non-tumor bearing, healthy individuals who had undergone
lumbar puncture, were taken as controls. CSF was collected
either by lumbar or ventricular puncture. Brain tumor samples,
obtained during open or stereotactic surgery, were routinely
processed for histology and diagnosed according to the World
Health Organization (WHO) classification of brain tumors. In all
patients, cyst fluid was collected by intraoperative puncture of the
tumor cyst.

2.2. Sample processing

Cyst fluid in each individual patient and tissue samples were
collected during the same neurosurgical intervention. Cyst fluid
samples were centrifuged at 1000 x g for 5 minutes at 4°C. Cell
free supernatants were collected, separated in aliquots and stored
frozen at —20°C until use.!?!

2.3. L1CAM immunoassay

A commercially available enzyme-linked immunosorbent assay
(ELISA) was used to measure the concentration of human
L1CAM in the cyst fluids or CSF samples (Hoelzel Diagnostica,
ELH-L1CAM-1, Cologne, Germany). ELISAs were run accord-
ing to the manufacturer’s protocol. In brief, anti-human-L1CAM
antibody coated plates were incubated with fluid samples. After
washing, the secondary antibody (biotinylated anti-human
L1CAM) was added, followed by streptavidin-horseradish
peroxidase (HRP) and tetramethylbenzidine. The reaction was
then stopped with sulfuric acid. The plates were washed between
each of the previous steps, except for the final one. ELISAs were
run in duplicates and the 96-well plates were read at 450 nm on a
Fluostar optima microplate reader (BMG, Labtech, Ortenberg,
Germany). L1CAM concentrations were then determined using a
log-log standard curve as detailed by the manufacturer.

2.4. L1CAM immunohistochemistry

Immunohistochemical staining was performed on 4-wm sections
of formalin-fixed paraffin embedded (FFPE) tissue of 9 cystic
glioblastomas and 11 cystic metastases from which cyst fluid had
also been tested for presence of L1ICAM by ELISA. After
deparaffinization and rehydration in ethanol and Tris-buffered
saline (TBS), tissues were incubated in a steamer with Target
Retrieval Solution pH 9.0 (Dako, Hamburg, Germany). LICAM
was detected using a primary mouse monoclonal antibody clone
UJ127 from Thermo Fisher Scientific (dilution 1:50, Waltham,
MA). The Envision System HRP staining kit (Dako, Hamburg,
Germany) was used to visualize the immunostaining. Sections
were counterstained with Mayer haemalaun solution (Carl Roth,
Karlsruhe, Germany). Finally, slides were covered with entellan
(Merck, Darmstadt, Germany). Samples were analyzed under a
light microscope (Zeiss, Jena, Germany) by 2 observers (UN,
RW) that were blinded to the origin of the tissue. A
semiquantitative histological scoring system, the immunoreactive
score (IRS), was used according to Remmele and Stegner:
intensity was defined as O=none, 1=weak, 2=moderate,
and 3 =strong staining and multiplied with the percentage of
positive cells including 0=no cells, 1=up to 10%, 2=10% to
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50%,3=51% to 80%, as well as 4=>80% with the intensity of
staining assessed first.!'*l LICAM expression was subsequently
graduated in IRS Score 0 to 2 =negative (Fig. 1A and B), 3 to 4=
weakly positive, 6 to 8 =moderately positive, and 9 to 12 =strong
(Fig. 1C and D).

2.5. Statistical analysis

Statistical analysis was performed using JMP 9 (SAS Institute,
Cary, NC) and results were plotted by Prism 5 (GraphPad
Software Inc., La Jolla, CA) software. All continuous data were
nonparametric, thus a Mann—Whitney U test for 2-group
comparison or a Kruskal-Wallis test with post hoc pairwise
comparison for multiple-tests was applied. Regression analysis
was performed to test the correlation between L1CAM
expression as assessed by ELISA and histological staining.
Significance level was set at P <.05. Data are presented as mean +
standard deviation (SD) if not indicated differently.

3. Results

3.1. Patient characteristics

In total, 9 patients with primary cystic glioblastoma and 11
patients with cystic metastasis (3 bronchogenic adenocarcinoma,
2 non-small cell lung cancer, 2 melanomas, 1 renal cell
carcinoma, 1 ovary carcinoma, 1 colorectal carcinoma, and 1
breast cancer) as well as 20 controls were included in this study.
Patient characteristics are summarized in Table 1.

3.2. L1CAM in cyst fluid

The mean amount of soluble LICAM (sL1CAM) in aspiration
fluids of glioblastoma cysts was 6118 +4095 ng/mL and in tumor
cysts of metastases 8001+6535ng/mL. Although higher
sL1CAM levels were noticed in brain metastases, the difference
did not reach significance (P=.7; Fig. 2A). In cerebrospinal fluids
of the controls, the level of sSLICAM (714+22ng/mL) was
significantly lower as compared with tumor cyst fluids of
glioblastomas and metastases (P=.000).

3.3. L1CAM expression in tissue of glioblastomas and
brain metastases

According to the IRS scoring, mean L1 expression in glioblasto-
ma specimen (3.6+1.7) was significantly lower than in brain
metastases (6.7+3.9; P=.04 Fig. 2B). There was no significant
correlation between L1CAM levels assessed by ELISA and IRS
scoring system (Fig. 2C). ELISA levels and histologic score were
analyzed by linear regression, meaning a higher concentration in
the cyst fluid could also be found in tumors with weak LICAM
staining.

4. Discussion

In glioblastoma different studies have demonstrated strong L1
expression in tumor tissue. Tsuzuki et al'*! reported on mutation
within the p53 gene or expression of TGF-8 may upregulate L1
gene expression. Moreover, L1 expression results in a high
migration rate of glioma cells. Likewise, it has been suggested that
the cleaved L1 ectodomain supports the extensive and diffuse
migratory behavior of glioblastoma within the brain tissue,
therefore providing the basis of an autocrine model for
glioblastoma invasion.'®!
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Figure 1. Immunohistochemical staining of L1CAM in tumor tissue of glioblastoma
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(A/C) and metastasis (B=papillary carcinoma/D=ovarian carcinoma).

Immunoreactive scoring according to Remmele and Stegner was classified from weak (A, B) to strong (C, D) based on intensity of L1CAM staining and percentage

of positive cells."* Scale bar 100 wm. LICAM=L1 cell adhesion molecule.

In our study we detected high concentrations of soluble
L1CAM in intratumoral cyst fluid of glioblastoma and by
immunohistochemical staining of the protein in tumor tissue.
This supports the hypothesis that intracystic proteins and the cyst
fluid are synthesized by the surrounding tumor cells. Accordingly,
the high concentrations of sSL1CAM can be explained by cleavage
of the LICAM ectodomain from the surface of the tumor cells, as
it was found in ascites of ovary cancer patients.'”! Based on a
study of cell lysates and culture medium in human glioblastoma
U87-MG cells, Zhao!'”! suggested that soluble L1 may contribute
to malignancy related cell migration and metastatic phenotype.

There have been only few reports about ELISA analysis in
brain tumor cyst fluids. Several studies analyzed the fluid of
glioblastoma cysts with regards to proteins such as vascular
endothelial growth factor (VEGE)"®'! or nutrient concentra-
tions, (glutamate, lactate, and phosphate).l*")

To the best of our knowledge this is the first study which
investigates LICAM in cyst fluids of glioblastomas and brain

metastases. We showed that cystic fluids of brain metastases
contain an equal level of L1ICAM compared with those of
glioblastomas. Moreover, a significant higher expression of
L1CAM in tissues of brain metastases was detected, even though
they originate from different primary tumors and thus constitute
of less homogenous tissue specimens than glioblastomas. In a
number of primaries (including lung carcinoma, ovarian
carcinoma, and colorectal cancer) earlier studies have described
L1CAM expression.' "*'=2*I The soluble ectodomain of L1CAM
is functionally active and promotes cell migration as it was
demonstrated in glioma cells."'®! Hypothetically, the high levels
of L1CAM reflect increased cell motility and cell migration,
potentially leading to worse outcome. In the present study, the
number of patients was too small to perform an outcome analysis
with reasonable statistic power due to the low number of patients
with cystic tumors.

In contrast to the cerebrospinal fluid of controls, mean L1ICAM
concentrations were on average 8-fold increased in the cystic fluid

Patients characteristics.

Control group (n=20)

Tumor group (n=20)

Variable Non-tumor patients (n=10) Hydrocephalus (n=10) Total Metastasis (n=11) Glioblastoma (n=9) Total
Age, y mean+SD 55.6+21.2 33.6+33.4 44.62+29.5 64.2+10.86 67.7+16.3 65.75+12.8
Gender
Male 6 (60%) 5 (50%) 11 (55%) 6 (54.5%) 6 (66.7%) 12 (60%)
Female 4 (40%) 5 (50%) 9 (45%) 5 (45.5%) 3 (33.3%) 8 (40%)

SD=standard deviation.
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Figure 2. L1CAM expression in cyst fluid (ELISA) and solid tissue (histology) of glioblastoma or brain metastasis. L1CAM was significantly higher expressed in
tumor cyst fluids of glioblastoma and brain metastasis as compared with control CSF (P=.000, A) but did not differ amongst each other (P=.7, A) although a
significantly higher expression in metastasis than glioblastoma tissue was observed (P=.04, B). Accordingly, soluble and solid L1CAM expression did not correlate
). Statﬁtical analysis by Kruskal-Wallis test with post hoc pairwise comparison (A), Mann-Whitney U test (B) and linear regression (C); P< 05, P<.01”,

P <.001

. CSF=cerebrospinal fluid, ELISA=enzyme-linked immunosorbent assay, L1ICAM=L1 cell adhesion molecule.

of glioblastoma and 11-fold higher in brain metastases. This
underlines the role of LICAM as a promoting factor in malignant
cerebral neoplasia.

We are aware of several limitations of the study, including the
low number of cases and the inhomogeneous group of brain
metastases, which did not allow further statements on the
correlation between L1CAM detection and clinicopathological
data. Therefore, larger studies are warranted to define the specific
role of LICAM in brain malignancies. However the determina-
tion of LICAM concentrations in serum or CSF before and after
neurosurgical intervention, as well as during subsequent adjuvant
treatment, may allow the use of L1CAM as biomarker for brain
tumors and for monitoring of treatment results, as it had been
shown in ovarian cancer./*’

5. Conclusion

In the present study, high concentrations of L1CAM were found in
tumor cyst fluid of glioblastomas and brain metastases. This finding
was confirmed by immunohistochemical detection of L1CAM
expression in the corresponding tissue samples. In CSF of control
patients, significantly lower ELISA levels of L1CAM were detected.

Our findings support the role of LICAM shedding which is
involved in progressive cancer cell migration and aggressive
tumor growth. Further clinical studies are needed to elucidate the
role of LICAM in tumor pathogenesis, eventually opening a way
to new treatment strategies in aggressive brain tumors.
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