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L1 cell adhesion molecule found in human CSF varies as a function of age
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Abstract

Differences in the pattern and quantity of high molecular weight isoforms of L1 neural cell adhesion molecule were found between premature
and term newborns compared to children and adults. These patterns were disrupted in two patients with neurologic disease.
© 2006 Elsevier Inc. All rights reserved.
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Introduction

Neuronal cell adhesion molecules, such as L1, play a role in
nervous system development via axon elongation, targeting,
and fasciculation as well as nerve regeneration (Bateman et al.,
1996; Nayeem et al., 1999; Ramanathan et al., 1996; Rathjen
and Schachner, 1984). High molecular weight (HMW) bands
identified with L1 antibodies are detected in human tissues
(Fogel et al., 2003). These different isoforms may be L1 with
immature posttranslational modifications (Faissner et al., 1985;
Michelson et al., 2002), or the result of extracellular proteolysis
of L1(Gutwein et al., 2003). These proteolytic fragments may
regulate L1 expression and function (Fogel et al., 2003;
Michelson et al., 2002; Nayeem et al., 1999). We hypothesized
that, in human CSF, there are developmental changes in both the
content and the concentration of the HMW isoforms of L1.

Methods

Sixteen CSF samples discarded from the bacteriology
laboratory at the University Hospitals of Cleveland were
obtained after Institutional Review Board approval. Samples
obtained were from six premature newborns (P), 30 to 34 weeks

gestational age, who had their CSF collected within the first
24 h of life; four term newborns (T) who had CSF collected
either in the first 24 h of life or at 2 months of age; three children
(C) aged 10 months old to 5 years old; and adults (A) aged 28,
53, and 55 years. All of the neonates (P and T) had CSF
collected to rule out meningitis and/or sepsis. CSF had been
collected from the children and adults for various reasons
including seizures, intracranial mass, and metastatic cancer
evaluations. There were two additional samples of CSF
obtained from patients with known central nervous system
disease, a 2-month-old female infant with congenital hydro-
cephalus (HC) and an adult with amyotrophic lateral sclerosis
(ALS).

All samples were handled identically. Samples were stored at
4°C for 1 week after lumbar puncture, then frozen at −80°C
until analysis by SDS-PAGE and Western blot. Length of
storage at −80°C had no effect on banding pattern or density.
Immunoblots were developed using primary antibodies of
rabbit polyclonal antibodies to both full-length human L1
(L1FL) (Wong et al., 1995) and L1 cytoplasmic domain (L1CD)
(Schaefer et al., 1999) and mouse monoclonal antibody to a
human L1-Fc chimera containing the extracellular domain of L1
(L1ED) (all antibodies kindly provided by Dr. Vance Lemmon).
Secondary antibodies were goat anti-rabbit or goat anti-mouse
conjugated to horseradish peroxidase obtained from Jackson
Laboratories and developed using epichemiluminescence. Only
immunoblots probed initially with L1FL were quantified using
scanning densitometry and NIH Image. The molecular weight
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of each band was determined by comparison to migration
lengths of proteins with known molecular weights using NIH
Image. Immunoblots using secondary antibodies alone showed
no HMW immunoreactivity in any CSF (data not shown).

Statistical analysis

The analysis for determining variability with age of each
band quantity used 34 immunoblots of CSF from 16 patients
developed initially with L1FL. Measurements were made under
4 different experimental conditions, and therefore, there were 1
to 4 observations per patient. For the purpose of analysis,
subjects were grouped into 4 age categories: P, T, C, and A. A
mixed effects linear model approach was used to test the main
effect of age group on band density on log 10 scale. This
method allows for within-patient correlation and corrects for
differences in results due to experimental conditions. Results
are reported as the P value for the corrected age group effect.
Analyses were done using Proc Mixed in SAS v. 8.2 (The SAS
Institute, Carey, NC) with a restricted maximum likelihood
parameter estimation.

Results

The immunoblots of CSF from preterm and term newborns
show four HMW bands at 210, 200, 170 and 80 kDa. The
immunoblots with L1FL using CSF from children and adults
have five HMW bands at 210, 200, 170, 140 and 80 kDa. The
140-kDa band is not detected in any immunoblot of preterm or
term newborn CSF. Representative blots are shown of preterm
neonates (Figs. 1A and B), term neonate (Fig. 1D), child (Fig.
1B) and adults (Figs. 1A, B, D) using L1FL. The 80-kDa band
is shown in an adult and term newborn (Fig. 1D). Blots prepared
with L1CD show 200-, 140- and 80-kDa bands in the adult CSF
and 200 and 80-kDa bands in preterm CSF (Fig. 1A). This result
indicates that the 200-, 140- and 80-kDa HMW forms contain at
least one epitope on the cytoplasmic domain of L1. L1ED, a
monoclonal antibody to the extracellular domain of L1, detects
HMW bands at 200 and 170 kDa in preterm newborn, child and
adult CSF (Fig. 1B), indicating that these HMW forms contain a
similar epitope on the L1 extracellular domain.

Immunoblots initially blotted with L1FL were used to
determine changes in quantity of the HMW of L1 with age.
Results are shown in Fig. 1C. The 210-kDa band density
monotonically decreases with increasing age across age
groups (P=0.03). The 170-kDa band density also mono-
tonically decreases with increasing age across age groups
(P<0.001). This indicates that there is more 210 kDa and
170 kDa L1 in the CSF of the younger subjects. The amounts
of both the 200- and 80-kDa form are inconsistent across age
groups. The 140-kDa form monotonically increases with
increasing age across age groups (P<0.001). However, the
sum of the 210-, 200-, 170-, and 140-kDa band densities
monotonically decreases with increasing age across age
groups (P=0.02).

As shown in Fig. 1D panel A, the adult with ALS (ALS) has
an additional band at 100 kDa. The infant with HC (HC) has no

bands at 210, 170 or 80 kDa, prominent bands at both 200 and
140 kDa, and an aberrant band with a molecular weight between
200 and 170 kDa as compared to a term newborn (T).

Discussion

This study produced two novel findings: (1) there is an age-
related decrease in the 210- and 170-kDa isoforms of L1 in an
equal volume of human CSF with a greater amount being found
in preterm and term newborn infants when compared with
children and adults, and (2) the 140-kDa isoform appears only
in the CSF of children and adults. It is not surprising that
differences in L1 isoforms in CSF are found between preterm
and term neonates compared to children and adults since, in the
younger age groups, this is the time of peak brain and neural
pathway development. The identity of the HMW isoforms of L1
in CSF may provide clues to the regulation and promotion of
corticospinal tract (CST) development.

To further characterize these HMW bands, we used two
different antibodies to determine if the cytoplasmic domain or
the extracellular domain was present in each of the four HMW
bands. We interpret these findings as follows: the 200-kDa
form is full-length fully glycosylated L1 as described in
lysates from whole brain (Faissner et al., 1985; Michelson et
al., 2002; Poltorak et al., 1995; Vawter et al., 1998). The
protein in this band is immunoreactive with both antibodies to
L1CD as well as L1ED, implying the full-length molecule is
represented. The 210-kDa form may also be full-length L1,
but with immature glycosylation. The immaturity of the
glycosylation may interfere with the immunoreactivity with
L1CD and L1ED, since both these antibodies were raised
against proteins produced either as recombinants in bacteria
(Schaefer et al., 1999) or from transfected COS7 cells
(Fransen et al., 1998) and thus expected to have different
posttranslational modifications. These full-length transmem-
brane forms of L1 may be found in CSF as part of membrane
vesicles which are released in response to different signals
(Gutwein et al., 2003). The 200-kDa protein does not decrease
with age. Hence, this form of L1 secreted into vesicles does
not appear to be more important during development of the
CST.

However, the 170-kDa band does decrease markedly with
age. This HMW form of L1 is immunoreactive with L1ED and
not L1CD, implying that this is the ADAM10 cleaved
extracellular domain (Gutwein et al., 2003) as described
previously (Poltorak et al., 1995). Its prominence in preterm
and term newborn CSF may indicate a critical role in the deve-
lopment of the CST. This soluble form of L1 has been implicated
in cell migration (Gutwein et al., 2000, 2003; Mechtersheimer et
al., 2001). The extracellular domain of L1 has been shown to be
sufficient for mediating neurite outgrowth (Bearer et al., 1999;
Fransen et al., 1998) suggesting that the 170-kDa soluble form
may also enhance axon elongation. Thus, the soluble form of L1
may be important in CST development and regeneration. It is
interesting to note that mutations that result in unregulated
shedding of extracellular fragments result in more severe disease
than point mutations in the extracellular domain or deletions of
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