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the 26th exon and a frameshift in the part of the protein encoded by exons 27 and 28. This means that 
almost the entire cytoplasmic domain of the protein would have a loss of function, explaining the 
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Abstract 
L1 syndrome is an X-linked recessive disorder, characterised by congenital hydrocephalus, 

adducted thumbs, spastic paraplegia, agenesis of the corpus callosum and mental retardation. 

The disease is caused by mutations in the L1CAM gene, encoding a protein predominantly 

expressed in the nervous system. This protein has been implicated in a variety of processes 

including neuronal migration, neurite outgrowth and fasciculation, myelination, and long-term 

memory formation. 

L1 syndrome was suspected at genetic counselling of a family with a boy suffering from 

congenital hydrocephalus and mental retardation. Complete sequencing of L1CAM, performed 

by an external laboratory, revealed a novel mutation in the family, including a boy, affected 

with L1 syndrome, his sister, his mother and his maternal grandmother. 

To verify this mutation and to be able to detect mutations in the L1CAM gene locally in the 

future, a method for mutational analysis of this gene was set up using PCR optimisation and 

cycle sequencing. 

Sequencing of L1CAM was then performed on DNA samples from the four family members 

and the mutation was verified. A point mutation (c.3458-1G>C) in the 5’ splice site of exon 

26 was detected in all of them. This new, not previously described, mutation is supposed to 

cause a deletion of the 26th exon and a frameshift in the part of the protein encoded by exons 

27 and 28. This means that almost the entire cytoplasmic domain of the protein would have a 

loss of function, explaining the symptoms affecting the boy. 

Keywords: L1CAM, L1 syndrome, PCR optimisation, cycle sequencing 
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1 Introduction 
The L1 cell adhesion molecule (L1CAM) gene is located in the Xq28 region near the telomere 

of the long arm of the X chromosome (Djabali et al., 1990). L1CAM consists of 29 exons of 

which 28 include coding regions (Kallunki et al., 1997) encoding transmembrane glycoprotein 

belonging to the immunoglobulin superfamily (IgSF) (Moos et al., 1988; Hlavin and 

Lemmon, 1991).  

The L1 protein is made up of an extracellular part consisting of six immunoglobulin-like (Ig-

like) domains and five fibronectin type III-like (FnIII) domains, a single-pass transmembrane 

domain, and a short cytoplasmic C-terminal tail (Figure 1) (Moos et al., 1988; Hlavin and 

Lemmon, 1991).  

Figure 1.  Schematic representation of the L1CAM protein consisting of six immunoglobulin-like domains, five 
fibronectin type III-like domains, one transmembrane domain and one cytoplasmic domain (L1CAM Mutation 
Web Page).  

L1 is expressed on neurons, both in the central nervous system and in the peripheral nervous 

system (Kenwrick et al., 2000). On differentiated neurons L1 is found at regions of contact 

between neighbouring axons and on the growth cones, which is the highly motile, 

membranous structure at the leading tip of axons that are responsible for sensing extracellular 

growth and guidance cues (Figure 2). 

Non-neural expression of an alternatively spliced L1 lacking both exon 2 and exon 27 has 

been described in the male urogenital tract (Kujat et al., 1995), in the intestinal crypt cells 

(Thor et al., 1987), in a subclass of leukocytes (Kowitz et al., 1992) and in kidney tubule 

epithelia (Debiec et al., 1998). Expression of L1 has also been described in cells of tumoural 

origin (Fogel et al., 2003a; Fogel et al., 2003b; Deichmann et al., 2003; Thies et al., 2002; 

Miyahara et al., 2001). 

L1 has been implicated in a variety of important processes including neuronal migration 

(Lindner et al., 1983), neurite outgrowth (Lagenaur and Lemmon, 1987) and fasciculation 
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(bundling) (Stallcup and Beasley, 1985), myelination (Wood et al., 1990), neural cell survival 

(Chen et al., 1999), synaptogenesis and growth cone morphology (Burden-Gulley et al., 

1995). In addition, L1 is involved in the establishment of long-term potentiation (which is a 

use dependent increase in synaptic efficacy implicated in learning and memory) (Lüthl et al., 

1994), long-term memory formation (Rose, 1995) and in regeneration of damaged nerve 

tissue (Martini and Schachner, 1988). The most common mode of action is probably 

homophilic L1-L1 binding between adjacent membranes of neurons (Kamiguchi et al., 

1998a). However, a variety of heterophilic binding partners for L1 has also been suggested. 

These heterophilic binding partners include TAG-1/axonin-1 (Felsenfeld et al., 1994; Kuhn et 

al., 1991) and F3/F11 - two other Ig superfamily adhesion molecules (Morales et al., 1993), a 

proteoglycan called phosphocan (Grumet et al., 1993), and an integrin called αvβ3 

(Montgomery et al., 1996). 

 
Figure 2. The structure of a neuron. 

The function of L1 in tissues outside the nervous system, however, is unclear (Fransen et al., 

1997). 

An X-linked recessive disorder called L1 syndrome is caused by mutations in L1CAM 

(Kanemura et al., 2006). The major features include congenital hydrocephalus (accumulation 

of cerebrospinal fluid in the ventricles of the brain, causing progressive enlargement of the 

head) (Figure 3a), adducted thumbs (Figure 3b), spastic paraplegia (progressive weakness and 

spasticity in the muscles in the lower body), agenesis of the corpus callosum (a complete or 

partial absence of the corpus callosum) (Figure 3c) and mental retardation (Finckh et al., 

2000). Since L1 syndrome is an X-linked recessive disorder, it predominantly affects males. 

Fewer than 5 % of females carrying an L1CAM mutation manifest clinical features 

(Kaepernick et al., 1994). These features are usually minor symptoms of the clinical spectrum, 

although severe hydrocephalus has been reported in a female carrier.  
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Figure 3. Symptoms of L1 syndrome. Hydrocephalus  (a) (Health Library). Adducted thumb (b) (Liebau et al., 
2007). Agenesis of the corpus callosum. The corpus callosum connects the left and right cerebral hemispheres 
(c) (The New York Times). 

According to the latest (October, 2005) listing of L1CAM mutations on the L1CAM Mutation 

Web Page (L1CAM Mutation Web Page), 178 different mutations have been identified in 206 

unrelated families in which one individual has been diagnosed with L1 syndrome. 

Currently, DNA sequencing is a standard technique for detecting gene mutations and it is 

suggested that direct sequencing is a good way to examine all the L1CAM exons rapidly and 

to obtain reproducible results (Kanemura et al., 2006).  

Recently, Clinical Genetics at Linköping University Hospital came in contact with a family in 

which three members were having symptoms of L1 syndrome. Complete sequencing of 

L1CAM was performed by an external laboratory and a novel mutation was detected in the 

family, including a boy with expected L1 syndrome, his sister, his mother and his maternal 

grandmother.  

1.1 Aim 

To verify this mutation and to be able to detect mutations in the L1CAM gene locally in the 

future a method for mutational analysis of this gene had to be set up. The aim of this final 

thesis is to optimise the PCR and the sequencing of L1CAM for this purpose and to discuss 

the possible effects of this mutation. 
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2 Mutational Analysis – Theoretical Background 

2.1 DNA Extraction 

The BioRobot EZ1 System (QIAGEN AB, Solna, Sweden) is used to automatically extract 

DNA from, for example, whole blood samples treated with EDTA (QIAGEN, 2008a). First 

the blood cells are lysed using a lysis buffer (Figure 4). Then DNA is isolated from the lysates 

by binding to the silica surface of magnetic particles. The magnetic particles are then 

separated from the lysates using a magnet. The DNA is washed and finally eluted in elution 

buffer.  

 
 
Figure 4. The EZ1 DNA procedure. (QIAGEN, 2008a)  
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2.2 Amplification of the Entire Genomic DNA 

The illustra™ GenomiPhi™ V2 DNA Amplification Kit (GE Healthcare Bio-Sciences AB, 

Uppsala, Sweden) is used to amplify the entire genomic DNA (GE Healthcare, 2006a). First, 

the DNA is denaturated and mixed with random hexamers that non-specifically bind to the 

DNA. Then, Phi29 DNA polymerase, additional random hexamers, nucleotides, salts and 

buffers are added and the amplification begins. The amplification procedure is shown in 

Figure 5. 

 
Figure 5. Overview of the GenomiPhi V2 DNA Amplification Kit procedure (GE Healthcare, 2006a). 

2.3 Purification of Amplified Genomic DNA 

The illustra™ GFX™ PCR DNA and Gel Band Purification Kit (GE Healthcare Bio-Sciences 

AB) is used to purify the amplified genomic DNA (GE Healthcare, 2007). The procedure is 

supposed to denaturate proteins and to remove salts and other contaminants from the sample.  
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2.4 Polymerase Chain Reaction, PCR 

Overlapping fragments covering the exons and splice sites of the L1CAM gene is amplified by 

the means of PCR. The amplification is performed in fragments because the entire gene 

cannot be sequenced in one reaction. 

2.5 Capillary Electrophoresis  

The QIAxcel system (QIAGEN) uses capillary gel electrophoresis for size-based separation of 

nucleic acids (QIAGEN, 2008b). The separation is performed in a capillary of a precast gel 

cartridge. There are twelve capillaries in one cartridge. The samples are automatically loaded 

into an individual capillary and voltage is applied. The negatively charged nucleic acid 

molecules migrate through the capillary to the positively charged terminus (Figure 6). Low-

molecular-weight molecules migrate faster than high-molecular-weight molecules. As the 

molecules migrate through the capillary, dye molecules attach to the DNA and fluoresce when 

subjected to light-emitting diodes (LEDs). The DNA molecules then pass a detector which 

detects and measures the fluorescent signal. A photomultiplier converts the fluorescent signal 

into electronic data, which are then transferred to the computer workstation for further 

processing using the BioCalculator software. After processing, the data are displayed as an 

electropherogram and as a gel image.  

Capillary electrophoresis is used to verify that fragments have been amplified and that they 

are of the right size. Each PCR product should result in one band on the gel image (or one 

peak in the electropherogram). If there are more bands the by-products may interfere in the 

sequencing. 
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Figure 6. Sample separation process using the QIAxcel system (QIAGEN, 2008b). Nucleic acid molecules are 
size separated by applying an electrical current to a gel-filled capillary. A photomultiplier detector in the 
QIAxcel instrument detects the dyed nucleic acid molecules as they migrate towards the positively charged 
terminus of the cpillary. The data are converted to an electropherogram and a gel image by the BioCalculator 
software. 

2.6 PCR Reaction Cleanup 

The PCR products are cleaned using ExoSAP-IT® (GE Healthcare Bio-Sciences AB). The 

procedure involves two hydrolytic enzymes, Exonuclease I and Shrip Alkaline Phosphatase, 

that are used together to remove unused PCR primers and unincorporated nucleotides from 

PCR products without any sample loss (Figure 7) (GE Healthcare, 2006b). Exonuclease I 

degrades single-stranded primers and any single-stranded DNA produced in the PCR and 

Shrip Alkaline Phosphatase dephosphorylates the remaining dNTPs from the PCR mixture. 

Without this PCR cleanup procedure the excess primers and nucleotides can present problems 

in dye terminator chemistry and cause noisy sequencing data later on (Applied Biosystems, 

2006). 
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Figure 7. Schematic diagram of the ExoSAP-IT method (GE Healthcare, 2006b). The PCR results in PCR 
products as well as in unused PCR primers and unincorporated dNTPs. ExoSAP-IT degrades the excess PCR 
primers and dephosphorylates the excess dNTPs to prevent noisy analysis data. 

2.7 Cycle Sequencing Reaction 

Today, a protocol referred to as “cycle sequencing” is the method of choice for determining 

DNA sequence (Lodge et al., 2007). Cycle sequencing exploits the polymerase chain reaction, 

fluorescent labeling and capillary electrophoresis. The cycle sequencing reaction is set up in 

two tubes, one for the forward reaction and one for the reverse reaction. The double-stranded 

template DNA is mixed with primer (reverse or forward), deoxynucleoside triphosphates 

(dNTPs), thermostable DNA polymerase and the four dideoxynucleoside triphosphates 

(ddNTPs). The ddNTPs differs from dNTPs in the way that no nucleotides can attach to them. 

Therefore, these modified dideoxynucleosides are often called terminators. Each ddNTP is 

labelled with a different fluorescent dye, so when the dye terminator is used by DNA 

polymerase it will lead to both chain termination and labelling of the DNA fragment, the label 

indicating which base was last incorporated in the growing chain. The sample is then 
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amplified using a thermal cycler. In this amplification, the forward primer and the reverse 

primer are used separately. This way, there will be a linear amplification of one strand of the 

DNA. The sequence is then received through the use of capillary electrophoresis. A schematic 

representation of a cycle sequencing reaction is shown in Figure 8. 
 

 
Figure 8. The cycle sequencing reaction. The template DNA is mixed with DNA polymerase, primers, dNTPs 
and the four ddNTPs with varying fluorescence. When the DNA polymerase incorporates a ddNTP into the 
chain, there will be both a chain termination and a labelling that indicates which base was last incorporated. This 
amplification will result in numerous fragments of varying lengths and fluorescence. The sequence is then 
received using capillary electrophoresis. 
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2.8 Sequencing Reaction Cleanup 

Before the sequencing reaction products are analysed using the capillary electrophoresis, the 

products are purified using the BigDye® XTerminator™ Purification Kit (Applied 

Biosystems, Stockholm, Sweden). The kit is designed to separate cycle-sequencing reaction 

components, such as salt ions, unincorporated dye terminators, and dNTPs, from dye-labelled 

extension products to prevent their co-injection (Applied Biosystems, 2007). Without this step 

the components may cause noisy sequencing data. 

2.9 Cycle Sequencing 

Next, the reaction is analysed by capillary electrophoresis. This is not the same capillary 

electrophoresis as the one used for analysing the PCR products, but the principles are the 

same. A typical capillary is 50 µm in diameter and 50 cm in length (Lodge et al., 2007). Prior 

to loading the sample the capillary is filled with a polymer, the precise formula of which will 

vary depending on the supplier. The polymer will act as the molecular filter during 

electrophoresis. The sample is taken up by one end of the capillary and a voltage is applied, 

the DNA sample will migrate towards the positive electrode or anode. Smaller DNA 

fragments will migrate through the capillary faster than larger fragments. The capillary is 

capable of resolving DNA fragments that vary in size by just one base pair; a requirement for 

the sequencing to be successful. At the end of the capillary is a laser beam that will hit each 

fluorescently labelled DNA fragment as it comes out of the capillary. The laser will cause the 

fluorescent dyes to fluoresce, this fluorescence is detected by a charged couple device (CCD) 

camera. The data from the camera is then processed by a computer to generate an 

electropherogram with the fluorescence plotted against time. Each peak on the 

electropherogram will represent a DNA fragment of a specific length. The lengths of the 

fragments along with the different fluorescence of the four terminators make up the sequence 

of the DNA sample. The principle of the capillary electrophoresis is shown in Figure 9. 
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Figure 9. Capillary electrophoresis. The technique is used to convert the fluorescent fragments of different 
lengths to a DNA sequence. 

2.10 Analysis 

Finally, the received data is analysed using the SeqScape Software (Applied Biosystems), 

which compares the obtained sequences against a reference sequence and displays the 

differences and possible mutations. 

 12



3 Materials and Methods 

3.1 Clinical Description 

The patient was the second child of healthy nonconsanguineous Swedish parents. On the 

mother’s side, there was a family history of males with hydrocephalus and adducted thumbs, 

see pedigree (Figure 10). In the patient, hydrocephalus was first detected by fetal ultrasound 

at 36 weeks gestation. The patient was delivered at 38 weeks gestation by Caesarian and mild 

global hypotonia (a condition of abnormally low muscle tone) and bilateral adducted thumbs 

were noted soon after birth, as was the hydrocephalus. Karyotype revealed a normal 46, XY 

male karyotype. A ventriculoperitoneal shunt (a surgery performed to draw off the fluid from 

the ventricles of the brain into the abdomen and thereby relieving the pressure inside the skull, 

caused by the hydrocephalus) was placed at 2 days of age. The family history revealed the 

two maternal uncles with hydrocephalus, spastic paraplegia and adducted thumbs. The boy’s 

mother was diagnosed with clear cell renal cell carcinoma (ccRCC) at the age of 46, and died 

two years later. The mother was seeking for genetic counselling when the boy was 20 years 

old and his older sister was 23 years old. Informed consent was obtained from the family 

members involved in the study. Due to the clinical signs of hydrocephalus and adducted 

thumbs among males in this family, L1 syndrome was suspected. Blood samples from the boy 

(patient 3), the sister (patient 4), the mother (patient 1) and the mother’s mother (patient 2) 

were collected for complete sequencing of L1CAM. This sequencing was performed by 

Centogene (Rostock, Germany) and the results showed that all four family members had a 

mutation in the gene.  

 13



 
 
Figure 10. Pedigree of the family. The arrow points out the proband, in this case the mother. The numbered 
family members are the ones who were analysed for the mutation. 

3.2 Samples 

First, pooled DNA samples extracted from blood from three individuals with no known 

mutation in the L1CAM gene was used. These samples were used for the optimisation of the 

PCR to not consume the entire amount of patient DNA. Then, two individual DNA samples 

from healthy patients were used to confirm the PCR conditions and to optimise the 

sequencing. To verify the mutation already found in the family members (Patient 1-4), DNA 

samples from patients 1, 2 and 4, and a blood sample from patient 3 out of which DNA was 

extracted were used. 

In addition, two DNA samples from a patient diagnosed with breast cancer were used to 

evaluate whether the PCR would be successful using DNA from paraffin embedded and fresh 

frozen tissue. 

3.3 Primer Selection 

The PCR primers were chosen using the NCBI Probe database, according to a protocol from 

Applied Biosystems (Applied Biosystems, 2006). They were chosen to cover the entire 

coding sequence and the splice sites of the gene. The PCR fragments produced by the primer 

mixtures cover the gene according to Figure 11. 
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Figure 11. The gene with its exons (black) and introns (white) and the locations of the PCR fragments produced 
by the primer mixtures. The exons are sorted 1-28 from left to right. The fragments (grey) are sorted 1-33 from 
right to left. 

M13 tail sequences were added to the primer sequences to simplify the sequencing later on. 

The sequencing is simplified in the way that M13 primers can be used in the sequencing 

reaction and this way the same sequencing primers can be used for all the PCR products. The 

primer sequences are shown in Table 1. 

Table 1. The primer mixtures consisting of forward and reverse primers with the M13 tail sequences in lower 
case letters. 
Primermix 

number Forward primer Reverse primer Product 
size 

1 tgtaaaacgacggccagtCCTGGCAG
GTCGCTCCTAGC 

caggaaacagctatgaccGGCCTCC
GTCACTACCTGGC 558 

2 tgtaaaacgacggccagtCACTAGTGG
CGTAAAGGGAAGGACA 

caggaaacagctatgaccCCGAAA
GGGTCTCCGAAATGC 599 

3 tgtaaaacgacggccagtGAGTGCGA
TGCTGGGAGTGG 

caggaaacagctatgaccCCCTGCC
GTGGCCCTAGAAT 590 

4 tgtaaaacgacggccagtGGACCGGG
TGGTAGGAAGGG 

caggaaacagctatgaccTGCCCAA
AGATGACAGCTCCA 533 

5 tgtaaaacgacggccagtGGACCGGG
TGGTAGGAAGGG 

caggaaacagctatgaccAACAAA
TGGAAGGCAGGCGG 464 

6 tgtaaaacgacggccagtACTGAACAT
CCACGCTGCCC 

caggaaacagctatgaccGGCCAA
CAGCAAGGTCTCCC 562 

7 tgtaaaacgacggccagtCGTGTTGGC
CTCTCCCTGAA 

caggaaacagctatgaccACAGGC
AAGTGGTGGCTGGA 505 

8 tgtaaaacgacggccagtCACCCGGC
AGCACAGAGAAG 

caggaaacagctatgaccCCCTTCT
GCAAGGCCTCCTG 429 

9 tgtaaaacgacggccagtCCACCATGC
GCCTGTCATCT 

caggaaacagctatgaccCGGCACC
AAATGGCTGTGAA 598 

10 tgtaaaacgacggccagtAGGCCTTGC
AGAAGGGTGGA 

caggaaacagctatgaccGCCACTA
CTGCCCAGGCTCC 441 

11 tgtaaaacgacggccagtGGGCATCTG
CGGAAAGGGTAT 

caggaaacagctatgaccTGCCACA
CTCTCCTCGTTCCC 599 

12 tgtaaaacgacggccagtGGGCATCTG
CGGAAAGGGTA 

caggaaacagctatgaccCTCAGCC
ACAGCGGGTGAAA 542 

13 tgtaaaacgacggccagtGGTGCCGG
AACATCCTCTCC 

caggaaacagctatgaccTTCGGAC
ACACAACCTGACCG 594 

14 tgtaaaacgacggccagtTGCAGGTCC
CACTGCGTGTA 

caggaaacagctatgaccGCAACTG
TCCTTCAACCTTCGG 573 

15 tgtaaaacgacggccagtTCTAAGGCC
CTCCCTCCTGG 

caggaaacagctatgaccCGCCAGC
GAGTTCACCTTCA 581 
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16 tgtaaaacgacggccagtGAGCACGT
AGCCGGTGAGCA 

caggaaacagctatgaccAAAGCG
ACAGGATGGTGAGGG 557 

17 tgtaaaacgacggccagtTGACACTGG
TGGTGTTGGCG 

caggaaacagctatgaccCGAATTC
GTCTTCTCTGTGTGTAGGG 505 

18 tgtaaaacgacggccagtTGAAAGAA
GCAGCATTGGCTGA 

caggaaacagctatgaccGGCCATG
ACCTGGGTGTCTG 578 

19 tgtaaaacgacggccagtCACCAGCAT
TCTTTGGCCCG 

caggaaacagctatgaccGTCTGGG
CAAGGTTCCAGGG 590 

20 tgtaaaacgacggccagtTCTGGCACC
AAGGGAGTCCA 

caggaaacagctatgaccGCTTGAG
CTCAGTGCCACCC 582 

21 tgtaaaacgacggccagtGTTCCCTGG
AACCTTGCCCA 

caggaaacagctatgaccGGCACA
GCTCTTGGTGGTGG 537 

22 tgtaaaacgacggccagtGCTGGCAG
AAGTGACGGTGG 

caggaaacagctatgaccCCTCTTG
GCCTCGTCCTTGC 494 

23 tgtaaaacgacggccagtGCCATCTGG
GCTCTTCTCCC 

caggaaacagctatgaccAGGCTG
GACGAGGATGGGAC 578 

24 tgtaaaacgacggccagtCATGTGGCA
AGGGTTGCCTG 

caggaaacagctatgaccGAGAGA
CACAGCCTGGCGGG 569 

25 tgtaaaacgacggccagtGCGGTCCGC
TCAGTCACAGT 

caggaaacagctatgaccGAGGGT
GAGCAGGGCCTCAG 511 

26 tgtaaaacgacggccagtGCATTGAGC
TGCGTTGAGGC 

caggaaacagctatgaccGGGTGAT
TGGCCTTGTCCTTTC 595 

27 tgtaaaacgacggccagtAGTGAGTTC
TCGGCCAGGCA 

caggaaacagctatgaccCCAGGC
GTCGAGAGCAGAGA 555 

28 tgtaaaacgacggccagtTCTCTGCTC
TCGACGCCTGG 

caggaaacagctatgaccTGTCAGC
CCGTCTGTCCCTT 573 

29 tgtaaaacgacggccagtCGGCACCC
ACTGCTGTTCAT 

caggaaacagctatgaccACCCTTC
CTGGCCTCCTGGT 372 

30 tgtaaaacgacggccagtGTGGAGGG
CTGGCAGGACAC 

caggaaacagctatgaccCAAGTGT
GAGGCCAGTGGCAA 595 

31 tgtaaaacgacggccagtGACAGGTG
CAAGCAGCCAGG 

caggaaacagctatgaccTGCCATT
CTCTCTGGTCCCTTC 596 

32 tgtaaaacgacggccagtGGTGCTCAG
GGAGAGCCGAG 

caggaaacagctatgaccAGGCATC
CTGAATGGGTGGG 537 

33 tgtaaaacgacggccagtAGCATGGA
GGAGGCCCAAGA 

caggaaacagctatgaccGCCCGG
GCTTACCCAGATGT 573 

3.4 DNA Extraction 

Genomic DNA was extracted from blood samples, treated with EDTA, using BioRobot EZ1 

(QIAGEN AB) and EZ1 DNA Blood 350 µl Kit (QIAGEN AB). DNA was extracted from 

350 µl blood and eluated into 200 µl elution buffer. 

The DNA concentrations were measured at 260 nm, using NanoDrop ND-1000 (Saveen 

Werner AB, Malmö, Sweden).  
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3.5 DNA Amplification 

Since there was a limited amount of DNA from the family members, an attempt to amplify the 

entire genomic DNA was made. The DNA was amplified using the illustra™ GenomiPhi™ 

V2 DNA Amplification Kit (GE Healthcare Bio-Sciences AB), according to the manufacturer. 

9 µl Sample Buffer was mixed with 1 µl of 10 ng DNA. The DNA was then denaturated by 

heating the samples to 95ºC for 3 minutes using PCT-100™ Programmable Thermal 

Controller (SDS Promega, Nacka, Sweden) and then cooled to 4ºC on ice. 9 µl Reaction 

Buffer was then, on ice, mixed with 1 µl Enzyme Mix. This mix was then transferred to the 

cooled samples and the samples were incubated at 30ºC for 1.5 hours (using the same thermal 

controller). The samples were then heated to 65ºC for 10 min to inactivate the Phi29 DNA 

polymerase enzyme. The amplified DNA did not result in PCR products with all PCR primers 

and therefore a purification of the amplified samples were performed before performing the 

PCR anew. 

3.6 DNA Purification 

The amplified DNA was purified using the illustra™ GFX™ PCR DNA and Gel Band 

Purification Kit (GE Healthcare Bio-Sciences AB) according to the manufacturer. 500 µl 

Capture buffer type 2 was mixed with 60 µl amplified DNA and loaded on a GFX MicroSpin 

column placed into a Collection tube. The assembled column and Collection tube was then 

spun at 13400 x g for 30 sec using the microcentrifuge Eppendorf MiniSpin® (VWR 

International AB, Stockholm, Sweden) and the flow through was discarded. 500 µl Wash 

buffer type 1 was then added to the column, which was then spun at 13400 x g for 30 sec 

again. The Collection tube was then discarded and the column was transfered to a 1.5 ml 

microcentrifuge tube. 50 µl Elution buffer type 6 was added to the centre of the membrane in 

the column and incubated at room temperature for 1 minute. The assembled column and 

microcentrifuge tube was then spun at 13400 x g for 1 minute to recover the purified DNA. 

However, the amplified DNA did not result in PCR products for all primer mixtures after this 

purification procedure either. Because the DNA amplification and purification procedures 

were not included in the aim of this final thesis, no further effort was made to make them 

successful. Instead, the PCR and the sequencing were performed directly on DNA obtained 

from the DNA extraction.  
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3.7 PCR Reaction 

Amplification of L1CAM was performed by the means of PCR according to the Variant SEQr 

protocol (Applied Biosystems). PCR was performed using 0.25 µl genomic DNA (36.6 ng/µl) 

as the template in a 10 µl reaction mixture, including 5 µl 2X AmpliTaq Gold® PCR Master 

Mix (containing AmpliTaq Gold® DNA Polymerase, dNTPs and Gold Buffer) (Applied 

Biosystems) 1.6 µl 50 % UltraPure™ Glycerol (Invitrogen AB, Lidingö, Sweden) 1 µl 

0.6 µM forward primer (Invitrogen AB) and 1 µl 0.6 µM reverse primer (Invitrogen AB). 

Water of PCR quality was added to adjust the reaction volume. The PCR amplification 

program consisted of one cycle of heat activation at 96ºC for 5 min, followed by 40 cycles of 

denaturation 94ºC 30 sec, annealing 60ºC 45 sec and extension 72ºC 45 sec ending with a 

final extension of 72ºC for 10 min and then held at 4ºC using the thermo cycler system, 

Eppendorf Mastercycler® EP (VWR International AB). 

This reaction conditions resulted in products using primer mixtures 3, 5-10, 15-28 and 30-32. 

Optimisation had to be performed on the remaining primer mixtures. 

First an alteration in primer and DNA concentration was evaluated. The primer concentration 

was set to 6 µM with 0.25 µl genomic DNA (36.6 ng/µl) and 1.25 µl genomic DNA 

(36.6 ng/µl) respectively. The water volume was adjusted to have a total volume of 10 µl. 

After this step, only primer mixtures 1, 2, 29 and 33 were without products. They were then 

evaluated with a primer concentration of 9 µM and the original amount of genomic DNA 

(0.25 µl DNA 36.6 ng/µl). 

With still no products using these four primer mixtures, the PCR Optimization Kit (Roche 

Diagnostics Scandinavia AB, Bromma, Sweden) was used according to the manufacturer’s 

protocol. 0.25 µl genomic DNA (36.6 ng/µl) was mixed with 0.20 µl 10 mM dNTP (Roche 

Diagnostics Scandinavia AB), 0.05 µl Taq DNA polymerase (5 U/µl) (Roche Diagnostics 

Scandinavia AB), 1 µl 6 µM forward primer (Invitrogen AB) and 1 µl 6 µM reverse primer 

(Invitrogen AB) and 6.50 µl water of PCR quality. Then 1 µl of buffers A-L, each containing 

100 mM Tris-HCl and 500 mM KCl but with varying MgCl2 concentrations and pH-values as 

shown in Table 2, were added to different tubes.  
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Table 2. The PCR optimisation buffers (Roche Diagnostics Scandinavia AB).  

pH MgCl2 concentrations [mM] 
1.0 1.5 2.0 2.5 

8.3 A B C D 
8.6 E F G H 
8.9 I J K L 
9.2 M N O P 

This approach resulted in products using primer mixture 2 with buffer J, primer mixture 29 

with buffer E, and primer mixture 33 with buffer I. 

Primer mixture 1 would still not result in a product and was evaluated some more. The primer 

mixture was mixed as above with buffer J using the varying annealing temperatures, 60.1ºC, 

63.2ºC, 66.0ºC and 69.4ºC. 

This approach was no success either. With still no product, primer mixture 1 was mixed with 

the same base components as before (Table 3) with the addition of buffer J and buffer N 

(separately) and with a variety of additives included in the PCR Optimization Kit (Table 4 and 

5). The original annealing temperature of 60ºC was used. 

Table 3. PCR components with volumes and concentrations. 
Component Volume Concentration 
dNTP 0.20 µl 10 mM 
Taq DNA polymerase 0.05 µl 5 U/µl 
Genomic DNA 0.25 µl 36.6 ng/µl 
Forward primer 1 µl 6 µM 
Reverse primer 1 µl 6 µM 
Optimisation buffer N, J 1 µl  
Additive   
Water, PCR Grade Filled up to a volume of 10 µl  

Table 4. Additives 1. 
Additive Volume Concentration  
DMSO 1 µl 100 % 
Gelatine 1 µl  1 % 
H2O 1 µl  

Table 5. Additives 2. 
Additive Volume Concentration  
DMSO 1 µl 100 % 
Glycerol 3 µl  50 % 
Gelatine 1 µl  1 % 
(NH4)2SO4  0.6 µl  500 mM 
MgCl2 1 µl 2.5 mM 
H2O 1 µl  
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Then, only buffer J was used with the varying additives shown in Table 6 and with the 

annealing temperatures 58.4ºC, 60.0ºC, 62.6ºC, 65.3ºC, 67.4ºC, 68.0ºC. 

Table 6. Additives 3. 
Additive Volume Concentration (original) 
DMSO 1 µl 10 % 
Glycerol 1 µl  50 % 
Gelatine 1 µl  0.1 % 
(NH4)2SO4  1 µl  50 mM 
H2O 1 µl  

After this, a number of different gelatine concentrations were tested according to Table 7. 

with buffer J and annealing temperatures 65ºC, 66ºC, 66.5ºC, 67ºC, 67.5ºC, 68ºC. 

Table 7. Gelatine concentrations. 
Volume Concentration 
1 µl 0.01 % 
0.5 µl 0.1 % 
1 µl 0.1 % 
0.5 µl 1 % 
1 µl 1 % 
1 µl 0 % 

Then, yet another set of additives was tried, varying DMSO concentrations according to Table 

8, and varying annealing temperatures 60ºC, 62ºC, 64ºC, 66ºC, 67ºC and 68ºC. 

Table 8. DMSO concetrations. 
Volume Concentration 
1 µl 100 % 
5 µl 10 % 
1 µl 10 % 

After considering the positions of the primer fragments it was decided to only go forward with 

primer mixtures 3-33. The first two primer mixtures produce fragments that are located after 

the last exon and splice site of the gene (Figure 11) and should not be important for receiving 

the DNA sequence. 

The following PCR conditions were confirmed to be successful and were used on patient 

samples (family members 1-4): 

For amplification with primer mixtures 3-28 and 30-32 PCR was performed using 0.25 µl 

genomic DNA (36.6 ng/µl) as the template in a 10 µl reaction mixture, containing 5 µl 

AmpliTaq Gold® PCR Master Mix, 1.6 µl 50 % UltraPure™ Glycerol, 1 µl forward primer 

and 1 µl reverse primer. The concentration of the primers was 0.6 µM for primer mixtures 3, 
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5-10, 15-28 and 30-32, and 6 µM for primer mixtures 4, 11, 12, 13 and 14. Water of PCR 

quality was added to adjust the reaction volyme. The PCR amplification program consisted of 

one cycle of heat activation at 96ºC for 5 min, followed by 40 cycles of denaturation 94ºC 30 

sec, annealing 60ºC 45 sec and extension 72ºC 45 sec ending with a final extension of 72ºC 

for 10 min and then held at 4ºC. 

For amplification with primer mixtures 29 and 33 the PCR Optimization Kit was used. 0.25 µl 

genomic DNA (36.6 ng/µl) was mixed with 0.20 µl 10 mM dNTP, 0.05 µl Taq DNA 

polymerase (5 U/µl), 1 µl 6 µM forward primer and 1 µl 6 µM reverse primer, and 6.50 µl 

water of PCR quality. Then 1 µl of buffer E was added for amplification with primer mixture 

29 and 1µl of buffer I was added for amplification with primer mixture 33. The PCR 

amplification program was the same as for the other primer mixtures described above. 

3.8 Capillary Electrophoresis 

The PCR products were analysed using the capillary electrophoresis device, QIAxcel. The 

QX DNA Size Marker 50-800 bp (QIAGEN AB) and the QX Alignment Marker 15bp/3 kb 

(QIAGEN AB) were used for the analysis of the length of the PCR products. 

3.9 PCR Reaction Cleanup 

The PCR products were diluted depending on how intense the bands received from the 

capillary electrophoresis were. Bands like nr 1 in Figure 12 were diluted 1:5, bands like nr 2 

were diluted 1:10 and bands like nr 3 were diluted 1:15. These dilutions were decided after 

some optimisation. Different dilutions were tested, 1:1, 1:5, 1:7.5, 1:10; 1:10, 1:15, 1:20; and 

1:10, 1:15 respectively. If the samples are not diluted, the signals in the sequence analysis will 

be too intense and there will be no result. 
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      1      2      3 

 
Figure 12. Gel image of capillary electrophoresis results showing different intensities of the PCR products. The 
bands of the sizes 15 and 3000 base pairs are alignment markers. 
 

To purify the PCR products, 2 µl ExoSAP-IT® (GE Healthcare Bio-Sciences AB) was added 

to 10 µl of diluted PCR product according to the VariantSEQr protocol from Applied 

Biosystems. The samples were then incubated at 37ºC for 30 min, heat inactivated at 80ºC for 

15 min and then held at 4ºC using the same thermo cycler as before. 

3.10 Cycle Sequencing Reaction 

The purified PCR amplification products were then mixed into a sequencing reaction mixture 

using BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems), according to the 

manufacturer. The reaction mixture contained 1 µl BigDye® Terminator v3.1 Ready Reaction 

Mix (containing dNTPs and dye terminators, enzyme, and sequencing buffer (2.5X)), 1.5 µl 

BigDye® Terminator v1.1, v3.1 5X Sequencing Buffer, 1 µl 3.2 µM M13 forward primer 

(Invitrogen AB) or 1 µl 3.2 µM M13 reverse primer (Invitrogen AB) and 4.5 µl deionised 

ultra filtrated water. 2 µl purified PCR product was then added to this mix. The mixture was 

then heat activated at 96ºC for 1 min, followed by 25 cycles of denaturation at 96ºC for 10 

sec, annealing at 50ºC for 5 sec and extension at 60ºC for 4 min. The temperature was then 

held at 4ºC. 
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3.11 Sequencing Reaction Cleanup 

The sequencing mix was then cleaned using BigDye® XTerminator™ Purification Kit 

(Applied Biosystems). 10 µl vortexed XTerminator™ Solution was mixed with 45 µl SAM™ 

Solution and then added to the sequencing mixture. Wide-bore pipette tips (tips with an 

orifice > 0.1 mm) were used for pipetting the Xterminator Solution. The mixture was then 

vortexed using the Eppendorf Thermomixer comfort (VWR International AB) at 22ºC and 

1400 rpm for 1 h. 

Then, the samples were centrifuged using Sigma 4K15 (LABEX, Helsingborg, Sweden) at 

1000 rpm for 2 min. 

3.12 Cycle Sequencing 

10 µl of the supernatants were then transferred to a 96-well plate for sequence analysis using 

the 16-capillary electrophoresis DNA sequencer, ABI 3130xl Genetic Analyzer, (Applied 

Biosystems). The DNA sequencing was carried out in both directions for each template. 

3.13 Analysis 

The results were analysed using the SeqScape® Software v2.6 (Applied Biosystems) 

comparing the received sequences to a reference sequence (AC_000066, NCBI). 
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4 Results 

4.1 PCR 

Products were obtained for all the primer mixtures (3-33) and they were of expected size, 

indicating that the products were the correct ones (Figure 13). 

 

Figure 13.  Gel image of capillary electroporesis showing the PCR products of the different primer mixtures 
numbered 3-33.  

PCR of DNA from paraffin embedded breast cancer tissue gave almost no products. This is 

probably due to a destroying of the DNA when it is obtained or when it is embedded. The 

fragments that are obtained are probably too short for the PCR to function correctly. The PCR 

may be successful if primers that produce shorter templates are used. 

PCR of DNA from fresh frozen breast cancer tissue was as successful as the ones performed 

on DNA from blood samples. In other words, all PCR products were obtained using this 

material. 

4.2 Sequencing 

The L1CAM gene was successfully sequenced and the mutation already found in the family 

was verified. The mutation consists of a transversion of one nucleotide; a C instead of a G in 

the in the 5’splice site of exon 26 in the position closest to the exon (c.3458-1G>C). This 

mutation has not been reported previously. The mutation was found in all tested family 

members (Figure 14). In the three females, the mutation was found in heterozygosity and in 

the male in homozygosity since males only have one copy of the X chromosome. 
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Figure 14. The sequencing results of the region around the mutation from the SeqScape Software for all family 
members. The numbering is the same as in Figure 10. The reference sequence is shown in lower case letters at 
the top. The S indicates that there are both a C (blue) and a G (black). The green colouring of the marked letters 
indicate that the nucleotides differ from the reference. Family members 1, 2 and 4 (females) have both a C and a 
G in this position and are all carriers of the mutation. Member 3, the male, only has one copy, a C, thus has the 
disease.  

This mutation should cause a deletion of the entire 26th exon. Exon 26 encodes a part of the 

L1 protein that is located in the cytoplasmic domain (Figure 15).  

Figure 15. The coding region with the exons of L1CAM numbered from 1 to 28 and the protein domains. (Data 
from GenBank, M77640, Hlavin and Lemmon, 1991.) 

Exon 26 consists of a number of nucleotides that are not dividable by three; therefore a 

deletion of this exon should also cause a frameshift leading to an incorrect amino acid 

sequence in the cytoplasmatic domain of the protein encoded by exons 27 and 28. This 

frameshift also causes an early stop codon, leading to the loss of two additional amino acids. 
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This means that the mutation, the one transversion, should cause a loss of function of almost 

the entire cytoplasmic domain.  
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5 Discussion 
The gene was successfully sequenced and a point mutation in the 5’splice site of exon 26 was 

found in all four family members, verifying the mutation already found in the family. The 

mutation probably causes a loss of function of almost the entire cytoplasmic domain. 

Since the boy and his uncles suffered from congenital hydrocephalus, adducted thumbs, 

spastic paraplegia and mental retardation, all symptoms of the L1 syndrome, this cytoplasmic 

domain of L1 must be very important for the protein to function in this family.  

The cytoplasmic domain of L1 is multifunctional (Fransen et al., 1998). It provides an anchor 

to the cytoskeleton via ankyrin (Hortsch, 1996), a linker protein of the spectrin-based 

cytoskeleton that underlies the plasma membrane (Davis and Bennett, 1994; Hortsch et al., 

1998). The interaction between the L1CAM cytoplasmic domain and ankyrin-B has been 

reported to be required for the initial protrusion of axons from the neuronal soma (Nishimura 

et al., 2003). Disturbance of these functions of the L1CAM cytoplasmic domain would cause 

the symptoms related to axon growth that occur in L1 syndrome. 

The cytoplasmic domain contains serine phosphorylation sites (Hortsch, 1996). 

Phosphorylation may be a way for modulation of L1 signal transducting activity (Kunz et al., 

1996; Schuch et al., 1989; Wong et al., 1996a; Wong et al., 1996b) and for the initiation of 

intracellular second messenger cascades (Schuch et al., 1989; Williams et al., 1994), which 

may be involved in L1 dependent neuronal movement. 

The cytoplasmic domain of L1CAM also houses a tyrosine-based sorting motif that is 

required for the correct trafficking of L1 along axons to the growth cone (Kamiguchi et al., 

1998b ) as well as for L1 endocytosis (Kamiguchi et al., 1998c). Clearly, mutations that delete 

this sorting motif will disrupt trafficking of L1 in differentiated neurons, only allowing 

transport of protein to the cell soma (Kenwrick et al., 2000). 

In summary, mutations in the cytoplasmic domain would be expected to disrupt cytoskeleton 

interactions, L1-mediated signalling and L1 trafficking in the nervous system.  

It is, therefore, likely that the mutation in L1CAM found in the family is the cause of the 

symptoms that are affecting the boy and that were also affecting his two deceased uncles. 
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This conclusion is supported by other mutations affecting the cytoplasmic domain of the L1 

protein that have been reported to cause the same symptoms (L1CAM Mutation Web Page). 

The mother in the family developed ccRCC, which was considered unusual for her age. This 

raised the question of a possible association between this disease and the mutation in L1CAM 

as well.  

Expression of L1 has been found in the renal epithelium and it is suggested that L1 is 

involved in multiple stages of renal epithelial morphogenesis and that mutations in L1CAM 

may lead to development of abnormalities affecting the kidney (Debiec et al., 1998). 

It has also been indicated that mutations in L1CAM may be responsible for duplex kidneys in 

a boy with L1 syndrome, supporting that mutations in the gene may cause renal 

malformations (Liebau et al., 2007). 

L1 expression has been detected in ccRCC, renal tumours originating from cells that do not 

express L1 in the normal kidney (Allory et al., 2005). In addition, a truncated form of L1 

lacking a part of its cytoplasmic tail has been detected in these tumours. In ccRCC, the 

presence of L1 has also been shown to associate with a higher risk of metastasis.  

Since the expression of L1 has been shown to correlate with ccRCC, it is possible that the 

mutation occurring in the family may cause the ccRCC of the mother in the family. The 

detection, in these tumours, of a form of L1 lacking a part of the cytoplasmic domain is also 

interesting, since the mutation found in the family should cause the loss of function of the 

cytoplasmic domain, which is basically the same as lacking the domain. 

The observation of this family will continue and the girl carrying the heterozygous mutation 

will be examined every fifth year with renal ultrasonography. The girl will also be offered 

prenatal diagnosis in case of future pregnancy.  

5.1 Conclusion 

The L1CAM gene was successfully sequenced and a novel mutation (c.3458-1G>C) was 

found causing L1 syndrome in the boy and his two uncles. Although it seems like the 

mutation causes a deletion of exon 26 and thereby a frameshift in the part of the protein 

encoded by exons 27 and 28, it could be an idea to confirm this by studying the mRNA.  
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The mother in the family, carrying the mutation, was affected with ccRCC and it is possible 

that the mutation in L1CAM is involved in this disease as well. A possible correlation like this 

remains to be investigated. Sequencing may be performed on DNA samples extracted from 

fresh frozen tumour tissue from patients with ccRCC in whom no other oncogen has been 

found to cause the disease. 
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