
E U R O P E A N J O U R N A L O F C A N C E R 4 3 ( 2 0 0 7 ) 6 0 7 – 6 1 6

. sc iencedi rec t . com
ava i lab le a t www
journal homepage: www.ejconl ine.com
Allelic variants of CAMTA1 and FLJ10737 within a
commonly deleted region at 1p36 in neuroblastoma
Kai-Oliver Henricha,*, Andreas Claasa,d, Christian Pramla, Axel Bennerb, Jan Mollenhauerc

Annemarie Poustkac, Manfred Schwaba, Frank Westermanna

aDivision of Tumour Genetics B030, German Cancer Research Center DKFZ, Im Neuenheimer Feld 280, 69120 Heidelberg, Germany
bCentral Unit Biostatistics, German Cancer Research Center DKFZ, Im Neuenheimer Feld 280, 69120 Heidelberg, Germany
cDivision of Molecular Genome Analysis B050, German Cancer Research Center DKFZ, Im Neuenheimer Feld 580, 69120 Heidelberg, Germany
A R T I C L E I N F O

Article history:

Received 23 June 2006

Received in revised form

12 September 2006

Accepted 19 September 2006

Keywords:

CAMTA1

FLJ10737

1p

Neuroblastoma

Deletion

LOH
0959-8049/$ - see front matter � 2006 Elsevi
doi:10.1016/j.ejca.2006.09.023

* Corresponding author: Tel.: +49 6221 423220
E-mail address: k.henrich@dkfz.de (K.-O.

d Present address: Population Genetics Tec
A B S T R A C T

Deletion of a distal portion of 1p is seen in a wide range of human malignancies, including

neuroblastoma. Here, a 1p36.3 commonly deleted region of 216 kb has been defined encom-

passing two genes, CAMTA1 and FLJ10737. Low expression of CAMTA1 has been recently

shown to be an independent predictor of poor outcome in neuroblastoma patients. The

present study surveys CAMTA1 and FLJ10737 for genetic alterations by fluorescence-based

single strand conformation polymorphism (SSCP) using a panel of DNAs from 88 neurobl-

astomas, their matching blood samples and 97 unaffected individuals. Nucleotide variants

encoding amino acid substitutions were found in both genes. One CAMTA1 variant (T1336I)

was not detected in 97 unaffected individuals, another (N1177K) resides in a conserved

domain of the CAMTA1 protein and was found hemizygous in six neuroblastomas. We

found no evidence for somatic mutations in FLJ10737 or CAMTA1. Further investigations

are needed to address the functional impact of the identified variants and their possible

significance for neuroblastoma.

� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Neuroblastoma is an embryonal tumour consisting of neural

crest derived undifferentiated neuroectodermal cells that

accounts for �9% of all childhood cancers. The clinical hall-

mark of this tumour is its extreme heterogeneity, ranging

from spontaneous regression to malignant progression. An

aggressive subtype of neuroblastomas is characterised by

genetic aberrations including amplification of the MYCN

oncogene1,2 and deletion of a distal portion of 1p. The inci-

dence of 1p deletion in neuroblastoma is �30% and it has

been shown that 1p36 loss of heterozygosity (LOH) is an

independent predictor of disease progression.3,4 Functional
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evidence supporting a role of 1p in neuroblastoma derives

from experiments in which the introduction of 1p chromo-

somal material into neuroblastoma cells resulted in reduced

tumourigenicity.5 Thus, it is generally believed that 1p con-

tains a gene (or genes) important in the development of

neuroblastoma.

For almost two decades numerous studies have at-

tempted to narrow down the 1p deleted region in order to

increase the chances for identifying the gene(s) of inter-

est.6–14 However, so far, the success in defining candidate

genes is limited as most of the identified regions were too

large to pinpoint single genes. Recent studies made it possi-

ble to considerably narrow down a smallest region of consis-
.
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Table 1 – Clinical and genetic parameters of the initially
analysed set of tumours

Patient Tumour stage 1p LOH MYCN-amplification

N-1 1 � �
N-2 1 � �
N-3 4 + �
N-4 4 + +

N-5 1 + �
N-6 4 + �
N-7 4 + +

N-8 4 + �
N-9 4 + +

N-10 1 � �
N-11 1 � �
N-12a 4 � �
N-13a 1 � �
N-14 4 + �
N-15 1 + �
N-16 1 + �
N-17a 2 � �
N-18 4 + +

N-19 4s + �
N-20a 2 � �
N-21 4 + +

N-22a 4 + +

N-23 1 + �
N-24 2 + +

N-25 4s � +

N-26 4 + +

N-27 1 � �
N-28 4 + +

N-29 4 + +

N-30 4 + +

Column 3: +, 1p LOH; �, no 1p LOH; column 4: +, MYCN-amplifica-

tion; �, no MYCN-amplification. Tumours were staged according to

the International Neuroblastoma Staging System criteria (INSS).

a Not analysed for FLJ10737 variants.
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tent heterozygous deletion that is shared by most neuroblas-

tomas with 1p deletions and spans 261 kb between 1p36.3

markers D1S2731 and D1S214.15–20 This region encompasses

two genes, FLJ10737 and CAMTA1.

By homology, FLJ10737 is predicted to encode a member of

the DnaJ protein family and it is expressed in a wide variety of

human tissues.18 In neuroblastoma, no evidence for an asso-

ciation of FLJ10737 expression with clinicobiologic variables

or outcome was found.15 DnaJ proteins regulate chaperone

functions of Hsp70 proteins and participate in protein folding,

protein degradation and assembly/disassembly of protein

complexes.21 The identification of the Drosophila tumour

suppressor gene l(2)tid provided first proof for causal involve-

ment of DnaJ proteins in neoplastic transformation,22 and a

human homologue of l(2)tid encodes two opposing modula-

tors of apoptosis.23 Therefore, one could imagine that

FLJ10737 as a member of the DnaJ protein family plays a role

not only restricted to the mediation of ‘classical’ chaperone

functions but also in processes related to tumour onset or

progression.

CAMTA1 is a member of a recently described protein

family designated as calmodulin-binding transcription acti-

vators (CAMTAs).24 The protein’s primary structure contains

a nuclear localisation signal, two DNA-binding domains

(CG-1 and TIG), calmodulin-binding motifs (IQ motifs) and

ankyrin repeats. CAMTA1 is a transcription activator poten-

tially involved in cell cycle regulation25 that may, similar as

its homologue AtCAMTA1, interact with Ca2+/calmodulin

and be engaged in calcium signalling.24 Although the

expression of CAMTA1 is seen in various organs, highest

levels are found in neuronal tissues.18,26,27 In neuroblas-

toma, low CAMTA1 expression is significantly associated

with poor outcome of patients. Intriguingly, in multivariate

survival analysis the prognostic information of CAMTA1

expression is independent of the established risk markers

MYCN amplification, 1p deletion, age at diagnosis and ad-

vanced tumour stage.15 These data suggest (i) that CAMTA1

expression represents a powerful prognostic variable with

the potential of improving current risk stratification for

neuroblastoma, and (ii) that CAMTA1 is a strong candidate

for being involved in the development of neuroblastoma

and other tumours with 1p deletion. This is further sup-

ported by a recent report that identified CAMTA1 as the only

gene mapping to a 1p36 minimal region of overlapping dele-

tions in glioma tumours.27

To address the question, whether mutations or sequence

variants of FLJ10737 or CAMTA1 exist that are associated

with neuroblastoma, we have analysed the coding regions

of both genes in a panel of up to 88 neuroblastomas by sin-

gle strand conformation polymorphism (SSCP) and sequenc-

ing. To estimate the population allele frequencies of

individual sequence variants, blood samples from 97 unaf-

fected individuals were used as a reference panel. Our re-

sults suggest that somatic mutations of CAMTA1 or

FLJ10737 are not likely to be involved in neuroblastoma

development. However, allelic variants, predicted to cause

amino acid substitutions, were found in both genes. The

significance of these variants with respect to neuroblastoma

development needs to be addressed in further

investigations.
2. Materials and methods

2.1. Tumours and blood specimens

Genomic DNA was extracted from 88 fresh or snap-frozen

neuroblastoma tumours. Of these, 22 were stage 1, 11 were

stage 2, 6 were stage 3, 34 were stage 4, 6 were stage 4s and

9 were of unknown stage. Staging was according to the Inter-

national Neuroblastoma Staging System (INSS). Twenty-seven

of the 88 tumours had LOH at 1p36 (markers D1S468, D1S253

and D1S244; data not shown). All tumours were obtained from

hospitals cooperating within the framework of the German

Neuroblastoma Study Group. DNA was also extracted from

peripheral blood of the patients and 97 unaffected

individuals.

2.2. CE-SSCP and sequencing

The entire coding region of both CAMTA1 (23 exons) and

FLJ10737 (16 exons) was analysed by capillary electrophoresis

single strand conformation polymorphism (CE-SSCP).28 Ini-

tially, FLJ10737 was surveyed in 25, CAMTA1 in 30 neuroblas-

toma tumours (Table 1). Selected sequence variants were
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then analysed in additional tumours up to the maximum

number of 88 available samples. DNA variants causing amino

acid residue substitution were also analysed in up to 97 blood

DNAs from unaffected individuals to estimate the population

allele frequency.

If the size of a PCR target sequence exceeded 350 bp in case

of larger exons, the respective exons were PCR-amplified as

overlapping fragments. Sequences and annealing tempera-

tures of the primers used are given in Table 2. PCR was carried

out in 50 ll reactions with 1.5 U AmpliTaq (Applied Biosys-
Table 2 – Primers used for SSCP and sequencing analyses of C

Forward primer (5 0–3 0)

CAMTA1-EX1 CGGAGAGTAGTGAGACCCCTGGTGC CCG

CAMTA1-EX2 GGCAGGAATATCACAGAAGAGC ATA

CAMTA1-EX3 TCACATTGACTAAACTGAGCTGC GTG

CAMTA1-EX4 CTCTCAGGATCCAATGTGAGC AAT

CAMTA1-EX5 AATTATGTTCCAGCAAATGTGG ATG

CAMTA1-EX6 TGTGGCCCCTTCTTGCTC CAG

CAMTA1-EX7 CTCCATGCCACCCTCATG GTT

CAMTA1-EX8 ACCCACGGGCTCTGACAG CAG

CAMTA1-EX9-a CATGTGTGCCTGCGTGTG AGA

CAMTA1-EX9-b GCTCCAGCCGTGAGAAGAG GTG

CAMTA1-EX9-c CGCCACGGTGTTCATGTC TAC

CAMTA1-EX9-d GAAACCACCATGAACTTTGACC GTG

CAMTA1-EX9-e AGCTCCCTCACCCTGACC GTC

CAMTA1-EX9-f ATGCCCACGGTGAAAACG GGG

CAMTA1-EX9-g CGGAGACCAACGGGGTAAT GGA

CAMTA1-EX9-h CACGGCGCTCTCACAGTC CCT

CAMTA1-EX10 TCCCACAGTGGCTCACACTC GTG

CAMTA1-EX11 CCAGGCTGTAGGTACCCACC CCT

CAMTA1-EX12 AACACAACCTCACTCTTCCTCC GAT

CAMTA1-EX13 GGCCTTTAGTCCTGAGGTCG CAG

CAMTA1-EX14 TTAACGGTGGTGAATAGTGTGG CAG

CAMTA1-EX15 CTGATTGAGAACGCTTGCTG TGT

CAMTA1-EX16-a CTCCTGTCCTGACTATCCTTTC TCC

CAMTA1-EX16-b CTTCAGCCGGGAACTCTCC CAG

CAMTA1-EX17 GAGGCAGGGAGGTAGACCTG CGG

CAMTA1-EX18 GTGGTGCAAATCAATCATTAATC GAA

CAMTA1-EX19 TAAACCTGGGATCTCAACTCTG CTT

CAMTA1-EX20 CCCTGTTGTTACTGTGTCGC CCC

CAMTA1-EX21 AGTCCTCTGTCACTGCTGACC GTT

CAMTA1-EX22 TTCTGTTGTGACCCTCATGTG ATG

CAMTA1-EX23 ACCCCTTTCCTTTACTTGGTC AAT

FLJ10737-EX1 GTCCCTGACGCGGATCAC GTG

FLJ10737-EX2 ATTGGGACGTGGCTGATG CCT

FLJ10737-EX3 TCTCAGGAAGGACTGAAGGTG TTG

FLJ10737-EX4 CTCCTGGGTCCTCAACTGTC ACC

FLJ10737-EX5 TGTTCAATTAAAGCGAGCTGG CCC

FLJ10737-EX6 CTTTAGGCTGCTGCCATTG GCA

FLJ10737-EX7 ACATACCTGAGCCTGGGTTG GAC

FLJ10737-EX8 GAGCAGGTGCTATCCAGGAC TCC

FLJ10737-EX9 AGAGTCACACGCCCTAGCC CAC

FLJ10737-EX10 TCTTCTCAAATGACAGCTGCC GGT

FLJ10737-EX11 CTCTTCCTGTGCCTGACACC AAC

FLJ10737-EX12 CTGTGTTGGCTGGAAGCTG CCT

FLJ10737-EX13 GGCCCTGAGCAAGTATGTTG GAG

FLJ10737-EX14 GTCTCTAAGCCACACAAGGAGG TTA

FLJ10737-EX15 GTGCTGGTCTTAGACCGTCTG ACA

FLJ10737-EX16 TCTGATCACCTGCGTCTGTC TGC

a 1.5· PCR· Enhancer Solution (Invitrogen) was included in the PCR.

b 5% DMSO were included in the PCR.

c 3% DMSO were included in the PCR.
tems, Foster City, CA), 1· reaction buffer, 200 lM of each dNTP,

1.5 mM MgCl2 and 0.2 lM of each fluorescent labelled primer

(HEX, FAM, respectively; Applied Biosystems, Foster City,

CA). For GC-rich amplicons, 1.5· PCR· Enhancer Solution

(Invitrogen, Carlsbad, CA) or DMSO (3–5%) was included. Cycle

conditions have been reported before.28 SSCP analysis was

performed with dilutions of PCR products using an ABI 310 ge-

netic analyser (Applied Biosystems, Foster City, CA). PCR

products showing one common specific peak pattern, sug-

gesting allelic identity, were grouped and several candidates
AMTA1 and FLJ10737

Reverse primer (5 0–3 0) Annealing temperature (�C)

ATGCCCGGGATGTCC 60a

ATTACTGCCACTGCCAAGC 57

AAGCAACCTAAAAAATTTGC 59

TCACTGGCCAAATCAGG 59

ACATTTGTGCACCAAGG 57

ACCCTTCCCGAGCAC 57b

GATGCCAGCCTGGTTC 61

CAGGGACAGCCATGAC 64

CCTCGGTGCTGCTCTG 61

GGGGACATGGTGTACAC 58

GTCTGGCCCTGCTTTG 58c

GTGCTGGGACTCAGG 56c

TCCACGTGACCGCTG 56c

TAGAGTCCCTGCACCAC 59

GGCACATCTCTGCCTG 58c

TAGCTGCAGGGTGGC 62

CTCCTCAGGCCATCAC 56

CTCCCTTGGTGCCTG 61

CCATCCACTGCCTCG 60

GAAGAATGTGAGCGAGG 55c

ACTGGAAGAACAGCAAGG 59

CAAGCTCTGAGATGTCATG 58

TACAGGCTGAGATCCAG 61

CCTCTGCGGGCTTAC 63

GAATCTATGCTGGGTAG 64

TGTCACAAAACGAAGGTTC 56

TAGCCAAACCAGGATCC 57

TAGGGAGCTTTACCTCC 56

GCTTCATCATTCTCCCTG 62

GAAGAGAAGAGAAACTGGC 60

GTCACATTGCTAAGGGATG 60

GGGACGCCTCCATC 57b

CTACAAATCGCACCTCC 57

GGGAGATGTTCTGTAACTG 57

TGGCTTCTAGTTATGAGGC 57

TTGCTGTACTCGGAGAG 57

CAGACAACACAACTCAGC 57

AAGATAGTGCCAACCACTG 57

TCCCAGAGCTCTGTCTG 57

CAACTGGTTCCACTGTG 57

GACAGGCATTCCTTGAC 57

TGAGGCACAGGGCTG 57

GAGACCAACATGTGGG 57

GAAGGCCTCCTCCAG 57

TAGGCCTGAGTCACCGC 57

CTGAGCAGCCGCTTC 57

AGTCTGGTTCCCAGTG 55
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from each group were sequenced using BigDye Terminator

chemistry and an ABI 310 genetic analyser (Applied Biosys-

tems, Foster City, CA). Nomenclature of sequence variants

was as recommended by the Nomenclature Working Group.29

2.3. RT-PCR

In case of an intronic sequence variant localised in the vicinity

of a splice site, we performed RT-PCRs to identify potential

products of aberrant splicing. Since tumour RNA was not

available, RNA was isolated from neuroblastoma cell lines

(Kelly, IMR-32, CHP-134, SH-EP, NMB, SK-N-SH, Vi-856, GI-

ME-N) after their allelic status for the respective variant had

been determined. RNA was isolated with TRIZOL (Invitrogen,

Carlsbad, CA) according to the manufacturer’s recommenda-

tions. First strand cDNA was synthesised from 1 lg of total

RNA using a 1st strand cDNA synthesis kit (Roche, Indianapo-

lis). Of this 20 ll cDNA reaction, a volume of 1 ll served as tem-

plate in a PCR with primers flanking the tested exon. PCR was

performed as described for CE-SSCP but with unlabelled prim-

ers and 35 cycles of 30 s at 94 �C, 45 s at 59 �C and 45 s at 72 �C.

2.4. Statistics

An exact test was used to test the null hypothesis that the

Hardy–Weinberg equilibrium holds.30 Distributions of allele

frequencies were compared using Fisher’s exact test. Calcula-

tion of allele frequencies for tumours with 1p36 LOH was

based on non-deleted alleles only. Chi-squared tests on the

distribution of genotypes were performed if observed fre-

quencies were compared with estimated probabilities. An ef-

fect was judged statistically significant at a p-value not larger

than 5%. All statistical calculations were done using the soft-

ware package R, version 1.8.31

3. Results

3.1. Genetic variants of FLJ10737and CAMTA1

Sequence variants are given as deviations from the cDNA se-

quences GenBank AK001599.1 (FLJ10737) and GenBank

AB020640.3 (CAMTA1), respectively. Exon numbering refers

to genomic structure as described previously15 (illustrated in

Fig. 1).

3.1.1. FLJ10737
For FLJ10737, we detected seven nucleotide variants of which

two were intronic (Tables 3 and 4). Of the five variants in the

coding region, two dictate amino acid substitution.

One of the two respective variants, 799A > G, causes

methionine (ATG) to be replaced by valine (GTG). The 799G al-

lele is common (average allele frequency 87.6%), indicating

that the 799A allele to be found in the reference sequence

AK001599.1 is the rarer variant. Out of 25 tumours, 799A

was found heterozygous in one and hemizygous in a second

tumour with the matching blood DNAs being 799A/G hetero-

zygous. In unaffected individuals, 799A was observed homo-

zygous in one, heterozygous in 24 of 97.

The second of the two amino acid substituting variants,

869C > G, encodes an amino acid substitution from threonine
(ACC) to serine (AGC). Of 25 tumours, 869G was found hetero-

zygous in three, hemizygous in four. All blood DNAs corre-

sponding to tumours displaying this variant were 869C/G

heterozygous. Four of 97 unaffected individuals were homo-

zygous for 869G, 33 heterozygous.

Another FLJ10737 variant chosen for more detailed analy-

sis is an intronic 1-bp deletion in a polythymidine tract (T18)

preceding the splice acceptor site of the intron 10–exon 11

junction (IVS10-15delT, Table 4). Among 25 tumours, the T17

allele of IVS10-15delT was found homozygous in two, hetero-

zygous in three and hemizygous in nine tumours. In the

exemplarily investigated blood DNAs of four patients, the

same status as in the corresponding tumours was seen (2·
T18/T18, 2·T17/T17). Alterations in polythymidine tracts pre-

ceding splice acceptor sites have the potential to decrease

the recognition of an adjacent exon during the splicing pro-

cess.32 To test whether the shortened polythymidine tract

might associate with exclusion of exon 11 from the FLJ10737

transcript, we performed RT-PCR on cDNAs from seven neuro-

blastoma cell lines exclusively displaying the T17 allele (Kelly,

IMR-32, CHP-134, SH-EP, NMB, SK-N-SH, Vi-856), and one

neuroblastoma cell line exclusively displaying the T18 allele

(GI-ME-N). The exon 11-flanking primers 5 0-TGGGAC-

GGTGGTGGAGTAC-3 0 (homologous to exon 10) and 5 0-

TGGGACGGTGGTGGAGTAC-3 0 (homologous to exon 12) were

used. The size of the resulting RT-PCR products indicates that

exon 11 was not excluded from the FLJ10737 transcript in any

of the examined cell lines (Fig. 2).

3.1.2. CAMTA1
In CAMTA1, we detected 15 sequence variants of which eight

were intronic and one was located in the 5 0UTR (Tables 3 and

4). Of the remaining six variants in the coding region, three

dictate amino acid substitutions.

One of these three, 3531C > G, encodes substitution at co-

don 1177 from AAC (asparagine) to AAG (lysine). This amino

acid variant resides in an ankyrin repeat (Fig. 1), a domain

known to be involved in protein–protein interactions.33 The

crystal structure of several ankyrin domain containing pro-

teins is available (Protein Data Bank, PDB, http://

www.rcsb.org/pdb). A computer aided homology search re-

vealed that the maximum homology of the CAMTA1 ankyrin

domain to an ankyrin domain with described 3-D structure

is 33% (to an artificial ankyrin repeat protein, PDB ID: 1MJ0).

This degree of homology is not sufficient for the construction

of a model predicting the influence of the amino acid substi-

tution on the spatial structure of the protein. The localisation

of 3531C > G (N1177K) in a conserved domain led us to exam-

ine its status in an extended cohort of 88 neuroblastomas (27

of 88 with 1p36 deletion). 3531G was found heterozygous in

15, hemizygous in six (five stage 4, one stage 1) of 88 tumours.

One of these six displayed 3531G homozygous in the corre-

sponding blood DNA. All other blood DNAs corresponding to

tumours displaying the 3531G-allele were 3531G/C heterozy-

gous. The distribution of genotypes among unaffected indi-

viduals did not significantly deviate from that predicted

under the conditions of Hardy–Weinberg equilibrium (exact

test for Hardy–Weinberg equilibrium, p = 0.36), but in these

the 3531G-allele was found only in the heterozygous form

(25/94). To investigate the possibility of selection for the

http://www.rcsb.org/pdb
http://www.rcsb.org/pdb
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3531G allele, the status of the variant was assessed in blood

DNAs from all 27 patients whose tumours exhibited 1p36

LOH. The 3531G frequency in 1p36 LOH patients was 18.5%

compared to 13.3% in unaffected individuals and 14.1% in

all 88 tumours analysed. One of the 27 blood DNAs displayed

3531G homozygous, eight heterozygous. Of these eight, 1p36

loss affected the 3531C allele in five, the 3531G allele in three

cases. Thus, the number of six 3531G/� hemizygous tumours

resulted from (a) an initial higher frequency of the variant in

patients whose tumours exhibited 1p36 LOH (18.5%) and (b)

3531C allele loss with a rate of 62.5%. However, the deviation

of the observed number of 3531G/� hemizygous tumours

from the expected genotype distribution, based on (i) the al-

lele frequency found in controls, (ii) the assumption of

Hardy–Weinberg equilibrium and (iii) random deletion of
one allele in 27 tumours, was not statistically significant (v2-

test, p = 0.17).

Another CAMTA1 variant, 3653A > C, is predicted to cause

an amino acid substitution from asparagine (AAC) to threo-

nine (ACC). Of the 76 tumours investigated, 3653C was found

heterozygous in one and hemizygous in a second tumour

with both corresponding blood DNAs displaying the heterozy-

gous form. Of 41 unaffected individuals, the allele was ob-

served in one as 3653A/C heterozygous.

A further rare sequence alteration (4007C > T), causing a

substitution of codon 1336 from ACT (threonine, polar) to

ATT (isoleucine, non-polar), was detected in one of 30 tu-

mours. Both the tumour and matching blood DNA of this pa-

tient were 4007C/T heterozygous. 4007T was not present in

the DNA of 97 control individuals.

http://www.ncbi.nlm.nih.gov


Table 3 – CAMTA1 and FLJ10737 sequence variants leading to amino acid substitution

Gene Exon Nucleotide variant Codon variant dbSNP ID Allele frequenciesa Genotype frequencies

NB tumours Unaffected
individuals

p-valued Genotype NB tumours Unaffected individuals

CAMTA1 15 3531C > G N1177K – 21/149 (14.1%) 25/188 (13.3%) 0.87 C/G 15/88b 25/94

G/G 0/88 0/94

G/� 6/88c 0/94

C/C 46/88 69/94

C/� 21/88 0/94

3653A > C N1218T – 2/125 (1.6%) 1/82 (1.2%) 1.00 A/C 1/76b 1/41

C/C 0/76 0/41

C/� 1/76b 0/41

A/A 48/76 40/41

A/� 26/76 0/41

16 4007C > T T1336I – 1/40 (2.5%) 0/194 (0%) 0.17 C/T 1/30b 0/97

T/T 0/30 0/97

T/� 0/30 0/97

C/C 9/30 97/97

C/� 20/30 0/97

FLJ10737 8 799A > G M267V rs12137794 29/31 (93.5%) 168/194 (86.6%) 0.39 A/G 1/25b 24/97

G/G 5/25 72/97

G/� 18/25 0/97

A/A 0/25 1/97

A/� 1/25b 0/97

869C > G T290S rs200454 7/31 (22.6%) 41/194 (21.1%) 0.82 C/G 3/25b 33/97

G/G 0/25 4/97

G/� 4/25b 0/97

C/C 3/25 60/97

C/� 15/25 0/97

Nomenclature of sequence variants as recommended by Antonarakis.29 Variants are given as deviations from the reference sequences AB020640.3 (CAMTA1) and AK001599.1 (FLJ10737). The A of the

initiator Met codon ATG is denoted +1. NB: neuroblastoma. dbSNP: NCBI single nucleotide polymorphism database.

a Calculation of allele frequencies is based on non-deleted alleles.

b The variant was found heterozygous in the corresponding blood DNA sample(s).

c The variant was found heterozygous in five of the corresponding blood DNA samples, homozygous in one.

d Two-sided p-value of Fisher’s exact test. Allele frequencies in NBs versus allele frequencies in unaffected individuals.
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Table 4 – CAMTA1 and FLJ10737 sequence variants not leading to amino acid substitution

Gene Exon Nucleotide
variant

Codon
variant

dbSNP ID Allele frequenciesa Genotype frequencies

NB
tumours

Unaffected
individuals

Genotypeb NB
tumours

Unaffected
individuals

CAMTA1 1 �27G>A – – 6/39 (15.4%) n.d. G/A 2/29 0/1

A/A 1/29 0/1

A/� 2/29 0/1

4 IVS4+48T > C – – 2/40 (5%) n.d. T/C 0/30 0/1

C/C 0/30 0/1

C/� 2/30 0/1

6 IVS5-66C > T – – 1/40 (2.5%) n.d. C/T 0/30 0/1

T/T 0/30 0/1

T/� 1/30 0/1

IVS6+35T > C – rs1201529 2/40 (5%) n.d. T/C 1/30 0/1

C/C 0/30 0/1

C/� 1/30 0/1

8 IVS8+25C > T – – 1/40 (2.5%) n.d. C/T 1/30 0/1

T/T 0/30 0/1

T/� 0/30 0/1

9 927G > A – rs3737907 5/40 (12.5%) n.d. G/A 2/30 0/1

A/A 0/30 0/1

A/� 3/30 0/1

981C > T – rs3737906 5/40 (12.5%) n.d. C/T 1/30 1/1

T/T 1/30 0/1

T/� 2/30 0/1

1350A > G – rs12128526 18/39 (46.2%) n.d. A/G 3/29 0/1

G/G 2/29 0/1

G/� 11/29 0/1

IVS9+25C > A – rs4908671 13/40 (32.5%) n.d. C/A 2/30 0/1

A/A 2/30 1/1

A/� 7/30 0/1

11 IVS11+6A > G – rs3011926 22/40 (55%) n.d. A/G 3/30 0/1

G/G 3/30 0/1

G/� 13/30 0/1

13 IVS13+41A > G – rs2071985 25/40 (62.5%) n.d. A/G 5/30 0/1

G/G 3/30 1/1

G/� 14/30 0/1

14 IVS14+26C > G – – 1/40 (2.5%) n.d. C/G 0/30 0/1

G/G 0/30 0/1

G/� 1/30 0/1

FLJ10737 1 IVS1+87G > A – rs3761925 14/31 (45.2%) n.d. G/A 3/25 0/1

A/A 1/25 1/1

A/� 9/25 0/1

10 1080C > T – rs200458 3/31 (9.7%) n.d. C/T 1/25 0/1

T/T 0/25 0/1

T/� 2/25 0/1

11 IVS10-15delT – – 16/31 (51.6%) n.d. 18·T/17·T 3/25 0/1

17·T/17·T 2/25c 0/1

17·T/� 9/25 0/1

12 1320C > T – – 1/31 (3.2%) n.d. C/T 1/25 0/1

T/T 0/25 0/1

T/� 0/25 0/1

14 1497G > A – rs12134083 1/31 (3.2%) n.d. G/A 0/25 0/1

A/A 0/25 0/1

A/� 1/25 0/1

Nomenclature of sequence variants as recommended by Antonarakis.29 Variants are given as deviations from the reference sequences

AB020640.3 (CAMTA1) and AK001599.1 (FLJ10737). The A of the initiator Met codon ATG is denoted +1. Intron variants are designated by the

Intron (IVS) number, positive numbers starting from the G of the donor site invariant GT, negative numbers starting from the G of the acceptor

site invariant AG. NB: neuroblastoma. n.d.: not determined as only one unaffected individual was analysed for variations not leading to amino

acid residue substitution. dbSNP: NCBI single nucleotide polymorphism database.

a Calculation of allele frequencies is based on non-deleted alleles.

b Only genotypes containing the variant allele are shown.

c In the constitutional DNA of four patients, the same status as in the corresponding tumours was observed (2·T17/T17, 2·T18/T18).
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Fig. 2 – RT-PCR analysis specific for FLJ10737, exon 11 in neuroblastoma cell lines. Using primers flanking exon 11, PCR was

performed on cDNA of the cell lines Kelly (1), IMR-32 (2), CHP-134 (3), SH-EP (4), NMB (5), GI-ME-N (6), SK-N-SH (7), Vi-856 (8),

genomic DNA (9) and H2O (10). The expected size for a PCR product from the transcript including exon 11 is 325 bp. A 170 bp

product would result from the transcript lacking exon 11. All amplification products were consistent with the size of the

product including exon 11.
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Collectively, in FLJ10737 we found two variants causing

amino acid substitutions and one intronic deletion close to

a splice acceptor site. In CAMTA1, we found three variants

causing amino acid substitution of which one was not ob-

served in an unaffected control group (4007T), and a second

was found as the only allele in six neuroblastomas but exclu-

sively heterozygous in unaffected controls (3531G). Allele fre-

quencies of all described amino acid variants were

statistically not significantly different comparing neuroblas-

tomas and unaffected controls (Table 3). No somatic muta-

tions were detected.

4. Discussion

Deletion of a distal portion of 1p is one of the most frequent

chromosomal alterations in human neuroblastomas. The

genomic localisation of FLJ10737 and CAMTA1 to a recently

defined 261 kb 1p36.3 smallest region of consistent dele-

tion15–20 has led us to examine the coding regions of these

genes for sequence alterations in neuroblastoma tumours.

Combined SSCP and sequencing analysis revealed two

variants dictating amino acid change in FLJ10737 and three

variants dictating amino acid change in CAMTA1. Since all

of them were also observed in the matching blood DNA of

the patients, we conclude that somatic mutations of these

genes are unlikely to be involved at significant incidence in

neuroblastoma development. This is in line with a recent

study that failed to detect somatic mutations of CAMTA1 in

a set of gliomas, a tumour entity in which CAMTA1 maps to

a 1p36 minimal deleted region of only 150 kb.27 However,

there might be additional sequence alterations that remained

undiscovered in our study since CE-SSCP has previously failed

to detect about 4% of genetic variants.28 In addition, altera-

tions may reside in introns or promotor regions that were

not addressed in this study. While no somatic mutations were

detected in FLJ10737 and CAMTA1, sequence variants exist

that might entail different protein activities.

Variant 799A in FLJ10737 was found in neuroblastomas and

unaffected individuals. The ATG codon at position 799 resides

in the Kozak context. This codon might be selected as an

alternative start site by mechanisms like leaky ribosomal

scanning,34 internal ribosomal entry35 or ribosomal
shunting.36 Whether a corresponding FLJ10737 isoform exists

needs to be clarified in further analyses.

We also found an intronic 1-bp deletion within a polyt-

hymidine tract T18 affecting a splice acceptor site (FLJ10737,

IVS10-15delT) in neuroblastoma cell lines and tumours. It

has been shown that alterations in polythymidine tracts pre-

ceding splice acceptor sites can decrease the recognition of

the adjacent exon and finally result in exon skipping.32 How-

ever, RT-PCR on cDNAs from cell lines with IVS10-15delT did

not produce evidence for a similar mechanism acting for

FLJ10737. Independent from the presence of the T17 or T18 var-

iant, all transcript amplicons were of a size corresponding to

exon 11 retention. It is possible that the detected splice accep-

tor variant might cause retention of introns or usage of cryp-

tic splice acceptors, but, as exon skipping, these splicing

aberrations most likely would have resulted in altered length

of the RT-PCR product.

In CAMTA1, we observed one rare amino acid substituting

sequence variant that was not found in unaffected controls

(4007C > T, T1336I). Another CAMTA1 sequence variant pre-

dicted to lead to amino acid substitution was found in an

ankyrin domain. It was proposed that CAMTAs could interact

with other proteins or form heteromeric/homomeric com-

plexes by means of their ankyrin domain.24 The observed

amino acid substitution might modify such protein–protein

interactions like it has been shown for cancer-related amino

acid substitutions in the ankyrin domains of the cell cycle

inhibitor p16.37 We found the CAMTA1 ankyrin domain vari-

ant (3531C > G, N1177K) hemizygous in six neuroblastomas

but exclusively in the heterozygous form in unaffected indi-

viduals. Thus, solely in neuroblastomas and one matching

blood sample the 3531G variant was found as the only allele.

Five of the six blood DNAs corresponding to the 3531G hemi-

zygous tumours were heterozygous for this variant, indicat-

ing that in these cases LOH resulted in retention of the less

common allele.

LOH can result in unmasking of particular polymorphic se-

quences that are associated with cancer risk.38,39 Addressing

the question, whether there is selection for the 3531G allele,

we found a higher 3531G frequency in 1p36 LOH patients

compared to controls and deletion of the 3531C allele with a

slightly higher rate (5/8 = 62.5% versus 3/8 = 37.5% 3531G-dele-
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tion). However, the difference between the observed number

of 3531G/� hemizygous tumours and the genotype distribu-

tion expected assuming absence of selection did not reach

statistical significance in the cohort examined here.

Polymorphic sequences in cancer susceptibility genes can

contribute to cancer risk40,41 and it has been discussed that

weak susceptibility genes may influence the patterns of LOH

involving preferential deletion of allelic variants that confer

lower risk.42 The main limitation of studies associating com-

mon variants with cancer risk is their lack of power without

large sample sizes. This is especially true for alleles of weak

effect. Further analyses in extended cohorts should investi-

gate whether influences on disease through the identified

gene variants exist.

Despite the absence of mutations in our study cohort, the

high prevalence of CAMTA1 deletion in both neuroblastoma

and glioma tumours16,18,27 and the independent predictive

power of low CAMTA1 expression for poor neuroblastoma

outcome15 support a role of this gene in tumourigenesis.

The expression signature found in neuroblastomas is consis-

tent with the idea that low CAMTA1 levels mediate a selective

advantage for developing neuroblastoma cells. Significantly

lower CAMTA1 expression in 1p deleted tumours15 is in line

with a haploinsufficiency model where a single copy of CAM-

TA1 would result in a lower transcript level than the normal

two copies.
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