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Tissue-specific Expression of Neural Cell 
Adhesion Molecule (NCAM) May Allow 

Differential Diagnosis of Neuroblastoma From 
Embryonal Rhabdomyosarcoma 

E.G. Phimister, A. Culverwell, K. Pate1 and J.T. Kemshead 

The MSDl region of neural cell adhesion molecule (NCAM) was originally described as being spliced into the 
120~kDa isoform of NCAM isolated from muscle. The 105 bp region is inserted between exons 12 and 13 and 
actually consists of three separate exons, MSDla, MSDlb and MSDlc of 15,48,42 bp, respectively. In addition, 
a further exon consisting of a single triplet has been designated MSDld, making the full insert size 108 bp. As the 
MSDl region was originally described as being selectively expressed in muscle tissue, we have investigated 
whether it is also present on tumours of rhabdoid origins and whether its presence can be used as the diagnostic 
marker to distinguish other small round cell tumours of childhood, such as neuroblastoma. Using a variety of 
human tumour cell lines, we demonstrated the presence of the MSDl region on all rhabdomyosarcomas 
investigated. However, neuroblastoma cell lines only expressed subcompartments of the MSDl region. The 
MSDlc exon was not spliced into the NCAM molecules isolated from any of the neuroblastoma cell lines 
investigated. On the basis of this finding, it appears that neuroblastoma and rhabdomyosarcoma can be 
distinguished by the expression of the MSDlc mini-exon. Further studies are underway to attempt to define a 
monoclonal antibody that recognises the region, using mice immunised with synthetic peptides, and to co&m 
the finding using fresh biopsy material. 
EutJ Cancer, Vol. 30A, No. 10, pp. 1552-1558,1994 

INTRODUCTION 
NEUROBLASTOMA IS a malignancy of childhood with an incidence 
of approximately one child in 10 000 between the ages of birth 
and 14 years [ 11. Along with Wilms’ tumour, Ewing’s sarcoma, 
rhabdomyosarcoma and lymphoblastic leukaemia/lymphoma, it 
represents one of the small round cell tumours of childhood. 
Whilst these can often be differentiated on the basis of clinical 
presentation, pathology and a variety of biochemical investi- 
gations, it can prove difficult to distinguish one tumour type 
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from another, particularly when the cells are highly auaplastic 

in nature. 
As the therapy for the small round cell tumours of childhood 

differs for each malignancy, a concreted effort has been made to 
ensure an accurate diagnosis of tumour type. Various biochemi- 
cal studies can be undertaken as an aid to identifying a particular 
tumour, such as the presence of catecholamine breakdown 
products in the urine of patients with neuroblastoma [2]. The 
fact that these cells often synthesise catecholamines can also 
be exploited in diagnostic imaging through the use of tnetu- 
iodobenzylguanidine (mIBG), a synthetic analogue of adrenaline 
and nor-adrenaline. This can be radiolabelled with an isotope 
of iodine, and it will accumulate in z~ivo in the majority of 
neuroblastomas investigated, allowing their identification by 
scintigraphy [3]. 
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Another tool extensively used in the differential diagnosis 
of this group of tumours is immunocytochemistry, aimed at 
identifying either cytoskeletal elements or cell membrane anti- 
gens associated with a particular tumour type. For example, 
desmin has been used as a marker to identify cells of rhabdoid 
origin [4], while the CD45 common leucocyte antigen (CD45) is 
expressed on leukaemias and lymphomas [5]. 

Although these diagnositic tests are applicable to the vast 
majority of tumours, there are cases where this is not so. For 
example, some patients with neuroblastoma do not excrete 
catecholamine breakdown products and equally some tumours 
do not take up mIBG. Whilst the expression of desmin has been 
generally accepted as being associated with rhabdoid tumours, 
cases of neuroblastomas containing this cytoskeletal protein have 
also been observed. Similarly, cases of neuroblastoma have been 
noted to express the common acute lymphoblastic leukaemia 
antigen (cALLA), CDlO. 

Other membrane antigens useful in the detection of tumour 
cells in bone marrow have a broader expression. Although 
antibodies to these determinants do not recognise cells in the 
haemopoietic compartment, they cross-react with several of the 
‘small round cell tumours of childhood’. Examples of these 
reagents include antibodies to the neural cell adhesion molecule 
(NCAM) which binds to Wihns’ tumours, rhabdomyosarcomas, 
a subset of Ewing’s sarcomas and neuroblastomas [6]. 

NCAM represents a highly complex family of glycoproteins 
encoded by a gene of approximately 70 kb found on chromosome 
11 at q23. It consists of at least 25 different exons and some of 
these are subject to differential splicing. At the biochemical 
level, four different &forms of the molecule have been identified 
in human brain of 180, 170, 140 and 120 kDa [7]. These either 
have a cytoplasmic C-terminal region or are linked to the 
membrane via a phosphoinositol bridge. In addition, a secreted 
form of NCAM has been identified. A different pattern of 
NCAM isoforms have been found in human muscle tissue. 
The difference in isoform expression between rhabdoid and 
neuroectodermal tissues cannot be exploited to differentiate 
tumours, as previous data has revealed expression of the 140 
and 120 kDa isoforms in most samples of neuroblastoma and 
rhabdomyosarcomas analysed [8]. 

At a molecular level, differential splicing of exons into the 
NCAM molecule has been observed and described as occurring 
in a tissue specific fashion. The VASE exon spliced into the 
molecule between exons 7 and 8 was originally thought to occur 
only in neural cell NCAM, although this has now been shown to 
have a much broader pattern of distribution [9]. The 105bp 
MSDl region, inserted between exons 12 and 13, has been 
described as occurring only in muscle NCAM. In fact, this 
region can be subdivided into four separate exons, MSDla, 
MSDlb and MSDlc of 15, 48, 42 bp, respectively [lo]. In 
addition, a further exon consisting of a single triplet has been 
designated MSDld, making the full insert a 108 bp. 

Here, we investigate whether rhabdoid and neuroblastic 
tumours can be differentiated on the basis of the splicing pattern 
of the MSDl domain. The results indicate that whilst the full 
MSDl region was observed in all of the rhabdomyosarcoma 
lines studied, only MSDla and MSDlb were identified in 
neuroblastomas. The lack of expression of the MSDlc region in 
neuroblastoma could form the basis of a diagnostic text to 
distinguish these tumour types. 

MATERIALS AND METHODS 
Cell lines and cDNA 

The human rhabdomyosarcoma cell lines RD618, Rhab-1, 
SMS-CRT, TE671 and JRl, the neuroblastoma cell lines 
GOTO, IMR-32, Kelly, SK-N-BE, SK-N-SH, NBl and PCF 
and the human neuroepithelioma cell line CHPlOO were grown 
at 37°C in RPM1 1640 containing 10% fetal calf serum (FCS), 
2 mM glutamine, 100 IU/ml penicillin and 100 pglrnl strepto- 
mycin. When approaching confluency, cells were harvested 
from the dishes using trypsin/versene, washed and replated to 
allow exponential growth. The human T-cell leukaemic line 
GHl was grown in suspension in the above medium and also 
maintained in an exponential growth phase. All cell lines were 
routinely tested for mycoplasma contamination. The risk of 
cross-contamination of lines was reduced to a minimum by 
handling one cell line at a time and by returning to frozen seed 
stocks at regular intervals. 

The NCAM cDNA clone designated A9.5 was a generous gift 
from Professor F. Walsh [lo]. This cDNA codes for a region of 
the NCAM molecule which includes exons 12 and 13 as well as 
the MSDl region. 

Indirect immunofuorescence and fluorescent-activated cell sorting 
Cells were incubated with the anti-NCAM monoclonal anti- 

bodies (MAbs) U J 13A and ERIC-l and fluorescein-conjugated 
rabbit antimouse Ig, as previously described [ 111. Staining was 
visualised by a Zeiss fluorescent microscope and a FACS scan 
(Becton Dickson) counting 10 000 events per sample. For 
staining with an antiDesmin MAb (Amersham International, 
Bucks, U.K.), cells were cytocentrifuged onto glass slides, fixed 
in cold acetone (-2OC) for 1 min, and incubated with primary 
and secondary antibodies as described previously [ 111. 

RNA extraction 
For each lineage, 2 x lo7 cells were harvested in exponential 

growth, washed twice in PBS and lysed in 1.0 ml of buffer 
containing 5 M guanidine isothiocyanate, 50 mM trishydroxy- 
methylamine (Tris) and 10 mM ethylene diamine tetra-acetic 
acid (EDTA) at 4°C. DNA was sheared by passing the lysate 
through a succession of syringe needles (1.1-0.6 mm inner 
diameter) and RNA precipitated overnight following the 
addition of 7 ml of cold 4 M lithium chloride. After centrifug- 
ation for 90 min at 14 000 g at 4”C, the RNA was re-precipitated 
with lithium chloride, centrifuged and solubilised in 2 ml of 
10 mM Tris pH 7.5, containing 0.1% SDS and 1 mM EDTA. 
An equal volume of phenol equilibrated with 25 mM Tris and 
10 mM EDTA (TE buffer) was added and the upper aqueous 
layer extracted. This procedure was repeated and a third extrac- 
tion performed using chloroform 4% isoamylalcohol. RNA was 
precipitated at -20°C overnight following the addition of 50 ~1 
of saturated ammonia acetate and two volumes of cold ethanol. 
The precipitate was centrifuged at 10 000 g at 4°C for 10 mins, 
washed three times in 90% alcohol, dried in a vacuum dryer 
and resuspended in TE buffer. The purity of the RNA was 
determined by spectroscopy at 260 and 280 run. Only samples 
with an Azso:Azso ratio of greater than 1.8 were used for reverse 
transcription (RT) and PCR. 

Synthesis of cDNA 
Complementary DNA was generated by reverse transcription 

of RNA templates using a 21 bp oligonucleotide primer comp- 
lementary to a region in exon 13, beginning 172 base pairs 
from the exon 12113 junction (5’TCACTGCCAGACGGGA- 
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GCCTG3’). The primer was designed to maximise the prob- 
ability of efficient and specific hybridisation with template RNA 
[12]. The reaction mixture contained 2 l.rg of RNA, 1 mM 
dNTP mix (Pharmacia), 18 U avian myeloid leukaemia reverse 
transcriptase, 1 FM of the above 3’ primer, 37 U RNA guard 
(Pharmacia) and 2 ~1 of reverse transcriptase x 10 buffer (0.5 M 
Tris pH 8.3,0.1 M MgC12 and 0.4 M KCI). The final volume of 
20 ~1 was incubated at 42°C for 60 min and the cDNA stored on 
ice prior to amplification by PCR. 

Cell lines 
RESULTS 

Synthetic PCR amplification 
Eighteen microlitres of cDNA was amplified in a fmal volume 

of 100 p,l containing 20 pm01 3’ primer (as above) 20 pm01 5’ 
primer, 200 pm dNTP, reaction buffer (10 mM Tris-HCI pH 
8.5, 50 mM KCl, 1.5 mM MgC1, and 1% Triton x 100) and 
2.5 U of Taq polymerase (NBL). The 5’ primer used was a 
21 bp sequence beginning 80 bp 5’ of the exon 12/13 border 
(5’CGCCGTAAGGCTGGCGGCGCT3’). Samples were layered 
with 100 ~1 of mineral oil and heated at 94°C for 3 min followed 
by 30 cycles consisting of three segments at 94°C for 1 min, 60°C 
for 1 min and 72°C for 90 s. This was followed by a final cycle of 
94°C for 1 min, 60°C for 1 min and 72°C for 7 min. Samples were 
extracted with 4% isoamylalcohol in chloroform and visualised 
by electrophoresis. 

All the embryonal rhabdomyosarcoma and neuroblastoma cell 
lines studied were found to express NCAM, as determined by 
the binding of anti-NCAM MAbs UJ13A and ERIC-l [6]. 
However, there were marked differences in the expression of the 
molecule as determined by the intensity of signals observed. For 
example, with similar background readings for autofluorescence 
and signal from non-specific binding of fluorescein-labelled 
antimouse Ig, the neuroblastoma lines Kelly and IMR-32 gave a 
median fluorescence signal of 364 and 245 nm, respectively, 
following incubation with MAb UJ13A and fluorescence-acti- 
vated cell sorter (FACS) analysis. The PCF line was only weakly 
positive when stained with both ERIC-l and UJ13A; a median 
fluorescence of less than 200 being observed by FACS analysis. 

Immunocytochemistry demonstrated that all the lines of 
rhabdoid origin were found to express the intracellular inter- 
mediate filament protein desmin. In contrast, no signal was 
detected in any of the neuroblastoma lines. Similarly, only the 
rhabdomyosarcoma lines bound the MAb FMG25, a reagent 
previously described as capable of distinguishing the two tumour 

types u41. 

R T PCR of RNA from human emb yonul rhabdomyosarcoma cell 
lines 

Southern blot analysis of PCR products 
Ten microlitres of PCR products were electrophoresed 

through a 2% agarose gel and the bands obtained passively 
transferred to a nylon membrane. The DNA on the filter was 
denatured in 0.4 M NaOH, neutralised with 2x SCC (0.15 m 
NaCl and 0.15 M sodium citrate) and allowed to dry naturally. 

Radiolabelling of oligonucleotides 
For each oligonucleotide, 0.5 pg was labelled at the 5’ end 

following incubation with 7 U of polynucleotide kinase (NBL), 
50 pCi 32P dATP and 1 p.1 of x 10 labelling buffer (0.5 M Tris 
pH 6.0, 1 M MgClr, 50 mM dithiotheitol, 1 mM spermidine 
and 1 mM EDTA) in a final volume of 10 ~1 for 45 min at 
37°C. Radiolabelled oligonucleotide was purified by column 
chromatography using a NAP-5 column (Pharmacia) pre-equi- 
librated with TE buffer. 

Hybridisatiou and washing 
Prior to hybridisation, dried blots were soaked in 2 x SSC for 

15 min. Blots were prehybridised at 65°C with 1.0 mg of 
denatured salmon sperm for a minimum of 1.5 h in 10 ml of 
hybridisation buffer (10% dextran sulphate, 1 M NaCl and 1% 
SDS) using a Hybaid dual hybridisation oven. Subsequently, 
lo7 cpm of denatured oligonucleotide were added and the blot 
hybridised overnight at a temperature determined by the specific 
probe used [ 131. Blots were washed twice in SSC x 2 containing 
1% SDS for 5 min at room temperature, 2x SSC containing 1% 
SDS at the temperature of hybridisation and 2 x SSC containing 
0.1% SDS for 15 min, again at the hybridisation temperature. 
The blots were wrapped in cling-film and exposed to X-ray film 
in the presence of an intensifying screen. 

Two bands of approximately 360 and 250 bp were observed 
in all of the rhabdomyosarcoma cell lines investigated when they 
were probed with randomly primed oligonucleotides comp- 
lementary to the X9.5 clone, containing both the MSDl region 
and those flanking the exon 12/13 border (Figure 1). The 
predicted size for a PCR product generated if the MSDl domain 
is absent is 252 bp, while the theoretical size of a PCR product 
containing MSDl is 357 bp (Table 1). The data, therefore, 
suggests that rhabdomyosarcoma cells alternatively splice the 
MSDl domain, giving rise to mRNA which contains, and 
mRNA which lacks, the sequence. With the exception of the 
JR1 cell line, all the rhabdomyosarcoma lines revealed a weaker 
hybridisation signal of 360 bp as compared with the 252 bp 
band. This could imply that, in general, mRNA species lacking 
the MSDl domain exceed those which contain it, although the 
PCR is not quantitative and the finding may be an artefact arising 
from the hybridisation conditions. Furthermore, there was 
marked variation in the intensity of signal seen between cell 
lines, with TE671 and JR1 repeatedly yielding weak and intense 
bands, respectively. 

No signal was detected in either the water control or in the 
lane containing PCR products from the T-cell line GH 1, known 
not to express NCAM. Although no fresh rhabdomyosarcomas 
were available for the study, where intact RNA could be isolated, 
human fetal muscle was shown to maintain a pattern of MSDl 
expression similar to that found in rhabdomyosarcomas. 

When this blot was stripped and re-probed with an oligonucle- 
otide complementary to the MSDl region, only the 360 bp band 
was observed in tracks containing PCR products from rhabdoid 
material (Figure 2). Once again, the intensity of the bands varied 
between cell lines, and no signal was detected in the negative 
controls. 

For rehybridisation, oligonucleotide was removed from the To confirm that the 360 bp PCR product contained the MSDl 
blot by incubation in 0.4 M NaOH at 42°C for 30 min followed region, the PCR products from the JR1 cell line were size 
by neutralisation with 0.1~ SSC containing 0.1% SDS and separated on a 2% agarose gel, eluted and subjected to two cycles 
0.2 M Tris pH 7.5. This wash cycle was repeated and the blots of asymmetric PCR. Sequencing the PCR product revealed the 
autoradiographed to ensure the removal of 32P. expected full MSDl sequence as reported previously (Figure 3). 
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‘-36Obp 

I 2 3 4 5 6 7 8 9 

Figure 1. Expression of the MSDl domains in human embryonal rhabdomyosarcoma cell lines. Following RNA isolation and RT PCR, 
products of the PCR reaction were size separated by agarose gel electrophoresis and blotted onto a nylon membrane. The blot was hybridised 
overnight with randomly primed oligonucleotides complementary to the A9.5 clone. After washing to a stringency of 0.1~ SSC, 0.1% SDS at 
7O”C, the blot was autoradiographed in the presence of an intensifying screen. The experiment was repeated using fresh RNA isolates and the 
data presented is representative of all the data accrued. Lane 1, negative control GHl T-ceil line; 2, water control for PCR reaction; 
3, rhabdomyosarcoma RD618; 4, rhabdomyosarcoma RHABL; 5, rhabdomyosarcoma SMS-CTR; 6, rhabdomyosarcoma TE671; 7, 

rhabdomyosarcoma JRl; 8, human fetal muscle; 9, positive control A9.5. 

The triplet mini-exon MSDld was also found in the material 

analysed. 

RT PCR of RNA from human neuroblastoma cell lines 
All of the PCR products analysed from the human neuroblas- 

toma cell lines exhibited a different pattern to those from 

Table 1. Predicted PCR fragment size 

Exons 
Predicted PCR fragment 

size (bp) 

12-13 252 
MSDla 267 
MSDlb 300 
MSDlc 294 
MSDla-MSDlb 315 
MSDla-MSDlc-13 309 
MSDIb-MSDlc-13 342 
MSDla-MSDlt+MSDlc-13 357 

The complexity of isoform expression is markedly compounded if exon 
MSDld is included in the above table. This triplet exon can be expressed 
alone or possible in combination with any of the mini-exon constrictions 
listed above. This would add 3 bp to the size of the predicted fragment 
and clearly such small changes cannot be resolved by South blot analysis. 

-360bp 

1 2 3 4 5 6 7 8 9 

Figure 2. Inclusion of the MSDl domain in NCAM mRNA isolated 
from human embryonai cell lines. Following stripping the signal 
obtained with randomly primed oligonucleotides complementary to 
X9.5, blots were rehybridised with an oligonucleotide complementary 
to the whole of the MSDl sequence. Hybridisation and working 
conditions were those described in Figure 1. Lanes as legend in 

Figure 1. 

rhabdomyosarcoma when the blot was probed with randomly 
primed oligonucleotides complementary to the A9.5 clone 
(Figure 4). Although no band of 360 bp was observed in any of 
the neuroblastoma samples, weak bands of approximately 
300 bp were observed in all samples apart from those obtained 
from the cell lines CHPlOO and PCF. In addition, all samples 
contained a 250-bp band, presumably resulting from NCAM 
mRNA lacking the MSD 1 sequence, as well as a band or bands 
of between 250 and 280 bp that could not be easily resolved. 
This suggests that the whole MSDl domain is not spliced 
into NCAM mRNA isolated from neuroblastoma cells, but 
constituent exons of MSDl are spliced into the molecule. The 
different combinations of exons that can theoretically be variably 
spliced between exons 12 and 13 and give rise to different PCR 
products are illustrated in Table 1. 

The positive control (h9.5 clone) and PCR products from the 
JR1 cell line gave signals similar to those identified in blots of 
other RMS cell lines (Figure 2). As well as the major 360 and 
250 bp bands in the JR1 lane, a weaker band of approximately 
300 bp was observed. This was apparent when the gels separat- 
ing neuroblastoma RT PCR products were run for a longer 
period of time. Again, no signal was identified in either the water 
control or the PCR products isolated from the GHl cell line. 

When the blot of neuroblastoma PCR products was stripped 
and re-probed with the oligonucleotide complementary to 
MSDla, a different binding pattern was observed. Weak bands 
in excess of 300 bp were identified in lanes containing RT-PCR 
products from IMR-32 and NBl. This could arise from NCAM 
mRNA containing exons MSDla and b (Table 1, Figure 5). In 
the PCR products derived from GOTO, NBI and IMR-32, a 
band of 270 bp was also observed. This may arise from NCAM 
mRNA species containing only MSDla between exons 12 and 
13 (Table 1). The appearance of the MSDla 270 bp band in only 
three of the neuroblastoma samples does not concur with the 
270 bp band seen in all the samples when blots were probed with 
either X9.5 or a probe/oligonucleotide complementary to the 
MSDl sequence (data not presented). This presumably reflects 
the different hybridisation conditions and the binding character- 
istics of the different oligonucleotides as the data was reproduc- 
ible even when fresh RNA was isolated from all the cell lines. 

In contrast with these tindings, when blots were stripped and 
re-probed with an oligonucleotide complementary to MSDlc, 
no signal was seen in any of the neuroblastoma samples (Figure 
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5’ 21 bp ollgonucleotide used for RT-PCR 3’ 21 bp oligonucleotide used for RT-PCR 

s73' 3'75' 

Exon 12 Exon 13 

3 

Exon 12’ 
+I< a >I< b >I< c 

Exon 13 
>kd>/+ 

GTC CAT AGC CCT CCT CCA CCG GCA TCT GCT AGC ICC TCT ACC CCT GTT CCA iTG TCT CCA CCA CAT ACA ACT TGG CCT CTT CCT KC CTT GCA ACC ACA GAA CCA GCT AAA GGG 

Figure 3. The MSDl sequence and the exon 12113 flanking regions, as determined by sequencing the 360 bp PCR products from the JR1 
rhabdomyosarcoma cell line. Approximately 400 ng of PCR product from the JR1 cell line was electrophoresed through an 8% polyacryhunide 
gel and the 360 bp band identified by ethidium bromide staining. The band was cut from the gel and DNA eluted by the crush and soah method 
[21]. Twenty nanograms of DNA was subjected to asymmetric PCR as above with the exception that 50 pmol of the 3’ primer and 1 pmol of the 
5’ primer were used. The amplified product was concentrated using an Isogene TM hit and the product sequenced according to the method of 

Winship [22]. 

6). The fact that MSDlc appears not to be spliced into NCAM 
mRNA accounts for the lack of a 360-bp signal on the blots. As 
a control to ensure efficient hybridisation, the h9.5 clone and 
JR1 samples gave the expected 360-bp product following hybrid- 
isation with MSDlc (Figure 6). 

DISCUSSION 

The MSDl region was ftrst identified in human muscle 
NCAM, inserted between exons 12 and 13 in the isoform of 
NCAM linked into the membrane via a phosphoinositol bridge 
[lo]. The insertion site lies between two fibronectin-type repeats 
close to the cell membrane. As well as the MSDla, b and c 

exons, there is a further series of three nucleotides that can be 
spliced into the region, this being known as either the ‘AAG 
triplet’ or MSDld exon [ 151. Whilst the MSDl region, including 
MSDld, was first described as a complete entity, individual 
exons or groups of exons have been observed in a variety of 
tissues. For example, in rat heart and developing heart muscle, 
MSDla and MADId have been found alone, along with combi- 
nations of a and d, b and d, bed, abd, abc and abed [ 161. 

Although MSD 1 was originally thought to be only spliced into 
the extracellular isoform of muscle NCAM, recent studies have 
demonstrated a broader distribution. MSDla and d have been 
found in rat brain [17] and MSDld has been found in small 

3oObp- 

2SObp- 

-3OObp 

-250 bp 

1 2 3 4 5 6 7 8 9 10 11 12 

Figure 4. Southern blot of PCR products spanning the exon 1203 borders, obtained from human neuroblastoma cell lines. Blot hybridised 
with the MSDl oiigonucleotide. PCR products obtained from RT PCR of RNA isolated from human neuroblastoma cell lines was hybridised 
with an oligonucleotide complementary to the MSDl sequence, as described in Figure 1. Lane 1, NBL line SK-N-BE; 2, NBL line GGTO; 3, 
NBL line lMR-32; 4, NBL line Kelly; 5, NBL line NBl; 6, NBL line CHPlOO; 7, NBL line SK-N-SH; 8, NBL line PCF; 9, T-cell line GHl 

negative control; 10, A9.5 cDNA; 11, water control; 12, rhabdomyosarcoma ceU line JRl. 
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-36Obp 

-3OObp 

-270bp 

1 2 3 4 5 6 7 8 9 lo 11 12 

Figure 5. Rehybridisation of the PCR products obtained from neuroblastoma cell fines using an oligonucleotide complementary to MSDla. 
The blot containing PCR products from human neuroblastoma cell lines and hybridised with MSDl (Figure 4) was stripped, checked to ensure 
that no signal remained and re-hybridised with an oligonucleotide complementary to the MSDla region (Figure 3). An overnight hybridisation 
at 45°C was used [13] and the blot was washed to a final stringency of 0.1% SDS 0.1~ SSC at 45°C. Signal on the blots was detected by 

autoradiography and the experiment was repeated as indicted in Figure 4. Lanes as legend in Figure 4. 

cell lung carcinomas [ 181, gliomas and schwannomas [ 191. 
Furthermore, in chicken muscle NCAM the MSDl region has 
been identified in a transmembrane isoform of NCAM. 

Alternative splicing of the MSDl exons into NCAM increases 
markedly the number of different isoforms of the molecule 
that can be synthesised. The biological rationale behind the 
generation of such diversity remains unclear. The MSD la region 
encodes three proline residues alone and four when in tandem 
with MSDlb. This may produce a ‘hinge’ in the molecule, 
affecting its tertiary structure. The MSD 1 sequence also encodes 
a region rich in serine and theonine residues. These may be O- 
glycosylated, but the functional consequences of this remain 
unclear [20]. Presumably, the diversity in NCAM isoforms 
generated by differential splicing, along with differential glycos- 
ylation, affects the ‘adhesive’ nature of the molecule in ways that 
remain to be fully investigated. 

The data presented here suggests that the full MSDl region is 
spliced into the NCAM RNA of rhabdomyosarcoma, but not 
neuroblastoma cell lines, and that the exon lacking in the latter 
group of tumour cell lines is MSDlc. Again, the functional 
significance of this finding is not completely understood. From 
the current data, it is not clear as to which combinations of 
MSDla, MSDlb and MSDld are found in neuroblastoma 
NCAM. 

Probing the RT-PCR products with an oligonucleotide comp- 
lementary to MSDla suggests that the exon is expressed in some 
neuroblastomas and not in others. However, when the blots 
were stripped and probed with an oligonucleotide mixture 

complementary to the A9.5 clone, a band of 270 bp was observed 
in the majority of samples, although this did not separate well 
from the 250 bp PCR product representing the exon 12113 
borders without the MSDl exons included. This anomaly needs 
to be resolved, and to do this we have turned to cloning the PCR 
products. 

Unfortunately, screening over 400 clones has revealed 
sequences representative of the exon 12113 border or, in some 
cases, irrelevant sequences often containing repetitive sequences 
complementary to the oligonucleotide primers. Our inability to 
identify MSDl exons in the RT-PCR products examined by TA 
cloning may reflect the proportion of NCAM molecules carrying 
these spliced exons. Consistent with this is the intensity of the 
250 bp band as compared with the larger products seen after 
probing RT-PCR products with oligonucleotides complemen- 
tary to the h9.5 clone. Alternatively, differences in the band 
intensity may arise from the hybridisation conditions instead of 
the relative proportions of differentially spliced RNA species, as 
the quantitative aspects of the PCR reaction used in these studies 
has not been investigated. 

In a separate series of studies, we have demonstrated that the 
embryonic, highly glycosylated form of NCAM is found on the 
majority of neuroblastomas and rhabdomyosarcomas investi- 
gated [8]. Neuraminidase treatment reveals a predominance of 
the 140-kDa isoform, although the 120-kDa isoform of the 
molecule was also identified. Whether the MSD 1 exons are found 
associated with the transmembrane or extracellular isoform of 
the molecule remains to be resolved. 

-36Obp 

I 2 3 4 5 6 7 8 9 lo 11 12 

Figure 6. Re-hybridisation of the PCR products obtained from neuroblastoma cell lines using an oligonucleotide to MSDlc. The blot used in 
Figures 4 and 5 was stripped to ensure that no signal remained and subsequently hybridised with an oligonucleotide complementary to MSDlc 
(Figure 3). Hybridisation was carried out overnight at 60°C and the blot washed to a hnal stringency of 0.1% SDS, 0.1~ SSC at 45°C. The blot 

was autoradiographed and the experiment repeated as indicated above. Lanes as legend in Figure 4. 
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The lack of inclusion of MSDlc in neuroblastoma NCAM 
mRNA as compared to rhabdomyosarcomas could prove useful 
in the differential diagnosis of these tumour types. Although it 
is possible to use RT PCR to make this differential diagnosis on 
cell lines, it is probable that tissues will prove more difficult to 
analyse. Not only is there the problem of maintaining the 
integrity of RNA isolated from tissues, there is also the difficulty 
of obtaining pure tumour tissue that is not contaminated with 
normal tissues such as blood, smooth muscle and components of 
the autonomic nervous system. The presence of these elements 
within tissue extracts could give rise to PCR not originating from 
tumour mRNA. 

An immunocytochemical approach to the differential diag- 
nosis of these tumour types would, therefore, probably prove 
more useful. To this end, we are currently attempting to 
raise monoclonal antibodies (MAbs) to a synthetic peptide 
representative of the MSDlc region and linked to Keyhole 
Limpet Haemocyanin. 

These studies illustrate how a detailed investigation of the 
expression of a particular molecule on the membrane of a cell 
may lead to the generation of highly specific reagents for tumour 
diagnosis. Alternative splicing appears to occur in many different 
situations and, therefore, this approach to the differential diag- 
nosis of tumours may be applicable to a variety of molecules and 
different tumour types. 
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