
Neurofibromatosis 2 (NF2) is an autosomal domi-

nant genetic disease characterised by the develop-

ment of tumours in the central nervous system

(CNS), ocular abnormalities, and skin tumours.

The hallmarks of NF2 are bilateral vestibular

schwannomas (BVS), found in over 90% of af-

fected adults (Mautner et al. 1996; Parry et al.

1994). Although there exist some criteria sets, the

diagnosis of NF2 is based only on the presence of

BVS in the absence of affected relatives (Baser

et al. 2002). Half of the patients with NF2 do not

have any family history of the disease and these

are sporadic cases (Parry et al. 1994). Although

the tumours of NF2 are histologically benign, their

location makes surgical treatment difficult, with

relatively high ensuing morbidity and mortality.

NF2 is the result of inactivation of the classic

tumour suppressor gene, NF2, located on chromo-

some 22 (Rouleau et al. 1993). Since the identifi-

cation of the NF2 gene in 1993, a variety of

germline mutations has been found in affected pa-

tients. Point mutations have been detected in up to

66% of all studied patients (Evans et al. 1998;

Kluwe et al. 1996; Parry et al. 1996; Ruttledge

et al. 1996; Merel et al. 1995). There is no evi-

dence for a “hot-spot” mutation site in this gene.

Large deletions, promoter or intronic mutations,

and locus heterogeneity, have been proposed as

setbacks in mutation detection on exon scanning.

But it has also been suggested that somatic

mosaicism, caused by postzygotic mutations, may

be the reason for the high percentage of such cases.

The rate of mosaicism is estimated at 24% (Kluwe

et al. 2003).

The NF2 gene product – merlin – is a

595-amino-acid protein similar to members of the

ERM protein family. It is involved in both

cell-cycle regulation and the cytoskeleton forma-

tion. A specific FERM domain found in various

proteins and the -helical C-terminal fragment can

be distinguished in the structure of merlin

(Shimizu et al. 2002; Brault et al. 2001). Merlin’s

activity is regulated by transitions between the

open and the closed form, in which the FERM do-

main interacts with the -helical C-terminal frag-

ment, and depending on the structure, NF2
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associates with different proteins (Gronholm et al.

1999; Sherman et al. 1997). The exact suppression

mechanism involving merlin has not been ex-

plained so far. It has been proposed to be involved

in small-GTPase signalling pathways or contact

inhibition regulation (Morrison et al. 2001;

Sherman and Gutmann 2001).

The objective of our study was the molecular

analysis of the NF2 tumour suppressor gene ac-

cording to the “two-hit model of tumorigenesis”.

Therefore, the DNA extracted from blood was in-

vestigated for germline mutations. If the DNA

from tumour tissue was available, loss of

heterozygosity (LOH) analysis and screening for

somatic mutations were performed.

The molecular analysis was carried out on 12

unrelated patients with the clinical diagnosis of

NF2 (Table 1). All patients gave their informed

consent to be included in the study. DNA for the

mutation analysis was extracted from peripheral

blood leukocytes of all subjects and tumour sam-

ples collected at the time of surgery (fresh and par-

affin-fixed) from 10 patients. Altogether, we

analysed 12 samples of leukocyte DNA and 30

samples of tumour DNA.

In our study a classic 2-stage strategy of muta-

tion scanning in NF2 patients was used. All 17

exons of the NF2 gene were examined for pres-

ence of mutations by using CE-SSCP (capillary

electrophoresis – single-strand conformation

polymorphism) as a screening method. The prim-

ers for exon amplification were described by

Jacoby et al. (1994), with the exception of primers

for exon 6. The following primers were used for

exon 6 amplification: NF2ex6_F, 5’-CAA TAC

CAA ATT TAC TTC ATG TGT AGG-3’, and

NF2ex6_R, 5’-CCC ATA AAG GAA TGT AAA

CCA AC-3’. The primers were labelled with

6-FAM and NED, respectively (Applied

Biosystems). For the CE-SSCP, both-strain-la-

belled fragments were used and the analysis was

carried out on an ABI PRISM 310 Sequencer with

a 35-cm capillary and GeneScan electrophoresis

gel at 30oC. PCR products giving patient-specific

patterns on CE-SSCP were sequenced with the

BigDye Terminator v.3.1 Sequencing Kit (Ap-

plied Biosystems). If non-informative results were

obtained with the CE-SSCP, the direct sequencing

of all 17 exons on leukocyte DNA was performed.

Moreover, complete loss of heterozygosity

(LOH) analysis was performed for all subjects

with available tumour samples. The LOH was de-

tected by using a combination of 4 microsatellite

markers: D22S268, D22S275, D22S430, and

D22S929. The last one (D22S929) is located

within the NF2 gene, whereas the others are linked

to the NF2 gene. The following primers were used

for LOH analysis: D22S268F, 5’-NED-TAC GTC

CTC ACA ATC CAG CGT-3’, and D22S268R,

5’-CTG AGG TGG GAG GAT TAC-3’ (product

length: 244–251 bp); D22S275F, 5’-HEX-CTC

CAG CCT GTG CAA CAG AG-3’, and

D22S275R, 5’-GGC TCA ACC CAT CCT

CCT-3’ (product length: 160–174 bp); D22S430F,

5’-FAM-GGA CTC ACC TGT GCA TGC GT-3’,

and D22S430R, 5’-GAT CTT GGC TTT TCC

TCC CG-3’ (product length: 94 bp); D22S929F,

5’-FAM-CTG CAG ATC ACA AAC TCC

TTG-3’, and D22S929R, 5’-GCA TTT ATG GAG

TAT CCA CAG-3’ (product length: 130 bp).
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Table 1. Clinical features and summary of molecular analysis of 12 patients diagnosed with NF2

Patient
no

Sex Intracranial
tumours

Spinal
tumours

Skin
findings

Ocular
findings

Age of
onset

Tissue Sequence changes
(mutation class)

LOH

BVS another
tumour

1 F multiple multiple yes no 10–15 L, T c.1001_1002insG FS yes yes

2 F multiple multiple yes yes 5–10 L, T c.592C>T MS no no

3 F multiple multiple no yes 0–5 L, T wt ND no

4 F multiple multiple yes yes 0–5 L, T c.1029_1030insCC FS ND yes

5 F multiple single no no 30–40 L, T wt ND yes

6 F multiple multiple no no 30–40 L, T wt ND yes

7 F multiple multiple no no 30–40 L, T c.774_778dupGAATG FS ND no

8 F multiple multiple yes no 0–5 L, T c.52C>T MS ND yes

9 M multiple multiple yes no 0–5 L wt* ND ND

10 F only BVS no no yes >50 L, T wt no ND

11 M only BVS multiple yes no 0–5 L wt ND ND

12 M multiple multiple yes yes 10–15 L, T wt no yes

*specific pattern of SSCP, but no confirmed mutation; BVS = bilateral vestibular schwannomas; F = female; FS = frameshift mutation; L =

blood (leukocytes); M = male; MS = missense mutation; ND = not determined (no sample for analysis); T = tumour; wt = wild type (no muta-

tion)



All markers were amplified from both germline

and tumour DNA, and were subjected to simulta-

neous electrophoretic analysis by using an ABI

PRISM 310 Sequencer. The resultant electropho-

retic patterns were compared with the use of

GeneScan v.2 software.

In 7 patients, the CE-SSCP resulted in a spe-

cific pattern, different from the wild-type one.

The presence of specific mutations in the NF2

gene was confirmed in 5 cases. Two substitutions

(c.592C>T, c.52C>T) were previously reported,

whereas the other 3 mutations (c.1001_1002insG,

c.1029_1030insCC, c.774_778dupGAATG) were

novel. In each case, the SSCP pattern was identical

for blood and tumour samples, and consequently

the same mutation was detected in matched DNA

samples. We detected no mutation that was pres-

ent in tumour only and no mutation that would be

the first hit in the Knudson tumourigenesis model.

In 2 samples no sequence changes were found, al-

though there were some changes in the SSCP pat-

tern. The sequence analysis performed in patients

with unchanged peak patterns in CE-SSCP has re-

vealed no mutations in exons and exon-intron

boundaries of the NF2 gene.

The LOH analysis was performed for 10 sam-

ple sets (leukocyte DNA + tumour DNA).

In 4 cases, tumour DNA was extracted from ves-

tibular schwannoma, and in the other 6 cases, from

other NF2-related tumours (Table 1). The LOH

analysis established allele loss in 6 of the 10 pa-

tients. The LOH was a second-hit change in 3 pa-

tients, and was observed as the only change in the

NF2 gene in another 3 patients. In a patient with

the c.1001_1002insG mutation (no. 1), LOH was

present in both BVS and other tumour samples.

In two other patients (no. 4 and 8) with specific

mutations, LOH analysis was performed only in

samples from tumours other than BVS, and in both

cases the allele loss was found. However, no loss

of allele was found in another two cases (no. 2

and 7) with the identified mutation (Table 1).

All 12 patients included in the study fulfilled

the NF2 diagnostic criteria and in all of them BVS

was present. However, the molecular basis of NF2

signs could be ascertained in only 6 cases: changes

in germline and tumour DNA were detected in

5 patients, and the LOH was found in 1 patient.

The 40% rate of NF2 mutation detection corre-

sponds with literature data. A higher mutation de-

tection rate (up to 75%) was found only in a study

of familial NF2 (Jannatipour et al. 2001).

It seems that such a detection rate is not a result

of the applied method (SSCP). The direct sequenc-

ing performed on samples with unchanged electro-

phoretic patterns did not result in detection of any

additional changes. Considering an almost 100%

detection rate, it can be concluded that also in the

studied tumour DNA there is no mutation in exon

and exon-intron boundaries. No somatic muta-

tions in tumour samples were found – all detected

changes were first identified in blood DNA.

The LOH was found in 6 of the 10 examined pa-

tients, and only half (3/6) in patients carrying the

germline mutation. Those results are at least par-

tially contradictory to the ones published before

(Kluwe et al. 2003; Ruttledge et al. 1994). This

may indicate another molecular mechanism (other

than point mutation) responsible for NF2 signs in a

large number of cases. Among the patients with a

sporadic NF2 form, the presence of somatic mosa-

ics should be taken into consideration. In fact, pre-

vious studies estimated the frequency of

mosaicism at 24–30% (Kluwe et al. 2003). Other

locations and a different character of mutations in

the NF2 gene (e.g. intronic mutations in regulatory

regions or “large mutations” undetectable in se-

quencing) should also be taken into consideration.

In patient no. 12, the LOH was identified in

schwannoma of a peripheral nerve, spinal

schwannoma, and meningioma, but not in a BVS.

It can motivate performing an analysis of DNA

from other tumours than BVS in the NF2 molecu-

lar diagnostic procedure. Also the results of mo-

lecular analysis in patients no. 5 and 6 (no point

mutation but LOH in one tumour tissue) indicate

the utility of LOH analysis in the diagnostic man-

agement of NF2. Recent works report that the fre-

quency of large mutations and rearrangements in

the NF2 gene may reach 16% of all detected de-

fects. Moreover, the same group established the

molecular basis in all examined hereditary cases

of NF2 (Kluwe et al. 2005). Maybe the problem of

the molecular basis recognition applies only to

sporadic cases. In those cases, also epigenetic

changes should be considered, which were re-

ported in studies on sporadic isolated CNS tu-

mours (van Tilborg et al. 2006).
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