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Charcot-Marie-Tooth disease type 1A (CMTI1A) and hereditary
neuropathy with liability to pressure palsies (HNPP): Reliable
detection of the CMTITA duplication and HNPP deletion
using 8 microsatellite markers in 2 multiplex PCRs
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Abstract. Charcot-Marie-Tooth disease (CMT) and hereditary
neuropathy with lability to pressure palsies (HNPP) are the
most frequent inherited disorders of the peripheral nervous
system. They are clinically and genetically heterogeneous. A
submicroscopic tandem duplication of 1.5 Mb in chromosome
17p11.2-12 comprising the PMP22 gene is found in 70.7% of
autosomal dominant Charcot-Marie-Tooth type 1 (CMTI)
patients. A reciprocal deletion is found in 87.0% of HNPP
patients. The size of the typical CMTIA duplication is too
small for classical cytogenetics and the whole region including
the CMTIA-REP elements is sometimes too complex for a
single DNA analysis method. We present results of a multiplex
PCR of 8 microsatellite markers with multicolour fluorescence
primer labelling followed by fragment analysis on an ABI 310
Prism analyzer to simplify the diagnostic procedure. Results
for 24 patients can be obtained within 24 h. This method was
applied on 92 DNA samples of unrelated patients carrying a
typical CMTI1LA duplication previously confirmed by two
colour fluorescence in sitie hybridization (FISH, probe ¢132G8)
and LcoR1/Sacl Southern blotting (probe pLR7.8). Three
alleles of three different sizes were clearly detected at least
once in 88 of them (95.6%). Subsequently this analysis was
applied on 312 Czech patients and revealed a CMTIA/HNPP
rearrangement in 109 out of them.
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Introduction

Charcot-Marie-Tooth disease type 1 (CMT 1) and tomaculous
neuropathy, also called hereditary neuropathy with liability
to pressure palsies (HNPP), are subgroups of hereditary motor
and sensory neuropathies (HMSN) (1),

CMT 1 is a common, autosomal dominantly inherited
disorder of the peripheral nervous system clinically
characterised by distal muscle weakness and wasting, foot
deformities (pes cavus). absent deep tendon reflexes and an age
of onset typically in the late first or early second decade (1).

Electrophysiologically a severely decreased nerve
conduction velocity (NCV <38 m/sec) due to demyelination
of peripheral nerves is present (1),

The vast majority of the CMT1 patients carry a large, but
submicroscopic duplication in chr. 17p.11.2.-12 (CMTIA),
where the gene for peripheral myeline protein 22 (PMP22) is
located (2.3). Rarely, point mutations in PMP22 have also
been reported (4). Also, mutations in the Myelin Protein Zero
(CMTIB) gene, the Connexin 32 (CMTX) and EGR2 gene
have been described as causing CMT type | (7).

HNPP is usually a milder peripheral nerve disorder
clinically characterised by recurrent palsies on different
extremities. following insignificant trauma or slight pressure
on the peripheral nerve (5).

Decreased NCV is sometimes found in electrophysiological
studies (4). The pattern of inheritance is also autosomal
dominant (4). A deletion in 17p.11.2.-12 of the CMT!A region
can be found in the vast majority of HNPP patients (0).

Various detection methods [or these rearrangements are
used by different laboratories. Pulsed-field gel electrophoresis
(PFGE), quantitative Southern blotting, fluorescence in situ
hybridisation (FISH) and various PCR methods, including
microsatellites, are the most common and most powerful of
them (7,8).

Eight polymorphic microsaicilites, dinucleotide markers,
were previously proven o be lncated within this duplicated/
defeted region in 17p.11.2.-12 (9-11), These 8 markers
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Table I Microsatellite (CA), markers used inset 1 and set 2.°

Set | at 58°C

AFM 200 (D175839) GDB 189384 [Tet]
RMLIGT (D175122) GDB 186801 {Fam]
AFM 191 (D175921 GDB 199142 [Fam]
133C4 (D17S1358; GDB 439442 [Hex]
Set 2 at 55°C
142E8 (D1751356) GDB 439299 [Fam]
103B 11 (D17S1357) GDB 439405 {Fam]
AFM 317 (D175955) GDB 200333 (Hex]
Mfd 41 (D17S261) GDB 177322 [Tet]

"Three synonyms are used for every marker. GDB represents genome
database number (www.gdb.org). Tet, Fam and Hex represent the
dye for fluorescein labelling of forward primers.

promised to be well suited for a quick and reliable detection
of rearrangements of the CMT1A region.

We used fluorescence labelled primers for PCR
amplification of these previously described dinucleotide repeat
regions. The resulting fluorescence labelled PCR products are
then analysed on an automated Genetic Analyzer ABI 310
(Perkin-Elmer, USA). Assuming the presence of a CMTIA
duplication there should be a very high probability to find
three alleles of different sizes in onc or more of the markers
used. In the casc of an HNPP deletion. affected persons do
not show two altleles in any of the markers used and in a
segregation analysis the lack of allelic transmission from an
affected parent to an affected offspring is always found.

We report our experience with this rapid and inexpensive
detection method for the two most common mutations in
inherited peripheral neuropathies.

Patients and methods

Patients were either referred from the Neurological
Department of the Friedrich-Alexander University, Erlangen,
Germany, from the Departments of Child and Adult
Neurology at the Charles-University in Prague, Czech
Republic or the Neurological Department at the Medical
Center in Ljubljana, Slovenia. The 92 CMTIA duplication
carriers preselected by fluorescence in st hybridization
(FISH) and EcoR1/Sacl Southern blot suffered from distal
weakness, muscle atrophy and sensory disturbances. Most of
these patients have at least one affected relative. These
patients had markedly reduced nerve conduction velocities
below 38 m/sec measured from the median, ulnar and tibial
nerves as sign of a demyelinating neuropathy. Some of the
patients underwent a sural nerve biopsy and morphological
evaluation showing signs of a hypertrophic demyelinating
neuropathy. The genetic study by the microsatellite multiplex
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PCR method was extended 10 312 patients with a wider
phenotypic variability referred from Czech neurologists also
beyond the Charles Universily. IFor these patients the clinical
data were not available for the authors hence also other PNP
are probably included. For those who did not show a CMTIA
duplication the point mutation screening in the genes for
PMP22, Cx32, MPZ and EGR2 is ongoing.

Genomic DNA was isolated from peripheral lymphocytes
according to standard protocols. Eight dinucleotide (CA),
microsatellite markers (Table I) were amplified in two
mulitiplex PCR reactions under the following thermoprofile:
95°C for 5 min, then 25 cycles of 95°C for 1 min, 58°C or 55°C
for I min, 72°C for 1.5 min, final extension 10 min at 72°C in
a thermocycler PTC 100 (MJ Research, USA). Forward
primers of each marker are labelled with a fluorescein dyve.
Markers where the sizes of the possible alleles can overlap
are labelled with different colours. Markers RM11GT, labelled
with Fam (Perkin-Elmer, USA), AFM 191, labelled with Fam.
AFM 200 labeled with Tet (Perkin-Elmer. USA) and 133C4
labelled with Hex (Perkin-Elmer, USA) are amplified in the
set 1 at 58°C. Markers 142E8 labelled with Fam, AFM 317
labelled with Hex, 103B11 labelled wih Fam and Mfd 4}
labelled with Tet are amplified in the set 2 at 55°C (Table I).
The total reaction volume is 15 pl for each system. Thin wall
0.2 ml sample tubes were uscd. the content of PCR mixtures
is shown in Table 1L

PCR was followed by control agarose gel electrophoresis
using 5 b of PCR product. About | il of PCR product was
then mixed with 12 ul of deionised formamide and 0.4 Wl
fluorescent size standard TAMRA 500 (Perkin-Elmer, USA).
This mixture was directly loaded in the Genetic Analyzer ABI
310 (Perkin-Elmer. USA) without denaturation (Table 11I).
Usual injection time is 6 sec and electrophoresis for 20 min is
sufficient. After capillary electrophoresis in a POP 4 polymer
(Perkin-Elmer, USA) the number, size and intensity ratio of
resulting PCR products (alleles) in each marker were analyzed
using Gene Scan 3.1 software (Perkin-Elmer, USA).

Resulis

We developed and tested a microsatellite multiplex PCR based
detection method for the CMTIA duplication and HNPP
deletion.

At first 92 DNA samples derived from CMT patients
previously tested to carry a CMT'IA duplication proven by two
independent routine tests (FISI, probe ¢132G8; EcoR1/Sacl
Southern hybridization, probe pl.R7.8) were analysed by this
multiplex PCR method. Finding of three different alleles was
estimated for cach marker and mainly for combination of all
8 markers used (Fig. 1).

Three alleles of different sizes in at least one of the marker
used were detected in 88 out of the 92 DNA samples (Fig. 1)
which represents 95.6% (Fie. 2). In the other four DNA
samples an allele dosage difference was visible indicating
also the tyvpical CMTIA duphication. The most informative
marker was RMIIGT with 46.0% of samples showing three
alleles. Using only the four most informative markers.
namely RMIIGT. AFM 191, 133C4. 103B11. the detection
rate of three alleles was still 88% . According to these results
the detection of three alleles i at Jeast one of the markers
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Table II. Multiplex PCR mixture protocols for primer sets | and 2.

Set | at 58°C
DNA 200 ng/pul 10X PCR  dNTP 1O0mM  Taq | U/ud Primer mix MgClL 25 mM  H,0
buff. each 10 pmol/ut each (forward + reverse)

RMIUIGT 19! Fam 200 Tet 133 Hex

Fam
0.5 ul 1.5l 0.6l 0.6ul 2.4l o6ul  Osul r2ul 1.2 ud 6l
Set2 at 55°C
DNA 200 ng/ill 10X PCR dNTP 10mM Taq | U/l Primer mix MgCh25mM  H,0
buff. each 10 pmol/ul each (forward + reverse)

142 Fam 317 Hex 103 Fam Mfd 41 Tet

0.5 ul . 1.5 ul 0.6 ul 0.6 ul L2ul t2ul 12wl 0.8 1l 1.2 ul 6.2

Table III. Protocol of the CMTIA dLlp“CthiOﬂ/HNPP deletion Detection of three alleles in 92 CMT1A duplicated patients.
detection method with aproximate time periods for each step.

I.  DNA isolation from peripheral

lymphocytes 2 h
2. 2 multiplex PCRs each with 4 pairs

of primers labelled with different

fluorescein dyes 25h

Control agarose gel electrophoresis 05h
4, ~1 ul from PCR product (unpurified) +
12 ! formamid + 0.4 pl size standard
TAMRA 500 1 h/48 spl

Capillary electrophoresis on ABI 310 20 h/48 spl Figure 1. Numbers of DNA samples for each marker used where thice
alleles of different length were detected. The ‘combination of all’ column
represents the number of DNA samples where three different alleles were
analysis with GeneScan 3.1 program 2 h/48 spl detected in at least one of the 8 markers used.

Total for 24 patients 28 h

Fragment number and fragment length

Detection rates (in%) of three alleles in CMTI1A duplieated patients,

100
90 -
80
together with a dosage difference in another marker confirms 70 4
the typical CMT1A duplication (Fig. 3). 60
Now this method is further used as a routine DNA test for ig
patients with suspection for inherited peripheral neuropathies 10 4
in Czech Republic. We have used this method already in 312 20 4
of these CMT/HNPP patients from 122 families. We detected 10 4
the CMTIA duplication in 82 of these patients (Table 1V), 0
but three alleles were not detectable in any of the 8 markers \\G" ,530“ 3@\ \\,\\9\ ﬂ\@“ wﬂ\'\ n & \@Q T
used for four of the patients. However, there was a clear b A S S > X’m““‘\
allele intensity ratio difference in all four of these non-three- o

allele patients. All these four patients without three alleles , . o

had s lv dec d NCV and their offspring carry : Figure 2. Percentage of DNA samples for cach marker used. “Combination
ad scvere )" C.uease an eflr 0 Spl.mc‘ carry a of all" means here the percentage of DNA samples where 3 alleles of

CMTIA duplication proven by three microsatellite alleles or  gifferent size where detected in at least one of the 8 markers used.
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Figure 3. Example for a result from one CMT1 patient carrying the CMT1A duplication. Upper line, primer set 1; fower line, primer set 2. Note the presence of
three alleles of different size in markers AFM 200, RM 1 IGT, AFM 191 and AEM 317 and (he clearly visible intensity difference between both alicles in marker
103811, which results from the presence of two aileles of the same tength (190 bp). Numbers on the top line represent the sizes of alicles in bascpairs (bp).

(03811

.

CMTIA specific FISH. These four samples account for 4.8% Finding onc allele only in all 8 markers used is highly

and seem to be in agreement with the results from our test suggestive for the HNPP deletion (Fig. 4). The lack of an allele

with 92 confirmed duplicated samples, where also four  transmission from the affected parent to the affected offspring

samples had not displayed three alleles of different size. confirms the presence of the HNPP deletion in both generations
All other samples showed clear allele intensity ratio  (Fig. 4). By these criteria we identified 27 individual HNPP

differences compatible with a CMT1A duplication in the deletion carriers from 15 families.

investigated region.
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Figure 4. Results from a female HNPP patient (lower lines) and her affected son (upper lines). Note the presence of only one allele (PCR product) in all 8
markers used and the lack of allele transmission from the affected mother to the affected offspring in markers ARM 200, RM11GT, AFM 191, 133C4, 142ES,
AFM 317 and 103B11. The chr. 17p11.2 alleles of the son were not transmitted from his mother, hence they are of paternal origin. Data of the father were not
available. Numbers along the top lines show the sizes of alleles in basepairs (bp), respectively.




Table IV, Summarized results of the analysed CMT/HNPP
pavents in Czech Republic.

Total number of investigated patients 312
Total number of investigated families 122
CMTIA duplication families 37
CMTI!A duplication individuals 32
HNPP deletion families L5
HINPP deletion individuals 27

In summary we detected a chr. 17pl1.2 rearrangement in
52 out of 122 Czech index patients indicating a frequency of
43% (Table IV).

Discussion

We developed and tested a PCR based method for reliable
detection of the most common mutations in inherited peripheral
neuropathies.

This method is very simple, rapid and cost effective and
atlows a high throughput of samples. It is therefore well
suitable for a large number of samples as well as for a small
clinical laboratory. However, alone it does not allow a
complete exclusion of a duplication for the rare cases with only
increased dosage of marker alleles, in our two analyses this
occurred 1n about 4% of the cases. Hence it can reliably
confirm the presence of a CMTIA duplication for the vast
majority of carriers. The cases in doubt should then be
checked by other methods like Southern hybridisation or
FISH (15-18). Our results on 8 microsatellite markers allow
an increase in the detected number of CMTIA duplications
compared to data reported by Blair er al (9) using 4
microsatellite markers, i.e. the total proportion of samples
that exhibited three alleles of different size in at least one of
the markers is increased. Furthermore, our study included a
more representative number of confirmed CMTIA
duplications. In comparison we used nearly twice as many
DNA samples and 4 more markers in total. We showed that
our method is able to detect three alleles in 95.6% of proven
CMTIA duplication samples.

By the combination of the 4 most informative markers.
RMITGT. AFM 191, 133C4, 103B 1 1. three alleles in at least
one of these markers were detectable in $8% of the proven
duplicated samples. However, this method does not allow the
full exclusion of a CMT 1A duplication. This holds especially
true for CMTILA duplications that arose not trom unequal
crossing over but sister chromatide recombination (14).

Inorder to try to further increase the detection rate of
three alleles we analysed a more stable tetranucleotide marker,
namely D17S71 located in chr. 17p12. in 6 Czech HNPP
patcents from 3 familics and 3 unrelated CMT patients. These
patients were contirmed o be mutation carriers by the
microsatellite method. However, the FINPP patients showed
two adleles of different Tength and a lack of allele ransmission
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was not found in any of 3 investizated HNPP families. Neither
three alleles nor dosage difference between the two alleles were
found in any of the 5 CMTIA patients. Hence this marker is
probably located outside the CMTIA region and not suitable
for the duplication/deletion screening.

The use of 2 multiplex PCR with four markers in each
reaction and the multicolour labelling results in great time,
tabour and cost savings. The method has also a potential for
high throughput of many samples and allows us to have results
from 24 patients in one or two days. The detection rate of
95.6% for three alleles is comparable to other routinely used
single probe Southern blotting methods. By the use of
gquantitative evaluation of the PCR products, which is
commonly used for example in PCR based detection of
chromosomal aneuploidies, it is possible to detect almost all
duplicated samples. The microsatellite markers used for our
PCR based assay are distributed across the 1.5 Mb CMTIA
region, thereby maximizing the probability of one or more
being included within an atypical shortened duplication. Our
optimalisation of known single methods can provide a powerful
tol for laboratories with a high throughput-as well as small
clinical laboratories interested in peripheral neuropathies.
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