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ANALYSIS OF 17p11.2
CHROMOSOME REGION
REARRANGEMENTS IN CMT1
PATIENTS FROM UKRAINE

Two intercomplementary methods of 17p11.2 duplica-
tion/deletion identification have been elaborated: STR allelic
variants analysis and direct PMP22 gene dosage measuring
by means of quantitative Real-Time PCR. It has been carried
out detection and analysis of 17p11.2 chromosome region
rearrangements in CMT1 patients from Ukraine. It has been
registered the high level of de novo cases with 17p11.2-duplica-
tion. It has been shown the 17p11.2 chromosome region dupli-
cation/deletion association with CMTIA and HNPP clinical
phenotypes which may be used in differential diagnosis of this
type of CMT polyneuropathy.
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Introduction. Charcot—Marie—Tooth disease
(CMT) and related neuropathies (hereditary neu-
ropathy with liability to pressure palsies [HNPP]
and Dejerine-Sottas disease [DSS]) are clinically
and genetically heterogeneous group of sensorineur-
al polyneuropathies. CMT hereditary neuropathy
syndrome is the most common genetic cause of
neuropathy with a frequency of 1 in 2500 [1].

The first level of classification concerns the
mode of inheritance: autosomal dominant, X-linked
and autosomal recessive. The second level of clas-
sification in each subgroup depends upon the neu-
ropathy disorder process. CMT is traditionally
classified into two types, demyelinating (CMTI)
and axonal (CMT?2) forms according to electro-
physiological criteria The diagnostic criteria for
Charcot-Marie-Tooth disease type 1 are motor
nerve conduction velocities under 38 m/s, on ion
bulbs and signs of demyelination and remyelina-
tion in sural nerve biopsies, and no clinical or
histopathological evidence of other diseases asso-
ciated with demyelinating polyneuropathies.
CMT2 is characterized by normal or slightly
reduced motor nerve conduction velocities [2].

Many loci and genes have been identified in
each CMT subtype. Autosomal dominant demyeli-
nating CMT can be due mostly to PMP22 gene
17p11.2-duplication (CMT1A) but also to other
genes such as PO (1q22), LITAF (16pl13) and
EGR2 (10g21) mutations. Approximately 20 % of
all individuals presenting neuromuscular clinics
with a chronic peripheral neuropathy have CMT
type 1A (PMP22 duplication) as the cause of the
neuropathy [3]. Prevalence is about 1 in 3300 peo-
ple. The uncommon allelic variant of CMTI1A is
Herditary Neuropathy with Liability to Pressure
Palsies (HNPP).

First described by De Jong in 1947 HNNP is
an autosomal dominant inherited disease charac-
terized by recurrent painless focal neuropathies.
Chance et al identified a 1.5Mb reciprocal deletion
encompassing the PMP22 gene which is responsi-
ble for the disease [4]. The same region (17p11.2)
duplication leads to distinct clinical type —
CMTIA. The CMTIA duplication and HNPP
deletion represent products of unequal crossing
over and a reciprocal recombination between
flanking 24-kb homologous sequences termed
CMTIA—REPs [5, 6] (Fig. 1).

The differential DNA-diagnostic of CMT1A/
HNPP is based on the 17p11.2 duplication/dele-
tion or PMP22 gene point mutation detection.
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The methods used in diagnostic laboratories to
detect the 17pl11.2 duplication/deletion include
quantitative methods and indirect methods such as
pulsed field gel electrophoresis, microsatellite
analysis, detection of the common junction frag-
ment by Southern blotting, detection of the com-
mon junction fragment by polymerase chain reac-
tion (PCR), and dosage analysis of PMP-22 using
semi-quantitative fluorescent PCR (STS dosage)
with products analysed using either capillary elec-
trophoresis or polyacrylamide gel electrophoresis
(PAGE) and finally quantitative Real-Time dosage
analysis of PMP-22 gene [7—11].

In the present study we have provide detection
and analysis of 17pl1.2 chromosome region
rearrangements in CMT]1 patients from UKkraine
using SRT-PCR method combined with real-time
quantitative PCR.

Materials and Methods. The subjects were DNA-
samples extracted from peripheral blood leuco-
cytes from Ukrainian CMT-patients and their rel-
atives (total 57 CMT families with dominant and
unclear inheritance). For the current purpose we
exclude those CMT-families who revealed recessive
type of inheritance. In our investigation DNA
samples from unrelated volunteer non-CMT donors
from different regions of Ukraine were used as
normal controls. Informed consents were obtained
from all individuals participating in our study.

DNA isolation from blood samples containing
glugicir anticoagulant were done by standard phe-
nol/chloroform procedures [12]. Quantity and
quality of DNA probes were analyzed on ND-
1000 spectrophotometer (NanoDrop, USA).

STR-PCR method of CMTIA/HNPP detection.
The STR loci D17S122, D175921, D17S1358 and
D17S2226 from 17p11.2 chromosomal region were
used for the current study. Primer design, PCR
conditions and fragment analysis using automated
DNA «ALF express II» sequencer (Amersham Bio-
science) of the three (CA) n STR loci allelic vari-
ants were optimized and provided as were pub-
lished previously [13]. D17S2226 tetranucleotide
polymorphism alleles were amplified using pub-
lished primer sequences [7] and analyzed the same
way as (CA) n STR loci.

Real-Time quantitative PCR method of CMTIA/
HNPP detection. For PMP22 exon 3 (target
sequence) and ALB exon 12 (reference sequence)
amplification we have used previously published

ISSN 0564—3783. Llumonoeus u eenemura. 2009. No 1

Analysis of 17p11.2 chromosome region rearrangements in CMTI patients from Ukraine |

PMP-22
gene
Proximal Distal
CMTI1A Rep CMTIA Rep
v v

Chromosome 17p11

[ I [ | Before meiosis

| — ] |

| =——af—) T T T 1< CMTIA
[ | <— HNPP Chromosome

Fig. 1. 17p11.2 chromosome region rearrangements
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Fig. 2. Duplication and deletion detection in 17p11.2 region:
a — case with CMTI1A-duplication ALF-express fluoro-
gramm. D17S1358 locus: /I — father, 2 — son (inherited
maternal chromosome without duplication), 3 — mother
(has CMTI1A duplication); b — case with HNPP-deletion
ALF-express fluorogramm; 7, 2— D17S1358 locus, 3, 4 —
D17S921 locus, 5, 6 — D17S2226 locus, 1, 3, 5 — son (has
paternal chromosome with deletion), 2, 4, 6 — father with
deletion of 17p11.2 region
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Fig. 3. Case with de novo CMTIA-duplication: a —

D17S2226 locus; 1 — mother (without CMT 1A duplication),

genotypes — 4/5; 2, 3 — monozygotic twins (have CMTI1A

duplication), genotypes — 2/4/5; 4 — father (without

CMT1A duplication), genotypes — 2/5. ALF-express fluoro-

gramm, 6 % PAAG; b — pedigree of the CMT1A-family
with de novo mutation

primers [11]. A 4-by-4-primer matrix (combina-
tions of 5 uM, 10 uM, 20 uM and 40 uM of each
forward and reverse primers) was analyzed to
determine the optimal concentrations of both for-
ward and reverse primers. The minimum primer
concentrations that resulted in the lowest Ct-value
(threshold cycle) and highest fluorescent signal
(~Rn), while minimizing nonspecific amplifica-
tion, were chosen as an optimal pair. The amplifi-
cations were carried out in a 50 pl reaction volume
containing 25 pl iQ™ SYBR Green Supermix
Sample (BIO-RAD, USA), 10 uM forward primer
and reverse primer, and 20 ng (no less then 4 pul) of
genomic DNA. In each PCR, normal controls
(non-CMT) and no-template control were includ-
ed. Each sample was run in duplicate for both
PMP22 and ALB sequences amplification. PCR
reactions were run in the iQ5™ Multicolor Real-
Time PCR Detection System (BIO-RAD, USA).
Preincubation was performed for 5 min at 95 °C to
denature the target DNA and activate hot-start
iTag™ DNA polymerase. DNA samples were
amplified for 40 cycles of 15sec at 95 °C and
1 min at 65 °C. The fluorescence signals were
measured in Real-Time mode at the end of the
elongation phase. Amplicons were run as dupli-
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cates in separate tubes to permit quantification of
the PMP22 gene normalized to ALB gene (albu-
min), an endogenous gene, as a control. By using a
calibrator sample of normal control DNA with
2 copies of PMP22 (verified by STR-PCR
method), the relative gene copy number (AACt
ratio) of unknown sample was estimated using a
2724 method (Livak), because of both target and
reference genes appear to be amplified with effi-
ciencies near 100 % and within 5 % of each other
(data not shown). The Real-Time data were pro-
cessing by use the BIO-RAD iQ5 Optical System
Software V 2.0 (2006).

Results and Discussion. As was mentioned
above several methods have been developed in
clinical laboratories for the molecular diagnosis of
CMTIA and HNPP. STR-PCR methods detect
three different alleles in CMTI1A duplication in
combination with semi-quantitative dosage meas-
urement. Because of its advantages in cost,
amount of DNA sample required, labor, and turn-
around time, the STR-PCR method has been
widely used for differential molecular diagnosis of
CMT1A/HNPP polyneuropathy.

Using this method in our investigation the pres-
ence or absence of 1.5 Mb CMTI1A duplication or
HNPP deletion was determined by allelic variants
analysis of four STR-loci (D17S122, D17S921,
D17S1358 and D17S2226) localized in the dupli-
cation/deletion region. Previously we provide the
population study of given STRs in control Ukrainian
population group [13]. The distribution of genotypes
of all loci was in agreement with the expected val-
ues of the exact Hardy-Weinberg equilibrium. It
has been also showed the random allele association
at significance level (p < 0.05) for every pair of loci
in Ukrainian population. However, due to limita-
tions in sensitivity (not direct gene dosage analy-
sis) the present STR-test system informativity for
CMTI1A/HNPP analysis using PCR-STR method
in our population was calculated to be nearly 95 %.

So for current analysis of 17pl11.2 rearrange-
ments by STR-PCR method we selected the CMT
families with autosome dominant or unclear inheri-
tance (cases without family history of CMT) —
57 families. The STR alleles discrimination had
been carried out by ALF-express fragment analysis
(fig. 2, a). CMT1A-duplication has been identified
in 19 families with clinical CMT1 symptoms and
autosome dominant inheritance with the excep-
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Fig. 4. Amplification plots of peripheral myelin protein 22 (PMP22) and albumin (ALB), all in duplicates: of: @ — normal
control; b — CMT1A patient with PMP22; ¢ — HNPP patient with PMP22
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Real-time data in families with de novo mutations
in probands

Ct Mean
Identifier AACt ratio
PMP22 ALB
Family 1
Proband’s mother 23,66 23,97 1,24
Proband’s father 23,60 23,73 1,09
Proband 22,68 23,40 1,64
Family 2
Proband’s mother 25,23 25,37 1,10
Proband’s father 24,42 24,63 1,15
Proband 1 24,14 24,87 1,65
Proband 2 24,02 24,61 1,50

tion of two families. In these two families we sup-
posed the 17p11.2-duplication in probands occurred
due to mutation in germ cells in one of probands’
parents (de novo mutation). This assumption has
been made according to this mutation had not
been identified in anyone of the parents (Fig. 3). In
these families the paternity was confirmed by addi-
tional STR loci analysis. To adduce evidence of de
novo mutation in these families additional quanti-
tative dosage analysis has been done.

In one family HNPP-deletion have been iden-
tified (fig. 2, b). The patients (father and son) had
specific HNPP clinical symptoms — recurrent
neuralgic amyotrophy with sensory loss related to
nerve palsies. The son has paternal chromosome
with deletion (only maternal origin alleles have
been revealed in every of investigated STR-loci).
In this family the paternity was confirmed by addi-
tional 9Y-STR loci analysis (data not shown).

So STR-PCT method revealed to be useful for
prior CMT1A/HNPP detection. But in cases with
de novo mutation as well as in 2 non-informative
cases (the cases with unclear dosage allele inter-
pretation, because of probands were heterozygous
only by 1 STR locus) additional method of analysis
had to be used. In all questionable cases including
1 family with HNPP-deletion direct quantitative
PMP22 gene dosage analysis has been provided. As
a control standards DNA samples with previously
PMP22 copy number identified by STR-PCR
method were used (5 samples with 3 PMP22 copies
and 6 samples with 2 PMP22 copies).

For accurate PMP22 gene dosage detection in
this study we used real-time quantitative PCR with
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SYBR Green I dye, as it was described previously
[11] with our own modifications.

The PCR amplification plots of a normal con-
trol sample (Fig. 4, a) showed nearly identical Ct
value of PMP22 triplicates, compared with that of
albumin. In samples positive for the PMP22 dupli-
cation (CMTI1A), the Ct value of PMP22 (Ct
Mean PMP22 = 23,91) showed a decrease of
about — 0,85, compared with that of albumin (Ct
Mean ALB = 24,76) (Fig. 4, b), whereas, in sam-
ples positive for the PMP22 deletion (HNPP), the
Ct value of PMP22 (Ct Mean PMP22 = 25,86)
showed an increase of about 0,97, compared with
that of albumin (Ct Mean ALB = 24,89) (Fig. 4,
c¢). The AACt ratio means in normal controls,
including asymptomatic normal family members,
were 0,93—1,30. The AACt ratio means in
CMTIA patients were 1,50—2,04. The AACt ratio
means in 2 HNPP patients were 0,54 and 0,57. No
overlap was observed between CMTI1A or HNPP
patients and normal controls.

Results of real-time quantitative PCR analysis
results confirmed the STR-PCR analysis in des-
cribed HNPP-family as well as the absence of
CMT1A duplication in previously non-informative
samples. We also verified our hypothesis that in two
families under investigation 17p11.2-dupliation in
probands appeared as de novo mutation (Table). In
both families each of parents had 2 PMP22 gene
copies (AACt ratios were in range 1,1—1,3),
whereas a sick a girl from one family and two twins
from the other had 3 copies of PMP22 gene
(AnCt ratios were in range 1,64; 1,65; 1,50 corre-
spondingly).

So it has been shown that detection of the
PMP22 duplication and deletion by real-time
quantitative PCR is fast and sensitive and lets us
fulfil direct quantitative gene dosage analysis. The
method takes only 2 hr and does not require post-
PCR processing. In addition, DNA samples of
parents are not required to determine 17pl11.2
rearrangements in proband. This advantage is the
most useful in HNPP-cases if only proband’s
DNA is available for 17p11.2-deletion analysis.

Conclusions. The methods of 17p11.2 duplica-
tion/deletion identification have been elaborated:
STR allelic variants analysis and direct PMP22 gene
dosage measuring by means of quantitative Real-
Time PCR. It has been shown that Real-Time PCR
using SYBR Green I dye is highly sensitive, specif-
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ic, and reproducible in detecting PMP22 duplica-
tion and deletion in patients with CMTI1A and
HNPP. We also indicate high level of de novo cases
with 17p11.2-duplication — in 2 of 19 CMTI1A-
families. It has been shown the 17p11.2 chromo-
some region duplication/deletion association with
CMTI1A and HNPP clinical phenotypes which
may be used in differential diagnosis of this type of
CMT polyneuropathy.

H.B. Ipuwenko, JI.A. Jlusuiuy

AHAJIN3 XPOMOCOMHUBLIX ITEPECTPOEK
B OBJIACTH 17p11.2 Y BOJIbHBIX LLIMT1
N3 YKPANHDI

IMpoBeneHa netekiys U aHAIN3 XPOMOCOMHBIX Tiepe-
ctpoek obnactu 17p11.2 y maumeHToB ¢ 6oj1e3Hb0 [lapko-
Mapu-Tyc (LLIMT) u3 Yxkpaunsl. PazpaboTtaHbl 1Ba B3au-
MOJOIMOJHSIOUIMX METOAA UACHTU(UKAIMU AYIIAKA-
uit/menenuii B odaactu 17p11.2: aHanu3 ajuteTbHBIX Ba-
puanToB STR-10KycoB u mpsiMoii aHanu3 MO3bI TeHA
PMP22 ¢ ucnions3zoBanuem [1LP B peaqsbHOM BpeMeHU.
BroisiBiIeH BBICOKUIT YPOBEHD de novo MyTTUKAIi B yKa-
3aHHOM XpOMOCOMHOM pernone. [lokazaHna accoumarnust
IyTUTMKALWii/nenenunii B oonactu 17pl1.2 ¢ kKmuHuYecKu-
mu ¢peHotunamu LLHIMTI1A u HNPP, uro MmoxeT ObITb MC-
MONAb30BaHO ISl AuddepeHInanbHON AMATHOCTUKU
YIOMSIHYTBIX TUITOB nosimHeBponatuu [LIMT.

H.B. Ipuwenro, JI.A. Jliswuys

AHAJII3 XPOMOCOMHMUX INEPEBYIOB
Y JUTAHLI 17p11.2 Y XBOPUX LLIMT1
3 YKPATHU

[IpoBeaeHo neTexllio Ta aHasli3 XPOMOCOMHUX Mepe-
OymoB minssHku 17p11.2 y manieHTiB 3 xBopoboto Illapko-
Mapi-Tyc (ILUMT) 3 Ykpaiuu. Po3poGieHo nBa B3aemMo-
JIOTIOBHIOIOYi METOIU imeHTH(IKALIil TyTUTiKalii/neneriit
y mingHui 17p11.2: anami3 anenbHux BapianTiB STR-10Ky-
ciB Ta psIMMit aHami3 no3u reHa PMP22 i3 Bukopucran-
Hsam [JIP y peanbHOMY yaci. BusiBieHO BUCOKHW piBeHb
de novo nymiikariiit miei xpomocoMHoi ninsitHku. [Tokasa-
HO accolialito myrutikamiii/oeneniit y ginsami 17p11.2
i3 kaiHiuHuMu ¢peHotunamu LIMTIA ta HNPP, o mo-
Ke OyTM BUKOPMCTAHO IS TU(ePeHLIHOT TiarTHOCTUKK
JNaHuX TUIiB nosiHeBponaTii LLIMT.
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