Thai J. Genet. 2013, S(1): 95-98 OPH-04-04

nMsRgIadtAgIzRaUINg ARty PMP22 lulsanugnssuanainlnfaasssuulszann
dquianawuiiag: CMT1A and HNPP

Determination of PMP22 Gene Copy Number in Two Common Inherited Peripheral
Neuropathies: CMT1A and HNPP

fia adanlege’, Fsswed INGLALN’, N1gyaun wadds’, 1950 NAIUNAM' LAz TRUNS ANA"

. . nl . 2 . 2 1 .
Sunisa Sawasdichai, Theeraphong Pho-iam”, Kanjana Rongsa”, Wanna Thongnoppakhun and Chanin
Limwongse1’3*

’mjommﬁummmr- Zm'?@ﬁvﬂfiﬂﬁ’uﬁni?mwuﬂizmw MIILITLUASHAUILTNITGININ A IUANATNNI799E;
@I WITAUGAIART NIATTIEIANART ALISUNNEAINRATATIVTNEILIA NIIINEIRENTAN NPUNN 10700

"Division of Molecular Genetics; S/r/ra/ Neurogenetics Network, Division of Health Service Research and
Development, Department of Research and Development; *Division of Medical Genetics, Department of Medicine,
Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700

*Corresponding author: chanin.lim@mahidol.ac.th

UNARED

13/ Charcot-Marie-Tooth disease type 1A (CMT1A) LL@JEW] hereditary neuropathy with liability to
pressure palsy (HNPP) Lﬂuhﬂwuﬁnﬁwummmmﬂﬂmma‘wuuﬂa‘vm‘wmuﬂmmqwuimu@ﬂ HawRannIg
ndeuuazanmnglmuiduresiudauAisuenng 1.5 Mo fetuulastaulond 17 fumda p11. 2 fensantiu
peripheral myelin protein 22 (PMP22) anmauanaslsngziaudanisitsannitilsiiu PMP22 fiunnvidetias
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AuaugeIasiy PMP22 HraudiAtysianisitadauanlsauaznisTiaEnmuustimisiugaans amddeifly
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ABSTRACT

Charcot-Marie-Tooth disease type 1A (CMT1A) and hereditary neuropathy with liability to pressure
palsy (HNPP)are two common inherited peripheral neuropathies caused by duplication and deletion,
respectively of 1.5 Mb region on chromosome 17p11.2 encompassing peripheral myelin protein 22 (PMP22)
gene. The disease phenotypes reflect the effect of the over- and under-expressed PMP22 protein on the
peripheral nervous system (PNS) myelin formation and maintenance. Determination of PMP22 gene copy number
is important for diagnostic purpose and genetic counseling. We describe here the genetic testing for both
diseases by application of initially quantitative real-time PCR and finally semi-quantitative multiplex PCR/DHPLC
techniques. We studied the PMP22 gene dosage in 90 unrelated patients with suspected CMT1A or HNPP.
Only 19 (15.2%) and 4 (3.2%) patients carried the PMP22 duplication and PMP22 deletion, thus being definitely
diagnosed as CMT1A and HNPP, respectively. We found that both molecular techniques were sensitive,
reproducible and reliable, but semi-quantitative multiplex PCR/DHPLC was simpler, faster and cheaper, thus
more effective to be used in a routine laboratory. The low detection rate in our study may imply the highly genetic
heterogeneity of the Charcot-Marie-Tooth disease. However, this finding stresses the necessity of an accurate
molecular diagnosis for the diseases.
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{3A Charcot-Marie-Tooth (CMT) disease (‘vﬁ@ hereditary motor and sensory neuropathy: HMSN)
type 1A Lﬂu‘llmﬁuﬁqmwﬁﬁmwﬁmﬂﬂﬁmmiwuﬂizm‘wmuﬂmﬂﬁwuiﬁﬂ@ﬂﬁqm ﬁqunmmimmﬁ
1 6l 2,500 A (Skre ot al., 1974) filhuRenisuaunnseuuss goydananidn nésiilededuuazing
Wininng daulsm hereditary neuropathy with liability to pressure palsy (HNPP) ('1/1'7;‘@ tomaculous
neuropathy) wu'lél 1 e 10,000 AU (Barisic et al, 2008) Hiasaziainisdn FAnniAnuazaauusy
Lﬁm@’mqmLaﬂLﬁlﬂiuﬁammixuuﬂim’m'&'mﬂmq (CNS demyelination) TsA CMT1A way HNPP &
aninann19anEaesiaudlualuy (genomic rearrangement) 2848w peripheral myelin protein 22
(PMP22) #uiilaannanniinisdndeu (duplication) wazanmueld (deletion) AMNATAL JasTudIuRIEUe
210 1.5 Mb flaguulaslalandl 17p11.2-12 Gensentiu AMP22 ilunaldfidruaugaesiiu PrP22
Tmmqmméﬂqmﬁlﬁmﬂu 1.5 Wi (1 3 ganauny 2 galuAuilng) uazanasinae 0.5 Wi (ae 1 el
Ay 2 Tuaudn®) muatsu (Chance et al., 1993) aNTuAnNTadgadlAATuHANNAINNNTLAAsRENT
snsitetiesiiullaesiiu PMP22  iflesanntisiiu PMP22 siwthifussdilsznenaeafieluday
(myelination) ﬁlﬁﬂﬁjuLﬁuﬂﬁ?:mmmizwﬂ@:mwiﬂuu@n (peripheral nervous system, PNS) LazAILIAN
nsistyALTRLAzIaTyWINLNaadLEas (cell differentiation)

n19dmEeasa udetiu PMP22 ﬁLﬂummm@mmimﬂmu‘mmLﬁmmmnmmﬂ?{ﬂumﬁ
annATU (unequal recombination) 284 chromatids W39 meiosis @::udmﬁﬁﬁuLm%ﬁ@:mﬁ@uﬁmmuﬁw
84 PMP22 (homologous flanking repeated sequences) %Qﬁﬂﬂdﬁ proximal CMT1A-REP wag distal
CMT1A-REP %wjﬁmmm 24 Alawa (Lopes et al., 1999) u@ﬂmnmm&;ﬁuﬁq faiinnsnansRuguuy point
mutations 18481 PMP22 AiteliAnlsavaandldangdas uiflugautasfiadanas 2 (@viulsa CMTIA)
uaz 20 (Aufulsa HNPP) Wiy (Barisic et al., 2008)

mﬁﬁwmmemQnﬁmmzﬁwﬁ@mqwﬁmqummmiu PMP22 114 quantitative real-time PCR
(Thiel et al., 2003), capillary electrophoresis (CE) (Hung et al, 2007), Wag denaturing high-
performance liquid chromatography (DHPLC) (Lin et al., 2006) atem 14 aenaunsvianalunnInIaam
Sruaugaresiudwiulsaiugnesy lunsnmnianef3de l4Waun33 semi-quantitative  multiplex
PCR/DHPLC %uiummmqu%ﬁqumﬂumﬁu PMP22 \iedTadedilnefiasdedniulsn CMTIA uaz
HNPP 1ngian@eds quantitative real-time PCR A4 luga9usnifumaTiad19as 29wid13a PCR/DHPLC &
HusgAnEnnunndnluwdaesanuazaon 9959 uavtlszudn Tmmﬁlvl,éfmgﬂﬁm daau uazudanadne

qﬂmrﬁuaﬁ%‘mswﬂ@m

andAdeiAns ddaeldsunsitasanenaininenadlulsn CMT1A vite HNPP dalaifipana
Aendasiuneaneidendiuan 125 18 fediadentesdiananata DNA udadaaonudnduldls
DNA %ﬂﬁuﬁlﬂuﬂqiﬁﬁﬂﬁﬁ?mwiﬁuv;ﬂﬁq@ﬂ'w

Bh quantitative real-time PCR H{iﬁm LightCycIer® FastStart DNA MasterPLUS SYBR Green |
fuLrseq LightCycler™ PCR wsazfaatauaniniu 2 Unizen Ineld primer FdmnzTU exon 3 109y
PMP22 wasldEiu human beta globin (HBB) \flufiuéneds (internal control) nasudatnaldan cycle
threshold (Ct) lEuN AU RsdauaasEi PMP22 lugftlesianuilni aangms Relative gene copy
number = 2% (Thiel et al., 2003)

d2umAilA semi-quantitative multiplex PCR/DHPLC I primer 3 Muﬂﬁﬁ?mlﬁm vl primer‘ﬁl
AUNNZHA exon 3 ABIEW PMP22, iafiy IGF1 (1unu autosome, agunlaslulan 12) uaziy ACOT9 (4
@N@QLWW}J@QNH’JE 'am_lu X-chromosome) SINMN primer nas kiiilu internal control 11 PCR 'VNMN@ 24
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‘m‘uLﬁfaiﬁﬂﬁﬁ?mﬂ“ﬂmmﬂmw: log-linear phase (exponential phase) LA23LAINEHLANTIUIA PCR
product #nt DHPLC  Iatild sizing  mode fignumnil 50°C  nnsutlanagfinanugazes DHPLC
chromatogram tagfFauauansdausyndne peak 188U PMP22 siatii IGFT Tnadiaauge peak 199
2w ACOT9 MfiulinsemuinALeIfaeeengaa (waged 1 4o, inAnded 2 90) luaulnfasidnsdou
4848l PMP22 fie IGFT Winfu 1 grulugilos CMT1A uaz HNPP aziensdquili 1.5 (duplication) WAz
0.5 (deletion) MNAAL Tudume ALY 1m%ﬁq®mmm§mﬁmmmLLfZﬁqmnadﬁ quantitative real-
time PCR a1 iflusnasineaauiAu (positive control)

NANITNARBILALIANTOY
N@mi‘rﬂﬂ'ﬁmmxﬁrearrangement wnsfiu PMP22  Tagld semi-quantitative  multiplex
PCR/DHPLC uanfnatignngii 1
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1 2 2 1 2 3 1 2 2
Control male Duplication male (CMT 1A) Deletion male (HNPP)
Relative peak height of PMP22 - IGF1 2:2(1.0) 32(1.5) 1:2 (0.5)
"
) ) M
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necopy o L\l R P o0 il
3
2
0
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Control female Duplication female (CMT1A) Deletion female (HNPP)
Relative peak height of PMP22 : IGF1 22(10) 3:2(1.5) 1:2(0.5)

Ul 1 wansesed duplication uaz deletion w89y PMP22 lufilaalsn CMTIA uaz HNPP #ed3 semi-
quantitative multiplex PCR/DHPLC ‘Lu%uwﬁmmmzmﬁd nsdiniflualng (normal control) peak 28481 PMP22 La%
IGF1 {Augewiniu (2:2 vige 1.0 1) goflupuiiflulsn CMT1A (PMP22 duplication) Fnmduildandn 32 (1.5
i) anusiidiiaelan HNPP (PMP22 deletion) f8nsdawilu 1:2 (0.5 win) daumnnuga peak 1asfiu ACOT9 48n9ds
\WWALRFRE19R9 TunATaas 1 9, InANSH 2 9A (A) DHPLC chromatogram  lunn9msananuaugavesey
PMP22 Tt (B) DHPLC chromatogram Tunisaseamanuangaaestiu PMP22 luwame

mAlA semi-quantitative multiplex PCRDHPLC fiaunaulunisinmniiy PMp22 tuifhiaad
Anldanatdon JAnugnsias N13vin multiplex PCR vinltlsendinuazanunsnasdnsdauanuiugneaiiv
1011 aeuntlasainniani PCR uAazasa n1s1denld DHPLC AiAsevinaunuiiazld capillary
electrophoresis #nlana dasuazazaanndn mazlifesld primer fifpaandasdrigeesainuiuay
Taifiasvin PCR product 1¥ii/3gnanaw

nangaarIAuIngaaedin PMP22 Tnaldinalla quantitative real-time PCR laldnanalugilae
52 3181430 WATATIANL PMP22 duplication Uay PMP22 deletion S1UAt 5 $18KAY 2 978 ATNAIAL
ansldimumaiia semi-quantitative multiplex PCR/DHPLC Tunnunulnedansld amplicon LANT8Y
fu PMP22 Sanfuiudndegalusl malavdsillildnsmaluftaedn 73 s Semseany PUP22
duplication 14 781 uaz PMP22 deletion 2 3181 Fatius m@mmmﬂu;}’ﬂqmau%wm 125 318 WU PMP22
duplication (CMT1A) 19 318! (5ae1a% 15.2) way PMP22 deletion (HNPP) 4 5181 (Faeay 3.2) azwiuléidn
'é”mﬂmimwwu%qzﬁmimﬁi@uiwﬁ'ﬂmnLﬁ"@Lﬁﬂuﬁummfﬁﬂﬁ@uuﬁﬁﬁdﬁ PMP22 duplication Lay
deletion \lua1mnaedlsn CMT1A uaz HNPP gedefasiaz 98 uaz 80 AMNAGU (Barisic et al., 2008)
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{3A CMT1A nufasas 60-90 vesfilaalsn CMT type 1 uaznuiluiesas 40-50 vesgilonlsn
CMT ¥avian (Barisic et al., 2008) %ﬂﬁﬂ“\iﬁmjuimﬁﬁmmﬂmm\mﬁmﬁﬁqﬁu CMT1A agdniuanuau
NN LL@:ﬁmmﬁmwdﬁLﬁmmﬂmmamqﬁuqmwﬁlumwmm 819 Tunqu autosomal  dominant
demyelinating Fmiloufuiu CMT1A (CMT1), nqu AD axonal (CMT2), nau autosomal recessive
(CMT4) uaz X-linked (CMTX) 1ilupiu ﬂ@ﬁgﬁuwummmaﬁuﬂuﬁuﬁLﬂummefa\i‘immjuﬂl,lﬁqmrmdﬁ
30 i1 Tmﬂﬁﬂuﬁﬁm%m@gmmdﬂ 44 8 i MPZ, SIMPLE, EGR2 way NEFL \flusiu (Saporta et al.,
2011) %Lﬂuiﬂié’dwéﬂwﬁziqmmmw PMP22 duplication 13RET dounienalulsn CMT Lm‘uﬁluj
aei19l9fiA NAN1IAFIARTUIUYATBIE PMP22 ﬁgﬂﬁmﬂ“\ﬁﬂLﬂu@mq@'qz‘im%ﬂmmwLLmuﬂmum%LLm
nsnennsallsnzesdiion fautazddlifinssnenillduan luneuil uinimsuamamaiugnesudagia
suflusanimeasudsnisineuesunneluilaqiiv

d9lnan1snaang

NN3M9IABATNZURUIUTATBNEL PMP22 LU duplication wa deletion Tugilos CMT1A uaz
HNPP puansu Tnaldimatia semi-quantitative multiplex PCR/DHPLC NAWNUAD quantitative real-time
PCR tuin i liiEnmatiilsz@nann azaan samda Anldanates dedeldifuazulanadng dasma
tufunazilsznaunanisadasanispainassunnetaiuadned Wulselamianisguadnuuaznig
MaunuAsataiavasgilae iz ansa il
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