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Atypical hereditary neuropathy with liability to
pressure palsies (HNPP): the value of direct DNA
diagnosis
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Abstract
We report two patients with suspected
hereditary liability to pressure palsies.
Neurophysiological studies showed a
mixed axonal-demyelinating sensory-
motor polyneuropathy with focal slowing
of conduction velocities at the common
sites of entrapment. Morphological stud-
ies on sural nerve biopsy from the
proband showed active axonal regenera-
tion without typical tomacula. Molecular
analysis confirmed the presence of a dele-
tion of chromosome 17pll.2 in both
patients. Our observation confirms the
heterogeneity of hereditary liability to
pressure palsies and the relevance ofDNA
testing for the diagnosis of this hereditary
neuropathy.
(JMed Genet 1997;34:889-892)
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Hereditary neuropathy with liability to pres-
sure palsies (HNPP) is an autosomal dominant
disorder characterised by recurrent palsies or

sensory disturbances after minor trauma to
peripheral nerves. Pathological changes ob-
served in peripheral nerves of patients with
clinical and neurophysiological features of
HNPP usually include sausage-like thickening
of myelin sheaths, called tomacula. ' The
majority of HNPP cases are characterised by a

1.5 Mb deletion in chromosome 17pl 1.2.2
After the introduction of DNA based tests for
the diagnosis of HNPP, tomacula were de-
scribed in the sural nerves from almost all
biopsied patients with genetically defined
HNPP.3-16
We report a family with clinical, neurophysi-

ological, and genetic characteristics typical of
HNPP in which morphological study per-
formed in the proband did not show typical
tomacula in the sural nerve biopsy.

Materials and methods
For morphological studies, a portion of sural
nerve was fixed in 2% buffered gluteraldehyde
and postfixed in 1% osmium tetroxide. After
alcohol dehydration, nerve fragments were

embedded in Epon 812. Transverse sections
(0.5-1 gm thick) were stained with toluidine
blue and examined by light microscopy.
Morphometrical studies were perfomed as pre-

viously described.'7

For molecular analysis, DNA was extracted
from leucocytes from peripheral venous blood.
Deletion ofchromosome 17pll .2 was detected
with quantitative or deletion breakpoint analy-
sis by Southern blotting and by microsatellite
polymorphisms by PCR. For Southern blot-
ting, a single copy fragment of pVAW409R3a
and pVAW412R3a, contained within the dele-
tion, and a reference autosomal probe localised
outside the deletion, detecting three EcoRI
alleles of 4.2, 2.2, and 3.5 kb respectively, were
used. The ratios pVAW409R3a/reference
probe and pVAW412R3a/reference probe were
expressed as a percentage of values obtained
from control DNA.'8 The breakpoints were
detected on Southern blots of EcoRIUSacI
digested DNA and hybridised with probe
pJ7.8P.,9 PCR was performed using the GT
strand (CAGAACCACAAAATGTCTT-
GCATTC) and the CA strand (GGCCA-
GACACCAGGCTCTGC) oligonucleotide
primers flanking the (GT)n repeat. The GT
strand was labelled with 'y-dATP using T4
polynucleotide kinase, according to the manu-
facturer's instructions. PCR was performed in
a 100 gl final volume containing 300 ng
genomic DNA, 50 mmol/l KC1, 200 mmol/l
Tris HC1, pH 8.4, 1.5 mmolIl MgCl,, 100 gg/gl
acetylated BSA, 50 pmol of cold primer, 4
pmol of labelled primer, 200 jmol/l each
dNTPs, and 1.25 U Taq polymerase (Perkin
Elmer, Norwalk, CT).

Results
CASE REPORTS
The father, a 45 year old man, reported the
acute onset, three months earlier, of weakness
and paraesthesia in the right hand after
sustained pressure. On admission, the
neurological examination showed normal cra-
nial nerve function. Motor deficit was present
in the distribution of the right ulnar and
median as well as the right peroneal nerves
where muscle strength was reduced to 4/5.
Deep tendon reflexes were present with the
exception of the right achilles tendon, which
was elicitable with reinforcement manoeuvres.
Plantar responses were flexor. Pes cavus and
hammer toes were present. Vibration sensation
was reduced distally in the legs; the other sen-
sory modalities were preserved. Routine blood
screening was negative; anti-GM1 antibodies
were absent.
The son, an 18 year old parachutist, reported

acute onset of weakness in his left shoulder
after parachuting. Neurological examination
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Figure 3 RM1 1-GT microsateliite polymorphism analysis
by PCR showing that both father and son have a single
RAIl l-gt allele each of different si'ze. c: control pati'ent.

Figure 1 Transverse section of the sural nerve of the proband. There is a preferential loss of

large myelinated fibres and numerous clusters of small myelinated fibres. No tomacula were

detected. (Tolouidine blue.)
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Figure 2 Southern blot hybridisation pattern with probes pVAW412R3a, pVAW409R3a,
and reference probe. The ratios pVAW409R3a/reference probe and pVAW412R3alreference
probe are approximately 50% of the ratios obtainedfrom control patients. c: control patient.
d: duplicated patient.

showed hyposthenia in his left supraspinatus,
infraspinatus, and serratus anterior muscles
where strength was reduced to 3/5. The
remaining examination was normal, with the
exception of pes cavus. The motor deficits
recovered completely after several weeks. He
denied a history of similar episodes in the past.

Neurophysiological study was performed in
both patients. Motor and sensory conduction
velocities of, respectively, the peroneal, me-

dian, and ulnar nerves and of the sural, median,
and ulnar nerves were examined bilaterally.
Distal latencies of MAP of the median nerves

were markedly increased. Motor and sensory

conduction velocities were slightly reduced in

all nerves tested. A marked conduction slowing
of motor velocity of the ulnar nerves at the
elbow groove and of sensory velocity of the

median nerve at the wrist was detected bilater-
ally. Sensory and motor action potential ampli-
tude was at the lower normal limit. Needle
examination showed, in both patients, chronic

potentials especially in the distal muscles. In
the son, fibrillation and fasciculation potentials
were detected in supraspinatus, infraspinatus,
and serratus anterior muscles.
A sural nerve biopsy was performed in the

father. Histopathological studies showed no

inflammatory cell infiltration and no vascular
abnormalities. A preferential loss (fig 1) of
large myelinated fibres and numerous clusters
of small myelinated fibres, indicating active
axonal regeneration after axonal injury, were

observed. Almost every fibre had a thin myelin
sheath when compared with axon diameter.
Only a few myelin fibres had a normal
axon/myelin ratio. No axonal degeneration was

observed. No tomacula were detected in any of
the fascicles examined. Morphometrical analy-
sis confirmed a preferential loss of the large
myelinated fibres, 12% being larger than 8 ptm
(NV 22.8-33.6%).

SOUTHERN BLOT ANALYSIS

Quantitative analysis by Southern blot showed
that the ratios pVAW409R3a/reference probe
and pVAW4 1 2R3a/reference probe were ap-

proximately 50% of the ratios obtained from
healthy subjects (fig 2), suggesting that both
patients have a single copy of pVAW409R3a
and pVAW412R3a.

PCR ANALYSIS

Microsatellite analysis by PCR showed that
both father and son have a single RM1 1-GT
allele, each of different size (fig 3). The size of
the son's allele was the same as that of the
mother. These data show that he inherited a

deleted allele from his father and a normal
allele from his mother.

BREAKPOINT ANALYSIS

In the mother four EcoRIlSacI restriction frag-
ments of 6.0, 5.0, 2.8, and 1.8 kb respectively,
corresponding to the CMT1A-REP restriction
map, were detected. The additional 7.8 kb
junction fragment generated by crossing over

between the differential SacI and EcoRI sites in
the CMTlA-REPs was detected both in the
father and in the son, confirming the presence
of the deletion in both patients (fig 4).

Discussion
HNPP is a distinct genetic entity whose clinical
presentation may be extremely variable and
should be differentiated from other hereditary
or acquired neuropathies.
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Figure 4 Southern blot hybridisation pattern of
EcoRIlSacI digested DNA with probe pJt7. 8P showing the
junction fragment (arrow) in the father and in the son.

We report a patient with a clinical presenta-
tion suggestive of HNPP in whom pathological
features were atypical and no tomacula were

found in the sural nerve. The diagnosis, in the
father and subsequently in his son, was

confirmed by DNA testing.
Since the introduction of molecular studies,

there has been only one report of three related
HNPP patients in which tomacula were not
found in the peripheral nerve." As pointed out
by those authors, genetic analysis of that family
was difficult because no probes from the
deleted region were fully informative. They
then performed quantitative analysis by South-
ern blotting using a reference probe located
outside the deletion, which is a less sensitive
technique. Moreover, one of the three patients
with a normal biopsy was found not to be
deleted.

Pathological studies are not sufficient for the
diagnosis ofHNPP. In fact, in our patient, sural
nerve biopsy suggested axonal damage based
on the presence of numerous clusters of small
myelinated fibres that indicated axonal regen-

eration. Furthermore, many thinly myelinated
fibres were present and no tomacula were
detected. In the past, HNPP has been defined
as tomaculous neuropathy because of the pres-

ence, in the peripheral nerves, of characteristic
sausage-like formations of the myelin
sheath.2 22 Even if present, tomacula are not
pathognomonic of HNPP, having been de-

scribed also in other hereditary, acquired, and
experimental neuropathies.23 ' Rather than on
their presence, diagnosis of HNPP should rely
on the number of tomacula.3" Generally, cases
in which tomacula are not found have a more
advanced neuropathy.3' 32 This observation has
been confirmed by studies in transgenic PMP
deficient mice, suggesting that tomacula are
unstable formations predisposing to subse-
quent myelin degeneration.33

Recently, HNPP has been shown to be char-
acterised by a 1.5 Mb interstitial deletion in
chromosome 17pl 1.2.2 The introduction of
DNA based tests for the diagnosis of HNPP
has shown that the majority of clinically
defined HNPP are deleted, although point
mutations in the PMP-22 gene have been
described34 5 and other genetic defects at other
loci may be responsible for non-deleted
patients.7 It has been reported that patients
with PMP-22 point mutation showed a more
severe phenotype, which is similar to the
CMT1A phenotype."3

It is now clear that HNPP is much more het-
erogeneous than previously thought from a
clinical, morphological, and genetic point of
view. Differential diagnosis is important for a
correct prognostic evaluation and genetic
counselling as well as for therapy.
Our observation, together with the previous

report of Gonnaud et al," supports the
relevance ofDNA analysis for the diagnosis of
HNPP, expecially when a family history is
lacking. If the unequal crossing over hypothesis
is correct,37 the prevalence of HNPP should be
roughly similar to that of CMT1A. Up to now,
the prevalence of HNPP seems to be underes-
timated both because of misdiagnosis and pau-
city of symptoms. Molecular analysis, which is
less invasive than nerve biopsy, represents an
important and specific tool for diagnosis of
HNPP and should be used first. The routine
use of molecular analysis would permit an esti-
mate of the prevalence of the deletion and the
selection of non-deleted patients to be analysed
for new mutations.
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grateful to Drs Paola Carrera, Monica Zanussi, and Nadia
Soriani for their helpful advice. Sincere appreciation is
extended to the patients of this study for their cooperation.
This work was supported by grants from Telethon, Italy (613
RN and AQ, 758 LW).

1 Windebank AJ. Inherited recurrent focal neuropathies. In:
Dyck PJ, Thomas PK, Griffin JW, Low PA, Poduslo JF, eds.
Peripheral neuropathy. 3rd ed. Philadelphia: Saunders,
1993:1137-48.

2 Chance PF, Alderson MK, Leppig KA, et al. DNA deletion
associated with hereditary neuropathy with liability to pres-
sure palsies. Cell 1993;72:143-51.

3 Verhagen WIM, Gabreels-Festen AAWM, van Wensen
PJM, et al. Hereditary neuropathy with liability to pressure
palsies: a clinical, electroneurophysiological and morpho-
logical study. _7 Neurol Sci 1993,116:176-84.

4 Mariman ECM, Gabreels-Festen AAWM, van Beersum
SEC, et al. Gene for hereditary neuropathy with liability to
pressure palsies (HNPP) maps to chromosome 17 at or
close to the locus for HMSN1. Hum Genet 1993;92:87-90.

5 Rizzuto N, Moretto G, Galiazzo Rizzuto S. Clinical
spectrum of the tomaculous neuropathies. Report of 60
cases and review ofthe literature. Ital7Neurol Sci 1993;15:
609-17.

6 Mariman ECM, Gabreels-Festen AAWM, van Beersum
SEC, et al. Prevalence of the 1.5 Mb 17p deletion in fami-
lies with hereditary neuropathy with liability to pressure
palsies. Ann Neurol 1994;36:650-5.

7 Mariman ECM, Gabreels-Festen AAWM, van Beersum
SEC, et al. Evidence for genetic heterogeneity underlying

891

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.34.11.889 on 1 N
ovem

ber 1997. D
ow

nloaded from
 

http://jmg.bmj.com/


Sessa, Nemni, Quattrini, Del Carro, Wrabetz, Canal

hereditary neuropathy with liability to pressure palsies.
Hum Genet 1994;93:151-6.

8 Silander K, Halonen P, Sara R, et al. DNA analysis in Finn-
ish patients with hereditary neuropathy with liability to

pressure palsies (HNPP). Neurol Neurosurg Psychiatry
1994;57:260-2.

9 Kaneko S, Hidefumi I, Kusaka H, et al. A family with
hereditary neuropathy with liability to pressure palsies
clinical, electrophysiological, pathological study and DNA
analysis. Clin Neurol 1994;34:673-8.

10 Le Guern E, Sturtz F, Gugenheim M, et al. Detection of
deletion within 17pl 1.2 in 7 French families with
hereditary neuropathy with liability to pressure palsies
(HNPP). Cytogenet Cell Genet 1994;65:261-4.

11 Gonnaud PM, Sturtz F, Fourbil Y, et al. DNA analysis as a

tool to confirm the diagnosis of asymptomatic hereditary
neuropathy with liability to pressure palsies (HNPP) with
further evidence for the occurence of de novo mutations.
Acta Neurol Scand 1995;92:313-18.

12 Reisecker F, Leblhuber F, Lexner R, et al. A sporadic form
of hereditary neuropathy with liability to pressure palsies:
clinical, electrodiagnostic and molecular genetic findings.
Neurology 1994;44:753-5.

13 Uncini A, Di Guglielmo G, Di Muzio A, et al. Differential
electrophysiological features of neuropathies associated
with 17pl 1.2 deletion and duplication. Muscle Nerve 1995;
18:628-35.

14 Lorenzetti D, Pareyson D, Sghirlanzoni A, et al. A 1.5 Mb
deletion in 17pll.2-pl12 is frequently observed in italian
families with hereditary neuropathy with liability to
pressure palsies. Am Hum Genet 1995;56:91-8.

15 Gouider R, LeGuern E, Gugenheim M, et al. Clinical, elec-
trophysiologic, and molecular correlations in 13 families
with hereditary neuropathy with liability to pressure palsies
and a chromosome 17pll.2 deletion. Neurology 1995;45:
2018-23.

16 Pareyson D, Scaioli V, Taroni F, et al. Phenotypic heteroge-
neity in hereditary neuropathy with liability to pressure
palsies associated with chromosome 17pl 1.2 deletion.
Neurology 1996;46:1133-7.

17 Iannaccone S, Zucconi V, Marchettini P, et al. Evidence of
axonal neuropathy in primary restless leg syndrome. Mov
Disord 1995;10:2-9.

18 Hensels GW, Janssen EAM, Hoogendijk JE, et al. Quantita-
tive measurement of duplicated DNA as a diagnostic test
for Charcot-Marie-Tooth type ia. Clin Chem 1993;39:
1845-9.

19 Lopes J, LeGuern E, Gouider R, et al, and the French CMT
Collaborative Research Group. Recombination hot spot in
3.2 region of Charcot-Marie-Tooth type 1A repeat
sequences: new tools for molecular diagnosis of hereditary
neuropathy with liability to pressure palsies and of
Charcot-Marie-Tooth type 1A. Am _J Hum Genet 1996;58:
1223-30.

20 Dayan AD, Graaveson GS, Robinson PK, Woodhouse MA.
Globular neuropathy: a disorder of axons and Schwann
cells. 7f Neurol Neurosurg Psychiatry 1968;31:552-60.

21 Behse F, Buchthal F, Carlsen F, Knappeis GG. Hereditary
neuropathy with liability to pressure palsies: electrophysi-
ological and histopathological aspects. Brain 1972;95:777-
94.

22 Madrid R, Bradley WG. The pathology of neuropathies with
focal thickening of the myelin sheath (tomaculous neu-

ropathy). Studies on the formation of abnormal myelin
sheath. Jf Neurol Sci 1975;25:415-48.

23 Ochoa J, Marotte L. The nature of the nerve lesions caused
by chronic entrapment in the guinea pig. _J Neurol Sci 1973;
19:491-5.

24 Neary D, Ochoa J, Gilliat RW. Subclinical entrapment neu-

ropathy in man. Neurol Sci 1975;24:283-98.
25 Raine CS, Bronstein MB. Experimental allergic neuritis:

ultrastructure of serum-induced myelin aberrations in
peripheral nerve system cultures. Lab Invest 1979;40:423-
32.

26 Nardelli ES, Pizzigella S, Tridente G, Rizzuto N. Peripheral
neuropathy associated with immunoglobulin disorders: an

immunological and ultrastructural study. Acta Neuropathol
198 1;suppl VII:258-61.

27 Vital C, Pautrizel B, Lagueny A, et al. Hypermyelinisation
dans un cas de neuropathie peripherique avec gammapa-

thie monoclonale benigne a IgM. Rev Neurol 1985;141:
729-34.

28 Madrid R, Bradley WG, Davis CJF. The peroneal muscular
atrophy syndrome: clinical, genetic, electrophysiological
and nerve biopsy studies. Part 2. Observations and patho-
logical changes in sural nerve biopsies. _7 Neurol Sci
1977;32:91-122.

29 Thomas FP, Lebo RV, Rosoklija G, et al. Tomaculous
neuropathy in chromosome 1 Charcot-Marie-Tooth syn-

drome. Acta Neuropathol 1994;87:91-7.
30 Van Wensen PJM. Hereditary neuropathy with liability to

pressure palsies. In: Vinken PJ, Bruyn GW, Klawans HL,
eds. Handbook of clinical neurology. Vol 16 (60). Hereditary
neuropathies and spinocerebellar atrophies. Amsterdam: Else-
vier Science Publishers, 1991:61-70.

31 Cruz-Martinez A, Perez Conde MC, Ramon y Cajal S,
Martinez A. Recurrent familial polyneuropathy with liabil-
ity to pressure palsies. Electromyogr Clin Neurophysiol 1977;
17:101-24.

32 Earl CJ, Fullerton PM, Wakefield GS, Schutta HS. Heredi-
tary neuropathy with liability to pressure palsies. Q 7 Med
1964;33:481-98.

33 Adklofer K, Martini R, Aguzzi A, et al. Hypermyelination
and demyelinating peripheral neuropathy in Pmp22-
deficient mice. Nat Genet 1995;11:274-80.

34 Nicholson GA, Valentijn LJ, Cherryson AK, et al. A frame
shift mutation in the PMP22 gene in hereditary neuropathy
with liability to pressure palsies. Nat Genet 1994;6:263-6.

35 Taroni F, Botti S, Sghirlanzoni A, et al. A PMP22 gene non-

sense mutation causes hereditary neuropathy with liability
to pressure palsies (HNPP) in a family lacking the common
17p1 .2-12 deletion. _7 Neurol 1996;243(suppl 2):S19.

36 Lenssen PPA, Gabreels-Festen AAWM, Mariman E, et al.
Phenotypical differences in HNPP patients with a point
mutation compared to patients with a deletion. _7 Neurol
1966;243(suppl 2):S18.

37 Chance PF, Abbas N, Lensch MW, et al. Two autosomal
dominant neuropathies result from reciprocal DNA
duplication/deletion of a region of chromosome 17. Hum
Mol Genet 1994;3:223-8.

892

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.34.11.889 on 1 N
ovem

ber 1997. D
ow

nloaded from
 

http://jmg.bmj.com/

