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Hereditary neuralgic amyotrophy (HNA) is an autosomal dominant, recurrent focal
neuropathy. HNA is characterised by episodes of painful brachial plexus neuropathy with
muscle weakness and atrophy, as well as sensory disturbances. Single episodes are commonly
preceded by non-specific infections, immunisations or parturition. Mild dysmorphic features
and short stature are present in some HNA families, but absolute co-segregation with HNA
has not been described. To refine the previously described HNA locus on chromosome 1725,
we performed a genetic linkage study in five HNA families with different geographic origins.
Significant linkage was obtained with chromosome 17¢24—q25 short tandem repeat (STR)
markers in three HNA families and suggestive linkage was found in the other two HNA
families. Analysis of the informative recombinations in affected individuals allowed us to
reduce the HNA linkage interval to a candidate region of 3.5 cM.
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Introduction

Hereditary Neuralgic Amyotrophy (HNA) (OMIM No
162100) is an autosomal dominant, recurrent focal
neuropathy, also called familial brachial plexus neurop-
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athy."” The clinical hallmarks are episodes of painful
brachial plexus neuropathy with muscle weakness and
atrophy. Sensory disturbances can occur, but the motor
weakness is usually more prominent. Muscle weakness
is preceded by severe pain in the affected arm.
Recurrent episodes can affect the same, as well as the
opposite arm. Both arms can be involved simultane-
ously. Cranial nerves and the lumbosacral plexus are
rarely affected. Recovery is usually complete, although
a residual deficit may occur, especially after recurrent
episodes. Age at onset of HNA is most commonly in the
second decade of life, although children in the first



decade can be affected. Single episodes are commonly
triggered by non-specific infections,” immunisations* or
parturition.”® Several dysmorphic features, such as
hypotelorism, epicantal folds and cleft palate, as well as
short stature, are present in some HNA families.”™

Sporadic brachial plexus neuropathy, or Parsonage-
Turner syndrome,'” is much more common than
HNA." Clinically, Parsonage-Turner syndrome does
not differ substantially from HNA.'? Distinguishing
features between HNA and Parsonage-Turner syn-
drome are family history, presentation in childhood and
increased rate of recurrence in HNA.>"

A locus for HNA was assigned to a 4cM interval at
chromosome 17q24-q25 by Pellegrino et al'>'* in two
American families (Figure 1). We confirmed linkage to
chromosome 17q24-q25 in a small German family'
and in a large Turkish family'® and defined a 16cM
candidate region for HNA between the short tandem
repeat (STR) markers D17S1301 (centromeric) and
D17S784 (telomeric) (Figure 1).'° Here we performed a
linkage study in five HNA families from different
geographical areas. Our results demonstrated
co-segregation of HNA with chromosome 1725 STR
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Figure1 Ideogram of chromosome 17 showing the location
of the HNA locus relative to the genetic map of STR markers.
Genetic distances between the STRs are in cM.”” The stepwise
reduction of the HNA candidate region is indicated. The 16 cM
region between D1751301 and D175784 is previously reported
by Stogbauer et al, the 4cM region between D1751603 and
D175802, previously reported by Pellegrino et al. No informa-
tive recombinations were found in HNA-1; the refinement to a
9.3 cM region in HNA-2; the 7.6 cM region defined in HNA-5;
the 5.2 cM region based on an informative recombination in an
unaffected individual in HNA-8 and the region defined in
HNA-9. Region A: the 3.5cM overlap between the region
defined by Pellegrino et al and the results of the present study.
Region B: the 2.2 cM overlap between the regions defined in
HNA-2, HNA-5 and HNA-S.
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markers in all five families and the analysis of informa-
tive recombinants allowed us to reduce the HNA
region to a 3.5cM linkage interval.

Materials and Methods
Family Data

Five pedigrees were included in our linkage study (Figure 2,
Table 1). Genealogical studies and clinical investigations were
performed by MW (HNA-1), FS (HNA-2 and HNA-9), EA
(HNA-5), AP-S (HNA-8), and JMP (HNA-9). HNA-1 and
HNA -2 were previously reported.'>'® In this study, additional
individuals have been included in pedigree HNA-2, IV-20 and
IV-21. HNA was diagnosed according to the following
diagnostic criteria: dominant inheritance and single or recur-
rent episodes of painful brachial plexus neuropathy charac-
terised by muscle weakness and atrophy, followed by full or
partial recovery.” Clinical status and ages at onset of deceased
individuals were communicated by other family members.

DNA Analysis

Genomic DNA samples of the HNA patients and their family
members were obtained after informed consent. In HNA-1
and HNA-2, genotype analysis was previously performed with
four STR markers, the tetranucleotide repeat marker
D17S1301 (CHLC.GATA28D11) and the dinucleotide repeat
markers D175939 (AFM267xhl), D17S802 (AFM210x a5)
and D175784 (AFMO044xg3).">'° In this study, the four STR
markers were also screened in families HNA-5, HNA-8 and
HNA-9. Furthermore, all five HNA families were genotyped
with eight additional STRs located within the 16 cM region
defined by Stogbauer er al:'® D1751603 (AFMal35xd53),
D17S1817 (AFMa312ya5), D17S801 (AFM203xg5),
D175785 (AFM049x cl), D17S937 (AFM107ye3), D1751847
(AFMDb310yf5), D17S836 (AFM163ygl) and D17S1806
(AFMa238yb5). The order of the STR markers and their
genetic distances are according to the Généthon genetic
map'’ (Figure 1). Genomic DNA (50ng) was amplified by
PCR in a 25yl reaction volume, containing 10 pmol of each
primer and 0.1U 7Taq DNA polymerase (Gibco BRL,
Rockville, MA, USA). PCR amplification was performed in a
thermal cycler (Techne PHC-3, New Brunswick Scientific, The
Netherlands). Forward primers were labelled with fluor-
ophores (Applied Biosystems, ABI, Foster City, California,
USA). Fragment analysis was performed on 4% poly-
acrylamide gels, using an ABI automated DNA sequencer
377, provided with the ABI GENESCAN software version 2.2
and GENOTYPER version 2.0.

Linkage Analysis

Two-point lod scores were computed using the MLINK
program of the FASTLINK package.'® Multipoint linkage
studies were performed with the VITESSE algorithm." The
calculations assumed autosomal dominant inheritance, a
disease frequency of 1/10000, phenocopy frequency at 0.0%
and equal male and female recombination rates. Allele
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This linkage study comprised five families, of which one
was previously reported to be linked to chromosome
17q25."® Another family showed suggestive linkage to

Results
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frequencies of the STR markers were obtained from the
Genome Data Base (http:/gdbwww.gdb.org). Based on the
distribution of the ages at onset in all families (Table 1), seven
age-dependent penetrance classes were computed. The over-
all penetrance in the oldest age class (over 40 years of age)

was estimated at 0.95 using the ILINK programme.
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Figure2 HNA pedigrees HNA-1, HNA-2, HNA-5, HNA-8, HNA-9, and segregation analysis. Filled symbols: affected; empty:

17

healthy; dot: carrier; slash: deceased; arrow: proband. Genotypes are shown next to the vertical bars; filled bar: disease haplotype; in

parentheses: inferred haplotypes; parentheses: genotypes of which phase could not be determined. The analysed STR markers are
shown in the box to left of pedigree HNA-1. The haplotypes were constructed in accordance with published genetic marker

distances.
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Figure2 Continued

the same region.'” The pedigrees and haplotype analy-
sis of STR markers are depicted in Figure 2. To improve
the accuracy of linkage calculations, we studied the
penetrance of HNA in these families. The mean ages at
onset and their standard deviations are shown in
Table 1. Based on the age at onset curve, we defined
seven age-dependent penetrance classes. For each of
these penetrance classes, we computed the mean
penetrance using the ILINK programme (0-4 years:
0.077, 5-9years: 0.19, 10-14years: 0.39, 15-19years:
0.62, 2024 years: 0.79, 25-39 years: 0.91, and older than
40years: 0.95).

In order to refine the HNA region, we performed a
genetic linkage study using 12STR markers from
within the 16 cM linkage interval reported by Stogba-
uer et al,'® as shown in Figure 1. This region comprises
the 4cM region reported by Pellegrino et al.'* The
genotypes and the segregation of the disease haplotype
in each of these families are shown in Figure 2. The two-
point linkage results are summarised in Table 2.

Conclusive linkage with one or more polymorphic
markers was detected in families HNA-2, HNA-5 and
HNA-8. In HNA-2, a disease haplotype segregated in
all patients and in two asymptomatic individuals (IV-9
and IV-14), currently 3 and 7 years old. Two informative
recombinants were found in affected individuals III-16
and III-4. Patient III-16 has a crossing-over between
D178785 and D175939, reducing the candidate region
at the centromeric side. The crossing-over between
D17S1847 and D17S836 in patient III-4 reduces the
linkage interval at the telomeric side. Together, the two
informative recombinants refined the 16 cM region to a

9.3cM region between D17S785 and D17S836 (Fig-
ure 1, HNA-1). In family HNA-5, a disease haplotype
segregated in all patients and recombinations were
found in the affected individuals I1I-4, IV-1 and IV-7.
Patient I11-4 had a crossing-over between D17S802 and
D17S1847. Patient IV-1 had a crossing-over between
D17S801/D17S785 and D175939. Since the deceased
individual III-11 was clinically unaffected whereas her
daughter (IV-7) is affected, either the mother (I11-11)
was an obligate carrier or the daughter (IV-7) repre-
sents a phenocopy. However, since the affected daugh-
ter (IV-7) has part of the disease haplotype (1-1-3 for
D17S939-D17S937-D17S802), it is more likely that the
individual III-11 was an obligate carrier. Also, the
crossing-over between D17S785 and D17S939 in
patient IV-7 confirms the results found in patient III-16
from family HNA-2. Furthermore, patient IV-7 has a
distal crossing-over between D17S802 and D17S1847.
In family HNA-5, the son of IV-7 (V-3, currently
21years old, penetrance classS) has inherited in part
the disease haplotype but so far is clinically unaffected.
In family HNA-8, a disease haplotype was segregating
with the HNA phenotype in all affected individuals.
However, three unaffected persons (II-9 and her two
sons III-13 and III-14) carry part of the common
disease haplotype (4-4-11-4-4-6-3 for the loci
D178939-D17S937-D17S802-D17S1847-D17S836~
D17S1806-D17S784). The current age of these individ-
uals is 49, 22 and 18 years, respectively. With a disease
penetrance in the oldest age class (> 40 years) of 95%,
the individual II-9 in family HNA-8 has a probability of
less than 5% of being a mutation carrier, as calculated
using ILINK. Moreover, both children (III-13 and III-
14), who inherited part of the disease haplotype, exceed
the mean age at onset in this family without being
affected (Table 1). Therefore, this recombination event
in an unaffected at risk individual most likely reduces
the HNA linkage interval to 2.2 cM (Figure 1, region B)
between the STR  markers D178785 and
D17S939/D178937 (which are unordered on the genetic
map'’). A multipoint linkage analysis was performed in
HNA-8 with the markers D17S51301-D17S5785-
D178939-D17S802, with D17S1301 placed at 0cM. A
maximum lod score of 3.19 was obtained at D17S785
with a 95% confidence interval of 4cM, between
D17S81301 and D17S939 (data not shown).

Positive, but non-conclusive lod scores were obtained
in families HNA-1 and HNA-9, suggesting linkage to
the HNA locus on chromosome 17q25. These lod scores
were the highest that can be obtained in these families.
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Table 1 Mean age at onset with standard deviations (SD) and geographic origin of the five HNA families

Mean age at SD
Family Origin No. individuals No. affected onset (year) (vear) Reference
HNA-1 German 14 6 14.14 11.44 15
HNA-2 Turkish 44 15 16.50 9.81 16
HNA-5 Finnish 15 10 13.30 9.03 9
HNA-8 Spanish 22 7 15.00 7.59
HNA-9 Spanish 10 6 11.00 6.48 22

In family HNA-1, a disease haplotype segregated in all
patients and in one asymptomatic individual (III-5), as
previously reported.”” No informative recombinations
were found in this family. In all patients of family HNA-
9, a disease haplotype segregated and no recombination
event that would further refine the HNA region
occurred. However, two unaffected individuals (I1I-3
and III-5) carried part of the disease haplotype:
10-3-2-6-6 for the markers D17S802-D17S51847-
D17S836-D1751806-D17S784 and 2-4-4-5-4 for the
markers D17S1301-D17S1603-D17S1817-D17S801-
D17S8785, respectively.

Discussion

In this study, non-penetrance of HNA was observed in
one person (III-11 in HNA-5). Since disease penetrance
has not yet been reported for HNA, we calculated the
age—penetrance curve, based on the ages at onset in the
five HNA families studied. Seven age-dependent pene-
trance classes were used to obtain more accurate
linkage results. The use of detailed age—penetrance
classes, explains the small differences in the lod scores
obtained in this study compared with those calculated
for some STR markers in families HNA-1 and HNA-2,
in our previous study,'>'® but the significance of the
linkage results has not changed.

The linkage results in the five HNA families studied
confirm the previously reported HNA locus on chromo-
some 17q." It is of interest that linkage to this 17q25
locus was observed in families of different geographic
origin. However, no common disease haplotype was
detected between the families, suggesting that these
families are most likely not related and that the HNA
phenotype can result from different mutations in the
same gene.

Based on informative recombinations in affected
individuals in family HNA-2, we were able to refine the
16 cM linkage interval (Figure 1, Stogbauer et al'®) to a
9.3cM region between the STR markers D17S785 and
D17S836 (Figure 1, HNA-2). Two crossing-over events

in patients belonging to different families (HNA-2 and
HNA-5) define the centromeric flanking marker
D17S785. In HNA-5, the recombinations in patients
III-4, IV-1 and IV-7 define a 7.6cM region between
D17S785 and D17S1847 (Figure 1, HNA-5). Overlap
between the 9.3 ¢cM linkage interval (Figure 1, HNA-1),
the 7.6cM region (Figurel, HNA-5) and the 4cM
region previously reported by Pellegrino et al'* (Fig-
urel) defines a HNA region of 3.5cM between
D17S785 and D17S802 (Figure 1, region A). An infor-
mative recombination in an unaffected individual in
family HNA-8, further reduces the HNA linkage
interval with a high probability to a 2.2cM region
between the STR markers D17S785 and D17S939,
(Figure 1, region B). Further refinement was not
possible due to the lack of additional STR markers
between D17S785 and D17S5939.

The construction of a physical map of the region
containing the HNA locus will enable us to assign
candidate genes and expressed sequence tags, and
eventually identify additional genes by cDNA selection
and exon-trapping. We have recently excluded two
positional and functional candidate genes: a putative
sialyltransferase and the SFRS2 splicing factor.”' The
choice of relevant functional candidate genes is very
difficult, because nearly nothing is known about the
pathogenesis of HNA. Therefore every candidate gene
mapping to the HNA locus should be considered a
potential HNA gene.
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Table 2 Two-point lod scores obtained in the five HNA families with 12 chromosome 1725 STR markers

Lod scores (Z) at recombination fractions ()

Marker Family 0 0.01 0.05 0.1 0.2 0.3 0.4
D1781301 HNA-1 0.44 0.44 0.42 0.38 0.27 0.14 0.04
HNA-2 -0.32 3.21 3.56 3.42 2.78 1.91 0.90
HNA-5 —4.84 -1.32 -0.12 0.27 0.43 0.34 0.16
HNA-8 -6.91 -0.19 0.36 0.48 0.40 0.21 0.05
HNA-9 0.20 0.20 0.17 0.14 0.08 0.04 0.01
D1781603 HNA-1 -0.17 -0.15 —-0.09 —-0.05 0.00 0.01 0.00
HNA-2 0.27 0.26 0.24 0.20 0.13 0.07 0.02
HNA-5 1.70 1.67 1.54 1.37 1.02 0.64 0.27
HNA-8 0.65 0.64 0.60 0.54 0.42 0.29 0.15
HNA-9 1.01 0.99 0.90 0.79 0.55 0.30 0.09
D1781817 HNA-1 0.44 0.43 0.38 0.33 0.21 0.11 0.03
HNA-2 0.20 3.45 3.80 3.64 2.94 2.01 0.94
HNA-5 —2.72 -0.43 0.36 0.63 0.65 0.44 0.18
HNA-8 3.19 3.14 2.92 2.64 2.04 1.36 0.61
HNA-9 1.01 0.99 0.91 0.81 0.58 0.33 0.11
D178801 HNA-1 —-0.05 -0.01 0.08 0.14 0.16 0.12 0.05
HNA-2 332 3.26 3.02 2.72 2.05 1.33 0.55
HNA-5 -1.52 0.80 1.31 1.37 1.14 0.75 0.32
HNA-8 3.19 3.14 2.92 2.64 2.04 1.36 0.61
HNA-9 1.13 1.11 1.02 0.90 0.64 0.37 0.12
D178785 HNA-1 1.44 1.42 1.30 1.16 0.83 0.47 0.14
HNA-2 -2.95 0.20 0.76 0.88 0.81 0.61 0.34
HNA-5 -0.74 0.85 1.34 1.39 1.16 0.76 0.33
HNA-8 3.19 3.14 2.92 2.64 2.04 1.36 0.61
HNA-9 1.10 1.08 0.99 0.88 0.62 0.36 0.11
D178939 HNA-1 1.49 1.46 1.34 1.19 0.85 0.48 0.15
HNA-2 3.26 3.21 297 2.66 2.00 1.29 0.57
HNA-5 2.81 2.80 271 2.52 2.01 1.38 0.69
HNA-8 0.18 0.91 1.37 1.43 1.24 0.86 0.40
HNA-9 1.58 1.55 1.41 1.25 0.89 0.52 0.17
D178937 HNA-1 0.63 0.61 0.55 0.48 0.32 0.17 0.05
HNA-2 5.26 5.18 4.83 4.37 3.38 227 1.05
HNA-5 3.84 3.71 3.49 3.14 2.38 1.55 0.70
HNA-8 -0.26 0.47 0.96 1.06 0.93 0.64 0.28
HNA-9 0.17 0.17 0.15 0.12 0.07 0.03 0.01
D17S8802 HNA-1 0.63 0.62 0.59 0.54 0.40 0.24 0.09
HNA-2 5.20 5.12 4.76 4.30 3.30 221 1.02
HNA-5 3.07 3.01 2.78 2.49 1.87 1.20 0.54
HNA-8 0.29 1.19 1.66 1.70 1.44 1.00 0.47
HNA-9 0.84 0.83 0.77 0.69 0.49 0.27 0.08
D1781847 HNA-1 1.18 1.16 1.07 0.94 0.65 0.34 0.09
HNA-2 2.69 2.65 2.46 221 1.67 1.08 0.48
HNA-5 -2.73 —-0.82 -0.01 0.30 0.43 0.34 0.17
HNA-8 -0.22 0.51 1.01 1.12 1.00 0.70 0.31
HNA-9 0.31 0.30 0.26 0.21 0.12 0.06 0.01
D17S836 HNA-1 -0.16 -0.14 —-0.09 —-0.04 0.00 0.00 0.00
HNA-2 —2.93 3.03 3.41 3.29 2.68 1.84 0.86
HNA-5 223 223 217 2.02 1.60 1.09 0.54
HNA-8 -0.04 -0.04 —-0.02 -0.01 0.02 0.03 0.03
HNA-9 -0.01 -0.01 -0.01 -0.01 0.00 0.00 0.00
D1781806 HNA-1 1.49 1.46 1.34 1.19 0.85 0.48 0.15
HNA-2 —2.95 3.01 3.39 3.28 2.67 1.84 0.85
HNA-5 -2.16 -0.70 0.46 0.78 0.79 0.51 0.15
HNA-8 0.08 0.81 1.29 1.37 1.20 0.84 0.39
HNA-9 -3.51 -1.19 -0.53 -0.28 -0.09 -0.02 0.00
D17S784 HNA-1 1.49 1.46 1.34 1.19 0.85 0.48 0.15
HNA-2 -3.81 2.16 2.59 2.54 2.08 1.41 0.63
HNA-5 -3.23 -0.11 0.44 0.55 0.48 0.31 0.14
HNA-8 0.68 0.67 0.64 0.59 0.49 0.35 0.19
HNA-9 -8.08 —2.89 -1.49 -0.90 —0.37 -0.13 —-0.03
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