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is characterized by genetic heterogeneity, since at 
least three gene variants are reported. The genetic 
loci for two variants are defined, with linkage of HSN1 
to both chromosome 9q22  and chromosome 3q13-
22.7,8 The genetic defect linked to the 9q22 locus in 
the HSN1 patients is associated with missense muta-
tions in the serine palmitoyltransferase long chain 
base subunit1 (SPTLC1) gene.9

Serine palmitoyltransferase (SPT) is a pyridoxal 5’- 
phosphate dependent enzyme that catalyzes the con-
densation of L-serine and palmitoyl coenzyme A (CoA) 
to generate 3-ketodihydrosphingosine (KSD), the first 
committed step in de novo sphingolipid synthesis, in-
cluding ceramide and sphingomyelin.9 The enzyme is 
ubiquitously expressed in various tissues in mammals, 
and activity is primarily associated with the endo-
plasmic reticulum.10 The serine palmitoyltransferase 
enzyme consists of two subunits, SPTLC1 and SPTLC2 
(also referred to as LCB1 and LCB2, respectively), 
both of which are required for enzyme activity.11 Ce-
ramide produced by catabolism of sphingomyelin is 
known to mediate programmed cell death.12

Three mutations, C133Y, C133W, and V144D, have 
been identified in HSN1 patients.12 These are located 
within a 12–amino acid segment encoded by exons 5 
and 6 of the SPTLC1 gene.13  More recently an addi-
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Introduction: Hereditary sensory neuropathy type 1 (HSN1) is the most common hereditary disorder of pe-
ripheral sensory neurons. Materials and methods: This study was carried out on 15 patients with hereditary 
sensory neuropathy type-1 and 10 healthy individuals as a control group. Detailed family history and thorough 
clinical and neurological examination were performed to all patients. Nerve conduction velocity of ulnar and 
lateral popliteal nerves (motor and sensory) as well as audiograms was carried out for all members of the 
studied groups. The laboratory study included the determination of serum C-reactive protein (CRP) and serum 
nucleasomes as well as molecular detection of the serine palmitoytransferase (SPTLC-1) gene mutations for all 
studied groups. Results: There was predominance in male who developed more sever clinical manifestations 
than females. The disease onset was in the second and third decades of life. Patients with HSN 1 manifested 
reduced conduction velocity in both motor and sensory fibers of the lateral popliteal nerve (p< 0.01) however 
the ulnar nerve was spared (p = 0.61). Audiometry revealed bilateral partial nerve deafness in 3 cases and 
complete deafness in one case. Serum CRP and nucleosomes were significantly elevated in all patients as 
compared to the control group (p < 0.01). The genetic study revealed mutations of the SPTLC1 in all studied 
patients compared to the control group. Point mutation C133W was observed in younger patients having se-
vere clinical manifestations with prominent leg ulceration, while the point mutation C133Y was observed in 
the older patients complaining of hearing loss. The mutation V144D was found in patients with mild clinical 
presentation having minimal ulceration and no hearing abnormalities. Conclusion: The SPTLC1 gene muta-
tions play an important role in the pathogenesis and variability in clinical presentation of HSN1 disease.

INTRODUCTION

Hereditary sensory neuropathy type 1 is the common-
est hereditary disorder of peripheral sensory neurons.1 
It is an autosomal dominant progressive degeneration 
of dorsal root ganglia and motor neurons with onset 
in the second or third decades. Therefore, symptoms 
are slowly progressive and affect the lower limbs dis-
proportionately. Sensory loss may result in painless 
injuries which lead to chronic skin ulcers, predispos-
ing to soft tissue and bone infection.2 HSN1 is clinical-
ly heterogeneous. Occasionally, patients complain of 
spontaneous shooting or lancinating pain.3 Deafness 
has been reported in some families.4 Sensorineural 
hearing loss is variable and when present its onset is 
in the middle to late adulthood.5 The expression of 
the disease also varies by gender within the affected 
individuals. The symptoms begin later in women than 
in men, and the progression is usually more severe in 
men.6 In addition to the clinical heterogeneity, HSN1 
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	 nerves. The apparatus used was the “Dantec- 
	 Neuromatic 2000C. 2 - channel”. 

4.	 Audiogram (Belotone model 110 audimeter). 
	 The criteria for selection included absence 
	 of general diseases such as diabetes mellites, 
	 hypertension and endocrine diseases and no 
	 history of ototoxic drug intake, noise 
	 exposure or otologic disorders.

      5.   Laboratory study : all studied groups were 
	 subjected to : 
    	
		  Serum CRP measurement by immuno	
		  turbidimetric test.21

		  Serum nucleosomes level using the 	
		  cell-death-detection ELISA (Roche 	
		  Diagnostics, Germany).22

		  Molecular genetic testing: detection 	
		  of the SPTLC1 gene mutations by PCR 	
		  and sequencing.9

Determination of serum Nucleosome

This assay was carried out with the cell death detec-
tion kit plus -ELISA- (Roche) as follows: 20 μL of se-
rum samples (diluted 1:4 with incubation buffer) were 
placed into a streptavidin-coated microtiterplate and 
incubated with a mixture of anti-histone-biotin and 
anti-DNA-POD for 2 h at 15–25°C. Antibodies bind 
to the histones and DNA of nucleosomes and fix the 
immunocomplexes to the microtiterplates by the 
streptavidin-biotin interaction. After the incubation 
period, unbound antibodies are removed by washing 
with incubation buffer; then, the ABTS (2,2-Azino di-3-
ethylbenzthiazolin-sulfonate) solution is added for 30 
min. Incubation of the retained POD-linked complexes 
with ABTS as substrate permits the spectrophotomet-
rical quantification of the nucleosomes by measuring 
the absorbance at 405 nm. As a positive control, we 
used the complex DNA-histone provided in the kit and 
as negative control, the substrate solution only. We 
constructed a standard curve with serial dilutions of 
apoptotic material ranging from 3,500 arbitrary units 
(AU) to 200. All determinations were performed by 
duplicate, and then the values were averaged. The 
final values expressed as (AU) were calculated after 
subtracting the background readings. The interassay 
variability was 10%.

Molecular study

•         	DNA extraction: DNA was   isolated using 
	 a commercial genomic DNA purification kit 
	 (QIAamp; QIAGEN, Valencia, CA, USA). 

•       	 Mutation analysis of the SPTLC1 gene: The 
	 following primers were used  to amplify by 
	 PCR the SPTLC 1 at exons 5 and 6 from 
	 genomic DNA: 

tional mutation has been identified in exon.13,14 These 
mutations are associated with increased de novo glu-
cosyl ceramide synthesis in lymphoblast cell lines in 
affected individuals. Increased de novo ceramide syn-
thesis triggers apoptosis and is associated with mas-
sive cell death during neural tube closure raising the 
possibility that neural degeneration in HSN1 is due to 
ceramide-induced apoptotic cell death.9,15,16

Ceramides are generated by serine palmitoyltrans-
ferase (SPT), the enzyme for de novo synthesis or by 
the action of sphingomyelinase. As lipid second mes-
sengers, they mediate antiproliferative and apoptotic 
effect via activation of several signal transduction 
molecules such as protein kinase C-alpha (PKC-α) and 
c-jun N-terminal kinase (JNK).17 

Cell death is one essential factor which contributes 
to the functional lesion.18 Circulating DNA measured 
in serum may be highly non specific cell death indi-
cator and ischemic cell damage is considered to be 
a dynamic process affected with considerable inter-
individual variation.19 DNA in blood is mainly present 
as histon-bound nucleosomal complexes which are 
better conserved from further digestion by endonu-
cleases. So, nucleosomes quantified in serum could 
reflect the underlying apoptotic process.20 The objec-
tive of this study is to ascertain the degree of genetic 
heterogeneity in a group of HSN I patients and the 
association between the mutation of the SPTLC1 with 
the clinical presentation.

MATERIALS AND METHODS

This study was carried out on 25 subjects, they were 
classified into two groups: 

1.     	 Patient group: Composed of 15 patients of
	 both sexes (10 males and 5 females), their 
	 ages ranged from 14 - 46 years. All patients 
	 presented with sensory loss and/or chronic 
	 skin ulcers or painless injuries. They were 
	 selected from the outpatient clinic of 
	 Neurology Department, Tanta University 
	 Hospital. Any patient suspected or proved to 
	 have diabetes mellitus or any other causes of 
	 peripheral neuropathy was excluded from 
	 the study. 

2.     	 Control group: Composed of 10 subjects
	 with matched age and sex. 

All the studied groups were subjected to the fol-
lowing;

1.	 Detailed family history. 

2.	 Complete clinical and neurological 
	 examination. 

3.	 Motor nerve conduction velocities of ulnar 
	 and lateral popliteal nerves, sensory 
	 conduction velocity of ulnar and sural 
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of life (46.6 % and 53.4% respectively).  Cases show ul-
ceration of the lower limbs (46.6%) or both lower and 
upper limbs (53.4%) more frequently than the upper 
limbs only.   Most cases had a positive family history 
(86.6%) with only 2 sporadic unrelated cases (13.4%).

	 using 2.5% agarose gel with ethidium 
	 bromide for visualization. Gel was dried and 
	 radiographed.

•         Sequencing: The PCR products were purified 
	 with the Geneclean DNA purification Kit 
	 (BIO101). The PCR fragments were directly 
	 analyzed by ABI Prism Sequencer (Applied 
	 Biosystem Inc.) using the same primers as for 
	 amplification. Patient sequences were 
	 aligned with the control sequences to reveal 
	 the presence of mutations within the coding 
	 region of the SPTLC1 gene.

Statistical analysis

The collected data were organized, tabulated, and 
statistically analyzed. For quantitative data, mean ± 
stander deviation (SD) were calculated, differences 
between means were analyzed using Student’s t-tests. 
Pearson’s correlation was used to test associations 
between two quantitative values, and confidence in-
terval of 95% was adopted for significance in all used 
tests, where (P≤ 0.05) is considered significant. 

	 exon 5, forward primer (fp) 5’−GAAATGTTT	
	 GTTTTGAACTCTTA−3’ and 
	
	 reverse primer (rp) 5’−AAATTGAATCTTAAC	
	 TATTGAAAG−3’, resulting in product size of 
	 195 bp. 

	 exon 6, fp 5’−CTTGTGTTCTTTTATTTGT		
	 TCTT−3’ and 

	 rp  5’−GTCAGTATTATTTCAAAGGAACT−3’ 
	 resulting in a product size of 268 bp. 

•         PCR reactions were carried out in a total 
	 reaction volume of 50 ul (containing 10 mM 
	 Tris-Cl, pH 8.3, 50 mM KCl, 1.5 mM MgCl2, 
	 0.2 mM dNTPs, 100 ng genomic DNA 
	 template, 20 pmoles each primer and 1 U 
	 Taq DNA polymerase). Reactions were carried 
	 out with an initial denaturation at 94 °C for 
	 5 min, followed by 38 cycles of 94 °C for 
	 30 s, 48 °C for 45 s, 72 °C for 1 min, and 
	 a final extension of 10 min at 72 °C. DNA 
	 products were separated by electrophoresis 

RESULTS

This study was carried out on 15 patients with heredi-
tary sensory neuropathy type-1 (HSN1) and 10 healthy 
individuals as a control group.

Table I shows that there is a male predominance 
(66.7%) with onset mainly in the 2nd and 3rd decades 

Table I. Anamnestic data of the studied groups
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at amino acid 133. Those patients were of the older 
age group and had moderate clinical manifestations 
of HSN 1 with prominent hearing affection detected 
clinically and confirmed by audiometry. Lastly, pa-
tients with mild clinical manifestations 2/15 patients 
(13%) who presented with mild sensory loss , minimal 
ulceration and no hearing abnormalities had the mu-
tation (V144D)  in which A replaces T at nucleotide 
position 431, causing the substitution of aspartic acid  
for valine at amino acid 144. Those two patients were 
unrelated and had a negative family history in con-
trast with the other patients who had a positive fam-
ily history. No mutations were found in the samples of 
individuals in the control group.

Patients with HSN1 manifested a significantly reduced conduction velocity in both motor and sensory fibers of 
the lateral popliteal nerve (p< 0.01), however the ulnar nerve was spared (p = 0.61), Table II.

Table II. Sensory and motor nerve conduction velocity of the HSN 1   patients & the control group.

NS= non significant                *significant (P<0.01)

Table III shows the clinical presentation of the patients. They commonly presented with sensory loss (60%) and 
shooting pain (67%). Bilateral partial nerve deafness was present in 3 cases (20%) while complete deafness was 
manifested in one case (6%).

Table III. Neurologic and audiometric findings in HSN1 patients

As regards to the SPTLC1 mutation, all patients with 
HSN1 showed mutant SPTLC1 when compared the con-
trol group (Figure 1). By sequencing of SPTLC1gene in 
the patients with HSAN I at exon 5 and exon 6 (Fig-
ure 2, Table IV), the point mutation (C133W) was the 
most prevalent one found in 9/15 patients (60%). In 
this mutation G replaces T at nucleotide position 399, 
causing the substitution of cysteine (C) with trypto-
phan (W) at amino acid 133. These patients were of 
the younger age group with severe clinical manifesta-
tion and severe ulceration. They also had a significant 
increase in both the serum nucleosome and serum 
CRP levels. While the second point mutation observed 
was (C133 Y) found in 4/15 patients (27%). In this mu-
tation A replaces G at nucleotide position 398, caus-
ing the substitution of cysteine (C) with tyrosine (Y) 
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Figure 1. 	 Gel electrophoresis of PCR product of the SPTLC 1 gene at exon 5 and exon 6 showing altered 
		  pattern in HSN1 patient compared to the control group
                           	 Lane M         :  Molecular marker of 100 bp ladder.
                          	 Lane 1, 5, 6  :  Show the mutation of exon 5 ( product 195 bp )
	                         Lane 2, 3      :  Show the mutation of exon 6 ( product 268 bp )
                           	 Lane 4          :  Show the normal control (product 152 bp)                
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Figure 2.  The nucleotide sequence (on the right) and the electrophoretogram (on the left) of  SPTLC 1 
                gene  at exon 5 and exon 6 containing the point mutation of the coding region. Point mutation 
                occur and noted by change in the color of the nucleotide;

-The 1st row shows the normal nucleotide sequence at exon 5 
-The 2nd row shows (C133Y) mutation. The nucleotide changes from TGT to TAT at position 398. 
-The 3rd row shows (C133W) mutation. The nucleotide changes from TGT to TGG at position 399.
-The 4th row shows (V144D) mutation. The   nucleotide change from GTT to GAT at position 431
-The 5th row shows the normal nucleotide sequence at exon 6
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younger patients.3 Males were more severely affected 
than females. This was in agreement with Dawkins et 
al, who reported that the progression is usually more 
rapid in men with symptoms begining later in women 
than in men.26 This was also in agreement with reports 
by Henry et al, who stated that there is more severe 
symptoms and earlier onset in males, with significant 
motor involvement and reduced motor conduction 
velocities.27 Henry et al reported that the difference 
between males and females is fascinating and raises 
the possibility of hormonal influences or sex-linked 
genetic factors.28

Electrophysiological evidence of peripheral neuropa-
thy proved by measuring the motor and sensory con-
duction velocity of the ulnar and  lateral popliteal 
nerve  were done in this study (Table II). There was a 
significant decrease in the motor and sensory conduc-
tion velocity of the lateral popliteal nerve in (9/15) 
patients (60 %) compared to the control group. Those 
patients had trophic ulcers in the second metatarsal 
bone with shooting pain and muscle involvement. 
These finding agree with Khemissa et al, and Henry 
et al, who stated that there is a degeneration of mo-
tor neurons with secondary denervation atrophy and 
weakness of distal limb muscles.13,28 No significant dif-
ference was observed in nerve conduction velocity of 
ulnar nerve compared to that of control. 
        
In this study hearing affection was detected in older 
age patients (4/15). Three patients manifested bi-
lateral partial deafness while only one had complete 
nerve deafness. Deafness was evident clinically and 
confirmed by audiogram. This finding was in agree-
ment with Dyck et al, who found that hearing loss 

Table IV. Neurologic and audiometric findings in HSN1 patients with mutations in the SPTLC gene at exon 5 and 
exon 6

The serum nucleosome level showed a significant increase in all HSN1 patients as compared to the control 
group (120.3 versus 25.2, P<0.01). Also, the serum CRP level showed a significant increase in HSN1patients 
as compared to the control group (76 versus 2.5, P < 0.01), Table V. Also in patients with the point mutation 
(C133Y) and (V144D) the serum levels of nucleosome and CRP were significantly elevated compared to the 
control group, however the increase was not statistically significant compared to the patients with (C133W) 
who manifested the highest elevation.

Table V. The serum nucleosome and CRP levels in HSNI patients and the control group.

*Significant (P< 0.05)                   AU= arbitrary units

DISCUSSION
 
Hereditary sensory neuropathy type 1 (HSNI) is a group 
of dominantly inherited degenerative disorders of the 
peripheral nerve in which sensory features are more 
prominent than motor involvement and the autonomic 
involvement is minimal.1,23 

HSN1 form a dominantly inherited sensorimotor ax-
onal neuropathy with variable sensorineural deaf-
ness.24 The HSN1 results from the mutation of a gene 
on chromosome 9 (922.1-22.3) that is involved in the 
production of an enzyme known as serine palmitoyle-
transferase (SPT).25

This study aimed to¬ know the definite and severe 
clinical criteria of HSN1 as many patients face prob-
lems in working and quality of life. So, The clinical 
diagnosis of HSN1 was based on, a history of either 
chronic skin ulcers or painless injuries, gross sensory 
loss in all modalities,  electrophysiological evidence 
of a chronic axonal neuropathy and molecular genet-
ic study of the SPTLC1gene mutation. Severe, brief 
shooting pains were characteristic of HSN1 but were 
not a selection criterion. Sensorineural deafness was 
present in some members of some families.
 
The present study showed that the age of patients 
was in the 2nd and 3rd decade of life with male pre-
dominance. Ulcers affect the lower limbs more than 
the upper limb (7/15 - 46.6%) and in more severe cas-
es both lower and upper limbs were affected (8/15 
- 53.4%). Ulcers were found to affect younger age 
group (2nd decade) than older patients. This agrees 
with Auer et al, who reported in their study that older 
patients develop hearing loss while prominent distal 
neuropathy and ulceration were the presenting sign of 
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The present study showed that, serum nucleosomes 
and CRP were significantly elevated in HSN1 patients 
compared to the control (p < 0.01). Their levels were 
higher in patients with severe clinical presentation, 
massive ulceration and prolonged duration (early on-
set) than those with mild clinical manifestation. Sig-
nificant better time to progression and overall survival 
was noted in patients who demonstrated lower levels 
.This finding agree with Geiger et al, who reported 
that, changes in nucleosomes concentration are ex-
pected to be relevant for the later outcome and re-
flect the degree of disease severity.34 The circulating 
nucleosomes is considered a non specific cell death 
measurer and, in blood, it can not be differentiated 
whether it simply reflect local or generalized inflam-
matory response. While Henry H et al, reported that, 
the high CRP protein may suggest an inflammatory 
neuropathic component accompanied patients with 
HSN1.28 

CONCLUSION

The SPTLC-1 gene mutations play an important role 
in the pathogenesis and differential clinical presenta-
tion of the disease. C133W was the most common-
ly found mutation (in patients with severe illness). 
C133Y was found in patients with hearing loss (deaf-
ness) and V144D was the least common, mainly found 
in patients with mild clinical manifestations.
 
Thus it can be concluded that, in any case present-
ing with trophic ulcers and /or sensory loss with fam-
ily history of HSN1 and/or consanguinity, clinical and 
neurological examination should be performed to-
gether with molecular genetic study of the SPTLC1 
mutation either to prove or to rule out the diagnosis. 
Audiogram should also be carried out either to sup-
port the diagnosis or to sub-classify this disorder. it is 
also recommended to do pre-symptomatic detection 
of the SPTLC1 mutation for members with positive 
family history which may help to define an individual 
who is at high risk of developing HSN1  aiming at the 
use of prophylactic measures to prevent injuries aris-
ing from early loss of sensation .

may occasionally occur in HSN1 especially in the later 
onset or older age group.29 Also, Michaela et al, stated 
that in HSN1 patients, progressive hearing loss or even 
complete deafness may occur later in life.30

 
Molecular genetic study of the present work revealed 
that PCR analysis of the SPTLC 1 gene showed a mu-
tation at exon 5 and 6 in the all affected individu-
als compared to the control group (Figure 1). Similar 
findings were observed by Dowkins et al, who report-
ed that all affected individuals with HSN 1 show a 
definite or probable linkage to chromosome 9 at these 
two exons.12 The present study showed that, sequenc-
ing of SPTLC1 in the patients with HSAN1, revealed 
that the (C133W) was the prevalent mutation found 
in 9/15 patients (60%). Those patients had severe 
clinical manifestation with severe ulceration accom-
panied with significant increase in the serum nucleo-
some and CRP. This is in agreement with Henry et al, 
who stated that, the high CRP protein may suggest 
an inflammatory neuropathic component but could 
be part of the C133W SPTLC1 phenotype observed in 
sever cases with ulceration.28 While the second muta-
tion found was (C133 Y) in 4/15 patients (27%). Those 
patients had moderate clinical manifestation of HSN1 
with prominent hearing affection detected clinically 
and confirmed by audiometric findings. 

Lastly, patients with mild clinical manifestation 2/15 
patients (13%) who presented with mild sensory loss, 
minimal ulceration and no hearing abnormalities had 
the mutation (V144D). Those two patients were un-
related and had a negative family history in contrast 
with the other patients who had a positive family 
history. No mutations were found in the samples of 
normal individuals. These findings agree with Dawkins 
et al,  who reported that there are four missense mu-
tations in the SPTLC1 gene (C133W, C133Y, V144D, 
and G387A) responsible for the development of an in-
herited sensory neuropathy (HSN1).12 It is clear that 
sphingolipids are critical to neuronal function and 
mutations that perturb their synthesis; trafficking and 
degradation can be neurotoxic.31 Dawkins et al, re-
ported that SPTLC 1 mutations are associated with in-
creased de novo ceramid synthesis in individuals with 
HSN1.12 Ceramid functions as a bioactive lipid, modu-
lating several biochemical and cellular responses to 
stress, including apoptosis, cell-cycle arrest, and cell 
senescence during neural tube closure. SPTLC1 muta-
tions may prevent ceramide levels returning to nor-
mal after neural tube closure, resulting in gradual 
attrition of neurons over many years.32 Alternatively, 
Auer et al, suggested that, the mutant enzyme subu-
nit protein may gain a toxic function.3 That is why the 
disease onset is not the same and this may be due to 
other environmental factors that trigger the onset of 
the disease.
 
Cell death is one essential factor which contributes to 
the functional lesion.18 The circulating DNA measured 
in serum may highly be predictive for the severity of 
underlying disease progression while the CRP is an in-
dicator of inflammatory process.33 
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