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Abstract

Hereditary sensory and autonomic neuropathies (HSAN) are a
diverse group of diseases involving the peripheral nervous system.
Patients present with profound distal sensory loss and variable degrees
of autonomic disturbances. Multiple subtypes have been defined
based on clinical symptoms and genetic testing. We present a case
report of a nine month-old female with recurrent hand lesions and an
absent response to noxious stimuli who was ultimately diagnosed with
HSAN. A review of the literature and discussion of the pathogenetic
mechanisms, current treatment, and future therapies for HSAN are also
provided.

Introduction

Hereditary Sensory and Autonomic Neuropathies (HSAN)
comprise a heterogeneous group of disorders involving the peripheral
nervous system. The first description of these conditions was made
in 1852 with a report of three brothers with neurotrophic plantar
ulcers [1]. In 1975, the term, “hereditary sensory and autonomic
neuropathy,” was introduced to reflect the substantial degree of
autonomic involvement in these disorders [2]. Significant clinical
variability exists among patients with HSAN, and while some present
with pure sensory involvement, others demonstrate mixed sensory
and motor involvement, minor autonomic disturbances, or pure
autonomic neuropathies [3]. Most commonly, patients with HSAN
present with loss of pain and temperature sensation which may
lead to chronic ulcerations in the hands and feet. These wounds can
progress to severe soft tissue infection or may lead to osteomyelitis
with ultimate amputation of the affected limb.

HSANS can be broadly subdivided based on mode of inheritance
into autosomal dominant forms, with either juvenile or adult-
onset, and autosomal recessive forms with congenital or early
childhood onset [4]. More recent genetic testing has now allowed for
subdivision into five types based on age at onset, mode of inheritance,
predominant features, and genetic mutation [4]. In this case report,
we present a patient with bilateral hand lesions, cellulitis, and tongue
and lip lesions who was ultimately diagnosed with HSAN. A review
of this rare condition and overview of insights gained from molecular
and genetic studies are also discussed, with an emphasis made on
the importance of proper diagnosis, need for family counseling, and
potential future therapeutic interventions.

Case Report

A nine month-old female was brought in to the Emergency
Department for evaluation of rapidly progressive skin lesions on the
hands and a small resolving vesicular lesion on the tip of the tongue.
The patient’s mother reported first noticing a small, red bump on the
left thumb that grew and turned black over the course of one day.
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Small blisters were also noted on other fingers. Aside from these
lesions, the patient’s mother reported no other symptoms. The patient
was born full-term and had met gross motor milestones. Physical
examination revealed a 2 x 1 cm black, well-demarcated eschar on the
volar surface of the left thumb (Figure 1A). Other small 5 mm clear
bullae were appreciated on the volar surface of left long finger. Yellow
discharge and a surrounding border of blanching erythema were also
observed. Interestingly, no tenderness to palpation was appreciated
on manipulation of lesions. The remainder of the examination was
consistent with normal motor function, as the child was able to sit
and crawl on her own and hold small objects in her hand. In addition,
the patient had 1+ patellar reflexes, downgoing toes bilaterally, and
no clonus.

Initial differential diagnosis included herpetic whitlow with
associated Herpes Simplex Virus (HSV) infection, gingivostomatitis,
ecthyma, bullous impetigo, pyoderma gangrenosum, vasculitis,
spider bite, or anthrax. The patient was placed in isolation and started
on intravenous antibiotics and acyclovir empirically. A HSV/varicella
zoster virus direct fluorescent antibody test was performed on the

Figure 1. Photographs of hand lesions. (A) Eschar on volar surface of
left thumb at initial presentation. (B) Blisters on thumb, index, long, ring, and
small fingers of right hand three months after first presentation.
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thumb and tongue lesions were both negative, as were wound cultures
and anthrax PCR tests. The lesions were managed with local wound
care, and auto-delamination of the eschar with resolution of cellulitis
occurred over the following two days. The patient was discharged on
a course of oral clindamycin.

Three months later, the patient was brought back to the
Emergency Department with similar development of multiple large
blisters on the right hand (Figure 1B). On further questioning, the
patient’s mother reported the patient having a fever earlier in the day
to 38.9° C but did not appreciate any sweating. In addition, despite
multiple lesions on her right hand, the patient was noted to continue
crawling in her usual fashion. She cried during physical examination,
but crying was not specifically associated with inspection, palpation,
or application of pressure to the hand lesions. Given these findings,
along with prior negative workup, a neurology consult was obtained,
and the patient was diagnosed with HSAN. The blisters were
unroofed, and local wound care resulted in ultimate improvement
of these lesions (Figure 2). In discussion with the patient’s mother,
she reported no other family members with similar symptoms. She
was instructed to provide close supervision of the patient and daily
inspection of skin and mucocutaneous surfaces. The mother was also
instructed to bring the patient back for medical attention should any
new lesions develop.

Discussion

HSAN is an extremely rare clinical entity that is frequently
missed due to lack of uniformity in presentation and lack of simple
diagnostic measures. Pathogenesis involves progressive degeneration
of sensory and autonomic neurons, resulting in ulcerative wounds
and a variable degree of autonomic and/or motor disturbances.The
genetic spectrum of HSANs include both autosomal dominant and
recessive forms, and familial studies have identified 12 causative
genes to date [3]. Some of these gene mutations have been causally
linked. However, many remain poorly understood. Based on clinical
presentation and genetic testing, five types of HSAN have been
defined (Table 1).

HSAN-I is a slowly progressive autosomal dominant disorder
typically presenting between the second and fifth decades of life
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Figure 2: Photographs of resolving hand lesions. Local wound care
resulted in healing of (A) left thumb eschar and (B) multiple blisters on fingers
of the right hand. However, note new wounds on index finger of left hand (A).

Table 1: HSAN Subtypes and Features.

HSAN Inheritance |Genes Age at Onset |Clinical Features
Subtype
SPTLC1
SPTLC2 Pain and temperature
ATL1 sensation loss,
. DNMT1 Adolescence/ lancinating pain,
R Rt 3p24-p22  Adulthood ulcerations,
hypohidrosis
Pain, temperature,
WNK1 Infancy/Earl :r?L:]?nzzn;:t;Icf):eltosriild
HSAN-Il Recessive FAM134B L onoy/=ary . - mitd
Childhood hypotonia, hyperhidrosis
KIF1A
No pain and
temperature sensation,
impaired coordination
and deep tendon reflex,
HSAN-III 'Recessive |IKBKAP Infancy reduced taste sensation,
alacrima, hyperhidrosis
Absence of response
to painful stimuli,
anhidrosis, variable
HSAN-IV Recessive NTRK1 Infancy mental retardation, joint
deformities
Absence of response
to painful stimuli,
HSAN-V Recessive NGFB Infancy hypohldross. el
deformities

[5]. Patients with HSAN-I suffer from loss of pain and temperature
sensation beginning in the lower limbs and spreading proximally.
Symptoms may be associated with lancinating pain and ulcerations
which ultimately lead to a need for limb amputation [6]. When
present, autonomic disturbances manifest as hypohydrosis. Multiple
genes have been associated with the HSAN-I phenotype including
missense mutations in serine palmitoyltransferase (SPTLCI,
SPTLC2), atlastin-1 (ATLI), and DNA methyltransferase 1 (DNMT1).
Serine palmitoyltransferase catalyzes the formation of sphingolipids
which are important structures in the plasma membrane enabling
efficient signal transduction [7,8]. Abnormal enzyme function has
also been shown to result in accumulation of aberrant sphingolipid
metabolites such as 1-deoxysphinganine which is toxic to primary
sensory neurons [9]. In one patient, HSAN-I was also found to be
associated with a missense mutation in ATLI, an atlastin GTPase
family member [10]. Depletion of ATLI in rat cortical neurons has
been reported to inhibit axonal elongation, and in other patients
with neurodegenerative diseases, ATLI mutations have been linked
to degeneration of the upper motor neurons, causing weakness and
lower limb spasticity, along with peripheral neuropathy [11,12].
Finally, heterozygous missense mutations in DNMTI have been
reported in four patients with HSAN-I, dementia, and hearing loss
[13]. DNMT1 catalyzes direct methyl group transfer from S-adenosyl
methionine to DNA, and in those with impaired DNMT]I function,
global hypomethylation has been observed [3]. How this results in
progressive sensory loss has yet to be determined, but nonetheless
highlights a potential role for epigenetic modifications in the
development of neurodegenerative conditions [14].
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HSAN-II presents primarily as a sensory neuropathy and exhibits
an autosomal recessive form of inheritance. Progressive loss of
pain, temperature, and touch sensation is noted in infancy or early
childhood and involves both the hands and the feet [3]. In addition,
mild hypotonia, distal weakness, hyperhidrosis, urinary incontinence,
and a slow pupillary response can be seen [15,16]. Mutations in
HSN2, a nervous-tissue-specific exon of WNKI have been identified
in some patients with HSAN-II, and these mutations have been
found to result in transcript truncation of WNKI and complete loss
of function [17]. It has been hypothesized that decreased WNKI
protein may increase cell-surface expression of TrpV4, a selective
cation channel involved in thermal and mechanical nociception [18].
Such excessive membrane excitability may then induce excitotoxic
effects, leading to reduced numbers of primary sensory neurons
[18]. In another family with HSAN-II, mutation in FAMI34B has
also been described [16]. FAM134B is a component of the cis-Golgi
matrix and is primarily expressed in sensory and autonomic ganglia
[3]. Inhibition of FAM134B has been shown to result in apoptosis
of small and intermediate-sized neurons responsible for pain and
temperature sensation in mouse dorsal root ganglia [16]. And in one
last family with HSAN-II, a mutation in KIFIA has been reported
[19]. KIFI1A may have a role in the anterograde axonal transport of
synaptic vesicles and has been found to interact with WNKI, but the
functional effect of this interaction remains undefined [19].

HSAN-III is also known as familial dysautonomia or Riley-Day
syndrome. This subtype shows autosomal recessive inheritance and
occurs almost solely in Eastern European Jews. Manifesting at birth,
widespread autonomic disturbances are noted along with sensory
neuropathy [3]. In addition to decreased pain and temperature
perception, patients also suffer from impaired coordination from
cerebellar atrophy, decreased taste, alacrima, and hyperhidrosis [20].
Of all HSAN subtypes, patients with HSAN-III have the shortest life
expectancy [3]. Only mutations in elongator complex protein 1, also
known as IkB kinase complex-associated protein (IKBKAP), have
been associated with HSAN-III [21]. This protein is required for RNA
polymerase II complex assembly, and gene knockdown has been
reported to inhibit peripheral neurogenesis, neuronal differentiation
and development, and cerebral oligodendrocyte myelination [22].
Homozygous IKBKAP knockout mice die in utero with abnormalities
noted in both vascular and neural development [23].

HSAN-IV demonstrates an autosomal recessive inheritance
pattern and is also referred to as congenital insensitivity to pain with
anhidrosis (CIPA). Patients with HSAN-IV present with abnormal or
absent responses to typically painful stimuli, anhidrosis particularly
notable during fevers, variable degrees of mental retardation, and
ultimately have a reduced life expectancy [3]. While only NTRKI
has been linked to HSAN-IV, over 40 different missense, nonsense,
frameshift, and splice-site mutations have been identified [24,25].
NTRKI encodes the high-affinity nerve growth factor receptor Trk-A
which is involved in neurotrophin signaling [24]. Neurite outgrowth
and survival of sympathetic ganglia and nociceptive sensory neurons
have all been shown to be dependent on Trk-A signaling [24].

Lastly, patients with HSAN-V closely resemble those with
HSAN-IV. Also demonstrating autosomal recessive inheritance,
HSAN-V presents with absent responses to painful stimuli, and
patients may have abnormal joints. However, unlike HSAN-IV,
HSAN-V is associated with hypohydrosis, not anhidrosis, and no
mental retardation [3]. Mutations in NGFB, which encodes B-NGF,

have been associated with HSAN-V [26]. Interestingly, p-NGF serves
as a ligand for Trk-A, thereby explaining many of the similarities
in presentation to HSAN-IV [27]. However, B-NGF has also been
shown to signal through alternative receptors such as p75™'™%, and
altered activity through these other pathways may result in some of
the more subtle differences observed between the two types [27,28].

In this patient, onset of sensory and autonomic neuropathies
occurred in early infancy, and there were no other family members
with similar symptoms. The patient likely inherited an autosomal
recessive form of HSAN. Physical examination revealed normal motor
tone and deep tendon reflexes. While the patient may be classified
into HSAN-IV or HSAN-V, observations of anhidrosis during fevers
and absent tears with crying are more congruent with a HSAN-IV
presentation. Formal genetic studies remain to be performed, and
both NTRK1 and NGFB mutations will need to be tested to definitively
classify our patient, but the family has yet to consent to such testing.
Such identification will be important not only to enable accurate
diagnosis, but also to provide prenatal counseling for the mother and
to guide genetic testing for subsequent pregnancies [29]. Currently,
treatment of HSAN remains mainly supportive. Patients frequently
suffer from recurrent ulcerations which may lead to osteomyelitis and
eventual spontaneous or surgical amputations [3]. In the future, with
increasing knowledge regarding disease pathogenesis, gene-specific
therapies may be developed to target known protein deficiencies.
Furthermore, with the advent of human-induced pluripotent stem
cells, new models are being actively developed to assist in disease
modeling and drug screening for the treatment of HSANs [30].
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