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Mutations in the TRKA/NGF
receptor gene in patients
with congenital insensitivity
to pain with anhidrosis

Yasuhiro Indo!, Motoko Tsuruta!,

Yumi Hayashida', Mohammad Azharul Karim',
Kohji Ohta', Tomoyasu Kawano!,

Hiroshi Mitsubuchi!, Hidefumi Tonoki?,
Yutaka Awaya® & Ichiro Matsuda'

ity to pain with i

(CIPA MiM 256800) is an autosomal-recessive
disorder by recurrent epi des of
i fever, of sweat-

ing) and absence of reaction to noxious stimuli,
self-mutilating behaviour and mental retarda-
tion'=3. The genetic basis for CIPA is unknown.
Nerve growth factor (NGF) induces neurite out-

We examined three candidate genes initially: NGF,
P75 neurotrophin receptor (see below), and TRKA. To
facilitate detection of putative TRKA mutations, we
selected three unrelated CIPA patients who had con-
sanguineous parents, and in which homozygous
abnormalities could be expected (see Methods). Given
the lack of information on the whole human TRKA
gene, we determined part of the gene structure (Fig.
1). Preliminary data shows that TRKA is expressed in
EB-virus transformed lymphoblastoid cells. Thus,
RNA from these ccll lines from CIPA-affected individ-
uals could be used to assess this locus as a candidate
for CIPA.

A single base C at nucleotide 1726 was deleted in
exon C of the first patient (KI-01) (Fig, 2a). This dele-
tion occurs in a region encoding the tyrosine kinase
domain, causing a frameshift and premature termina-
tion codons downstream. The proband and her par-
ents were homozygous and heterozygous for the
1726-C deletion, respectively (Fig. 2b; data not
shown). RT-PCR analysis revealed a shorter-than-
expected band in KI-01, which upon sequencing
showed a deletion of 451 nucleotides, from 1421 to

growth and survival of e nic sen-

sory and sympathetic neurons®. Mice Iaddng the
gene for TrkA, a receptor tyrosine kinase for
NGFS8, share dramatic phenotypic features of
CIPA, including loss of responses to painful stim-
uli, aithough arhidrosis is not apparent in these
animals’. We therefore considered the human
TRKA as a i

for the CIPA ||

1871 exons A, B and C (data not
shown). We amplified and sequenced all three exons
and flanking exon-intron junctions from genomic
DNA, but found no abnormalities in these boundaries.
The transcript lacking exons A-C was also observed in
the two patients described below. Thus, it could be a
product of alternative splicing which occurs rarely in

gene. The mRNA and genomic DNA encoding
TRKA were analysed in three unrelated CIPA
patients who had consanguineous parents. We
detected a deletion-, splice- and missense-muta-
tion in the tyrosine kinase domain in these three
patients. Our findings strongly suggest that
defects in TRKA cause CIPA and that the
NGF-TRKA system has a crucial role in the devel-
opment and function of the nociceptive reception
as well as establishment of thermoregulation via
sweating in humans. These results also implicate
genes encodmg other TRK and neurotrophin fami-
for

d cells. This al ive transcript in the
p:men( was detected in part because of its shorter size
and because of the instability of the normal-size tran-
script containing the single base deletion. Thus, the
1726-C deletion is apparently the cause of CIPA in this
family.

In an Ecuadorian family, two small fragments were
amplified from a proband (GM 08382) and his affected
brother (GM 08383) by RT-PCR, although a single
product was amplified from a control (Fig. 2d ). The
parents yielded three fragments, including two small
ones observed for the proband and a normal sized
band. Two small <DNA fragments from this patient
bel and Deletions were found
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delecl(s) of lhe nervous system.

CIPA is also known as congenital sensory neuropa-
thy with anhidrosis or hereditary sensory and auto-
nomic neuropathy type IV'~2. The defects of pain and
temperature sensations in CIPA are probably due to an
almost complete absence of the first-order afferent sys-
tem generally considered responsible for pain and
temperature scnsauon' %, A genetically determined

Medicine, NISWZ
Sapporo 060, Japan
*Department of
Pediatrics, Seibo
International
Catholic Hospital /
HSAN-1V
Association
(Tomorrow), Tokyo
161, Japan

Correspondence
should be addressed
to Y1

defect in di and of neural crest
elements early in embryogenesis has been postulated
10 be the cause of this disease®?, following the pioneer-

were
10 correspond to an cxon (1872-2112) (D in Fig. 1) and
part of the same exon (1966-2112) on the other allele,

{Gono |

UH —{AHsHc] (o }—{c] G

ey

ing work of Levi-) lcinit. Electron

studies reveal complete absence of small myclmaled
and unmyelinated fibers'’. Sweat glands on skin biop-
sy in CIPA appeared to be normal, but an ultrastruc-
tural studies of skin biopsies reveal noninnervation of
eccrine sweat glands'!. In TrkA-deficient mice, virtually
all dorsal root ganglia (DRG) neurons associated with
nociceptive functions are lost”. They also have exten-
sive neuronal cell loss in sympathetic ganglia and a
decrease in cholinergic neurons of the basal forebrain.

nature genelics volume 13 august 1996

o s a mm up
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Fig. ! buman gens and cONA ancodig inraceluiar domain of

TRKA. The open boxes (A-F) represent 6 exons encoding the
intracellular oomam The shaded box shaws the 3'-1 mnoodmg
region. The dotted line is an Inlem;p\od intron. Numbers above
he GDNA boxes indicate the 3-end of each exon, according o
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