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Congenital insensitivity to pain (CIP) is a group of rare genetic disorders with a com-
mon characteristic of absent sensation to nociceptive pain. Here we present a series
of six patients; three had a novel variant in the PRDM12 gene (group A), and three
had a missense variant in the SCN9A gene (group B). We compared the ocular mani-
festations between the two groups. Records of these patients from 2009 through
2018 were reviewed. The retrieved data included demographics, genetic analysis
results, ocular history and ophthalmic findings including visual acuity, corneal sensi-
tivity, tear production, ocular surface findings, cycloplegic refraction, and fundoscopy.
We found that patients with PRDM12 variant had more severe manifestations of

ocular surface disease, with more prevalent corneal opacities and worse visual acuity,

Israel. compared to patients with SCN9A variant.
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1 | INTRODUCTION

Congenital insensitivity to pain (CIP) is a rare condition that belongs
to the group of hereditary sensory and autonomic neuropathies,
where affected individuals do not experience any pain throughout
their lifetime. CIP patients are prone to self-inflicted injuries, as well
as bone fractures and burns that may cause permanent and devastat-
ing disabilities. Intellectual ability and sweat function are preserved
(Schon et al., 2020).

Variants in several genes have been found to be associated with
CIP. The voltage-gated sodium channel type IX a subunit (SCN9A) var-
iants have been reported to cause insensitivity to pain and anosmia,
while other sensory modalities remain intact (Cox et al., 2010).

Another gene is the epigenetic regulator PR domain zinc finger

CIP, congenital insensitivity to pain, dry eye syndrome, neurotrophic keratopathy, PRDM12,

protein 12 (PRDM12), which is essential for human pain perception
and its variants interrupt the development of the A8 and C nocicep-
tive sensory neurons (Chen et al., 2015).

The ocular manifestations of CIP may include neurotrophic kera-
topathy, superficial punctate keratitis (SPK), corneal ulcers and opaci-
ties, and dry eye syndrome (Mimura et al., 2008). Patients with
PRDM12 variants present with reduced lacrimation, corneal abrasions,
and reduced or absent corneal blink reflex, causing keratitis and cor-
neal scarring (Chen et al., 2015; Zhang et al., 2016). The data in the
current literature regarding ocular manifestations in patients with
SCN9A are inconclusive.

In this study, we present a novel variant in the PRDM12 gene
causing CIP. We also describe ocular findings and compare the natural
history of the disease in patients with a PRDM12 and SCN9A variants.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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2 | MATERIALS AND METHODS

This retrospective case series included all patients with a confirmed
genetic diagnosis of CIP who visited the outpatient clinic at the Sor-
oka University Medical Center (SUMC) from 2009 through 2018. The
study was approved by the SUMC Institutional Review Board and
Ethics Committee and fully adhered to the tenets of the Declaration
of Helsinki.

The genetic analysis of the patients with the PRDM12 variant
(group A) was done by Sanger sequencing of the polymerase chain
reaction product obtained using primers F: 5'tgccttacctggtccttgat 3’
and R: 5 tggtccctacacaacagtge 3', annealing temperature 59°C.
Patients carrying the SCN9A variant (group B) underwent genetic anal-
ysis as described by Cox et al. (2010).

Both groups were followed by an ophthalmologist and a pediatri-
cian at the outpatient clinic. Information regarding demographics,
medical, and surgical history, and previous hospitalizations due to ocu-
lar complications were obtained from electronic medical records. The
collected ophthalmic data included Snellen chart visual acuity
(VA) measurements at the last follow-up visit (if not possible, counting
fingers method was used), cycloplegic refraction, corneal sensitivity
assessments by cotton thread test, presence of corneal ulcers and
opacities, as well as superficial punctate keratitis (SPK) which was
graded according to the method described by Miyata et al. (2003).
The active corneal ulcer was defined as a corneal infiltrate with epi-
thelial defect. Tear production was measured using Schirmer test after
instillation of 0.4% oxybuprocaine hydrochloride for local anesthesia
and insertion of Schirmer strip (TearFlo®) into the lower fornix. The
length of wetting in millimeters was recorded after 5 min. We also col-
lected tear breakup time (TBUT), posterior segment findings, and data
from available ancillary exams (e.g., anterior segment photos).

3 | RESULTS

Patients' demographic data and clinical findings are summarized in
Table 1. Six patients diagnosed genetically with CIP were divided into
two groups of three patients each. Patients in group A were homozy-
gous for the PRDM12 variant: Chr9:133543585(GRCh37/hg19);
c455C>A(NM_021619.3); p.Ala152Asp, which has not been described
previously. The chromatogram of the sequencing reactions for the
affected and control individuals is presented in Figure 1. Group B
patients were homozygous for the SCN9A variant: R896Q (Cox
et al., 2010). The American College of Medical Genetics and Genomics
(ACMG,) classification for the aforementioned PRDM12 and SCN9A
variants were of uncertain significance (Miller et al., 2021). The ACMG
evidence for the PRDM12 variant was PM2 (absent from controls in
Exome Sequencing Project, 1000 Genomes Project, or Exome Aggre-
gation Consortium) and for the SCN9A variant was PM1 (located in a
mutational hot spot and/or critical and well-established functional
domain), PM2 (see above), PP3 (multiple lines of computational evi-

dence such as conservation, evolutionary, and splicing impact support

a deleterious effect on the gene or gene product) and BP1 (missense
variant in a gene for which primarily truncating variants are known to
cause disease). The variant in SCN9A was demonstrated to abrogate
normal subcellular localization and function of the encoded Na(v)1.7
(Cox et al., 2010). The variant in PRDM12 was identified in patient
CIP3 by exome sequencing which did not suggest any other causative
variation. It causes the replacement of a highly evolutionarily con-
served amino acid (down to fish, Figure 3) and it is localized to the
functional PR/SET domain. Three other variants in this domain were
reported to cause CIP (Chen et al., 2015). Moreover, it was not pre-
sent in the Genome Aggregation Database (gnomAD), neither in our
collection of 780 individual Bedouin exomes.

Group A included two first-degree siblings (a girl, age 11 years
and a boy, age 3 years; patients CIP1 and CIP2), who were offspring
from a consanguineous marriage, and a third unrelated patient (patient
CIP3; 6 years old). Group B included three sisters with the same
father, but two different mothers (CIP4 and 5 from one mother and
CIP6 from a different mother). The patients in group B were described
in a previous study (Cox et al., 2010).

Ocular manifestations were the first symptoms of CIP in 4 of the
6 patients: all patients in group A (CIP1, CIP2, and CIP3) and one
patient in group B (CIPé). CIP1 presented with red eye and corneal
ulcer at the age of 2 years 11 months. CIP2 presented with red eye
and ocular secretions at 8 months of age. CIP3 presented with corneal
erosions at 1.5 years, and CIP6 presented with red eye and corneal
opacities at the age of 1 year. All patients in group A, versus two in
group B (CIP4 and 6) developed corneal ulcers. In all of them the
ulcers were diagnosed in the first 3 years of life, did not resolve with
topical treatment and required lateral tarsorrhaphy. In group A, all
patients were hospitalized because of corneal ulcers for various
periods at some point in life (on average for 23 days), whereas
patients in group B did not need hospitalization and were managed as
outpatients. After obtaining cultures from the ulcer, all patients were
treated aggressively with topical or subconjunctival fortified antibi-
otics and with lateral tarsorrhaphy (LT). CIP5 presented at 6 years of
age with dry eye complaints and was followed because of dry-eye
syndrome. In group A, CIP2 had a severe course of ocular surface dis-
ease. He required LT and amniotic membrane transplantation several
times to treat nonhealing corneal ulcers in both eyes. He also under-
went tectonic corneal graft transplantations due to corneal melting
and descemetocele in his left eye.

VA and corneal blink reflex results are detailed in Table 1. Corneal
opacities were observed in five of six eyes in group A, as compared to
two of six eyes in group B (Figure 2).

Most patients in both groups had signs of dry eye. In group A,
two siblings, CIP1 and 2, manifested dense and diffuse SPK
(A3D3). They required permanent punctal occlusion to treat the
ocular surface disease. In group B, the SPK grades were less
severe, ranging from AODO to A2D3, although Schirmer test mea-
surements yielded decreased tear production, as compared with
group A. All patients were managed with frequent instillation of

lubricating eye drops.
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FIGURE 1 Chromatogram presenting the PRDM12 sequence of
the affected individual CIP3 in comparison to his heterozygous parent
and an unrelated normal control subject. HET, heterozygous; MUT,
mutation; WT, normal control

MUT

WT

FIGURE 2 Right eye of patient CIP4 showing central corneal
opacity. Note the notch in upper and lower eyelids where
tarsorrhaphy was performed

4 | DISCUSSION

This case series presents six CIP patients with two genetic variants
which correspond to two clinical groups: (A) A developmental disorder
where nociceptors fail to develop or undergo early apoptosis due to a
lack of trophic signals and (B) Nociceptors have developed and are in
their correct anatomical position but are unable to respond to tissue-
damage signals (Drissi et al., 2020). Peripheral sensory nerve biopsies
from CIP patients with variants in PRDM12 (first group) show a dimi-
nution of A8 but not C fibers (Chen et al., 2015). PRDM12 functions
as a transcriptional regulator, which is important in the differentiation

from a neural crest cell to a precursor sensory neuron (Drissi

et al., 2020). Here, we present a novel variant in the PRDM12 gene,
Chr9:133543585(GRCh37/hg19);c455C>A(NM_021619.3);p.-
Alal152Asp. Ala at position 152 is highly evolutionarily conserved
(Figure 3). It is located in the PR domain in the hydrophobic pocket,
which binds the substrate for methylation. The replacement of Ala by
the highly charged Asp is predicted to disrupt the hydrophobicity of
this pocket and thus, interfere with the binding of this substrate.

In the second group of patients, the ocular manifestations are
caused by a variation in SCN9A. This gene encodes the protein
voltage-gated sodium channel Nav1.7 acting at the cell membrane of
all classes of nociceptors, where it is strongly expressed. It forms a
channel that allows only sodium ions to flow through a central pore
from the exterior to the cell's interior, with the pore open or closed,
depending on the voltage potential across the cell membrane. This
makes SCN9A a critical and nonredundant element in sensing pain,
although it is unclear how this is achieved. The missense variant in our
patients has been described previously (Cox et al., 2010) and it was
demonstrated to abrogate the channel's subcellular localization and
function.

CIP is a rare disorder and little is known about its ocular manifes-
tations. The findings in this series demonstrated that patients with
both genetic variants presented with ocular complications of varying
severity that were primarily restricted to the ocular surface. They
tended to have dry eye signs, as well as corneal ulcers and opacities,
which compromised the development of normal vision. These mani-
festations are likely related to the lack of corneal sensitivity, as was
previously suggested (Chen et al., 2015; Elsana et al., 2021; Mimura
et al., 2008; Zhang et al., 2016).

In this study, we compared for the first time the ocular manifesta-
tions between the CIP patients with PRDM12 and SCN9A variants.
We found that patients with PRDM12 variant (group A) tended to
have a poorer ocular surface disease and VA than did patients with
SCN9A variant (group B). Absent corneal blink reflex, presence of cor-
neal opacities and higher SPK grades were more prevalent among
patients in group A. Interestingly, tear production was decreased
among all patients in group B. However, it should be noted that both
Schirmer test and TBUT may be of limited value for assessment of dry
eye signs in children. According to a recent study by Ong Tone et al.
(2019), the only reliable method is corneal fluorescein staining.

Refractory, nonhealing corneal ulcers that required surgery were
more frequent and tended to be more severe and difficult to treat in
group A than in group B. This was demonstrated by an average of
23 days of hospitalization to manage corneal morbidity in group A. In
contrast, none of the patients in group B were hospitalized. Similar
results regarding corneal blink reflex and corneal opacities were
reported in other patients with PRDM12 variants. In one study of
affected individuals from 11 families, corneal insensitivity as evi-
denced by absent blink response led to progressive corneal scarring in
many cases. Affected individuals also tended to have reduced tear
function (Chen et al., 2015). In another study of five PRMD12-CIP
patients, 23-57 years of age, all with decreased tear production and
absent corneal blink reflex, two had severely impaired vision in one
eye (Zhang et al., 2016).
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Human IVRREHVDI CKNNNLMWEVFNEDGTVRYFIDASQEDHRSWMTY IKCARNEQEQNLEVVQIGTSI
88 o3 VAT WA E HYVD I CKNNNLMWEVFNED GTVRYF IDASQEDHRSWMT Y IKCARNEQEQNLEVVQIGTSI
Mouse IWEREHVD I CKNNNLMWEVFNEDGTVRYFIDASQEDHRSWMT Y IKCARNEQEQNLEVVQIGTSI
Rat IWRREHVDICKNNNLMWEVENEDGTVRYFIDASQEDHRSWMTY IKCARNEQEQNLEVVQIGTSI
Dog YN REHVDICKNNNLMWEVENEDGTVRYFIDASQEDHRSWMTY IKCARNEQEQNLEVVQIGTSI
Cattle IWRREHVD I CKNNNLMWEVFNEDGTVRYFIDASQEDHRSWMTY IKCARNEQEQNLEVVQIGTSI
Chicken IVYARE HYVDIMCKNNN LMWEVFNEDGTVRYFIDASQEDHRSWMTY IKCARNEQEQNLEVVQI GRS I
Frog WL HYVDIMCKNNNLMWE VENEDGTVRYFIDASQEDHRSWMT Y IKCARNEQEQNLEVVQ I GRYSpH

A3 33 X1 R WA T H VD) AYK N NN LMWE VFNED GTVRYF IDASQEDHRSWMT Y IKCARNEQEQNLEVVQIGYSI

FIGURE 3 Multiple protein sequence alignment generated with the program Clustal W. Sequence comparison showed that the PRDM12
missense variant (arrow) observed in patients with CIP affects an amino acid that is identical in PRDM12 and its orthologs

Ocular findings vary among patients with SCN9A variants.
McDermott et al. (2019) reported that the corneal blink reflex was
intact in three patients (31, 34, and 44 years old). In our study, the
blink reflex was preserved in two patients and absent in the third one,
and all three had decreased lacrimal production. Additional reported
patient also did not exhibit corneal blink reflex and developed bilateral
sterile corneal ulcers that were attributed to neurotrophic keratopathy
(Kim et al., 2015).

All but one patient in this case series developed corneal ulcers, all
before the age of 3 years, and in most of them as a first manifestation
of the disease. To the best of our knowledge, no studies have
addressed the ways to prevent ocular complications in the CIP
patients. Based on our experience, we suggest the following measures
for management of this condition. Early diagnosis is of paramount
importance for prevention of corneal ulcers and the resultant scarring.
Children with family history of CIP should undergo a prompt genetic
analysis to check for the presence of the familial genetic variant. For
patients without a family history, who develop recurrent corneal
ulcers in young age, genetic testing for CIP should also be ordered,
especially in the presence of other signs that raise the suspicion of
CIP, such as inadvertent trauma without manifesting pain, tongue bit-
ing, and absence of pain during blood sampling. Once the diagnosis of
CIP is established or suspected, a comprehensive ophthalmologic
examination, especially of the ocular surface for dry eye signs, corneal
irregularities, and opacities, as well as evaluation of corneal sensitivity
should be done shortly after birth. It is imperative to educate parents
about the ocular manifestations of the disease and the importance of
seeking urgent ophthalmic care if alarming signs such as red eye, cor-
neal whitening, or secretions appear. Regular ophthalmologic follow-
up is advised, especially for patients lacking corneal sensitivity. Once
ocular surface disease is detected, aggressive treatment should be ini-
tiated to prevent the development of corneal opacities and vision loss.
For patients with dry eye signs, we recommend abundant ocular lubri-
cation with preservative-free eyedrops and punctal occlusion. If cor-
neal ulcer develops, a broad spectrum topical antibiotic should be
added. Early lateral tarsorrhaphy should be considered for the treat-

ment of extending or nonhealing corneal ulcers.

This case series studying CIP patients has some limitations,
including small number of patients due to rarity of the condition, lack
of control subjects, and its retrospective nature. Additional studies are
needed to determine the natural history and the genotype-phenotype
correlation in these disorders.

In conclusion, we present a series of patients with CIP, which in
three of them is associated with a novel variant in PRDM12.
Patients with this genetic variant tend to have more severe ocular
involvement than those with SCN9A variant. Nonetheless, affected
individuals in either group may develop corneal ulcers at an early
age. Outcomes tend to be better among patients with the SCN9A
variant, probably because of some degree of preserved corneal sen-
sitivity compared to patients with PRDM12 variant. Ocular manifes-
tations in both groups may include varying degrees of neurotrophic
keratopathy due to varying degrees of corneal hypoesthesia or
anesthesia. Additional studies are needed to quantify the degree of
corneal insensitivity and its correlation with severity of ocular

involvement.
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