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Background: Pachyonychia congenita (PC) is a rare, autosomal dominant genodermatosis
characterized by palmoplantar keratoderma, nail dystrophy, cystic lesions, follicular hyperker-
atosis, mucosal leukokeratoses, hyperhidrosis, hoarseness, and, rarely, natal teeth. Five keratin
genes, KRT64, KRT6B, KRT6C, KRT16 and KRT17, have been found to be associated with PC.
Methods: Using polymerase chain reaction and Sanger sequencing techniques, the purpose
of the present study was to investigate the clinical features associated with PC and discover
disease-associated variants. The KRT6A, KRT16, KRT17, and KRT6B exonic and flanking
region sequences were amplified and directly sequenced to detect mutations.

Results: Across two independent instances of PC, we identified a previously reported
¢.1393T>C (p.Tyr465His) mutation in exon 7 of KRT6A4, and a novel ¢.1237G>C (p.
Glu413Gln) heterozygous missense mutation in exon 6 of the KRT16 gene.

Conclusion: Through phenotype-genotype analysis among PC pedigrees, confirmed diag-
noses of PC-K6a and PC-K16 were made in the two patients who presented with symptoms
of PC. A new pathogenic mutation site in PC-K16 was potentially discovered.
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Introduction

Characterized by palmoplantar keratoderma, nail dystrophy, cystic lesions, follicu-
lar hyperkeratosis, mucosal leukokeratoses, hyperhidrosis, hoarseness, and, rarely,
natal teeth, pachyonychia congenita (PC) is a rare, autosomal dominant
genodermatosis.'> PC has historically been classified into two types, namely,
Jadassohn-Lewandowski syndrome (type 1 PC) and Jackson-Lawler syndrome
(type 2 PC).*> While it is estimated that there are 5000-10000 PC patients
worldwide,® no correlative evidence supportive of any association with ethnicity
has been observed. At present, 115 distinct mutations have been identified in
different keratin genes and are reflected in the International Pachyonychia
Congenita Research Registry (IPCRR; http://registry.pachyonychia org/s3/IPCR).
Most of these variants are missense mutations or small in-frame insertion or
deletions.’ Among these, KRT6A, KRT16, KRT17, KRT6B, and KRT6C mutations
have been reported in 39%, 33%, 16%, 9%, and 3% of cases, respectively.

Case Series
Subjects

The cases of two unrelated northern Chinese PC families are presented here. In
Family A, the proband was a 13-year-old male presenting with severely thickened,
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dystrophic nails with dark coloration on all nails since
birth (Figure 1A). Oral leukokeratosis was mainly
observed on the buccal mucosa (Figure 1B). In Family
B, a 26-year-old male presented with varying degrees of
thickening and discoloration of all the nails that had been
present from two years of age (Figure 1C). This was
followed by palmar hyperhidrosis (Figure 1D) and focal
plantar keratoderma. The latter sometimes manifested as
plantar pain when walking (Figure 1E). Both probands had
been diagnosed with PC-1. Consistent with an autosomal
dominant inheritance pattern, some family members of
each PC pedigree presented with similar symptoms.

All of participants signed the informed consent. This
study was approved by the Ethics Committee at the Shanxi
Medical University. The principles of the 1964 Helsinki
declaration and its later amendments were followed.
Genomic DNA (QIAGEN, Germany) was extracted from
peripheral blood from all available family members and
100 unrelated healthy controls. The exonic and flanking
region sequences of the KRT64, KRT16, KRT17, KRT6B,

and KRT6C genes were amplified through PCR and Sanger
sequencing. The primer sequences were synthesized by
Shanghai Sangon Biotech Co., Ltd., Shanghai, China and
are summarily included in Supplementary Table 1.

In Family A, a previously reported ¢.1393T>C (p.
Tyr465His) of KRT6A',
(Supplementary Figure 1A, was identified. In Family B,

mutation in exon 7

a novel c¢.1237G>C heterozygous missense mutation,
which produces a transition from Glu at position 413 to
Gln in the expressed protein, was identified in exon 6 of
the KRT16 gene (Supplementary Figure 1B). No mutations

were detected when DNA sequencing was extended to the
parental and control samples.

Discussion

PC encompasses a group of rare inherited ectodermal
dysplasia disorders. Three of the most common clinical
features associated with PC cases are thickened toenails,

plantar keratoderma (mostly focal), and plantar pain.
11-13

There is considerable overlap between PC1 and PC

Figure | Clinical manifestations of patients. (A) Thickened and dark fingernails. (B) Oral leukokeratosis. (C) Thickened and discolored fingernails. (D, E) Palmar

hyperhidrosis and palmoplantar keratoderma.
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Figure 2 The KRT6A and KRT16 gene domains. (A) The mutation in the hotspot TYRKLLEGE protein motif region (residues 464—472 of KRT6A). Since the helical region
serves a mechanical role in forming stiff bundles of fibers, mutations located in this region lead to the lateral IF association. (B) The position of the mutation in the end of the
highly conserved 2B helical domain of KRT16. The PC-K 16 phenotype is due to substitution of the acidic glutamic acid residue to a neutral glutamine residue. This affects the

IF and destroys the integrity of the keratin.

In 2010, a new variant classification was proposed at the
International Pachyonychia Congenita Consortium (IPCC)
Symposium. This included PC-6a, PC-6b, PC-6¢, PC-16,
and PC-17 for a patient with mutations in the KRT6A,
KRT6B, KRT6C, KRT16, and KRT17 keratin genes.'* As
of October 2020, 383 and 319 patients registered in the
IPCRR had confirmed KRT6A and KRT16 mutations,
respectively. While plantar keratoderma was common
between PC-K6a and PC-K16 cases, a high number of
fingernails/toenails and oral leukokeratosis were signifi-
cantly associated with PC-K6a. Comparatively, palmar
keratoderma was common with PC-K16. The demo-
graphics and distinguishing clinical symptoms among
PC-6a and PC-16 cases are described in Supplementary
Table 2. The conclusion from our statistical analysis was
consistent with a recently published large cohort PC
study.'

The ¢.1393T>C (p.Tyr465His) KRT6A4 mutation found
in family A was first reported in a Chinese pedigree in
2008."° According to the American College of Medical
Genetics and Genomics (ACMG; http://acmg.cbgc.org),

the p.Tyr465His substitution was predicted as being prob-
ably damaging. Similarly, the variant was described as
being probably damaging with a polyphen2 score of
1.000 (sensitivity 0.00; specificity 1.00), and as deleterious
with a SIFT score of —4.651. The novel heterozygous
¢.1237G>C (p.Glu413GIn) missense mutation in exon 6
of the KRTI16 gene was reported in family B. The p.
Glu413GIn substitution was rated according to ACMG
standards as being probably damaging, probably damaging
by polyphen2 with a score of 0.999, and deleterious by
SIFT with a score of —2.766.

Keratin is the major structural protein of all epithelia as
well as a diverse group of cytoskeletal scaffolding proteins
that form intermediate filament (IF) networks. This pro-
vides structural support for keratinocytes to maintain the
integrity of the skin.'” The ¢.1393T>C (Y465H) mutation
is located in the highly conserved TYRKLLEGE protein
464-472).
exposed on the surface are an important biochemical

motif hotspot region (residues Residues
anchor for coiled-coil dimers during the first stage in
filament assembly.'® We hypothesize that the p.
Tyr465His mutation disrupts with coiled-coil dimers dur-
ing filament assembly (Figure 2A), resulting in cell fragi-
lity and cytoskeleton destruction. The ¢.1237C>C (E413Q)
mutation was located in the highly conserved 2B domain
in keratin 16 (K16; Figure 2B); a ¢.1237G>A (Glu413Lys)
mutation at the same location was registered in the IPCRR.
The 2B helical region is critically important for end-to-end
association of proteins in the elongation phase of filament
assembly.'® Amino acid substitutions are reported to affect
the 2B helical structures, which are essential to form IF.?°
A different mutation—p.E478Q, in the 2B domain of
keratin 1 (K1)—leads to cytoskeleton destruction through
the loss of hydrogen bonds between p.478E of K1 and
p.450R of keratin 10 (K10).2> We hypothesize that the p.
Glu413GIn mutation causes destruction of the hydrogen
bond and electrostatic interaction by changing the acidic
amino acid residue to a neutral form. This results in the
presence of an incorrect keratin heterodimer, causing cell
fragility and cytoskeleton destruction.”'

Mutations in KRT16 can also cause focal non-
epidermolysis plantar keratoderma (FNEPPK), which
manifests as mild to severe focal plantar keratoderma
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with absent or subtle nail changes (such as bending nails,
hyperkeratosis).”> While a combination of genotypic and
phenotypic data confirmed the diagnosis, this clinical
description overlaps with the phenotype of patients in
this study. Previous studies have shown that a case with
the ¢.374A>G (p.N125S) mutation in KRTI6 caused
a FNEPPK phenotype with subtle change in the nails,
while a different case with a c.373A>G (p.N125D) muta-
tion in KRT16 was diagnosed with PC-1 due to the severe
hypertrophic nail dystrophy.”® Different amino acid sub-
stitutions within the same locus lead to different clinical
symptoms. This further highlights the correlation between
the type of amino-acid substitution and clinical phenotype.
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