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Abstract

Objectives: In this study, we analyzed the whole exomes of CTSC gene in a family

with history of PLS.

Materials and methods: Genomic DNA was extracted from peripheral blood and

genotype analysis was performed. The mutated protein sequence was used to find

the best possible tertiary structure for homology modeling. The homology modeling

of the novel mutation was then performed using the online Swiss-Prot server. The

results were also analyzed for to verify its validity.

Results: The analysis of CTSC gene elucidated a novel insertion GAC. The novel

mutation was proved by analyzing 50 healthy control volunteers. Modeling of the

novel found mutation in CTSC gene revealed structural defects that may have caused

the functional abnormalities.

Conclusions: The structural analysis of the mutated protein model identifies changes

in the stereo-chemical and the energy level of the mutated protein. Since this protein

play a role in the activation of granule serine proteases from cytotoxic T lympho-

cytes, natural killer cells, mast cells, such structural defects may lead to its malfunc-

tion causing dysfunctioning of immune defense mechanisms.
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1 | INTRODUCTION

Papillon–Lefevre syndrome (PLS; OMIM245000) is a rare inherited

autosomal recessive disorder firstly reported by French physicians

Papillon and Lefevre in 1924. According to the latest reports, the

prevalence of this syndrome is 1–4 in a million people with equal

distribution in males and females (Cury et al., 2002; R J Gorlin,

Sedano, & Anderson, 1964; Basapogu Sreeramulu, Shyam, Ajay, &

Suman, 2015). Although, a variety of studies has recently reported

different affected Iranian families with PLS, there is not any

accurate incidence of PLS in Iranian families (Arnold, Bordoli,

Kopp, & Schwede, 2006; Farjadian, Kiyanimanesh, Abbaszadegan, &

Lotfazar, 2007; Farjadian, Lotfazar, & Ghaderi, 2008; Moghaddasian

et al., 2014). The clinical symptoms of the syndrome is normally rev-

ealed in the first 4 years of patient life (It may be already present in

the first 3 months of life however generally the palmoplantar hyper-

keratosis and the severe periodontitis present simultaneously

between 1 and 4 ages) (Farkas et al., 2013; Papillon, 1924; B

Sreeramulu, Haragopal, Shalini, Sudha, & Kiran, 2012). This disorder

is characterized by a symmetrical palmar-plantar hyperkeratosis—
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dry scaly patches on the palms and the soles's skin—and severe

inflammation and degeneration of the structures surrounding and

supporting the teeth (periodontium) (Robert J Gorlin, 2000). Usually,

complete deciduous tooth loss occurs before the 6 years of birth

and then, the periodontitis disappears until all permanent teeth are

fully grown out. All permanent teeth are normally lost when the

patients turn 15 years old (Robert J Gorlin, Cohen Jr, &

Hennekam, 2001; Wu et al., 2016).

Other symptoms of PLS are hyperhidrosis, intracranial calcifica-

tion, arachnodactyly, increased susceptibility to infections, hearing

loss, mental retardation, oculocutaneous albinism, bent nail syndrome,

corneal cell hyperkeratosis, acanthosis nigricans, thicker cutaneous

granular layer, etc (Almuneef, Al Khenaizan, Al Ajaji, & Al-Anazi, 2003;

Borroni et al., 1985; Farkas et al., 2013; Haneke, 1979; Khandpur &

Reddy, 2001; O�guzkurt, Tanyel, Büyükpamukçu, & Hiçsönmez, 1996;

Basapogu Sreeramulu et al., 2015; Tosti, Manuzzi, Bardazzi, &

Costa, 1988; Wani, Devkar, Patole, & Shouche, 2006; Wu

et al., 2016). Furthermore, this disorder may also be accompanied with

other symptoms such as the skin, liver, kidneys and brain abscesses

(Gorlin et al., 1964; Kanthimathinathan et al., 2013; Mercy, Singh,

Ghorpade, Das, & Upadhyay, 2013; Morgan, Hannon, &

Lakhoo, 2011).

Susceptibility to bacterial infections (often in respiratory tract) is

approximately increased in 20–25% of patients with recurrent pyo-

genic infections as a result of decreased neutrophil, lymphocyte or

monocyte functions in PLS patients(6,12). The quality of patient's life

can be improved by medications for hyperkeratosis and periodontal

care. However, periodontal management of PLS is still a big challenge

for treatment (Lundgren, Crossner, Twetman, & Ullbro, 1996;

Lundgren & Renvert, 2004; Tekin, Yucelten, Beleggia, Sarig, &

Sprecher, 2016).

The cathepsin C (CTSC) gene is mapped on chromosome

11q14.2 and encodes a cysteine-lysosomal protease called cathep-

sin C. Mutations in this gene, are responsible for Papillon–Lefevre

syndrome (Hart et al., 1999; Toomes et al., 1999). Now, 91 CTSC

mutations have been reported in PLS patients (http://www.hgmd.cf.

ac.uk/ac/gene.php?gene=CTSC, n.d.; Pallos et al., 2010). Approxi-

mately more than half of these mutations are missense; however, a

broad spectrum of mutation types have been described (Tekin

et al., 2016).

Recently it has been revealed that Loss of function in lysosomal

protease cathepsin C is the main genetic cause of the disease. This

tetrameric protein plays a critical role in the removal of dipeptides

from free N-terminal of some hormones (including gastrin, glucagon

and angiotensin II) and the activation of granule serine proteases from

cytotoxic T lymphocytes, natural killer cells (granzymes A and B), mast

cells (tryptase and chymase) and neutrophils (cathepsin G and elas-

tase) (de Haar et al., 2004; Idon, Olasoji, & Fusami, 2015; Romero-

Quintana et al., 2013; Toomes et al., 1999).

Since 1999, several mutations have been reported in the CTSC

gene majorly related to PLS. Herein, we present the case of a 6-year-

old boy affected by insertion GAC (p.122ins.T) in the third exon of the

CTSC gene.

2 | MATERIAL AND METHODS

2.1 | Patients

This study was performed on a PLS patient (a 6 years old boy) and his

parents. The symptoms of the patient became apparent at the age of

four. Periodontium and palmar plantar hyperkeratosis were observed

in the patient and his parents. Loss of deciduous teeth was observed

at the same time as the onset of symptoms in the patient, however,

loss of permanent teeth was not seen until the age of six. Susceptibil-

ity to infections was another symptom seen in the patient. The

declared consent form was obtained from all members of the family.

The study was approved by the Ethics Committee of Mashhad Uni-

versity of Medical Sciences (# 910523).

2.2 | Genotype analysis

Genomic DNA was extracted from peripheral blood leukocytes of the

proband as well as his parents. Genotype analysis was performed on

extracted DNA using specific primer sets for all seven exons of CTSC

gene (Moghaddasian et al., 2014). Both strands of PCR products were

directly sequenced using ABI Prism 310 Automated Sequencer and

analyzed with the DNA sequence assembly software (Sequencher

4.10.1, Gene Codes Corporation). Numbering of CTSC nucleotides

and amino acids was in accordance with the reference sequence on

Gene Bank (NM_001814). Fifty healthy volunteers were also analyzed

as a control group.

2.3 | Structural analysis and protein modeling

To model the newly identified mutation (p.122insT), the mutated

CTSC amino acid sequence was compared to template databases

using the online server Swiss-Prot Template Identification tool

(Arnold et al., 2006; Biasini et al., 2014; Kiefer, Arnold, Künzli,

Bordoli, & Schwede, 2008) on http://swissmodel.expasy.org.

The most similar template to the target mutated protein, with

100% sequence identity, was human cathepsin C, which has been

solved to 2.15 Å 1K3BA including the amino acids of the first chain of

the protein (Kiefer et al., 2008). Other structures with more sequence

coverage in terms of the number of the amino acids than 1K3BA

structure were also found, but the X-ray structure of the 1K3BA was

selected for two reasons; Firstly, the complete sequence identity with

the mutated region, and secondly, its better quality for the purpose of

the homology modeling that can exactly describe the structural

defects caused by the mutation.

The selected 1K3BA structure was submitted for homology

modeling using the online Swiss-Prot server for automated modeling

on http://swissmodel.expasy.org (Biasini et al., 2014; Guex &

Peitsch, 1997; Schwede, Kopp, Guex, & Peitsch, 2003). The result was

set for the Energy Minimization job using ZMM software. The ZMM

uses the Amber all-atom force field with a cut-off distance of 10 Å
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and Monte Carlo Minimization Method to minimize conformational

energy in the space of generalized coordinates including torsions

and bond angles (Zhenqin Li & Scheraga, 1987; Zdobnov &

Apweiler, 2001). The Energy Minimization was terminated after

100 sequential minimizations failed to improve the lowest-energy

conformation.

The essential accuracy and correctness of the model was then

evaluated using the PROCHECK and WHAT-IF programs from the

online server at http://nihserver.mbi.ucla.edu/SAVES/ (Vriend, 1990).

The electrostatic potential of the molecule was computed using

Coulomb's Law and the Swiss-PdbViewer 4.02, as well as the graphi-

cal representations presented here (Guex & Peitsch, 1997).

3 | RESULTS

A 6-year-old boy that was diagnosed as Papillon–Lefevre syndrome

affected (according to the established criteria by Gorlin et al.) was

referred to Avicenna Research Institute with chief complain of a long

history of hyperkeratosis and periodontitis. The majority of his decid-

uous teeth fell off by the age of 6 years. The family history revealed

that he was born from a relative parents and the only affected one of

the family (Guex & Peitsch, 1997; Zhiming Li et al., 2014). His cousin

shows clinical symptoms of the disease but his siblings seem normal

at the time of study (Figure 1a, b and c). The complete analysis of cod-

ing sequences and splice sites of CTSC gene revealed a novel three

nucleotides GAC insertion (p.122insT) in the third exon of the gene

in-patient in homozygous form, which lead to the insertion of an addi-

tional threonine in polypeptide chain. Further genotype analyses of

parents showed the existence of mentioned mutation in heterozygous

form (Figure 2). All the healthy control volunteers showed the wild

type sequence of the gene.

The tertiary structures of the normal and mutated proteins are

shown in Figure 3. The model was also analyzed in terms of stereo-

chemical and geometrical parameters such as G-Factor, bond length,

and bond angles, for which the results be satisfied with the discussed

criteria. In addition, most of the residues were inside the favorable

regions of the Ramachandran map. After energy minimization, the

overall energy of the model was −666.19 kcal/mol for the 1K3BA

structure.

Structural changes that have been emerged by the insertion of

the Threonine amino acid in the normal gene (p.122ins.T), as predicted

from molecular modeling, are compatible with the observed

phenotype.

4 | DISCUSSION

Although PLS is a rare disease, its psychological and social impacts on

growing affected children can influence the quality of their life. The

exact etiology of PLS is still ambiguous. However, Anatomy, microor-

ganisms, immunologic response and genetic factors are responsible

for development of the syndrome. Some microbial agents including

Actinobacillus actinomycetemcomitans was reported as a significant

factor in development of periodontal involvements (Stabholz,

Taichman, & Soskolne, 1995). Recent investigations have demon-

strated that PLS is mostly seen in consanguineous marriages, which is

directly related to the cathepsin C abnormality. Dipeptidyl peptidase I

(DPPI) or cathepsin C has a vital role in defense against pathogenic

organisms by physiological activating of some serine proteases in

immune cells. Therefore, deficiency of cathepsin C function will be

resulted in lack of immunological response, leading to increased risk

of severe infections (Basapogu Sreeramulu et al., 2015). The CTSC

gene that code cathepsin C, is commonly expressed in epithelial cells

and causes different clinical symptoms such as severe

gingivostomatitis and periodontitis. Early diagnosis of PLS has impor-

tant role in management of patient's oral conditions.

In this study, we report a novel mutation in CTSC gene, which

can lead to production of an abnormal protein according to the

obtained results of DNA genomic sequencing and in Silico studies.

Genetic testing of studied family revealed presence of the novel

insertion in homozygous form in the third exon of CTSC gene

F IGURE 1 A 6-year-old boy as only affected one in his family; he has an affected cousin too. Pedigree (a) and clinical manifestation (b, c) have
been shown here
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(p.122ins.T) of affected patient. Up till now 85% of PLS patients are in

homozygous form in CTSC mutations which 13% are located in exon

1 to 3, located in the exclusion domain of the related protein (Nagy

et al., 2014). Coding sequence of cathepsin c contains 463 amino

acids including a signal peptide with 24 amino acids, an exclusion

domain with 233 amino acids and a propeptide with 206 amino acids

that it also contains the heavy and light chain regions (Nitta

et al., 2005). The C-terminal portion of the exclusion domain is a con-

served region, which is thought to be important for enzyme activity.

Mutation in this region blocks access to the active site and inhibits

enzyme to bind substrates.

Structural analyses of the mutated protein also revealed impor-

tant changes in its tertiary structure due to the elucidated three nucle-

otides insertion (p.122ins.T) in the active site of Dipeptidyl peptidase I

domain (cathepsin C), exclusion domain, SSF75001, accessed by Inter-

proScan (Zdobnov & Apweiler, 2001). As in Figure 3a, which is related

to the normal protein model, the amino acids threonine, methionine,

and threonine are at positions 121, 122, and 123 in exclusion domain

of the protein, respectively, but after the mutation (p.122ins.T), a thre-

onine after threonine 121 is added. Proximity of three threonines can

also alter the protein structure, leading to poor or inappropriate pro-

tein function; this change is shown in Figure 3b. Therefore, due to the

F IGURE 2 Identification of a novel
mutation of the CTSC gene. Direct
automated sequencing revealed a three-
nucleotide insertion (GAC) in the exon
3 of the CTSC gene. Affected person
carried the mutation in homozygous form
while the unaffected father and mother
showed heterozygous form

F IGURE 3 The normal whole-view of the three-dimensional structure of the 1K3BA, showing the exclusion domain of Dipeptidyl peptidase I
(cathepsin C) (a) and the mutated whole-view of the three-dimensional structure of the 1K3BA, showing the mutated exclusion domain of
Dipeptidyl peptidase I (cathepsin C) (b)
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strong relationships between the protein tertiary structure and its

functions, it can be realized that such important abnormality in the

structure of the mutated protein can be cause consequent important

abnormalities in the protein function.

In conclusion, according to the results obtained from this study,

we can justify correlation between this reported mutation and

observed phenotype in this 6-year-old-boy affected by Papillon–

Lefevre syndrome.
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CLINICAL SIGNIFICANCE

Scientific rational for study: To identify the genes and mutations caus-

ing the disease, the patient's genome and its parents were sequenced.

Analysis of the sequencing results showed homozygous mutation in

the CTSC gene in the patient and heterozygote in his parents, which

was then confirmed by sanger sequencing which these results were in

compliance with PLS.

Principal findings: We identified a novel mutation (p.122insT) in

CTSC gene that can cause Papillon–Lefevre syndrome. Computational

analysis of this variant confirm it as a novel mutation.

Practical implications: By conducting further functional studies

and confirming this variant as mutation, clinicians and geneticists that

analyze the CTSC gene sequences, can consider this variant as a

mutation and provides appropriate recommendations for their

patients.
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