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Abst rac t
Papillon-Lefëvre syndrome (PLS), classified as ectodermal dysplasia, is an autosomal recessive condition related to 
the cathepsin C (CTSC) gene mutation. The first clinical symptoms, occurring most commonly between the ages 
of 1 and 4, are palmoplantar hyperkeratosis and also periodontitis resulting in the loss of most or all teeth in the 
same sequence in which they erupted. Most often the redness of palms and soles precede the occurrence of kera-
toderma. Moreover, excessive sweating, moderate mental retardation, the tendency to purulent skin and internal 
organs infection may occur. Lack of cathepsin seems to have a crucial role in the intensity of symptoms. In most 
of the patients, there can be observed impairment of phagocytosis and chemotaxis of neutrophils, granulocytes, 
leukocytes and cytotoxic lesion of fibroblasts and macrophages. Also, functional impairment of lymphocytes, neu-
trophils, and monocytes is observed. The study, using flow cytometry, showed a decreased percentage of T cells 
CD8+ and increased CD4:CD8 ratio.
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Introduction

Papillon-Lefëvre syndrome (PLS) was first described 
in 1924 as a condition characterized clinically by palmo-
plantar hyperkeratosis and inflammatory destruction of 
periodontal tissues which results in premature primary 
and permanent teeth loss [1]. This autosomal recessive 
disorder, classified as ectodermal dysplasia, is caused by 
a mutation in the cathepsin C (CTSC) gene [2–4], which is 
mapped on the long arm of chromosome 11 (11q14-q21). 
This gene encodes the lysosomal protease cathepsin C, 
found in neutrophils, lymphocytes and epithelial cells 
[4]. About 250 cases of this disease have been reported 
worldwide [5], mainly in the Caucasians in Saudi Arabia 
[6]. The prevalence of PLS is estimated to be about 1 case 
per 4 million [7, 8]. It occurs evenly in both sexes [9, 10] 
and in approximately 40% of cases, a familial occurrence 
is observed [9], where parental affinity increases the in-
cidence by 33% [6]. 

The first clinical symptoms usually occur between the 
ages of 1 and 4 as hyperkeratosis of palms and soles and 
as periodontitis, often leading to the loss of most or all 

the teeth, in the same sequence in which they erupted 
[6, 7]. The cutaneous lesions in the form of erythema of 
the palms and soles most often precede keratoderma. 
Later, the changes spread onto the dorsal surfaces, the 
Achilles tendon region and the skin of the knees and el-
bows where they manifest as psoriatic lesions [7, 11]. The 
disease is often accompanied by excessive sweating (hy-
perhidrosis) especially of the hands and feet, moderate 
mental retardation, the tendency to recurrent pyogenic 
infections of the skin (furuncles, gangrenous pyoderma) 
and abscesses of the internal organs, such as kidney [12] 
and liver [13, 14], most often caused by Staphylococcus 
aureus and Escherichia coli [10]. Intracranial calcifications 
are also observed, particularly around the cerebellar ten-
torium, falx cerebri and the choroid plexus of the lateral 
ventricle [9] described for the first time by Corson [15]. 
Twenty-five percent of patients have an increased sus-
ceptibility to infections [6]. It is also conducive to more 
frequent respiratory [9, 16] and urinary tract infections 
[17]. Among the less common symptoms associated with 
PLS, skin squamous cell carcinoma (SCC) [18], malignant 
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melanoma [19] and albinism [20] have been reported. 
Occasionally, there can be observed excessive body hair, 
xeroderma pigmentosa, arachnodactyly and deformation 
of the distal phalanges, nail dysplasia, retarded skeletal 
development and osteoporosis, pericarditis, psychoner-
vous disorders such as depression, aggressiveness, and 
concentration disorders [5, 21].

Diagnostics

Despite so many symptoms and signs, the diagnosis 
of PLS is not an easy one. Diagnosis is based on clinical 
signs, and confirmed by genetic testing. Among mono-
genic syndromes which are accompanied by periodonti-
tis, Papillon-Lefëvre syndrome is relatively unique due to 
periodontal inflammation being dominant in the clinical 
diagnosis, apart from palmoplantar hyperkeratosis [21]. 
It is sometimes difficult to make a correct diagnosis as 
there is no cutaneous symptoms or atypical course of 
periodontitis [22]. There may also be short-lasting mani-
festations presented shortly after birth only [23]. The pro-
cess concerns primary and permanent dentition and the 
loss of primary teeth starts already at the time of their 
eruption, despite no root resorption [21].

Periodontitis does not respond to standard anti-in-
flammatory treatment and is manifested by the alveolar 
bone destruction and deep periodontal pockets [6, 24–
26]. Sometimes, periodontal abscesses, halitosis, swell-
ing of the gums, pain on chewing and difficulty in taking 
food are observed [27]. Also, histopathological changes 
are non-specific, among which hyperkeratosis, para-
keratosis, acanthosis [9] and neutrophils infiltration of 
superficial epithelial layers are most frequently observed 
[28]. In the sub-epithelial tissue, degenerative changes in 
plasma cells are noted, resulting from the inhibition of 
immunoglobulin synthesis. Similar changes are observed 
in fibroblasts and cementoblasts. Teeth roots are covered 
with a thin layer of acellular cementum [29]. A change in 
the permeability of the attachment epithelium and the 
gingival sulcus epithelium is observed, which promotes 
the spread of inflammation. This is accompanied by a re-
duced lymphocyte reaction to the presence of pathogens 
[11, 30]. The balance between periopathogenes and the 
host’s immune response is disturbed, which results in 
periodontitis.

The studies showed that the bacterial flora in PLS pa-
tients is the same as the flora presented in the patients 
with chronic periodontitis (CHP), such as spirochetes, 
Epstein-Barr and cytomegaloviruses (CMV) [27, 31, 32]. 
Also in PLS patients, Aggregatibacter actinomycetem-
comitans (Aa) [31], Capnocytophaga gingivalis, Eikenella 
corrodens, black-pigmented Bacteroides and Fusobacte-
rium [9, 32] were found in the gingival pockets. Micro-
biological examinations of 12 PLS patients with severe 
gingivitis, intense gingival bleeding, bone loss and deep 
periodontal pockets (> 6 mm) showed in all of them the 

presence of Prevotella intermedia, Fusobacterium nuclea-
tum, Peptostreptococcus micros, and Streptococcus inter-
medius. In 11 of them Treponema denticola, Bacteroides 
forsythus (Bf), Prevotella nigrescens, Eikenella corrodens, 
Selenomonas noxia, Campylobacter rectus, in 9 individu-
als Porphyromonas gingivalis (Pg), and Aa in 8 subjects 
was found. The level of these bacteria was not particu-
larly high. In areas of active inflammation Bf and Pg titre 
were isolated, both at a high level [27]. But it is believed 
that a severe course of PLS is associated with a specific 
host response rather than with any special bacterial flora 
similar to CHP [27].

Page and Schroeder [33] hypothesized that periodon-
tal tissue damage might be due to an impaired function 
of neutrophils and monocytes as well as of the comple-
ment system. The majority of patients with PLS suffer 
from impaired phagocytosis and neutrophil chemotaxis 
as well as cytotoxic damage to fibroblasts and macro-
phages producing inflammatory mediators [14]. Haneke 
[9] noticed an increase in antibody titres against Aa and 
a reduced lymphocyte response to polyhydroxyalkano-
ates (PHA) or myogens produced by bacteria. However, 
Firatli et al. [34] observed impaired peripheral leukocyte 
chemotaxis and an increased expression of CD11b recep-
tors, which was confirmed by functional tests. Subse-
quent authors reported damage to the function of lym-
phocytes [35] as well as of neutrophils and monocytes 
[36, 37]. Polymorphonuclear granulocytes (PMNs) pro-
duce more proinflammatory cytokines, which compen-
sates for their reduced ability to neutralize leukotoxins 
and elimination of Aa [38]. In the studies, an increased 
production of IL-8, IL-6, IL-1β, IP-10 interleukins, and in-
terferon γ (IFN-γ) was observed [39].

Cathepsin C, a protein encoded by the CTSC gene, 
is the central coordinator for activation of many pro-
teins of the immune system, including neutrophil serine 
proteases (NSP) [40]. Inactivation of NSP has many ef-
fects causing dysregulation of the body’s response to 
bacterial infections [35]. Cathepsin is a protease found 
in neutrophils, lymphocytes, and keratinocytes. Muta-
tion in the CTSC gene results in an almost complete loss 
of the enzyme function. More than 40 mutations of the 
CTSC gene have been described. Studies have shown 
that preserving enzymatic activity in 13% prevents the 
clinical manifestation, whereas the mechanism of the 
effect of cathepsin deficiency on periodontal disease is 
still unknown. Moreover, the mutation of the CTSC gene 
was also detected in two other conditions: Haim-Munk 
Syndrome and isolated form of prepubertal aggressive 
periodontitis (PAP) [22, 40–42]. However, these mutations 
do not differ from those observed in the PLS, and not 
all the cases of prepubertal periodontitis are accompa-
nied by mutations of the CTSC [35]. Hewitt et al. [41] con-
firmed these findings and suggested that isolated PAP is 
not a genetically heterogeneous disorder, and only the 
PAP subgroup that exists with complete CTSC inactivity 
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is a phenotypic variant of PLS. On the other hand, Tonetti 
and Mombelli [43], described a case of generally healthy 
patients with symptoms of PAP who, however, have in-
creased susceptibility to infection. CTSC mutations in 
these patients confirmed the hypothesis that this sub-
group of patients might be a phenotypic variant of PLS. 
It seems that prepubertal periodontitis is heterogeneous. 
The same group of researchers that associated the occur-
rence of PLS with a gene encoding a lysosomal protease, 
cathepsin C on chromosome 11, performed the first study 
confirming the autosomal recessive form of prepubertal 
periodontitis [40]. 

There is no clinical manifestation in the heterozygous 
patient for the cathepsin C gene. There was not found 
the relationship between CTSC mutation and other forms 
of periodontal disease. A two-allele CTSC mutation al-
ways results in complete loss of the enzyme function 
[39]. It has been shown that the decreased CTSC activ-
ity contributes to the abolition of activity and stabiliza-
tion of the protease derived from polymorphonuclear 
(PMN) leukocyte. These proteases may play a key role 
to regulate and initiate immunological processes against 
microbes. Current studies which analyse the pathogenic 
role of CTSC deficiency in the development of periodontal 
disease have shown a decrease in the ability of PMNs to 
neutralize leukotoxin and to eliminate Aa. Other studies 
indicate the significance of CTSC in the functioning of 
natural killers (NK) to control infection and confirm cyto-
toxicity towards NK in periodontitis in the course of PLS. 
A high expression of the cathepsin C enzyme is evident in 
polymorphonuclear leukocytes, macrophages, and their 
precursors, also in the epidermis affected by hyperkera-
tosis, and even on the alveolar ridge gum. Apart from 
genetic testing, confirming the IgG antibodies against 
Aa (ELISA) or anaerobic culture is of significance in the 
PLS diagnosis. The following factors are also of diagnostic 
importance: a significantly reduced level of coenzyme Q, 

an extremely low level of vitamin E, and a very high level 
of hydroperoxidase [44, 45].

Case report

The 9-year-old patient, permanently under hospital 
care, came to the Department of Paediatric Dentistry 
due to the periodontitis and dental caries of the pri-
mary teeth. The patient’s past medical history showed 
frequent purulent upper respiratory tract infections and 
purulent appendicitis. The dental caries was found on 
primary teeth: 55, 54, 65, 75, 84, 85, and periodontitis 
around the permanent tooth 41 (redness, spontaneous 
bleeding, gum recession, increased mobility) and around 
primary teeth 54, 53, 63 , 83, 84 (gum recession and 
dental deposits). Teeth 52, 62, 64, 73, 74 were missing 
(according to the dental history, they were lost due to 
excessive mobility and advanced periodontitis) (Figures 
1, 2). Apart from oral symptoms, erythema, hyperkerato-
sis, and hyperhidrosis of the hands and feet, and also ear 
lobe hypoplasia were noted.

The therapy of periodontal disease, based on the 
bacterial plaque control did not bring expected results. 
The microbial analyses of the periodontal pocket of tooth 
41 showed presence of Aggregatibacter actinomycetem-
comitans (Aa). According to the antibiogram, antibiotic 
therapy with amoxicillin/clavulanic acid was ordered at 
the recommended doses for 2 weeks. Before the imple-
mentation of the antibiotic therapy, a peripheral blood 
flow cytometry was performed, and after 4 months it 
was repeated to assess the effectiveness of the treat-
ment and the dynamics of change. 

The results of peripheral blood flow cytometry are 
presented in Table 1. The first analysis of the peripheral 
blood leukocyte population showed a slightly lowered 
percentage of lymphocytes, but absolute values were 
within the normal range. In the immunophenotypic im-

Figure 2. Periodontal destruction around the primary 
teeth

Figure 1. Periodontal inflammation around the permanent 
tooth
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age, there was a notable reduction in the percentage and 
number of T CD8 + lymphocytes. The CD4: CD8 ratio was 
increased. The percentage and number of B-lymphocytes 
approached the lower limit of the norm. In contrast, the 
adhesion molecules expression of the CD11a, CD11b, 
CD11c, and CD18 leukocytes was normal. After 4 months 
in the immunophenotypic study of peripheral blood leu-
kocytes, the percentage and the absolute number of lym-
phocytes were within the age range. In the distribution 
of basic subpopulations, the reduction in the percentage 
of the absolute number of T-CD8 + cells and an increase 
in the CD4 + cell value was notable. The CD4 : CD8 ra-
tio was thus increased. The percentage and number of 
B lymphocytes and NK cells were normal. Expression of 
leukocyte adhesion molecules was normal.

Discussion

PLS diagnosis poses many problems. Although it is 
mainly established basing on oral pathognomonic le-
sions as well as excessive keratosis of the palms and 
soles, but other clinical signs may be similar to those 
present in acrodynia (Pinek’s disease, Swift’s disease), 
hypophosphatasia, histiocytosis X, cyclic and congeni-
tal neutropenia, Chediaki-Higashi syndrome, Thost-Uny 
disease and Meleda disease (keratosis palmoplantaris 
transgrediens). Therefore, an attempt to find a differen-
tial test is justified.

In the described study, flow cytometry was used to 
qualitatively and quantitatively assess the physical and 
biological properties of the cells. This method, thanks to 
immunomorphic and functional assessment of immune 
system cells, has been used in the diagnosis of congeni-
tal and acquired immunodeficiency syndromes, multidrug 
resistance and cancer. It is also used in the diagnosis of 
proliferative, neoplastic and deficiency lesions in the oral 
cavity. Moreover, it enables functional examination of 
cells and the mechanisms responsible for the initiation 
and progression of periodontitis, among others the study 
of the expression of the CCR6 protein on CD4 lympho-

cytes isolated from inflamed tissues of the periodontium, 
responsible for chemotaxis. It can also serve to differenti-
ate particular types of periodontitis using the quantitative 
diagnosis of T (CD3) and B (CD19) lymphocytes and sub-
populations of T helper cells (CD4) and suppressor (CD8) 
lymphocytes in chronic and aggressive periodontitis [46]. 
In patients with chronic periodontitis, CD19 levels were 
higher than CD3 levels, although the result was not statis-
tically significant. In contrast, in patients with aggressive 
periodontitis, CD4 levels were higher than CD8 levels [47, 
48]. Comparing the CD4 : CD8 ratio did not show a signifi-
cant difference in patients with gingivitis and advanced 
chronic periodontitis [49]. However, when differentiating 
aggressive and chronic periodontitis, the difference was 
statistically significant [50]. In the described case, this ra-
tio was also disturbed, as in aggressive periodontitis, still, 
clinical signs and no response to treatment with a target-
ed antibiotic suggest the PLS.

Treatment of PLS patients is symptomatic and of-
ten ineffective. Early management of the periodontal 
destruction in PLS patients includes eliminating the res-
ervoir of causative organisms, using conventional peri-
odontal treatment, oral hygiene instructions, antiseptic 
mouth rinses, and systemic antibiotic therapy. During 
the growth period, intensive orthodontic and prosthetic 
therapy is necessary, and periodontal care sometimes al-
lows to maintain a part of the patient’s dentition. Failure 
to respond to antibiotic therapy is significant in the treat-
ment of PLS. Therapy with a mixture of amoxicillin and 
metronidazole applied in the initial treatment throughout 
2 weeks followed by a long-term tetracycline treatment 
brings no improvement [27]. Similarly, treatment with 
retinoids is not very effective. Some authors suggest that 
a 3-year treatment with a systematic plaque control at 
three-monthly intervals brought good results [9, 11, 24]. 
Sometimes extraction of primary teeth with advanced 
periodontitis is recommended [11, 24], still before perma-
nent teeth eruption. Also, Ullbro et al. [11] and Haneke [9] 
suggest extraction of all primary teeth under antibiotic 

Table 1. The results of peripheral blood flow cytometry

Parameter 1st examination 2nd examination Parameter 1st examination 2nd examination

Lymphocytes 33% 38% NK 9% 11%

Neutrophils 58% 54% CD11a-limf 18% 38%

Basophils 1% 1% CD11a-gran 81% 100%

Monocytes 4% 5% CD11b-limf 11% 10%

CD45 94% 98% CD11b-gran 100% 100%

CD19 19% 17% CD11c-limf 10% 5%

CD3 67% 68% CD11c-gran 100% 100%

CD4 51% 52% CD18-limf 85% 94%

CD8 13% 15% CD18-gran 100% 100%

CD4/CD8 3.80 3.47
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prophylaxis at least 6 months before permanent teeth 
eruption. This prophylaxis includes amoxicillin/clavulanic 
acid of 20–40 mg/kg/day in divided doses every 8 h, min-
imum 2 weeks before extraction. Some authors recom-
mended extracting all primary and permanent teeth and 
fabricating the removable dental prostheses. Also, some 
authors described using of titanium implants for these 
patients [34, 38, 51].

In the treatment of skin lesions like keratoderma, 
anti-inflammatory emollients, keratolytic drugs, salicylic 
acid derivatives, and steroids are most commonly used. 
It is recommended to treat all family members, including 
animals (especially dogs) if they are pathogen carriers. 
It needs to be highlighted that salicylic acid topical may 
cause skin reaction, such as peeling, burning or redden-
ing, which may occur just a few minutes after applying 
or after a longer time. Serious allergic reactions or severe 
skin irritations are observed rarely. 

Conclusions

Apart from genetic testing, the blood tests in a flow 
cytometer should be considered as another method facil-
itating the diagnosis of periodontitis in genetic diseases 
and differential diagnosis between individual disease 
entities.
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