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Abstract
Background: A syndrome is caused by a mutation in the DNA sequence. The diagnosis of syndromes is relying
mainly on clinical and molecular analysis. Molecular techniques are not available in every institute and not
affordable to everyone. Therefore, the need for simple and affordable diagnostic substitutes for these conditions is
mandatory. Syndromes with gingival enlargement are diverse although being rare. GCF collection and analysis
could aid in the diagnosis of such cases. Besides, tissue biopsy examination could facilitate reaching the final
diagnosis in association with clinical findings. The rationale of this study is the use of simple and feasible techniques
for the diagnosis of syndromes with gingival enlargement. So, the hypothesis of this study states that if the H& E
staining, histochemical staining, and ELISA analysis of certain molecules show superiority or equality in the
sensitivity and specificity in the diagnosis of such syndromes, they could be used as a more available and cheaper
way of diagnosis.
Material and methods: Total number of 37 cases were involved in the study, among which 12 syndromic patients
and 25 cases of control cases. Samples of GCF were collected by using periopapers and analyzed using ELISA kits
for IL-8, TNF- α, MMP-2 and GAGs. Gingival tissue biopsies were collected and stained with H&E, AB, PAS, MT
and VG stains then examined under the microscope
Conclusions: H&E staining could be considered a valuable tool for the preliminary histopathological diagnosis of
PLS, ERS, and JHF, owing to their special microscopic features alongside with unique clinical features. However,
histochemical staining did not significantly contribute to diagnostic clarity due to variability in their expression.
TNF-α showed the highest sensitivity, specificity, and diagnostic accuracy among the markers highlighting its
potential as a supportive diagnostic

BULLETINOF STOMATOLOGYANDMAXILLOFACIAL SURGERY
Volume 22, Issue 1

DOI: 10.58240/1829006X-2025.22.1-120

A HISTOLOGICAL, HISTOCHEMICAL AND IMMUNOCYTOCHEMICAL ANALYSIS OF SYNDROMES
WITH GINGIVAL ENLARGEMENT

Enjy Bassim 1, Heba Gamaleldin 2, Sahar Sabry 3, Shymaa Hamza4, Mona Wali5
1PhD. Candidate at Oral & maxillofacial pathology department, Faculty of Dentistry, Cairo University, Al Saraya,
Old Cairo, Cairo Governorate, 4240310. E-mail: enjy.bassim@dentistry.cu.edu.eg
2Researcher at the Oro-dental Genetics Department, Human Genetics and Genome Research Institute, National
Research Center, Cairo, Egypt, 33 El Buhouth St, Ad Doqi, Dokki, Cairo Governorate, 12622
E-mail: Heba_mostapha85@hotmail.com
3Associate professor at Department of Biochemical Genetics Human Genetics and Genome Research Institute,
National Research Centre (NRC), Cairo, Egypt, 33 El Buhouth St, Ad Doqi, Dokki, Cairo Governorate, 12622.
E-mail:sas_pharmacienne@yahoo.com
4 Lecturer of Oral & maxillofacial pathology, Faculty of Dentistry, Cairo University, Al Saraya, Old Cairo, Cairo
Governorate,4240310.E-mail:shymaa.hamza@dentistry.cu.edu.eg
5 Professor of oral & maxillofacial pathology, Faculty of Dentistry, Cairo University, Al Saraya, Old Cairo, Cairo
Governorate,4240310.E-mail:mona.wali@dentistry.cu.edu.eg
Corresponding Author: Enjy BassimPhD. Candidate at Oral & maxillofacial pathology department, Faculty of
Dentistry, Cairo University, Al Saraya, Old Cairo, Cairo Governorate, 4240310.
E-mail: enjy.bassim@dentistry.cu.edu.eg
Received: Received: Dec 17. 2025; Accepted: Jan 26. 2026; Published: Jan. 31, 2026

Keywords: Syndromes; Molecular Diagnosis; Gingival Enlargement; Crevicular Fluid; ELISA; Tissue Biopsy;
Special Stain

INTRODUCTION

Syndromes are conditions having multiple
manifestations that are always repeated together. Each
syndrome is linked to specific genetic mutation

responsible for their unique clinical presentation. The
maxillofacial and oro-dental areas are amongst the
regions that often demonstrate several features of
syndromes [1].
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In the head and neck area, the gingival tissue, is a
commonly affected structure. Particularly manifested
in the form of gingival enlargement. Whether
syndromic or non-syndromic, it is a common symptom
that represents a diagnostic challenge for oral and
maxillofacial specialists [2].

Gingival inflammation, often resulting from poor oral
hygiene, is the most common cause of gingival
enlargement. Additionally, accumulation of certain
molecular components may contribute to gingival
hyperplasia. Also, fibrotic tissue proliferation is a well-
established factor causing gingival enlargement [3].

In oro-dental practice, determining the accurate reason
of enlarged gingiva is crucial for proper treatment.
Being manifested in many syndromes, reflects that
total eradication of the condition may be difficult [4].
This further highlights the importance of identifying
the cause, since clinical examination alone, isn’t
sufficient for accurate diagnosis.

Among the most commonly known syndromes that
involve gingival hyperplasia as a part of their clinical
presentation is Papillon-Lefevre Syndrome (PLS). PLS
is an autosomal recessive (AR) syndrome that is
characterized by inflammatory gingival enlargement.
The underlying cause of inflammation is defective
neutrophilic chemotaxis and activation due to loss-of-
function mutation in the cathepsin C gene [5].

Severe periodontitis is the hallmark of PLS patients at
the time of deciduous and permanent teeth eruption.
These patients experience complete loss of deciduous
teeth at the age of 5 years and permanent teeth at the
age of 15 years. Although periodontal disease is
aggressive in PLS patients, they show complete
resolution of inflammation during the edentulous
period [6].

Besides oral manifestations, dermatological signs are
also noted. Palmo-plantar keratosis is observed in
almost all cases of PLS. Keratosis at the elbows and
knees, hyperhidrosis, nail dystrophy, and multiple
pyogenic infections have been documented in several
cases of PLS [7,8].

On the other hand, Enamel Renal Syndrome (ERS) is
characterized by a mutation in the FAM20A gene with
an AR mode of inheritance. Amelogenesis Imperfecta
(AI) and nephrocalcinosis are the main clinical features.
Periodontitis and gingival fibromatosis are occasionally
detected, to which gingival enlargement in these
patients could be attributed [9]. The combination of
Cone–Rod Dystrophy (CRD) and AI is the hallmark of
Jalili Syndrome (JS). Although different phenotypes of
JS have been recently discussed, all reported cases are
linked to mutations in the CNNM4 gene responsible for

metal transport with AR mode of inheritance [10]. AI is a
consistent feature in JS cases, with or without anterior
open bite (AOB), and may be linked to fluoride levels
in drinking water [11].

Winchester Syndrome (WS) is another AR inherited
syndrome with gingival enlargement; together with,
hereditary bone osteolysis and coarse facial features. A
proposed genetic mutation in matrix metalloproteinase-
2 (MMP-2) gene have been raised, which can lead to
impairment of fibroblast function [12]. Among the
manifestations are hypertrichosis, cataracts and
multiple bony joint contractures that may be
misdiagnosed as rheumatoid arthritis [13].

Another AR bone osteolysis disease with joint
movement limitations is Juvenile Hyaline Fibromatosis
(JHF). The main driving mutation of this syndrome is
in the Anthrax toxin receptor 2 (ANTXR2/CMG2) gene,
that in turn, disrupts collagen metabolism and causes
most of the clinical manifestations [14]. Gingival
hyperplasia is well noted in almost all cases, with
evident gingival overgrowths covering most of the teeth
surfaces [15].

Mucolipidosis (MLs) is AR type of lysosomal storage
disease with a defect in N-acetylglucosamine-1-
phosphotransferase, which is responsible for the
phosphorylation of mannose to mannose-6-phosphate
that transports more than 70 lysosomal hydrolases. The
clinical manifestations of MLs are diverse. Oral
manifestations mainly include gingival hyperplasia and
macroglossia [16]. Other features like, skeletal
abnormalities, cardiomyopathy, hepatosplenomegaly,
and neurodegeneration are also reported [17].

The gold standard in diagnosing all these syndromes is
molecular detection of their specific genetic mutation.
Although being definitive, it is considered expensive
and not readily available in all institutes [18]. Among the
widely used molecular methods are Polymerase Chain
Reaction (PCR) and DNA sequencing [19].

Since, histopathological examination is the benchmark
of tissue biopsy assessment [3], therefore, syndromic
enlarged gingiva can be thoroughly analyzed using
conventional Hematoxylin and Eosin (H&E) stain. This
technique has the advent of being lower in cost and is
more readily available. Correlating the
histopathological findings with the pathogenesis that
led to gingival enlargement can aid in diagnosis.

Moreover, histochemical detection of different
molecules in gingival tissue could be a possible
reproducible method for identifying the reason behind
gingival enlargement and, in turn, confirm the diagnosis
[20]. Tissue hyperplasia could be due to accumulation of
collagen, mucopolysaccharides and glycogen [4, 16]. The
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detection of these structures using special histochemical
staining could be beneficial in the final diagnosis.

Among the histochemical stains that can detect collagen
are Masson Trichrome (MT) and Van Gieson (VG)
stains. While MT stains collagen fibers in blue to green
color, VG stains the collagen bundles in pink color
differentiating them from other surrounding structures
[21, 22]. Both stains could be highly valuable in
demonstrating the extent of fibromatosis that could be
the cause of gingival enlargement in some syndromic
cases.

The use of Periodic Acid Schiff (PAS) stains
polysaccharides such as glycogen giving magenta color
[23]. Therefore, easy to highlight structures like
basement membrane and determine its thickness.
Alcian Blue (AB) is another stain, used to distinguish
mucopolysaccharides and acidic mucins by staining
them blue [24].

Beside microscopic examination of gingival tissue,
collection of gingival crevicular fluid (GCF) could be
used as an adjunctive tool for interpretation of what’s
going on inside syndromic oral cavity using Enzyme
Linked Immunosorbent Assay (ELISA). Although
using GCF in syndromic diagnosis is limited, it is well
documented in literature that it can aid in the diagnosis
of different periodontal diseases [25].

Interlukin-8 (IL-8) and Tumor Necrosis Factor- α
(TNF- α) are considered pro-inflammatory cytokines
that show altered expression in the GCF of the patients
with gingival inflammatory diseases [26]. Therefore,
their alteration in GCF could be a valuable diagnostic
point. Besides, MMP-2 as an extracellular matrix
collagenase enzyme [27] could show altered levels in the
GCF of different syndromic patients.

Glycosaminoglycans (GAGs) build-up in the
extracellular matrix of tissues in
Mucopolysaccharidosis and MLs [28, 29]. The levels of
such molecules may be altered in the GCF of the
affected patients. Their detection could aid in the
diagnosis together with other diagnostic methods.

Due to the exaggerated cost and complexity of the
conventional genetic mapping in diagnosing these
syndromes, testing other simple, less complicated
alternatives can be in the favor of many patients
especially in populations with less socioeconomic
status and limited resources. In this study, collective
use of basic diagnostic techniques such as H&E,
histochemical and GCF examination is suggested to
identify the cause of gingival enlargement of these
syndromes and hence aid in the diagnostic process.

The rationale of the study is to explore simple, cost-

effective, and feasible diagnostic techniques for
syndromes with gingival enlargement. The hypothesis
is that if H&E, histochemical staining, and ELISA
analysis of specific molecular markers demonstrate
comparable or superior sensitivity and specificity to
existing diagnostic methods, they could serve as more
accessible and affordable alternatives for diagnosis.
MATERIAL ANDMETHODS
Material
This was a prospective ex vivo study conducted over a
period of 18 months from the study's initiation.
Syndromic cases presenting with gingival enlargement
were recruited from the Oro-Dental Genetics Clinic at
the National Research Centre in Egypt. Each case
underwent an initial clinical diagnosis, and a detailed
pedigree was constructed. The suspected diagnoses
were subsequently confirmed through molecular
analysis to detect the relevant genetic mutations.
The GCF collection and gingival tissue biopsy
procedures were done at the Oro-dental Genetics Clinic
of the National Research Center in Egypt. Biopsied
tissues were preserved in 10% formalin specimen cups.
GCF was collected using specialized Perio-Papers then
preserved in eppendorf tubes for proper handling.
Kits of ELISA for IL-8, TNF-α, MMP-2, and GAGs
were purchased from Sunlong Biotech through Biotech
Serve for Chemicals and Laboratories, Giza, Egypt with
Cat. No. (E0089Hu, E0082Hu, E0904Hu, E1409Hu)
respectively. The ELISA analyses were conducted at
the Biochemical Genetics Department, Institute of
Human Genetics and Genome Research, National
Research Centre, Egypt. Gingival tissue biopsies were
processed, stained, and microscopically examined at the
Oral and Maxillofacial Pathology Department, Dental
Research and Supplies Unit, Faculty of Dentistry, Cairo
University.
Eligibility criteria for participants:

 Attendance at the Oro-Dental Genetics Clinic
of the National Research Centre in Cairo,
Egypt, within 18 months from the start of the
study.

 Confirmation of a syndromic diagnosis through
molecular genetic testing.

 Clinical presentation of gingival enlargement.

Methods

Study population:

This study protocol was ethically approved by the
Research Ethical Committee at the Faculty of Dentistry,
Cairo University, and was conducted in accordance
with the principles of the Declaration of Helsinki.

A total of 37 participants, were enrolled in the study,
including 12 syndromic patients and 25 healthy controls.
The syndromic group consisted of cases of 5 PLS, 2
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cases of ERS, 2 cases of JS, 1 case of WS, 1 case JHF,
and 1 case of MLS. However, Control samples were
collected from pediatric patients aged 6 to 16 years,
matching the age range of the syndromic group, during
their routine dental visits.

Samples from syndromic patients were obtained during
follow-up sessions at the Oro-Dental Genetics Clinic of
the National Research Centre in Cairo. Informed
consent was obtained from the legal guardians of all
participants involved in the study (Fig. 1).

Figure1. The form of taken informed consent

Collection of GCF

GCF collection was done using Gingival Fluid Collection Strips (periopapers) purchased from ORAFLOW,
Smithtown, NK 11787. GCF was collected by inserting the periopapers in the gingival crevice, then preserved
in Eppendorf tube (Fig. 2 -B). In syndromic cases, sample collection was performed from areas exhibiting
clinically evident gingival enlargement.

Analysis of GCF:

A

Figure 2. A- Family pedigree, B- GCF collection by periopaper

B
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The levels of (IL-8, TNF-α, MMP-2 and GAGs) were analyzed for both syndromic and control groups by
extracting the GCF collected in periopapers from each case and using ELISA kits. The ELISA kits were used
following the manufacturer's instructions [30]. Results were expressed in either mg/mL or ng/mL.

Collection of tissue biopsies

Gingival tissue biopsies were obtained from both control and syndromic groups, then preserved in 10%
formalin specimen cups. Gingival tissue biopsies in syndromic cases were carefully taken from sites showing
the greatest degree of clinical enlargement, to ensure representative sampling for histopathological analysis.

H&E and histochemical staining of tissue samples

The biopsied tissues were stained using routine protocols for H&E, AB, PAS,MT and VG stains [31, 32, 33, 34].
The stained sections were then examined under ordinary light microscope.

Statistical Analysis

Numerical data were assessed for normality by evaluating data distribution and applying the Kolmogorov–
Smirnov and Shapiro–Wilk tests. All variables demonstrated a normal (parametric) distribution. Accordingly,
data were presented as mean and standard deviation (SD) values. Comparisons between the two groups were
conducted using Student’s t-test.

Receiver Operating Characteristic (ROC) curve analysis was performed to evaluate the diagnostic accuracy
of the tested biomarkers in relation to the gold standard. Pairwise comparisons between different markers
were conducted using the z-test. A significance level of P ≤ 0.05 was adopted for all statistical tests.

Statistical analyses were conducted using IBM SPSS Statistics for Windows, Version 23.0 (IBM Corp.,
Armonk, NY, USA). ROC curve analysis was performed using MedCalc® Statistical Software, version
19.5.1 (MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.org; 2020).
RESULTS
H&E and histochemical stains results:
1.PLS H&E and histochemical stains results:

Papillon Lefevre Syndrome (PLS) (Fig.3 A) tissue specimens revealed intense inflammation (Fig.3-B, C)
and some destruction of the covering epithelium (Fig.3- D) (Table 1).

Figure.3 PLS A: severe periodontitis. B, C:

A B C

D
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However, no inflammatory infiltrate was noted in the case of teeth clearance with deposition of collagenous
stroma instead (Fig.4-A). In one case, the lower one third of the epithelium showed features of dysplasia.
Where, bulbous rete-ridges, areas of budding, expanding proliferative epithelial compartments and keratin pearl
formation attempt were observed (Fig.4- B, C) (Table 1).

Figure 4 PLS A: H&E section showing collagenous stroma devoid of inflammation. B, C: H&E sections
revealing basilar hyperplasia, premature keratinization (black arrow), budding (red arrows) and expanding
proliferative epithelial compartments (blue arrow).

The histochemical examination of PLS revealed positive reaction with AB, PAS, MT and VG stains (Fig.5-A, B,
C, D) (Table 2).

2 ERS H&E and histochemical stains results:

Enamel Renal syndrome (ERS) (Fig.6 A) tissue specimen revealed epithelial hyperplasia (Fig.6 B). Occasional
epithelial destruction and intense inflammatory cell infiltration were also noted (Fig.5 B, C). Moreover,
calcification with lamellar configuration was evident in both cases (Fig.6 D, E) (Table 1).

A B C

D

Figure.5 PLS A: AB stain (Blue), note epithelial destruction. B:
PAS stain in magenta color. C: MT stain the collagen bundles in
blue. D: VG stain the collagenous stroma in bright red.
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Figure 6 ERS A: Gingival hyperplasia. B: H&E section showing epithelial hyperplasia and stromal inflammatory cell
infiltrate. C: H&E section showing epithelial destruction and heavy inflammatory cell infiltrate (black arrow). D: H&E
section showing some stromal inflammatory cells and a calcific mass (red arrow). E: H&E section showing lamellar
calcification in the stroma (red arrow).

ERS cases showed negative reaction for AB (Fig.7-A). On the other hand, PAS stain was positive in the
connective tissue stroma and strongly expressed in basement membrane area (Fig.6- B). Both MT and VG stains
were positively expressed staining stromal collagen fibers (Fig.7-C, D) (Table 2). Epithelial vacuolization was
noted in many sections (Fig.6-A, B, C, D).

A

D E

B C

Figure 7. ERS A:AB negative
stain, B: PAS stain in magenta
color, C: MT stain in the form
of blue collagen bundles, D: VG
stain collagen content in bright
red.

A

D

B

C
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3 JS H&E and histochemical stains results:

For Jalili Syndrome (JS) (Fig.8 A), epithelial hyperplasia was seen in both cases (Fig.8 B, C). In the connective
tissue, deposition of collagen fibers, blood vessels, and mild inflammatory cell infiltrate were also noted (Fig.8-
B, C) (Table 1).

Figur 8. JS A: swollen gingiva. B, C: H&E section showing epithelial hyperplasia and stromal inflammation (B).

Although, AB was negatively expressed in one case (Fig.9- A), the other one showed little expression only under
the epithelium (Fig.9- B) (Table 2). PAS reaction was scattered between inflammatory cells, however it was
intense at the basement membrane area which showed some thickening (Fig.9- C). Both MT and VG were
evidently positive in the connective tissue stroma illustrating the heavily collagenous nature (Fig.9- D, E) (Table
2).

4.WS H&E and histochemical stains results:

Winchester syndrome’s (WS) (Fig.10-A) gingival tissue demonstrated epithelial hyperplasia with moderate
lymphocytic infiltration (Fig.10-B). Areas of epithelium affected by inflammation were where the inflammatory
infiltrate was concentrated (Fig.10-C) (Table 1).

A B C
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Figure 10. WS A: hyperplastic tissue surrounding misaligned teeth B: H&E section showing hyperplastic
epithelium and inflammatory cell infiltrate, C: H&E section showing intense inflammation and partial
destruction of covering epithelium (black arrow).

While AB displayed negativity throughout the specimen (Fig.11- A), PAS positivity was limited to the
collagenous stroma between the inflammatory cell infiltrate (Fig.11- B). Weak PAS staining was noted at the
basement membrane close to areas of partial epithelial destruction (Fig.11- B). There was slight positivity of both
MT and VG stains confined also to the areas of collagen in between the inflammatory cell infiltrate (Fig.11- C,
D) (Table 2).

5 JHF H&E and histochemical stains results:

Examination of Juvenile Hyaline Fibromatosis (JHF) (Fig.12-A) revealed marked hyalinization of the connective
tissue stroma. The surface epithelium also showed hyperplasia, while the basement membrane demonstrated slight
thickening. Dispersed blood vessels were also noted in the connective tissue (Fig.12- B, C) (Table 1).
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Figure12 JHF A: hyperplastic gingival tissue covering lower teeth. B, C: H&E sections showing juxta epithelial
hyalinization (black arrows).

Little AB reaction was noted in scattered fashion (Fig.13- A). Intense PAS reactivity was observed in areas of
hyalinization highlighting the thickened basement membrane (Fig.13- B, C). MT and VG stains were seen
staining the collagen fibers in the connective tissue (Fig.13- D, E) (Table 2).

6.MLs H&E and histochemical stains results:

Mucolipidosis (MLs) (Fig.14-A) tissue biopsy showed normal thin stratified squamous epithelium. The connective
tissue revealed dense collagen fiber bundles and little vascularity. There was no evidence of inflammation (Fig.14-B)
(Table 1).
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Figure14. MLs A: swollen enlarged gingiva. B: H&E section showing heavily collagenous stroma,

AB and PAS showed moderate reaction in the connective tissue stroma (Fig.15-A), with the latter being weaker
(Fig.15-B). Identical to MT, VG showed heavy reactivity with the dense collagenous stroma (Fig.15- C,D)
(Table 2).

Figure 15. MLs A: AB stain showing scattered reaction in blue, B: PAS stain showing weak reaction. C: MT stain
showing strong reaction with the collagen stromal content taking blue color. D: VG stain showing strong reaction with
the collagenous content taking bright red color.

A B

C D

A B
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Table 1. Showed histopathological findings in H&E sections

PLS ERS JS WS JHF MLs

Epithelial features
Epithelial
Hyperplasia

++ ++ ++ ++ +

Epithelial
Dysplasia

+ (1
out of 5)

- - - - -

Epithelial
Destruction

+ (1
out of 5)

+ - ++ -

Vacuolization - ++ - - - -

Thickened Basement Membrane - - - - ++ -

Sub-epithelial features
Inflammatory
cell infiltrate

++ (4
out of 5)

+ + ++ - -

Hyalinization - - - - ++ -

Collagen
content

(fibromatosis)

+

(1 out of 5)

- + - + ++

Calcifications - + - - - -

Key: PLS: Papillon Lefevre Syndrome, ERS: Enamel Renal Syndrome, JS: Jalili Syndrome,WS:Winchester Syndrome, JHF:
Juvenile Hyaline Fibromatosis,MLS:Mucolipidosis,
- : Negative
+ : Positive
++ : Highly Expressed

Syndromes

Histopathological
features
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Table 2. Showed Histochemical findings in special stains sections

Markers levels in GCF results:
When comparing the syndromic group with gingival enlargement to the control group, IL-8 levels showed no
statistically significant difference between the two groups (P = 0.534) (Fig. 16). The sensitivity and specificity of IL-8
as a diagnostic marker were 72.7% and 56%, respectively, at a cut-off value of 523.2 ng/L (Table 3). The overall
diagnostic accuracy of IL-8 was calculated to be 61.1% (Table 3).

Table 3. Sensitivity, specificity, predictive values, diagnostic accuracy, Area Under the ROC curve (AUC) and 95%
confidence interval (95% CI) of the (AUC) for diagnostic accuracy of IL-8 to differentiate between patients and control
groups

Cut-off Sensitivity % Specificity % +PV% -PV% Diagnostic
accuracy %

AUC 95% CI

≤523.2 72.7 56 42.1 82.4 61.1 0.589 0.413-
0.75

In contrast, TNF-α levels were significantly higher in the syndromic group compared to the control group (P < 0.001)
(Fig. 16). At a cut-off value of 598.9 ng/L, TNF-α demonstrated a sensitivity of 72.7% and a specificity of 92%
(Table 4). Its diagnostic accuracy was calculated as 86.1% (Table 4).

Features to be shown by
each special stain

PLS ERS JS WS JHF MLS

Alcian blue (Blue)  Acidic mucins

 Acid
mucopolysaccharides

+ - - - +
(scattered)

+

PAS (Magenta)
 Glycogen
 Mucin
 Collagen
 Proteoglycans in

Basement Membrane

+ + +

BM:
++

+ ++ +

Masson Trichrome
 Collagen: Blue/Green
 Cytoplasm and Muscles:

Red
 Nuclei: Black

++ + ++ + + ++

van- Gieson
 Collagen: Red
 Cytoplasm: Yellow
 Nuclei: Black/ Blue

Black

++ + ++ + + ++

Key: PLS: Papillon Lefevre Syndrome, ERS: Enamel Renal Syndrome, JS: Jalili Syndrome,WS:Winchester Syndrome,
JHF: Juvenile Hyaline Fibromatosis,MLS: Mucolipidosis,
- : Negative
+ : Positive
++ : Intense Staining (Highly Expressed)

Syndromes

Histochemical
Stain
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Table 4. Sensitivity, specificity, predictive values, diagnostic accuracy, Area Under the ROC curve (AUC) and
95% confidence interval (95% CI) of the (AUC) for diagnostic accuracy of TNF-α to differentiate between
patients and control groups
Cut-off Sensitivity % Specificity % +PV% -PV% Diagnostic

accuracy %
AUC 95% CI

>598.9 72.7 92 80 88.5 86.1 0.804 0.638-
0.917

+PV: Positive Predictive Value, -PV: Negative Predictive Value

MMP-2 levels did not differ significantly between the two groups (P = 0.369) (Fig. 15). At a cut-off value of 1540.3
ng/mL, MMP-2 had a sensitivity of 63.6% and a specificity of 72% (Table 5). The diagnostic accuracy was 69.4%
(Table 5).

Table 5. Sensitivity, specificity, predictive values, diagnostic accuracy, Area Under the ROC curve (AUC) and
95% confidence interval (95% CI) of the (AUC) for diagnostic accuracy of MMP-2 to differentiate between
patients and control groups
Cut-off Sensitivity % Specificity % +PV% -PV% Diagnostic

accuracy %
AUC 95% CI

>1540.3 63.6 72 50 81.8 69.4 0.527 0.354-
0.695

+PV: Positive Predictive Value, -PV: Negative Predictive Value

For GAGs, a statistically significant difference was observed, with the syndromic group showing lower mean levels
than the control group (P < 0.001) (Fig. 16). A cut-off value of ≤48.2 mg/L was identified for distinguishing
syndromic cases (Table 6). At this threshold, GAGs demonstrated a sensitivity of 100%, a specificity of 92%, and a
diagnostic accuracy of 94.4% (Table 6).

Table 6. Sensitivity, specificity, predictive values, diagnostic accuracy, Area Under the ROC curve (AUC) and
95% confidence interval (95% CI) of the (AUC) for diagnostic accuracy of GAGs to differentiate between
patients and control groups
Cut-off Sensitivity % Specificity % +PV% -PV% Diagnostic

accuracy %
AUC 95% CI

≤48.2 100 92 84.6 100 94.4 0.971 0.853-
0.999

+PV: Positive Predictive Value, -PV: Negative Predictive Value

Figure 16 Showing A: Comparison between IL-8 levels in patients group and control group. B: Comparison
between TNF-α levels in patients group and control group. C: Comparison between MMP-2 levels in patients
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group and control group. D: Comparison between GAGs levels in patients group and control group.

ROC curve analysis comparing the diagnostic performance of the four biomarkers revealed that GAGs had the
highest diagnostic accuracy (94.4%), followed by TNF-α (86.1%), MMP-2 (69.4%), and IL-8 (61.1%) (Table 7).
Pairwise comparisons of the area under the ROC curves (AUCs) showed that GAGs had a significantly higher
AUC than both IL-8 and MMP-2 (P < 0.001 for both) (Table 8). However, the difference between GAGs and
TNF-α was not statistically significant (P = 0.101) (Table 8).

Table 7. Sensitivity, specificity, predictive values, diagnostic accuracy, Area Under the ROC curve
(AUC) and 95% confidence interval (95% CI) of the (AUC) for different markers

Marker Sensitivity % Specificity % +PV% -PV% Diagnostic
accuracy %

AUC 95% CI

IL-8 72.7 56 42.1 82.4 61.1 0.589 0.413-
0.75

MMP-2 63.6 72 50 81.8 69.4 0.527 0.354-
0.695

TNF-α 72.7 92 80 88.5 86.1 0.804 0.638-
0.917

GAGs 100 92 84.6 100 94.4 0.971 0.853-
0.999

Pairwise comparisons of the area under the ROC curves (AUCs) showed that GAGs had a significantly higher
AUC than both IL-8 and MMP-2 (P < 0.001 for both) (Table 8). However, the difference between GAGs and
TNF-α was not statistically significant (P = 0.101) (Table 8).

Table 8. Results of z-test for pair-wise comparisons between Areas under the ROC curve (AUCs) of different
markers for differentiation between patients and control

Markers z-statistic P-value

IL-8 vs. MMP-2 0.343 0.731

IL-8 vs. TNF-α 1.255 0.21

IL-8 vs. GAGs 3.632 <0.001*

MMP-2 vs. TNF-α 2.375 0.018*

MMP-2 vs. GAGs 3.502 <0.001*

TNF-α vs. GAGs 1.639 0.101

*: Significant at P ≤ 0.05

DISCUSSION

Syndromes with gingival hyperplasia are rare in
occurrence and have different prevalence rates. For
example, the prevalence of PLS in the general
population was reported as 1-4 cases per million. As
well as ERS, where its prevalence was reported to be
less than 1 case per million [35].

Until 2019, only a total of 134 JS cases and 300 cases
of PLS had been reported in the literature [10, 36]. WS is
also considered very rare, with only few cases

documented [13]. Similarly, the exact prevalence of JHF
has not been specified [37]. Due to the wide clinical
heterogeneity of MLs, its prevalence was also difficult
to determine [38]. These previously reported prevalence
data are consistent with our findings, which further
confirm the rarity of the syndromes under study.

Over the 18-months duration of our study that
conducted in Egypt, PLS was the most frequently
encountered syndrome, with a total of 5 cases
representing the highest prevalence among the studied
conditions. Both ERS and JS cases were diagnosed in 2
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cases each, while the remaining syndromes were
represented by a single case each.

In the present study, epithelial hyperplasia was
observed in almost all tissue specimens. Areas of
epithelial destruction were also noted in WS, one case
of PLS and ERS. Both changes in the epithelium
represent a known reaction for the exaggerated
inflammation related to the pathogenesis of these
syndromes [39]. In one case of PLS, epithelial
hyperplasia was accompanied by mild dysplastic
features in the basilar epithelium. This finding was
supported by several studies, where in 2018, the
incidence of palatal oral squamous cell carcinoma was
reported in a PLS patient [40]. Also, ocular surface
squamous neoplasia was reported in a case with palmo-
plantar keratosis suggestive for PLS [41]. The same
patient developed the same lesion in the other eye after
12 years of follow-up and it was also diagnosed as
ocular squamous cell carcinoma [42].

Our findings also came in line with those of Al-Benna
etal. (2009) [43], who reported the development of
squamous cell carcinoma arising from a previous
keratotic lesion in a patient with PLS. Additionally,
several studies have documented the occurrence of
melanoma in PLS patients, developing within their
keratotic lesions [44, 45, 46]. However, in a study
conducted in 2019, Alsaif, etal. [47] reported a case of
basal cell carcinoma developing in non-keratotic skin
lesions in a PLS patient.

In the studied case of ERS, epithelial vacuolization was
observed. This process can be triggered by various
factors, including bacterial toxins, viral infections and
certain drugs [48, 49]. Notably, cytoplasmic vacuolization
may also occur as a result of wrong tissue fixation [48].
In addition, chronic inflammation has been shown to
induce cellular vacuolization, particularly in the basal
layer of gingival tissue [50].

In the study of PLS cases, 4 out of 5 patients exhibited
intense lymphocytic inflammatory cell infiltration in
their gingival biopsies. This finding is consistent with
the unique pathophysiology of PLS. Where, the
defective neutrophilic function is a central role in
disease manifestation [51]. The minimal inflammatory
cell infiltrate observed in one PLS case is most likely
attributable to the edentulous state of the patient, which
may have led to a reduction in inflammatory stimuli
and subsequent subsidence of the inflammatory
response.

Besides PLS, the WS case also demonstrated an intense
inflammatory reaction accompanied by partial
destruction of surrounding tissues. The observed
gingival enlargement and poor oral hygiene are most
probably the underlying cause of this pronounced
inflammation [52]. Similarly, the inflammatory
responses noted in the remaining syndromic cases are
mostly due to inadequate oral hygiene and overall poor
oral health status [53].

In the present study, the connective tissue hyalinization
was predominantly noted in the JHF case, reflecting the
underlying pathogenic mechanism of the disease [54].
Similarly, the calcific bodies identified in ERS cases
came in accordance with the frequent calcifications
typically seen in both pulpal and gingival tissues of
ERS patients [55].

However, the increased collagen production seen in the
gingival tissue of the MLs differed from the typical
presentation of MLs, which is usually characterized by
deposition of GAGs [56]. It is worth noting that, however,
that increased collagen deposition in MLs may occur
can show in context of chronic inflammation [57].

With regard to histochemical analysis in the current
study, AB expression in PLS cases was minimal. This
finding reflects the typical structure of gingival tissue in
PLS, as AB primarily stains acidic mucins, which is not
usually present in this condition [58]. However, Sahni,
etal. [59] reported increased AB expression in oral
lesions exhibiting epithelial dysplasia. Interestingly, the
same study also documented a subsequent decrease in
AB expression with the progression to severe dysplasia.

The MLs case examined in this study showed, some
expressivity for AB. This came in agreement with
Frazier et al. (2008) [60], who illustrated AB staining of
sulfated GAGs in MLs cases. On the other hand, the
reaction of AB in JHF case came contradicting to the
reported nature of the deposited hyaline material,
mostly of MMPs and proteoglycans [61]. The negative
AB staining observed in the remaining syndromic cases
reflects the absence of acidic mucins, aligning with the
typical histological structure of their gingival tissues [61].

In the present syndromic cases, PAS reaction was
predominantly expressed at the BM area of the
epithelium, which is known to be rich in proteoglycans
that typically show strong PAS positivity [62]. The
thickened basement membrane observed in JS cases
may be attributed by the chronic gingivitis which is a
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known stimulus for BM multiplication [50].

Conversely, the increased PAS reaction in the JHF case
was anticipated, given the proteoglycans content of the
hyalinized material characteristic of the condition [61]. In
contrast, the remaining syndromic cases exhibited only
mild PAS positivity in the stromal tissue, likely
reflecting the presence of fine reticular fibers within the
stroma [63].

Both MT and VG stains are commonly used to
differentiate collagen fibers from other connective
tissue components [64]. MT is primarily employed to
distinguish muscle fibers (staining red) from collagen
fibers (staining blue) [65]. Whereas, VG stain
differentiates collagen (staining red) from other tissue
elements, which appear yellow [66].

The PLS case with teeth clearance demonstrated high
MT expression. This subsequent replacement of
inflammation by collagen fibers following teeth
removal a valid reason for this intense staining
compared to other PLS cases [67]. VG staining showed a
similar pattern of increased expression in PLS cases,
particularly in the edentulous patient, for the same
reason.

Although hyalinization in JHF has been attributed to
matrix metalloproteinases (MMPs) and proteoglycans,
fibromatosis is recognized as a key histopathological
feature of JHF. The strong positivity of both MT and
VG stains in the JHF case [68]. Similarly, the MLs case
showed

Although hyalinization seen in JHF was thought to be
due to MMPs and proteoglycans, fibromatosis proved
to be a key feature of JHF. The strong positivity of both
MT and VG stains underscores the high collagen
content present [68]. Similarly, the MLs case showed
marked reactivity with both stains, corresponding to
increased collagen deposition, likely secondary to
chronic inflammation.

Both Il-8 and TNF-α are well-established pro-
inflammatory cytokines involved in the pathogenesis of
periodontitis [69]. Previous studies have assessed their
levels in PLS patients to investigate their roles in the
chemotaxis and activation of polymorphonuclear
leukocytes, revealing no statistically significant
differences between patient and control groups [70].
These findings are partially aligned with our results,
where IL-8 levels in GCF showed no significant

difference between patient and control groups.

In contrast, TNF-α levels in our study demonstrated a
statistically significant increase towards the patient
group compared to controls. This elevation is likely due
to the heightened inflammatory response observed in
the majority of cases. Contributing factors such as
gingival enlargement and poor oral hygiene appear to
play a central role in driving gingival inflammation and,
consequently, elevated TNF-α levels [71].

The ECM proteolytic enzymes known to promote ECM
modulation and enhance angiogenesis are MMP-2 [72].
Although being a core driver enzyme in the
inflammatory process and its mutation is directly
involved in the pathogenesis of WS and JHF [73, 74],
MMP-2 did not show statistically significant
differences between patient and control groups in the
present study. This lack of significance may be
attributed to the heterogeneity of the syndromes studied,
each characterized by distinct pathophysiological
mechanisms that likely influence MMP-2 levels
differently.

Among ECM polysaccharides responsible for the
cellular interactions with the surrounding
microenvironment are GAGs [75]. They are involved in
the process of cellular adhesion, migration and
differentiation. Moreover, their contribution to
homeostasis and angiogenesis has also been confirmed
by Wang and Chi (2022) [76]. At the sites of increased
mechanical stresses, ECM automatically replaces
proteoglycans by GAGs to enhance resistance under
physiological conditions [77].

Surprisingly, in the current study, GAGs levels in the
GCF were lower in syndromic patients compared to
healthy controls. This decrease in GAGs levels may be
explained as a disruption in their ECM due to the
underlying pathology in each syndrome [78, 79].
Additionally, the increased collagen production
observed in the MLS case could contribute to altered
ECM composition, subsequently affecting GAGs levels.

Notably, GAGs demonstrated the highest diagnostic
accuracy among all studied biomarkers, however, the
expression was higher in the control group rather than
the syndromic group. While GAGs are already
established diagnostic markers in
Mucopolysaccharidosis and MLs cases [80], to our
knowledge, this is the first study to assess their
diagnostic performance across a broader range of rare
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syndromes.

The marker that ranked second in diagnostic accuracy
was TNF-α, with elevated expression in the syndromic
group. As a pro-inflammatory cytokine, its presence
aligns with the observed inflammatory profiles in most
patients. However, previous studies have shown that
TNF-α levels in the GCF of PLS patients do not
significantly differ between active and non-active
disease states [81]. Similarly, while cytokine profiles
have been explored in MLs patients, TNF-α was not
among the cytokines associated with motor dysfunction
in these cases [82].

CONCLUSIONS

Hematoxylin and Eosin (H&E) staining could be
considered a valuable tool for the preliminary
histopathological diagnosis of PLS, ERS, and JHF,
owing to the distinctive microscopic features observed
in each. In PLS, the presence of lymphoplasmacytic
infiltrates, when considered alongside hallmark clinical
findings such as palmo-plantar keratosis and early-
onset periodontitis, supports accurate diagnosis.
Additional dysplastic changes observed in the
epithelium can further ensure the suspicion.

In ERS, the combination of pulpal calcifications,
nephrocalcinosis, and AI, together with gingival
calcifications evident on histopathology, enhances
diagnostic confidence. Similarly, JHF is characterized
by prominent connective tissue hyalinization, which, in
conjunction with cutaneous nodular lesions, aids in
distinguishing this condition.

In contrast, the histopathological features observed JS,
WS, and MLS were non-specific and therefore of
limited diagnostic utility.

Histochemical techniques applied to the syndromic
cases studied did not significantly contribute to
diagnostic clarity. Variability in molecular expression
according to disease stage undermined their reliability.
For example, while PAS positivity was elevated in JHF
cases, it did not provide additional information beyond
what was observed with routine H&E staining.
Likewise, collagen assessment using MT and VG stains
yielded non-specific results across all syndromes.

ELISA analysis of GCF demonstrated that TNF-α had
the highest sensitivity, specificity, and diagnostic
accuracy among the tested markers (TNF-α, IL-8, and

MMP-2), highlighting its potential as a supportive
diagnostic biomarker. Although GAGs showed
consistently elevated levels across multiple parameters,
their paradoxically higher levels in control samples
compared to patient groups limit their use in diagnosis
and suggest a possible role in disease exclusion rather
than confirmation.

Recommendations

Further studies are warranted to elucidate the dysplastic
changes observed in PLS, with the goal of reducing the
future risk of malignant transformation. This could be
achieved through the implementation of regular
screening programs and long-term follow-up protocols.

Additionally, future research should include a larger
number of cases for each syndrome to ensure sufficient
statistical power and to validate the diagnostic utility of
each marker across different syndromes.

Moreover, further investigations are needed to confirm
the role of TNF-α in each syndrome individually. The
potential of TNF-α as a prognostic marker also merits
comprehensive evaluation in these cases.
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