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Abstract: Background: White Sponge Nevus (WSN) is a rare benign disorder associated with muta-
tions in genes coding for cytokeratin 4 (KRT4) and 13 (KRT13) characterized by dyskeratotic hyper-
plasia of mucous membranes. This study was aimed at examining different approaches (cytology, 
pathology and genetic analysis) to WSN diagnosis. Methods: A series of four patients with asymp-
tomatic white diffuse oral lesions were evaluated and, before performing an incisional biopsy for 
pathology, an oral brush Thin Prep was collected for exfoliative liquid-based cytology (LBC). DNA 
for genetic analysis was also obtained from patients and both their parents, using buccal swabs. 
Results: Pathology and cytology showed similar results, leading to the same diagnosis of hyperker-
atotic epithelium with acanthosis and spongiosis, without atypia, demonstrating the efficiency of 
LBC for the differential diagnosis. Sequencing analysis revealed at least 6 rare variants in the KRT4 
and KRT13 genes in each patient, contributed in part by both unaffected parents. Conclusions: Thin 
Prep for oral exfoliative cytology and genetic analysis are sufficient for an accurate diagnosis of 
WSN. The combination of cytological and genetic analyses could substitute the histologic exam, 
providing a non-invasive alternative for incisional biopsy. 

Keywords: White Sponge Nevus (WSN); incisional biopsy; liquid-based cytology; Cell Block; KRT4; 
KRT13 
 

1. Introduction 
Oral cavity can be affected by many different benign, premalignant and malignant 

diseases that clinically appear as white patches. White Sponge Nevus (WSN) is a rare mu-
cosal leukokeratosis, occurring in less than 1 in 200,000 births, that can be transmitted in 
a dominant fashion in association with pathogenic variants of the KRT4 and KRT13 genes 
encoding keratin 4 and 13 [1–3]. WSN predominantly affects the oral mucosa (although 
vagina, rectum, and nasal cavity may be similarly involved) and is characterized by dys-
keratotic hyperplasia of mucous membranes, usually presenting bilateral, symmetric, 
asymptomatic, deeply fissured oral white patches; oral lesions can arise in different parts 
of the oral mucosa, with buccal mucosa being more frequently affected [4,5]. Lesions are 
thick and spongy, typically appear before puberty, and tend to proliferate diffusely 
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substituting the normal epithelium [6,7]. For this reason, even if it is a benign condition, 
patients and their parents, in case of young subjects, are worried. 

WSN is listed in the OMIM (Online Mendelian Inheritance in Man) catalogue as a 
rare autosomal dominant benign disorder (see OMIM entries #193900 and #615785) with 
incomplete penetrance and variable expression, thus familial cases are rare [8–10]. It is 
caused by germline variants of the keratin genes KRT4 (OMIM *123940) or KRT13 (OMIM 
*148065) located on chromosomes 12q13 and 17q21-q22, respectively [8]. These genes en-
code keratin intermediate filament proteins KRT4 and KRT13, that are specific for mucosa 
and have been shown to be implicated in WSN development and progression [11–13].  

The differential diagnosis is necessary when an hereditary epithelial disorder is sup-
posed, in fact many other genodermatoses (Table 1), such as Hereditary Benign Intraepi-
thelial Dyskeratosis (OMIM %127600) and Follicular Keratosis (Darier-White disease, 
OMIM #124200), can affect the oral cavity and should be excluded [1,2,14]. 

Patients discovering the presence of WSN while they are young adults or older pose 
difficult differential diagnosis, since some potentially malignant disorders can present as 
white patches [1,15,16]: conditions such as leukoplakia (especially its proliferative verru-
cous form) and oral lichen planus (in its plaque clinical form) must be excluded; further-
more, other benign white lesion must be excluded as leukoedema, lichenoid drug reac-
tion, lupus erythematosus, cheek chewing, muscles and candidiasis [17–19]. In all the 
above-mentioned diseases, it is extremely important to reach the correct diagnosis and 
eventually start a suitable therapy. Even if a biopsy is usually indicated to distinguish 
WNS and there are few contraindications, Morris et al. [13] reported a case with WSN, 
where the diagnosis was confirmed by ultrastructural cytology, thus the possibility to 
reach a correct diagnosis with a non- invasive technique should be explored especially 
when WSN must be excluded in children.  

Table 1. Differential diagnosis of White Sponge Nevus (WSN) with other genodermatoses with 
white oral lesions. For each condition (Phenotype), the inheritance patter is indicated (AD: Autoso-
mal Dominant; AR: Autosomal Recessive; XLR: X-linked Recessive; n.a.: not available). When the 
causative genes are known, they are indicated along their chromosomal location. OMIM stands for 
Online Mendelian Inheritance in Man, a catalog of human genes with monogenic inheritance 
(www.omim.org accessed on 14 April 2022). 

Inheritance Phenotype OMIM Location Gene OMIM 
AD White Sponge Nevus 1; WSN1 #193900 12q13.13 KRT4 *123940 
AD White Sponge Nevus 2; WSN2 #615785 17q21.2 KRT13 *148065 

AD 
Hereditary Benign Intraepithe-

lial Dyskeratosis; HBID 
%127600 4q35 n.a. n.a. 

 Pachyonychia congenita, PC     

AD Pachyonychia congenita 1/PC1 #167200 17q21.2 KRT16 *148067 
AD Pachyonychia congenita 2/PC2 #167210 17q21.2 KRT17 *148069 
AD Pachyonychia congenita 3/PC3 #615726 12q13.13 KRT6A *148041 
AD Pachyonychia congenita 4/PC4 #615728 12q13.13 KRT6B *148042 

AR 
Pachyonychia congenita, auto-

somal recessive 
260130 n.a. n.a. n.a. 

 Dyskeratosis congenita, DKC     

AD 
DKC, autosomal dominant 

1/DKCA1 
#127550 3q26.2 TERC *602322 
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AD, AR 
DKC, autosomal dominant 

2/DKCA2 - autosomal recessive 
4/DKCB4  

#613989 5p15.33 TERT *187270 

AD 
DKC, autosomal dominant 

3/DKCA3 - Revesz syndrome 
#613990 - 
#268130 

14q12 TINF2 *604319 

AD, AR 
DKC, autosomal dominant 

4/DKCA4 - autosomal recessive 
5/DKCB5  

#615190 20q13.33 RTEL1 *608833 

AD 
DKC, autosomal dominant 

6/DKCA6 
#616553 16q22.1 ACD *609377 

AR 
DKC, autosomal recessive 

1/DKCB1 
#224230 15q14 NOP10 *606471 

AR 
DKC, autosomal recessive 

2/DKCB2 
#613987 5q35.3 NHP2 *606470 

AR 
DKC, autosomal recessive 

3/DKCB3 
#613988 17p13.1 WRAP53 *612661 

AR 
DKC, autosomal recessive 

6/DKCB6 
#616353 16p13.12 PARN *604212 

AR 
DKC, autosomal recessive 

7/DKCB7 
#616553 16q22.1 ACD *609377 

XLR DKC, X-linked #305000 Xq28 DKC1 *300126 

In the last decade, cytopathology alone and/or in combination with additional anal-
yses (i.e., immune-cytopathology, metabolic assays, genetic sequencing), have been 
widely used in all fields of medicine. Recently some studies reported its potential use in 
the diagnosis of oral diseases, and some interesting results have been reached for the early 
diagnosis of oral cancer and follow-up of potentially malignant disorders [20,21]. Over 
the past ten years, cytology and specifically cytoinclusion (Cell-Block) has proven to be a 
highly reliable diagnostic technique for the diagnosis of oral premalignant and malignant 
lesions, such as oral squamous cell carcinomas. Furthermore, its non-invasive nature and 
the possibility to perform ultrastructural and molecular assays make this technique very 
useful especially in children or in severely compromised patients [22,23]. 

Since WSN is generally diagnosed in adolescence, from a clinical point of view it 
should be differentiated mainly from thermal injuries, oral pseudomembranous candidi-
asis, trauma (factitia) and more rarely from oral lichen planus and other lichenoid lesion. 
Compared to thermal injuries, WSN has stable lesions over time, diffused in many ana-
tomical oral district [24]. Unlike oral lichen planus and other lichenoid lesions, WSN does 
not present the typical Wickham striae and cannot be removed with a gauze or a spatula 
as candidiasis.  

The aim of this study is to report 4 new cases of WSN, comparing the results from 
non-invasive diagnostic techniques (oral brush Thin Prep for exfoliative cytology and se-
quencing of KRT4 and KRT13 genes) with the results of mucosal membrane biopsy, in 
order to evaluate the usefulness of non-invasive diagnostic tools. Eventually we propose 
that the combination of the two non-invasive methods should substitute the use of biopsy 
in the diagnosis of WSN. 
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2. Materials and Methods 
Four male patients, aged 14, 19, 22 and 37 respectively, were referred to the Dental 

Clinic of Fondazione Policlinico Gemelli (FPG), Catholic University of Rome, for the di-
agnosis of white asymptomatic diffuse oral lesions. They were all selected for this study, 
because the aspect of the lesions led to the suspicion of WSN; given its rarity, the number 
of patients was considered sufficient for this observational study. The study was ap-
proved by the Ethic Committee of the Università Cattolica del Sacro Cuore (#565). A writ-
ten consent, including information about the diagnostic procedures i.e., oral biopsy, exfo-
liative cytology and genetic testing, was given to all patients, and to the parents of the 
minor.  

2.1. Patient Information and Clinical Findings 
The first patient was sent to our observation from a dermatologist, who had sus-

pected WSN, in order to evaluate the possibility of orthodontic therapy. The second pa-
tient was referred from his dentist; the third and the fourth came from the dermatological 
Clinic of FPG. None of the patients were smokers and their medical history did not reveal 
any systemic diseases nor pharmacological treatments.  

Extra-oral examination did not reveal any contributory feature and the intraoral ex-
amination revealed in all cases white diffuse spongy lesions mainly located on the buccal 
mucosa, affecting also the tongue and floor of the mouth. None of the family members of 
these patients presented any white lesion of the mouth. In all cases white spongy smooth 
patches were present bilaterally on the cheek mucosa (from retro-commissural area to the 
trigone area) and in the ventral surface of the tongue. The dorsum and the border of the 
tongue were only slightly more spongy than normal for case 1 and 2 and 4, while this was 
the case only for the ventral surface of the tongue in case 3. The soft or hard palate were 
not involved in any case. In all cases the Nikolsky sign was negative, but a slight white 
keratin membrane could be removed from the most outer part of the mucosal membrane 
(especially on the buccal mucosa).  

 
2.2. Timeline 

After clinical examination, a smear was gently collected from the lesion using a cyto-
brush for oral exfoliative cytology procedures (ThinPrep kit, Hologic Inc., Mississagua, 
ON, Canada), without damaging the lesion. The samples for cytological tests from each 
patient were immediately deposited into 20 mL of PreservCyt® Solution (Hologic Inc., 
Mississagua, ON, Canada). The sample vials were then capped, labeled, and sent to the 
laboratory of cytopathology of FPG. The samples were analyzed the same day of the la-
boratory delivery, however the PreservCyt® Solution allows sample storage for 30 days. 
Three non-invasive laboratory procedures were performed on each sample in order to 
verify the diagnosis of WSN: Papanicolau staining for cytomorphologic determination 
(ThinPrep), immune-cytopathology and Cell Block (CB) preparation [16,25].  

A second sample was taken by an oral brush (Cytobrush® Plus GT, Cooper surgical, 
Trumbull, CT, USA) for genetic analysis; this sample was stored dry and sent to the Ge-
netic Laboratory of FPG for genetic analysis. 

The diagnostic pathway ended with an incisional biopsy of the white lesions for the 
pathology diagnosis. After performing chlorhexidine 0.2% disinfection of the oral mucosa 
(Paroex, GUM, Sunstar, Etoy, Switzerland) and local anesthesia with 2% mepivacaine 
with 1:100,000 epinephrine (Optocain, Molteni Dental, Milan, Italy), a 6 mm punch biopsy 
was taken (kai Europe GmbH, Solingen, Germany). A 3/0 silk (Ethilon, Ethicon, Johnson 
& Johnson Medical Spa, Pomezia, Italy) was used to suture the wound; in all patients 
stitches were removed after one week, and healing was uneventful. All specimens were 
formalin fixed and sent to the pathology laboratory of FPG, with a clinical diagnosis of 
WSN. 
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2.3. Diagnostic Assessment 
Medical history, young age (except one patient—37 years old) and clinical appear-

ance of patients oral mucosa were highly suggestive of WSN (Figure 1), nevertheless we 
had the opportunity to perform non-invasive diagnostic pathology procedure (cyto-
pathology, immune-cytopathology and cell block) together with genetic tests and com-
pare them with the standard diagnostic procedure based on bioptic tissue examination. 

 
Figure 1. Clinical appearance of the same patient (right cheek (A), left cheek (B), right tongue (C), 
left tongue (D) with White Sponge Nevus: the mucosa appears bilaterally whitish, thickened and 
spongy texture. 

2.4. Laboratory Procedures 
Part of the buccal smear sample was prepared using Hologic Thin Prep 5000 (Hologic 

Inc., Mississagua, ON, Canada) and stained with the trichrome of Papanicolau (Hologic 
Inc., Mississagua, ON, Canada) for cytopathologic analysis. From the same smear sample, 
slides were prepared for immunostaining with antibodies against keratins KRT4 and 
KRT13 (Santa Cruz Biotechnology, Dallas, TX, USA), to evaluate their relative expression. 
The remaining part of the smear samples were prepared using the Celliant Automated 
Cell Block system (Hologic Inc., Mississagua, ON, Canada). This kind of preparation al-
lows observing a thick layer of cells. The Cell Block were stained with hematoxylin and 
eosin (H&E) and immunostaining with antibodies against KRT4 and KRT13. The inci-
sional biopsy specimens obtained from the buccal mucosa of all patients were routinely 
processed as specimens for H&E staining and immunostaining with antibodies against 
KRT4 and KRT13. 

2.5. Genetic Analysis 
DNA extraction and purification was carried out using an automatic MagCore Nu-

cleic Acid Extractor. DNA concentration and quality were measured by absorbance at 
260 nm and by the ratios of A260 nm/A280 nm. Polymerase chain reaction (PCR) primers 
were designed using Genamics Expression DNA Sequence Analysis Software (Genamics, 
Hamilton, New Zealand) and the in Silico-PCR tool provided by the UCSC Genome 
Browser (http://rohsdb.cmb.usc.edu/GBshape/cgi-bin/hgPcr, accessed on 29 September 
2021). Primer sets were designed to include all coding exons (9 for KRT4 and 8 for KRT13) 
and splice junctions, including a minimum of 50 nucleotides of intron sequence (Table 2). 
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PCR amplification of all exons was performed using PCR Master Mix (Promega Corpora-
tion, Madison, Wisconsin, USA).  

PCR cycles consisted of denaturation at 95 °C for 2 min, 38 cycles of 95 °C for 45 s, 55 
°C for 45 s, 72 °C for 45 s, and a final elongation at 72 °C for 5 min. PCR products were 
purified using ExoStar1 Step (Euroclone S.p.A. Società a Socio Unico Via Figino, 20/22 
20016 Pero (MI)), directly sequenced on both strands using BigDyeTerminator V3.1 (Ther-
moFisher Scientific, Waltham, MA,USA) and subsequently resolved on ABI3500 Genetic 
Analyzer (Applied Biosystems, Foster City, CA, USA). NM_002272.4 was used as refer-
ence sequence of the KRT4 gene and NM_153490.3 was used as reference sequence of the 
KRT13 gene. Identified variants were confirmed with a new PCR and sequencing reaction.  

Table 2. List of PCR primer pairs and annealing temperatures used in the present study (F, Forward 
primer; R, reverse primer) and size of amplicon. 

Primers for KRT4 
Gene 

Primer (5′ to 3′) Annealing 
Temp. (C°) 

Amplicon Size 
(bp) 

CK4F1      TGATAGCTCCCAGCTCGCT  
55° 

603 
CK4R1  CCAGGGAAGTTCAGTGGTCT 
CK4F2  TGCCCTGGAGATGCAACATA  

55° 464 
CK4R2  CCTTCAGAGCCTGAGATTCT 
CK4F3  CCTGGCCTAAACGGGTACTT  

55° 332 
CK4R3  CCCATGACTTCAGCCAAAGA 
CK4F4  TTCCATGTCTTCAGGTGGCT  

55° 
402 

CK4R4  GATGAGAACCCACTGCCCTA 
CK4F5  TCAGTGAAGGCTTTCCTGG  

55° 
668  

(5F/6R) CK4R6  TCTGGAGATGTCTGCCTGAG 
CK4F7  TCAGGGAAAGTGGGCAGAA  

55° 
421 

CK47R GGCATAAATAAGCTCATGGC 
CK4F8  GGTGCATTACGAACCAGGA                                       

55° 
650 

(8F/9R) CK4R9       TCCCTGTCCCAGCACAGAA   
Primers for KRT13 

Gene Primer (5′ to 3′) 
Annealing 
Temp. (C°) 

Amplicon Size 
(bp) 

CK13F1  GGGAAGGGAGGAGAGAAGAT  
55° 715 

CK13R1  CACACCTAGTCCCCCACAA 
CK13F2  TAGCGTATTTGATGTGTTGCC  

55° 
274 

CK13R2  CCAGTGTCATTGGTCAGATG 
CK13F3  ACACTGGAGCATCCCAGGA  

55° 
668 

(3F/4R) CK13R4  TATGGGATGGGCTATGTGGG 
CK13F5 CTTCCCCACCACCTTCTTC  

55° 
567 

(5F/6R) CK13R6  TGACATGAGGGGGTGGATC 
CK13F7 GAAATGATAAGCCGAGGCAC  

55° 
276 

CK13R7 CAGTGAGCGAATGACCACTT 
CK13F8 AATGAGGAGTTTGTGAGCCC  

55° 301 
CK13R8 ACTGAGCCTTGGGTCCAGC 

2.6. In Silico Analysis  
Sequence data were inspected using Sanger Sequencing and Fragment Analysis Soft-

ware SeqScape of Applied Biosystems (ThermoFisher Scientific, Waltham, MA,USA). The 
reference mRNA sequence is NM_002272.4 for KRT4 and NM_153490.3 for KRT13 and 
variants are indicated starting from the first nucleotide of the coding sequence (+1). The 
reference protein sequence is NP_002263.3 for KRT4 and NP_705694.3 for KRT13. The se-
quence variants for both genes were searched in gene-specific databases as the Leiden 
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Open Variation database- LOVD (https://databases.lovd.nl/shared/genes/KRT4 and 
https://databases.lovd.nl/shared/genes/KRT13, accessed 18 May 2022) and the NCBI Clin-
Var database (https://www.ncbi.nlm.nih.gov/clinvar, accessed 19 May 2022), as well as in 
general population databases, namely the NCBI Database of Short Genetic Variation–
dbSNP (https://www.ncbi.nlm.nih.gov/snp, accessed 25 May 2022) and the Genome Ag-
gregation Database—GnomAD (https://gnomad.broadinstitute.org/, accessed 30 May 
2022). 

2.7. Results Histocytopathological, Immunocytochemistry and Cell Block Results 
Figure 2 displays a paraffin-embedded section from oral biopsy showing the pres-

ence of acanthosis and hyper-keratosis of the epithelium: cells of the prickle cell (spinous) 
layer displayed marked intracellular edema and nuclear pyknosis, while the lower half of 
the epithelium appeared normal (Figure 2A). There was no evidence of dysplasia and no 
basal cell degeneration. Figure 2B demonstrates cytokeratin 13 (KRT13) overexpression, 
confirming the WSN diagnosis for all patients.  

 
Figure 2. (A)—Histological analysis of paraffin-embedded section from oral biopsy shows 
the presence of edema and acanthosis (H&E 4×); the lower half of the epithelium appears 
normal. No evidence of dysplasia and no basal cell degeneration. At higher magnification 
(in the lower box), cells of the prickle cell (spinous) layer displayed marked intracellular 
edema and nuclear pyknosis (H&E 40×). (B)—Overexpression of KRT13 was observed in 
the same sample (CK13 immunohistochemistry 4× and 40× in the lower box). 

Figure 3 shows the results obtained with oral brushing. Figure 3A corresponds to 
cytopathology with Papanicolau staining (4×) showing cells with no nuclear atypia and 
no relevant morphological alterations; overexpression of KRT13 is evident in cytobrush 
preparations at 10× and 20× (Figure 3B,C). Figure 3D shows the results of Cell Block prep-
arations stained with H&E (Figure 3D) while Figure 3E,F show KRT13 and KRT4 overex-
pression, respectively. In Figure 3D some cells with cytoplasmic vacuolization and hy-
perparakeratosis can be noted, while the search for malignant cells was negative. Cell 
Block preparations show large aggregates of dyskeratotic keratinocytes from the spinous 
layer cells and from corneous layer (corneocytes) with tenacious aggregation. At higher 
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magnification (inset of Figure 3D), characteristic target features of dyskeratotic keratino-
cytes can be appreciated. Cell Block preparations are almost indistinguishable from those 
obtained with oral biopsy and histopathology.  

 
Figure 3. (A)—Liquid based cytology from cytobrush with Papanicolaou staining shows 
scattered cells with no nuclear atypia and no relevant morphological alteration (Cyto-
brush 4×); (B)—Positive immunohistochemical staining for KRT13 (Cytobrush 10×); (C)—
Positive immunohistochemical staining for KRT13 (Cytobrush 20×); (D)—Cell Block 
shows higher number of cells and aggregates of dyskeratotic keratinocytes from the spi-
nous layer cells and from corneous layer (Cell Block—H&E 10× and 60× in the higher 
magnification detail); (E)—Positive immunohistochemical staining for KRT13 (Cell Block-
40×); (F)—Positive immunohistochemical staining for KRT4 (Cell Block-20×). 

In conclusion, the brushing method is comparable to conventional histology on oral 
biopsy sections for reaching a WSN diagnosis. In this specific case, cytobrush samples 
collected with the Thin Prep Kit have optimal characteristics for analysis, because lesions 
flake easily. Both histological analysis on oral biopsy and Cell Block preparation on exfo-
liative cytology led to the same benign diagnosis of WSN, namely hyperkeratotic epithe-
lium with acanthosis and spongiosis.  

2.8. Genetic Results 
Sequencing analysis in our patients detected 13 rare variants in KRT4 and KRT13 

genes (Table 3). Most of these variants were listed in gene-specific databases (see Section 
2.6 “In Silico Analysis”) and associated to the White Sponge Nevus phenotype. These re-
sults confirm the genetic etiology of WSN, completing the diagnostic process and con-
firming the observations made on the Cell Block specimen. Parents of these patients are 
healthy but carry approx. 50% of their affected sons’ variants. Most detected KRT4 and 
KRT13 variants are polymorphic in the population, and do not have a direct pathogenetic 
effect. Only 5 out of 13 variants are missense, while others are either intronic or synony-
mous; however, each patient has inherited variants from parents in each gene. 
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Table 3. List of White Sponge Nevus patients with their respective genetic variants, associated SNP 
number (rs), parental origin (green: maternal allele; blue: paternal allele) and variant frequencies 
based on the gnomAD database (gnomad.broadinstitute.org). n.a.: not available. 

Patient Gene 
Genetic Variant 

Effect—(Varsome Classification) 
dbSNP 

(ClinVar) 

Parental 
Origin 

 

Variant Frequency 
(%) 

  P-1 

KRT4 

c.244_245insTTGGTGGCTTTGGTGCCGGCG 
GCTTCGGAGCTGGTTTCGGCA 

p.Gly81_Thr82insIleGlyGlyPheGlyAlaGlyGly 
PheGlyAlaGlyPheGly 

in frame insertion—(Uncertain Significance) 

rs781060860 
(n.a.) 

Maternal 2/47694 alleles 

c.678-14G > A  
intronic variant–(Benign) 

rs2307027 
(309687) 

Maternal 
234682/ 

280914 alleles 
(84%) 

c.1345A > G 
intronic variant–(Benign) 

rs931479 
(309671) 

Paternal 
236494/ 

282588 alleles 
(84%) 

KRT13 

c.114C > T (p.Ser38 =) 
synonymous variant—(Benign) 

rs8182306 
(1300084) 

Maternal 
260852/ 

282488 alleles 
(92%) 

c.735 + 10A > G  
intronic variant—(Benign) 

rs7211835 
(323093) 

Paternal 
257738/ 

282656 alleles 
(91%) 

c.897 + 6C > T 
intronic variant—(Benign) 

rs4796698 
(323084) 

Paternal 
255407/ 

282646 alleles 
(90%) 

P-2 

KRT4 

c.244_245insTTGGTGGCTTTGGTGCCGGCG 
GCTTCGGAGCTGGTTTCGGCA 

p.Gly81_Thr82insIleGlyGlyPheGlyAlaGlyGly 
PheGlyAlaGlyPheGly 

in frame insertion—(Uncertain Significance) 

rs781060860 
(n.a.) 

Paternal 2/47694 alleles 

c.678-14G > A  
intronic variant—(Benign) 

rs2307027 
(309687) 

Maternal 
234682/ 

280914 alleles 
(84%) 

c.1020G > C (p.Ser340=) 
synonymous variant—(Benign) 

rs7956809 
(309677) 

Paternal 
27040/ 

281468 alleles 
(10%) 

KRT13 

c.114C > T (p.Ser38=) 
synonymous variant—(Benign) 

rs8182306 
(1300084) 

Maternal 
260852/ 

282488 alleles 
(92%) 

c.340C > T (p.Arg114Cys) 
missense variant—(Likely pathogenic) 

rs545085703 
(n.a.) 

Maternal 1/251496 alleles 

c.735 + 10A > G  
intronic variant—(Benign) 

rs7211835 
(323093) 

Paternal 
257738/ 

282656 alleles 
(91%) 

c.897 + 6C > T 
intronic variant—(Benign) 

rs4796698 
(323084) 

Maternal 
255407/ 

282646 alleles 
(90%) 

c.1335T > C (p.Ser445=) 
synonymous variant—(Likely benign) 

rs772942425 
(n.a.) 

Paternal 2/192196 alleles 

P-3 

 
 
 
 
 
 

KRT4 
 
 
 
 
 

c.244_245insTTGGTGGCTTTGGTGCCGGCG 
GCTTCGGAGCTGGTTTCGGCA 

p.Gly81_Thr82insIleGlyGlyPheGlyAlaGlyGly 
PheGlyAlaGlyPheGly 

in frame insertion (Uncertain Significance) 

rs781060860 
(n.a.) 

Maternal 2/47694 alleles 

c.678-14G > A  
intronic variant - (Benign) 

rs2307027 
(309687) 

Paternal 
234682/ 

280914 alleles 
(84%) 
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KRT13 

c.114C > T (p.Ser38 =) 
synonymous variant - (Benign) 

rs8182306 
(1300084) 

Paternal 
260852/ 

282488 alleles 
(92%) 

c.437C > G (p.Ala146Gly) 
missense variant—(Benign) 

rs760134 
(323101) 

Paternal 
15256/ 

282858 alleles 
(5.4%) 

c.735 + 10A > G  
intronic variant—(Benign) 

rs7211835 
(323093) 

Maternal 
257738/ 

282656 alleles 
(91%) 

c.897 + 6C > T 
intronic variant—(Benign) 

rs4796698 
(323084) 

Paternal 
255407/ 

282646 alleles 
(90%) 

P-4 

KRT4 

c.215C > T (p.Ala72Val)  
missense variant—(Benign) 

rs2638525 
(309709) 

Paternal 
49870/ 

229154 alleles 
(21.8%) 

c.467A > G (p.Gln156Arg) 
missense variant—(Benign) 

rs7959052 
(309695) Maternal 

53607/ 
278106 alleles 

(19.3%) 

KRT13 

c.114C > T (p.Ser38 =) 
synonymous variant—(Benign) 

rs8182306 
(1300084) Paternal 

260852/ 
282488 alleles 

(92%) 

c.560C > T (p.Ala187Val)  
missense variant—(Benign) 

rs9891361 
(323096) Maternal 

239787/ 
282512 alleles 

(85%) 

c.735 + 10A > G  
intronic variant—(Benign) 

rs7211835 
(323093) Paternal 

257738/ 
282656 alleles 

(91%) 

c.897 + 6C > T 
intronic variant—(Benign) 

rs4796698 
(323084) 

Paternal 
255407/ 

282646 alleles 
(90%) 

3. Discussion 
In the last decades, many diagnostic procedures in different fields of medicine took 

advantage of minimally invasive techniques as cytopathology alone and/or in combina-
tion with ancillary techniques (i.e., immune-cytopathology, metabolic assays, genetic se-
quencing). Nevertheless, in the oral medicine field only recently cytology has been proved 
as a valid tool for the early diagnosis of oral cancer and biopsy, with an accurate clinical-
pathological correlation, remains the gold standard in the diagnosis of oral lesions. In this 
light, the need of minimally invasive techniques with a high reliability is essential, since 
many potentially malignant disorders and frankly malignant disorders can affect the oral 
cavity [7,26–28] and non-invasive diagnostic tools are welcome for oral health screenings 
and follow-up.  

The presentation and thorough diagnostic procedure of these 4 new cases of WSN 
allowed us to compare non-invasive techniques with the gold standard verified with 
loupes or microscopy [29,30]. The clinical-pathological correlation in all cases reached the 
final diagnosis of WSN (white bilateral asymptomatic non-removable plaques in young 
patients with pathology revealing hyperkeratosis without dysplasia) and the cytopathol-
ogy results, further confirmed by the results of the genetic analysis, led to the same final 
diagnosis.  

Even if WSN is considered a benign condition, patients and their parents, in case of 
young subjects, are worried for the aggressive feature of the oral lesions. Since a final di-
agnosis of WSN may be reached not only by clinical-pathological correlation performing 
an oral biopsy, but also comparing the clinical findings with cytopathology results on buc-
cal swab, integrated by genetic analysis, we propose a noninvasive diagnostic algorithm 
(Figure 4). When observing a child with bilateral not removable asymptomatic oral 
plaques, performing a buccal swab in order to perform cytopathology and genetic testing 
of KRT4 and KRT13, may provide a final diagnosis of WSN without performing a biopsy, 
or at least postponing it until legal age.  
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Figure 4. Proposed diagnostic workflow for White Spongeous lesions of the oral cavity. 

From a clinical point of view, the most obvious advantage of non-invasive techniques 
is the possibility of performing diagnostic procedure on children or young patients, who 
may be frightened by the oral biopsy. Furthermore, the non-invasiveness of Thin Prep 
technique makes it suitable for the follow-up of these patients, leaving the oral biopsy as 
last resort only if the clinical appearance of the lesions should change. Cytopathology 
methods are becoming more and more common in the clinical practice thanks to their 
numerous advantages: they are easy to perform with few tools, samples can be stored up 
to 30 days in the Thin Prep medium, genetic and other ancillary techniques can be per-
formed on the same samples. Furthermore, recent studies propose Thin Prep technique 
for screening oral pathologies or tooth anomalies, and as soon as malignant cells are de-
tected, the intervention of the oral surgeon can be immediate [20,31,32]. 

In adult patients with bilateral white lesion, a different diagnostic algorithm must be 
followed because malignant disorders are more common and a biopsy is mandatory in 
the majority of cases. In this context, using the Thin Prep technique to perform a Papani-
colau stain could be the first step in order to identify the cell lines (i.e., epithelial, connec-
tive, hematological) and oral biopsy could be the second step, in case of malignant cells 
identification.  

Genetic disorders have specific manifestations and are caused by a derangement of 
one or more genes with the consequent tissue/organ impairment. Many of these condi-
tions involve the entire body, but in some cases oral signs are the first manifestation of the 
disorder as in genodermatoses [2,33]. The genetic analysis of our patients was also com-
patible with the diagnosis of WSN. Furthermore, as shown in Table 3, the DNA variants 
from both parents eventually combine in our patients, suggesting that the onset of WSN 
could follow a dose dependent manner i.e., when a certain type and number of variants 
in the KRT genes reach a given threshold.  



Bioengineering 2023, 10, 154 12 of 14 
 

The limit of this research is that is based on the analysis of only four patients, all male. 
Considering that WSN is a rare disease, their number is still considerable, however, it is 
desirable to extend the genetic analysis to other WSN cases to confirm that KRT4 and 
KRT13 variants are causative. 

4. Conclusion 
We propose a decision tree for young patients presenting with white oral bilateral 

asymptomatic non-removable patches, suggesting a provisional diagnosis of WSN. The 
diagnostic process should start with exfoliative cytopathology and be continued with cell-
block preparations and their analysis with traditional staining and additional immuno-
histochemistry. Genetic analysis should be added in order to characterize putative muta-
tions of KRT4 or KRT13. This non-invasive diagnostic approach is highly reliable and will 
allow differential diagnosis of WSN without resorting to an invasive diagnostic procedure 
such as oral biopsy.  

Author Contributions: C.L.: Visualization (lead); Formal analysis (lead); Writing—Original draft 
(supprting), C.C.: Conceptualization (equal); methodology (lead), Supervision, Writing—Review 
and Editing (supporting), E.S.: Investigation (lead); Formal analysis (supporting), F.R.G.: Investiga-
tion (supporting); Writing—Original draft (supporting), P.C.: Formal analysis (equal), Visualization 
(supporting); Supervision, Writing—Review and Editing (supporting), C.G.: Conceptualization 
(equal); Supervision, Writing—Review editing (lead). All authors have read and agreed to the pub-
lished version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: This study was performed in line with the principles of the 
Declaration of Helsinki. The study was approved by the Ethic Committee of the Università Cattolica 
del Sacro Cuore (#565). 

Informed Consent Statement: A written consent was obtained from the patients. 

Data Availability Statement: The data that support the findings of this study are available on re-
quest from the corresponding author, [P.C.]. 

Conflicts of Interest: This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors. 

References 
1. Babu, N.A.; Rajesh, E.; Krupaa, J.; Gnananandar, G. Genodermatoses. J. Pharm. Bioallied Sci. 2015, 7, S203–S206. 

https://doi.org/10.4103/0975-7406.155903. 
2. Pinna, R.; Cocco, F.; Campus, G.; Conti, G.; Milia, E.; Sardella, A.; Cagetti, M.G. Genetic and developmental disorders of the 

oral mucosa: Epidemiology; molecular mechanisms; diagnostic criteria; management. Periodontology 2000 2019, 80, 12–27. 
https://doi.org/10.1111/prd.12261. 

3. Jones, K.B.; Jordan, R. White lesions in the oral cavity: Clinical presentation, diagnosis, and treatment. Semin. Cutan. Med. Surg. 
2015, 34, 161–170. https://doi.org/10.12788/j.sder.2015.0180. 

4. Bezerra, K.T.; Leite, T.C.; Roza, A.; Araujo, R.; Israel, M.S.; Canedo, N.H.S.; Agostini, M.; Benevenuto de Andrade, B.A.; Roma-
nach, M.J. White sponge nevus: A condition not always clinically suspected. J. Cutan. Pathol. 2020, 47, 22–26. 
https://doi.org/10.1111/cup.13581. 

5. Polizzi, A.; Santonocito, S.; Lo Giudice, A.; Alibrandi, A.; De Pasquale, R.; Isola, G. Analysis of the response to two pharmaco-
logical protocols in patients with oral lichen planus: A randomized clinical trial. Oral Dis. 2021. online ahead of print. 
https://doi.org/ 10.1111/odi.13960.  

6. Sobhan, M.; Alirezaei, P.; Farshchian, M.; Eshghi, G.; Ghasemi Basir, H.R.; Khezrian, L. White Sponge Nevus: Report of a Case 
and Review of the Literature. Acta Med. Iran. 2017, 55, 533–535. 

7. Isola, G.; Matarese, M.; Ramaglia, L.; Iorio-Siciliano, V.; Cordasco, G.; Matarese, G. Efficacy of a drug composed of herbal ex-
tracts on postoperative discomfort after surgical removal of impacted mandibular third molar: A randomized, triple-blind, 
controlled clinical trial. Clin. Oral Investig. 2019, 23, 2443–2453. https://doi.org/10.1007/s00784-018-2690-9. 

8. de Haseth, S.B.; Bakker, E.; Vermeer, M.H.; El Idrissi, H.; Bosse, T.; Smit, V.; Terron-Kwiatkowski, A.; McLean, W.H.I.; Peters, 
A.A.W.; Hes, F.J. A novel keratin 13 variant in a four-generation family with white sponge nevus. Clin. Case Rep. 2017, 5, 1503–
1509. https://doi.org/10.1002/ccr3.1073. 



Bioengineering 2023, 10, 154 13 of 14 
 

9. Liu, X.; Li, Q.; Gao, Y.; Song, S.; Hua, H. Mutational analysis in familial and sporadic patients with white sponge naevus. Br. J. 
Dermatol. 2011, 165, 448–451. https://doi.org/10.1111/j.1365-2133.2011.10404.x. 

10. Zhang, J.; Quan, J.; Ren, Y.; Chen, M.; Yang, J.; Zhang, X. Keratin 4 regulates the development of human white sponge nevus. J. 
Oral Pathol. Med. 2018, 47, 598–605. https://doi.org/10.1111/jop.12728. 

11. Westin, M.; Rekabdar, E.; Blomstrand, L.; Klintberg, P.; Jontell, M.; Robledo-Sierra, J. Mutations in the genes for keratin-4 and 
keratin-13 in Swedish patients with white sponge nevus. J. Oral Pathol. Med. 2018, 47, 152–157. https://doi.org/10.1111/jop.12652. 

12. Songu, M.; Adibelli, H.; Diniz, G. White sponge nevus: Clinical suspicion and diagnosis. Pediatr. Dermatol. 2012, 29, 495–497. 
https://doi.org/10.1111/j.1525-1470.2011.01414.x. 

13. Morris, R.; Gansler, T.S.; Rudisill, M.T.; Neville, B. White sponge nevus. Diagnosis by light microscopic and ultrastructural 
cytology. Acta Cytol. 1988, 32, 357–361. 

14. Huang, B.W.; Lin, C.W.; Lee, Y.P.; Chiang, C.P. Differential diagnosis between leukoedema and white spongy nevus. J. Dent. 
Sci. 2020, 15, 554–555. https://doi.org/10.1016/j.jds.2020.05.018. 

15. Berrone, M.; Lajolo, C.; De Corso, E.; Settimi, S.; Rupe, C.; Crosetti, E.; Succo, G. Cooperation between ENT surgeon and dentist 
in head and neck oncology. Acta Otorhinolaryngol. Ital. 2021, 41, S124–S137. https://doi.org/10.14639/0392-100X-suppl.1-41-2021-
13. 

16. Kurklu, E.; Ozturk, S.; Cassidy, A.J.; Ak, G.; Koray, M.; Cefle, K.; Palanduz, S.; Gulluoglu, M.G.; Tanyeri, H.; McLean, W.H. 
Clinical features and molecular genetic analysis in a Turkish family with oral white sponge nevus. Med. Oral Patol. Oral Cir. 
Bucal 2018, 23, e144–e150. https://doi.org/10.4317/medoral.21437. 

17. Isola, G.; Anastasi, G.P.; Matarese, G.; Williams, R.C.; Cutroneo, G.; Bracco, P.; Piancino, M.G. Functional and molecular out-
comes of the human masticatory muscles. Oral Dis. 2018, 24, 1428–1441. https://doi.org/10.1111/odi.12806. 

18. Simonson, L.; Vold, S.; Mowers, C.; Massey, R.J.; Ong, I.M.; Longley, B.J.; Chang, H. Keratin 13 deficiency causes white sponge 
nevus in mice. Dev. Biol. 2020, 468, 146–153. https://doi.org/10.1016/j.ydbio.2020.07.016. 

19. Cai, W.; Jiang, B.; Yu, F.; Yang, J.; Chen, Z.; Liu, J.; Wei, R.; Zhao, S.; Wang, X.; Liu, S. Current approaches to the diagnosis and 
treatment of white sponge nevus. Expert Rev. Mol. Med. 2015, 17, e9. https://doi.org/10.1017/erm.2015.7. 

20. Alsarraf, A.H.; Kujan, O.; Farah, C.S. The utility of oral brush cytology in the early detection of oral cancer and oral potentially 
malignant disorders: A systematic review. J. Oral Pathol. Med. 2018, 47, 104–116. https://doi.org/10.1111/jop.12660. 

21. Idrees, M.; Farah, C.S.; Sloan, P.; Kujan, O. Oral brush biopsy using liquid-based cytology is a reliable tool for oral cancer 
screening: A cost-utility analysis: Oral brush biopsy for oral cancer screening. Cancer Cytopathol. 2022, 130, 740–748. 
https://doi.org/10.1002/cncy.22599. 

22. Rossi, E.D.; Zannoni, G.F.; Moncelsi, S.; Stigliano, E.; Santeusanio, G.; Lombardi, C.P.; Pontecorvi, A.; Fadda, G. Application of 
liquid-based cytology to fine-needle aspiration biopsies of the thyroid gland. Front. Endocrinol. 2012, 3, 57. 
https://doi.org/10.3389/fendo.2012.00057. 

23. Perez-de-Oliveira, M.E.; Petersen Wagner, V.; do Amaral-Silva, G.K.; Almeida Leite, A.; Ajudarte Lopes, M.; Santos-Silva, A.R.; 
Jorge Junior, J.; de Almeida, O.P.; Agustin Vargas, P. An audit of cytopathology in the oral and maxillofacial region: 18 years of 
experience. Cytopathology 2020, 31, 555–563. https://doi.org/10.1111/cyt.12891. 

24. Bukhari, A.F.; Farag, A.M.; Treister, N.S. Chronic Oral Lesions. Dermatol. Clin. 2020, 38, 451–466. 
https://doi.org/10.1016/j.det.2020.05.006. 

25. Curro, M.; Matarese, G.; Isola, G.; Caccamo, D.; Ventura, V.P.; Cornelius, C.; Lentini, M.; Cordasco, G.; Ientile, R. Differential 
expression of transglutaminase genes in patients with chronic periodontitis. Oral Dis. 2014, 20, 616–623. 
https://doi.org/10.1111/odi.12180. 

26. da Cunha Santos, G.; Saieg, M.A.; Troncone, G.; Zeppa, P. Cytological preparations for molecular analysis: A review of technical 
procedures, advantages and limitations for referring samples for testing. Cytopathology 2018, 29, 125–132. 
https://doi.org/10.1111/cyt.12534. 

27. Giuliani, M.; Troiano, G.; Cordaro, M.; Corsalini, M.; Gioco, G.; Lo Muzio, L.; Pignatelli, P.; Lajolo, C. Rate of malignant 
transformation of oral lichen planus: A systematic review. Oral Dis. 2019, 25, 693–709. https://doi.org/10.1111/odi.12885. 

28. Warnakulasuriya, S.; Ariyawardana, A. Malignant transformation of oral leukoplakia: A systematic review of observational 
studies. J. Oral Pathol. Med. 2016, 45, 155–166. https://doi.org/10.1111/jop.12339. 

29. Lo Giudice, G.; Lo Giudice, R.; Matarese, G.; Isola, G.; Cicciù, M.; Terranova, A.; Palaia, G.; Romeo, U. Evaluation of 
magnification systems in restorative dentistry. An in-vitro study. Dental Cadmos 2015, 83, 296–305. https://doi.org/10.1016/s0011-
8524(15)30036-2. 

30. Liu, D.; Sheng, C.; Gao, S.; Yao, C.; Li, J.; Jiang, W.; Chen, H.; Wu, J.; Pan, C.; Chen, S.; et al. SOCS3 Drives Proteasomal Degra-
dation of TBK1 and Negatively Regulates Antiviral Innate Immunity. Mol. Cell. Biol. 2015, 35, 2400–2413. 
https://doi.org/10.1128/MCB.00090-15. 

31. Hosmani, J.V.; Pujari, V.K.; Kotrashetti, V.S.; Nayak, R.S.; Babji, D.V.; Patanshetti, S.M. Comparison of the Efficacy of Sediment 
Cytology over Oral Brush Cytology in Oral Leukoplakia. Acta Cytol. 2020, 64, 368–374. https://doi.org/10.1159/000503216.  



Bioengineering 2023, 10, 154 14 of 14 
 

32. Cannavale, R.; Matarese, G.; Isola, G.; Grassia, V.; Perillo, L. Early treatment of an ectopic premolar to prevent molar-premolar 
transposition. Am. J. Orthod. Dentofacial. Orthop. 2013, 143, 559–569. https://doi.org/10.1016/j.ajodo.2012.03.035. 

33. Mortazavi, H.; Safi, Y.; Baharvand, M.; Jafari, S.; Anbari, F.; Rahmani, S. Oral White Lesions: An Updated Clinical Diagnostic 
Decision Tree. Dent. J. 2019, 7, 15. https://doi.org/10.3390/dj7010015. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 


	1. Introduction
	2. Materials and Methods
	2.1. Patient Information and Clinical Findings
	2.3. Diagnostic Assessment
	2.4. Laboratory Procedures
	2.5. Genetic Analysis
	2.6. In Silico Analysis
	2.7. Results Histocytopathological, Immunocytochemistry and Cell Block Results
	2.8. Genetic Results

	3. Discussion
	4. Conclusion
	References

