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Abstract
BACKGROUND 
Intracranial epidermoid cyst (IEC) transformation to malignant squamous cell 
carcinoma (SCC) is extremely rare, and its etiology is yet unknown. Currently, 
SCC is treated by performing surgery, followed by a combination of radiotherapy 
and chemotherapy. It is crucial to identify efficient and trustworthy therapeutic 
targets for SCC to improve its diagnosis, prognosis, and treatment.

CASE SUMMARY 
In this study, we report the case of a 47-year-old female patient with SCC, which 
progressed from IEC in the left internal capsule region. The patient was sought 
treatment at our hospital for severe diplopic vision, accompanied with speech 
disorder and memory loss. Based on the clinical and postoperative pathology, this 
patient was finally diagnosed with SCC. To identify disease-causing variants, 
whole exome sequencing (WES) was performed on the proband. WES revealed 
two pathogenic missense mutations on Gap junction protein beta 2 (GJB2) 
(c.257C>T) and Toll-like receptor 2 (TLR2) (c.1039A>G), respectively.
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CONCLUSION 
This study provided the first clinical evidence for demonstrating the role of GJB2 and TLR2 in IEC development 
and treatment. We further confirmed WES as a robust and reliable technique for underlying rare and complex 
disease-related genetic factor identification.

Key Words: Intracranial epidermoid cyst; Squamous cell carcinoma; Whole exome sequencing; Variants; Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intracranial epidermoid cyst (IEC) malignant transformation is an uncommon lesion, accompanied by the spread of 
tumor cells, resulting in a poor prognosis. In this report, we present the case of a 47-year-old woman who was diagnosed 
with a malignant transition from IEC to squamous cell carcinoma. After surgical resection and chemoradiotherapy, the 
patient's condition was effectively controlled. It's noteworthy that whole exome sequencing revealed the significant role of 
Gap junction protein beta 2 and Toll-like receptor 2 in IEC development.

Citation: Song ZN, Cheng Y, Wang DD, Li MJ, Zhao XR, Li FW, Liu Z, Zhu XR, Jia XD, Wang YF, Liang FF. Whole exome 
sequencing identifies risk variants associated with intracranial epidermoid cyst deterioration: A case report. World J Clin Oncol 2024; 
15(11): 1428-1434
URL: https://www.wjgnet.com/2218-4333/full/v15/i11/1428.htm
DOI: https://dx.doi.org/10.5306/wjco.v15.i11.1428

INTRODUCTION
Intracranial epidermoid cyst (IEC) is a benign tumor involving the embryonic remnant tissue[1], and it constitutes 
approximately 0.2%-1.8%[2] of all brain tumors. It is most prevalent within the cerebellopontine angle region, and it is 
associated with a slow progression and long disease course[3,4]. Generally, surgical intervention can achieve complete 
resection and lead to a favorable prognosis. The occurrence of IEC malignant transformation is infrequent[4], and it does 
not exhibit any specific clinical signs or imaging characteristics. Following undetected deterioration, tumor cells typically 
spread through the cerebrospinal fluid to cause extensive intracranial dissemination and poor clinical results.

Whole exome sequencing (WES) is a robust and reliable tool for rare and complex disease-related genetic variant 
screening[5]. The exon region constitutes less than 2% of the human genome, but it harbors about 85% of disease-
associated variants. Due to its ability to process a large amount of data quickly and at a lower cost, WES is a highly 
efficient substitute for whole genome sequencing. As a result, it is increasingly applied to enhance scientific and clinical 
research[6,7].

Here, we report a rare case of IEC malignant transformation to squamous cell carcinoma (SCC). Using WES, potential 
disease-causing variations were identified in the patient. This investigation was carried out with full consent from the 
patient.

CASE PRESENTATION
Chief complaints
A 47-year-old female patient sought treatment at our hospital for severe diplopia, along with speech disorder, memory 
loss, slow reaction, irritability, deterioration in the strength of her right limb muscles, nausea, and vomiting which 
spanned over a one-month period.

History of present illness
The patient complained of falling twice, but denied any symptoms of visual impairment, loss of consciousness, limb 
convulsions, choking while drinking, and urinary incontinence.

History of past illness
The patient reported no history of surgery, trauma, significant infections, or other notable medical conditions.

Personal and family history
The patient had no personal or family history.

Physical examination
The patient had severe diplopia and decline in the strength of her right limb muscles.

https://www.wjgnet.com/2218-4333/full/v15/i11/1428.htm
https://dx.doi.org/10.5306/wjco.v15.i11.1428
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Laboratory examinations
The postoperative pathology (Figure 1A-D), which included both hematoxylin and eosin and immunohistochemistry 
staining [cytokeratin5/6 (+), P63 (+), β-catenin (+), Ki-67: 40%], confirmed the presence of the tumor.

Imaging examinations
The contrast-enhanced magnetic resonance imaging (MRI) of brain (Figure 1E) revealed solid masses in the left basal 
ganglia and thalamus, and showed multiple circular intensification, with significant invasion surrounding normal brain 
tissue.

MULTIDISCIPLINARY EXPERT CONSULTATION
WES
To identify potential pathogenic variants, we performed paired-end WES on a Nextseq CN500 instrument (Illumina) 
using genomic DNA from tumor tissue and peripheral blood leukocytes. After multiple purification and amplification 
rounds, the final library fragment size was approximately between 250-350 bps. The mean sequencing depth was 86.3X, 
and the average read number was 9.5 × 107 bps.

Statistical analysis
Following the completion of quality control and sequence alignment of the raw reads, we employed GATK-Haplotype 
Caller (v4.1.5.0) to detect single nucleotide polymorphisms and insertions/deletions, and utilized ANNOVAR to annotate 
variants. Variants were filtered based on the following criteria: (1) Any variants with a minor allele frequency ≥ 0.01 
within the 1000 Genomes, ESP, or ExAC databases were eliminated from analysis; (2) Variants annotated as synonymous 
single nucleotide variants in the refGene database were eliminate; (3) Only variants found within the exonic, splicing, 5'-
untranslated region (UTR), UTR3, and splicing regions were considered; (4) Prediction regarding the variated-mediated 
effect on protein coding utilized Sorting Intolerant from Tolerant, LRT, Mutation Assessor, Mutation Taster, FATHMM, 
and PROVEAN, and retained variants estimated to be deleterious by ≥ 2 software tools; and (5) Computed the combined 
annotation dependent depletion (CADD) score for individual variants, and filtered out variants with CADD_PHRED < 2. 
Using the aforementioned strict criteria, we identified heterozygous variants within the Gap junction protein beta 2 (GJB2) 
(c.257C>T) (p.Thr86Met) and Toll-like receptor 2 (TLR2) (c.1039A>G) (p.Lys347Glu) genes as potential disease-causing 
mutations (Table 1).

DNAMAN was used for amino acid sequence conservation analysis, both GJB2: T86 and TLR2: K347 were confirmed to 
be highly conserved across multiple species. Generally, mutations occurring in highly conserved amino acids 
significantly impact the protein. Finally, we employed Chimera (v1.17.3) to visualize protein structural alterations that 
resulted from the aforementioned amino acid mutations (Figure 2). Furthermore, the mRNA expression profile dataset 
GSE42556[8] of paired samples from patients with middle ear cholesteatoma was available in the Gene Expression 
Omnibus database. Using the Wilcoxon test, a significant over-expression of GJB2 and TLR2 has been observed in 
cholesteatoma patients (Figure 3), which is consistent with previously published studies[8,9].

FINAL DIAGNOSIS
The patient was ultimately diagnosed with a malignant transformation of an IEC into SCC.

TREATMENT
At our institution, the patient underwent endoscopic microscopy combined with supra-tentorial and infra-tentorial 
approach for intracranial multiple mass resection under combined intravenous anesthesia. Postoperative symptomatic 
support treatments including epilepsy prevention, infection prevention, fluid infusion, nutritional support, and phlegm 
reduction were administered. The patient continued to experience fever and received multiple lumbar puncture fluid 
drainage treatments. The cerebrospinal fluid culture results showed Staphylococcus warneri, and anti-infective treatment 
was given. One week post discharge, the patient suffered a relapse caused by surgical residue, which was managed 
through radiotherapy. Following radiotherapy, the patient also received chemotherapy and Bevacizumab treatment.

OUTCOME AND FOLLOW-UP
Following the combined treatment, the patient's clinical symptoms were monitored, and routine MRI examinations were 
conducted. As previously indicated, the patient's clinical symptoms and contrast-enhanced MRI scan at the most recent 
visit (November 20, 2023) revealed remarkable improvement compared to the initial visit (Figure 1E-G), indicating 
effective control of the aforementioned SCC. Furthermore, telephone follow-up calls have been conducted continuously 
up to the present time.
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Table 1 The identified risk variants

Chr Position Gene Transcript cDNA Amino acid

Chr4 153703946 Toll-like receptor 2 NM_001318789: exon3 1039A>G 347K>E

Chr13 20189325 Gap junction protein beta 2 NM_004004: exon2 257C>T 86T>M

Figure 1 Brain magnetic resonance imaging and immunohistochemical features. A-D: Hematoxylin and eosin and immunohistochemical staining of 
pathological sections from the patient: cytokeratin5/6 (+), P63 (+), β-catenin (+); E: Preoperative brain magnetic resonance imaging (MRI) image of the patient; F: 
Postoperative brain MRI; G: Brain MRI figure following radio and chemotherapy.

DISCUSSION
IEC transformation to SCC is an extremely rare and asymptomatic event[10]. Although several studies have reported on 
this event, none have addressed the underlying mechanism at molecular level. WES of the genomic DNA extracted from 
a patient with IEC, who developed SCC was performed to identify potential mutations responsible for SCC 
transformation. The analysis revealed two risk variants: GJB2 c.257C>T (p.Thr86Met) and TLR2 c.1039A>G 
(p.Lys347Glu).
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Figure 2 Bioinformatics analyses of the two risk variants. A: Analysis of the conservation of Gap junction protein beta 2 (GJB2): P86Thr and Toll-like 
receptor 2 (TLR2): P347Lys across species; B: Local depictions of the three-dimensional protein structure of GJB2 prior to and after mutation; C: Local depictions of 
the three-dimensional protein structure of TLR2 prior to and after mutation. Black boxes indicate the altered amino acid. GJB2: Gap junction protein beta 2; TLR2: 
Toll-like receptor 2.

GJB2 encodes the gap junction protein connexin 26, which is heavily involved in hearing loss. In some studies, GJB2 
has been demonstrated to accelerate development of various cancer types, including lung adenocarcinoma, colorectal 
cancer, and cholesteatoma[8,11,12]. Additionally, the GJB2 gene mutation is also known to cause skin disorders, and GJB2 
variants are more common in patients with cholesteatoma than in normal populations[13]. Gap junctions provide strong 
cell-to-cell connections for direct intracellular communication, namely, cellular signaling and exchange of smaller 
molecules. This activity strictly modulates embryogenesis, homeostasis, and normal organ function[14]. Connexin 
upregulation strongly inhibits tumor development in several cancers[11]. In addition, GJB2 was found to be involved in 
biological processes, such as, identical protein binding, response to lipopolysaccharide, and cell body, according to gene 
ontology functional enrichment analysis. Hence, mutations in GJB2 may alter the structure of the gap junction protein 
connexin 26, thereby modifying cell-to-cell communication and accelerating the development of IEC.

The TLR2-encoding protein belongs to the TLR family, and it critically regulates pathogen recognition and innate 
immune activation. TLR2 is highly conserved and ubiquitously expressed within neurons, astrocytes, and microglia[15,
16]. Pathogen-associated molecular patterns activate TLR2 to promote downstream signaling pathways that regulate host 
inflammatory responses[9,17]. There is some indication that this gene also regulates multiple autoimmune disease 
pathologies. According to an article by Hirai et al[18], TLR2 expression is strongly elevated in chronic otitis media and 
middle ear cholesteatoma. Emerging evidence suggests a substantial link between microglial TLR2 and innate and 
adaptive immunity against brain tumors, including glioblastoma[19,20]. Chronic endothelial inflammation of epidermoid 
cysts is considered as a major contributor to the malignant epidermoid cyst. Mutations in TLR2 can impede the immune 
response, and promote the development of inflammation. To further assess the effect of these identified mutations on 
gene expression, protein structure and function, we intend to conduct experimental validation in future research. 
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Figure 3 The expression of Gap junction protein beta 2 and Toll-like receptor 2 in the GSE42256 dataset. A and B: Gap junction protein beta 2 
and Toll-like receptor 2 were significantly over-expressed in the cholesteatoma group compared with normal population. GJB2: Gap junction protein beta 2; TLR2: 
Toll-like receptor 2.

Furthermore, the pathogenicity of these mutations will be investigated in a broader population.

CONCLUSION
Malignant transformation of IEC to SCC is a rare but noteworthy condition that is associated with poor clinical outcomes. 
In this study, we presented a female patient who suffered the malignant transition from IEC to SCC. Using WES, two risk 
variants on GJB2 (c.257C>T) and TLR2 (c.1039A>G) were identified for the malignant transformation of the patient. GJB2 
may affect cell-to-cell communication by altering the structure of connexins, leading to the development of IEC. TLR2, on 
the other hand, affects the development of immune response and inflammation. To sum up, both GJB2 and TLR2 may be 
actively implicated in SCC pathogenesis, and are reliable targets for SCC prevention and therapy.
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