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-Abstract- 

 

Potential of interleukin 12, beta 2 subunit (IL12RB2) and 

tumor necrosis factor superfamily, member 8 (TNFRSF8) 

gene as diagnostic biomarkers of oral lichen planus  

 

Seung-Ho Jeon, D.D.S., M.S.D. 

Program of Oral and Maxillofacial Surgery,  

Department of Dentistry, Seoul National University Graduate School 

(Directed by Professor Jong-Ho Lee, D.D.S., M.S.D., Ph.D.) 

 

Purpose: To evaluate the potential of interleukin 12, beta 2 subunit (IL12RB2) and tumor necrosis 

factor superfamily, member 8 (TNFRSF8) as diagnostic biomarkers of oral lichen planus (OLP) by 

investigating the expression of IL12RB2 and TNFRSF8 mRNA in formalin-fixed, paraffin-embedded 

(FFPE) OLP samples and using multiple predictive modeling methods.  

 

Materials & Methods: The mRNA expression of IL12RB2 and TNFRSF8 gene in OLP FFPE samples 

(OLP group, n = 38) was investigated with qRT-PCR analysis and compared to the mRNA expression 

of these genes in cases of chronic non-specific mucositis (non-OLP group, n = 25) and normal 



 

 

mucosa (normal group, n = 18). Predictive modeling of the expression of IL12RB2 and TNFRSF8 

genes was constructed using support vector machine (SVM), random forest (RF), linear discriminant 

analysis (LDA), neural network (NN), and naive Bayes (NB) methods. 

 

Results: Expression of IL12RB2 mRNA was significantly higher in both the OLP and non-OLP group 

compared to the normal group (3.78 ± 1.67, 6.86 ± 1.67 and 1.97 ± 1.12 for the OLP, non-OLP, and 

normal groups, respectively, p < 0.001), and the OLP-group had a significantly lower expression of 

IL12RB2 compared with the non-OLP group (p < 0.001). TNFRSF8 gene expression in both the OLP 

and non-OLP groups was also significantly higher than that of the normal group (7.46 ± 1.51, 6.99 ± 

1.96 and 2.90 ± 1.61 for the OLP, non-OLP, and normal groups, p < 0.001). However, there was no 

significant difference in TNFRSF8 expression between the OLP and non-OLP groups. (p = 0.311)                        

The expression ratio of IL12RB2/TNFRSF8 in OLP group was significantly lower than that of the 

normal group (OLP:normal = 0.52 ± 0.23:0.74 ± 0.39, p < 0.05), and non-OLP group (OLP:non-OLP = 

0.52 ± 0.23:1.07±0.38, p < 0.001). The expression ratio of IL12RB2/TNFRSF8 in the non-OLP group 

was significantly higher than that of the normal group (p < 0.01).   

The predictive modeling showed that the values of the area under the receiver operating 

characteristic (ROC) curves ranged from 0.86 to 0.91 except that of NN (0.83). RF was the most 

sensitive method (0.90), and NB had the highest specificity (0.85). All methods had an accuracy 



 

 

greater than 0.75. 

 

Conclusions: IL12RB2 can be used as a biomarker for differentiating OLP from chronic non-specific 

mucositis, and IL12RB2 and TNFRSF8 gene expression can be a useful diagnostic tool for OLP.  
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Introduction 

Oral lichen planus (OLP) is a common inflammatory disease of the oral mucosa. Although its etiology 

is not clearly understood, it is thought to arise from a T-cell-mediated autoimmune response in which 

autocytotoxic CD8+ T-cells trigger apoptosis of the oral epithelial cells1. OLP is chronic and a complete 

cure had not been discovered. Affected patients suffer from pain, feeding difficulties, psychological 

discomfort, and a resulting sense of overall helplessness. Moreover, OLP is thought to be a 

premalignant lesion, although this is still controversial.  

Typically, diagnosis of OLP is based on a clinical examination after histopathological examination of 

a biopsy specimen. However, interpreting the histologic definition of OLP proposed by the World 

Health Organization (WHO)2 is somewhat subjective3 and there is a lack of clinical diagnostic criteria 

for differentiating oral lichenoid lesions from ‘idiopathic’ OLP4. Biomarkers of OLP have been 

investigated to overcome the limits of OLP diagnosis and to predict the severity of the disease. 

Studies of the cell cycle and proliferation marker in OLP showed that expression of p53 and Ki-67 is 

increased in OLP compared with normal oral mucosa.5, 6. B cell lymphoma 2 (bcl-2), an important 

apoptosis regulator, is expressed weakly in OLP keratinocytes; these keratinocytes support the role of 

apoptosis in OLP.7, 8 There are also several reports showing reduced Epithelial (E)–cadherin 

expression in OLP lesions,
9, 10 which may contribute to reduced basal cell structural integrity.  
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Interleukin 12 receptor, beta 2 subunit (IL12RB2) and tumor necrosis factor, superfamily 8 

(TNFRSF) genes selected as candidate diagnostic biomarkers of OLP. This is because, while the 

majority of intra-epithelial lymphocytes in OLP are CD8+ cytotoxic T-cells, most lymphocytes in the 

lamina propria of OLP are CD4+ helper T cells,11, 12 which produce and secrete interferon gamma 

(IFN-γ) and tumor necrosis factor alpha (TNF-α) in vitro.13, 14 IL12RB2 is a heterodimeric receptor of 

interleukin 12 (IL-12), main cytokine that regulates T helper 1 (Th1) differentiation15 which in turn 

produce IFN-γ and promotes cell-mediated immunity. There are many reports that IL12RB2 is related 

to allergic asthma16 and autoimmunity17. TNFRSF8, a member of a family that binds to the TNFs, is a 

gene that encodes a cell-surface protein up-regulated on activated T cells. Upregulation of TNFRSF8 

was reported in several inflammatory diseases including atopic dermatitis18, allergic rhinitis19, and 

inflammatory bowel disease20.   

The purpose of this study was to evaluate the potential of IL12RB2 and TNFRSF8 as diagnostic 

biomarkers of OLP by investigating the expression of IL12RB2 and TNFRSF8 in formalin-fixed 

paraffin-embedded (FFPE) OLP samples using multiple predictive modeling methods. 
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Materials and Methods 

 

Study design and samples 

FFPE samples of OLP and chronic non-specific mucositis were collected from the archives of the 

Department of Oral Pathology, Seoul National University Dental Hospital. Normal mucosal FFPE 

samples were obtained from patients who underwent orthognathic surgery or surgical extraction of a 

fully impacted 3rd molar after informed consent. The study was approved by the Institutional Review 

Board of Seoul National University Dental Hospital, Seoul, Korea (IRB approval number CRI-12-

002G). 

The OLP group (n = 38, M:F = 14:24) was selected according to the criteria proposed by van der 

Meij and Van Der Waal in 20034. Briefly, a diagnosis of OLP requires fulfillment of both clinical and 

histopathologic criteria. Clinical criteria include the presence of bilateral and approximately  

symmetrical lesions, a lace-like network of slightly raised gray-white lines (reticular pattern), and 

erosive, atrophic, bulbous and plaque-type lesions in the presence of reticular lesions elsewhere in 

the oral mucosa. Histopathological criteria include the presence of a well-defined band-like zone of 

lymphocyte-dominant cellular infiltrate confined to the superficial part of the connective tissue, signs of 

‘liquefaction degeneration’ in the basal cell layer, and absence of epithelial dysplasia. All OLP slides  

were reviewed and confirmed as OLP by two qualified oral pathologists. All FFPE samples from 
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patients with a diagnosis of chronic non-specific mucositis, but not OLP were assigned to the non-

OLP group (n = 25, M:F = 7:18). Severity of inflammation in both groups was evaluated subjectively 

by the same oral pathologists who diagnosed OLP and chronic non-specific mucositis. Normal 

mucosal FFPE samples were assigned to the normal group. (n = 18, M:F = 7:11)  

Patient demographics including age, gender, clinical form (erythematous/ulcerative, reticular, 

erythematous with reticular striae or other), location (buccal mucosa, tongue, or other), presence of 

cutaneous lesion and comorbidity (diabetes mellitus or hepatitis) were retrieved by reviewing medical 

records.  

 

Quantitative reverse transcription polymerase chain reaction 

Total RNA was extracted from FFPE samples using the RNeasy® FFPE Kit (Qiagen Inc., Hilden, 

Germany) according to the manufacturer’s instruction. Quantification and integrity analysis of the RNA 

were performed using a 2100 Bioanalyzer
® (Agilent Technologies Inc., Santa Clara, CA, US) and 

reverse-transcribed with 10 μg of total RNA in the presence of an oligo(dT) T7 primer (iScript™ Select 

cDNA Synthesis Kit; Bio-Rad Laboratories Inc., Hercules, CA, US). This cDNA was used for in vitro 

transcription amplification in the presence of biotinylated nucleotides. 

Target and housekeeping gene sequences were retrieved from GenBank (National Center for 
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Biotechnology Information, National Institutes of Health, Bethesda, MD, US) and applied primers were 

designed manually using the Primer-BLAST tool (National Centre for Biotechnology Information, 

National Institutes of Health). Biologic properties and primer sequences of the target genes (IL12RB2 

and TNFRSF8) are described in Table 1. RNA mixtures were subjected to first-strand cDNA synthesis 

using forward primers. The endogenous housekeeping gene, β–actin (NM_001101.3), was used for 

data normalization and relative quantification was performed by relative standard curve analysis using 

a CFX Connect™ Real-Time PCR Detection System (Bio-Rad Laboratories Inc.) with SYBR® Green I 

(Bio-Rad Laboratories Inc.) detection. cDNA (10 ng) was dissolved in iQ™ SYBR® Green Supermix 

(Bio-Rad Laboratories Inc.). PCR comprised one initialization cycle (95°C for 3 minutes) followed by 

39 cycles of 95°C for 10 seconds, 56°C for 10 seconds, and 72°C for 20 seconds (plate reading 

performed at 80°C). This was followed by a final melting step at temperatures ranging from 56 to 95°C 

at a heating rate of 0.5°C per 10 seconds in order to generate melting curves. For each cDNA sample, 

qRT-PCR was performed in quadruplicate and negative controls with no template were included for 

each primer pair. Threshold cycle (Ct) values and target gene expression levels were calculated using 

CFX Manager™ Software (Bio-Rad Laboratories Inc.). The fold change of target gene expression in 

each treated sample relative to the control sample (normalized expression) was derived from the 

negative Ct value: Ct (β–actin) – Ct (target gene).  

Normalized expression data of IL12RB2 and TNFRSF8 in the normal, non-OLP and OLP groups 

were expressed as mean ± SD. The statistical significance of differences in qRT-PCR results between 
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groups was analyzed by t-tests followed by Tukey’s post-hoc analysis using Statview® software 

version 5.0.1 (SAS Institute Inc., Cary, NC, USA). P-values less than 0.05 were considered  

significant. 

 

Predictive modeling 

Predictive modeling was performed to predict the probability of an OLP diagnosis given the 

expression of the IL12RB2 and TNFRSF8 gene using multiple statistical methods including support 

vector machine (SVM), random forest (RF), linear discriminant analysis (LDA), neural network (NN), 

and naive Bayes (NB). Briefly, SVM is a supervised learning model with associated learning 

algorithms that analyze data and recognize patterns, RF is an ensemble learning method that 

operates by constructing a multitude of decision trees at training time and outputting the class by 

individual trees, LDA is a method used to find a linear combination of features that characterize or 

separate two or more classes of objects or events, NN is a computational model usually presented as 

systems of interconnected "neurons" that can compute values from inputs by feeding information 

through the network, and an NB classifier is a simple probabilistic classifier based on applying Bayes' 

theorem with strong (naive) independence assumptions. The Following parameters were set as 

covariates for these statistical analyses: age, gender, clinical form, location of lesion, presence of 

cutaneous lesion, comorbidity, normalized expression of IL12RB2 and TNFRSF8, and severity of 
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inflammation. All analyses were conducted using R statistical software version 2.15.0 (from 

http://www.r-project.org). 
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Results 

1. Clinical characteristics of the patients  

Total of 81 FFPE samples (M:F = 28:53), comprising 38 OLP, 25 non-OLP and 18 normal patients, 

were included in this study. Patients’ demographic data are listed in Table 2. Mean age at the time of 

diagnosis was 55 years in the non-OLP group and 46 years in the OLP group. The age of the normal 

group varied from 13 to 52 years and the mean age was 27 years, which was younger than that of the 

non-OLP and OLP groups. Female patients were dominant in all groups (63.2% in the OLP group, 72% 

in the non-OLP group, and 61.1% in the normal group). The majority cases in the OLP group were 

erythematous with reticular striae (73.7%) and were found in the buccal mucosa (86.8%), while the 

common clinical form in the non-OLP group was erythematous/ulcerative (40.0%) and found in the 

buccal mucosa (48.0%). In the normal group, 10 samples were harvested from the retromolar buccal 

mucosa and 8 samples from the buccal gingiva of the impacted 3rd molar. Five non-OLP patients 

(20.0%) had diabetes mellitus, and 5 OLP patients (13.2%) had hepatitis which an etiologic factor of 

OLP. One non-OLP patient (4.0%) and 2 OLP patients (5.3%) had simultaneous cutaneous and oral 

lesions.  

All OLP samples were categorized as moderately to severely inflamed, while 16 of the 25 non-OLP 

sample (64%) were categorized as mild or mild-to-moderate, 7 samples (28%) as moderate-to-severe, 
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and 2 samples (8%) as severe.  

 

2. Expression of IL12RB2 and TNFRSF8 mRNA in the normal, non-OLP and OLP groups 

Normalized expression of IL12RB2 and TNFRSF8 in the normal, non-OLP and OLP group is shown 

in Table 3 and Figure 1. Expression of IL12RB2 mRNA in the OLP and non-OLP groups was 

significantly higher than in the normal group (normal, 1.97 ± 1.12; non-OLP, 6.86 ± 1.47; OLP, 3.78 ± 

1.67; p < 0.001 when comparing the normal and non-OLP, and normal and OLP). The OLP group had 

a significantly lower expression of IL12RB2 compared with the non-OLP group (p < 0.001; Fig. 1A). 

Expression of TNFRSF8 mRNA in both OLP and non-OLP groups were also significantly higher than 

in the normal group (normal, 2.90 ± 1.61; non-OLP, 6.99 ± 1.96; OLP, 7.46 ± 1.51; p < 0.001 when 

comparing the normal and non-OLP, and normal and OLP). However, there was no significant 

difference in TNFRSF8 expression between the non-OLP and OLP groups (p = 0.311; Fig. 1B).  

The expression ratio of IL12RB2/TNFRSF8 in normal, non-OLP and OLP groups are shown in Table 

3 and Figure 2. The expression ratio of IL12RB2/TNFRSF8 in OLP group was significantly lower than 

that of normal group (0.74 ± 0.39 in the normal group vs. 0.52 ± 0.23 in the OLP group, p < 0.05) and 

non-OLP group. (1.07 ± 0.38, p < 0.001). The expression ratio of IL12RB2/TNFRSF8 in non-OLP 

group was significantly higher than that of normal group (p < 0.01).  
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3. Predictive modeling  

Receiver operative characteristic (ROC) curves for OLP predictive modelling methods were shown in 

Figure 3. The ROC curve is a plot of sensitivity versus 1-specificity (often called the false-positive rate) 

that offers a summary of sensitivity and specificity across a range of cut points for a continuous 

predictor. In this study, all ROC curves were approximated, with the exception of the NN curve.  

Values of area under ROC curves (AUC), sensitivity, specificity, and accuracy of each predictive 

modeling method are listed in Table 3. The AUC ranges from 0.5 (no discrimination) to a theoretical 

maximum of 1 (perfect discrimination) and indicates probability that a classifier will rank a randomly 

chosen positive instance higher than a randomly chosen negative one. The AUCs of SVM, RF, LDA, 

and NB ranged from 0.87 to 0.92 and the AUC of NN (0.83) was slightly lower than that of other 

methods. RF was the most sensitive method (0.90), while NB showed the highest specificity (0.85). 

Accuracy, defined as the proportion of true results (both true positive and true negative) in the 

selected population, was higher than 0.75 for all methods (0.76 for SVM, 0.86 for RF, 0.82 for LDA 

0.78 for NN, and 0.80 for NB). These prediction models have acceptable sensitivity and specificity and 

high values of AUC and accuracy, indicating that they were all reliable prediction methods.   
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Discussion 

OLP is chronic, intractable and sometimes malignant transforming disease that can be difficult to 

accurately diagnose. Because of the limitations on the histopathologic diagnosis of OLP, diagnostic 

biomarkers such as cell cycle markers (cyclin-dependent kinase 121, rad-5121, and p535, 6), cell 

proliferation markers (Ki-675, 6, proliferating cell nuclear antigen22, and cyclin D15), apoptosis 

regulators (bcl-25, 6) and cell adhesion molecules (cytokeratins-1923 and E-cadherin9, 10) have been 

studied.  

A combination of microarray method which enables analysis of global gene expression and qRT-

PCR validation, which overcomes the disadvantage of conventional immunohistochemical studies, 

were recently introduced. Tao et al.24 used microarray analyses and qRT-PCR confirmation to 

determine that expression of MMP1 (matrix metalloproteinase 1), VEGFA (vascular endothelial growth 

factor A), ANGPT1 (angiopoietin 1), and FOXP3 (forkhead box protein 3) was upregulated and 

SCGB2A2 (secretoglobin, family 2A, member 2) was downregulated in OLP tissues. A study by Ding 

et al.25 reported up-regulation of HIF- 1α (hypoxia inducible factor 1, alpha subunit) and down-

regulation of its target genes, RTP801 (DNA damage-inducible transcript 4) and vascular endothelial 

growth factor (VEGF). This suggests that these factors may play a meaningful role in OLP 

pathogenesis, because expression of these genes is activated under hypoxia and is associated with 

angiogenesis and cell survival26. The present study aimed to enhance the diagnostic usefulness of 
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OLP by comparing OLP with chronic non-specific mucositis. This is an important and novel approach, 

as non-specific mucositis can be confused with OLP in a clinical setting, and previous studies only 

compared OLP with a normal sample.  

Increasing evidence indicates that the balance of immune responses between Th1 and Th2 

determines disease outcomes27, 28 and several recent studies have shown that a Th1/Th2 imbalance 

plays an important role in OLP pathogenesis29, 30. Th cells are classified as either Th1 or Th2 cells31. 

Th1 cells primarily secrete interleukin 2 (IL-2), IL-12 and IFN-γ, while Th2 cells secrete IL-4, IL-5 and 

IL-10. This study selected two genes, one of which is associated with Th1 cells and one with Th2 cells. 

These genes were selected based on a literature review indicating that both genes are important in 

OLP pathogenesis and can assist in a differential diagnosis of OLP vs. chronic mucositis. IL12RB2 

has the signal transducing chain and is considered to play a key role in IL-12 function. Recently, IL-

12p40 and IFN-γ proteins were significantly up-regulated in OLP compared to normal oral mucosa.32 

In Th1 cells, IFN- γ stimulation upregulates the transcription factor T-bet, which in turn maintains 

IL12RB2 chain expression33, 34. TNFRSF8, previously called CD30, is expressed at high levels by 

activated cells in autoimmune and chronic inflammatory diseases, such as rheumatoid arthritis (RA)35 

and systemic lupus erythematosus. (SLE)36, which may be similar to OLP. TNFRSF8 is preferably 

expressed on CD4 and CD8 T cell clones that produce T helper type 2 (Th2) cytokine
37, 38. 



13 

 

Expression of the IL12RB2 and TNFRSF8 genes were significantly higher in the OLP and non-OLP 

groups than in the normal group. Because IL12RB2 and TNFRSF8 are receptor genes of 

inflammatory cytokine such as IL-12 and TNF, they are generally not to be expressed in healthy 

control groups. However, they were expressed in the normal group in this study albeit in only a small 

amount. This could be because the oral cavity is clean/contaminated area and oral mucosa may have 

some degree of inflammation. Moreover, previous reports have shown that TNFRSF8 has limited 

expression in healthy tissue or resting lymphocytes39.  

TNFRSF8 expression was not significantly different between groups, and IL12RB2 expression in the 

OLP group was significantly lower than in the non-OLP group. Studies on series of autoimmune 

disorders including Behcet’s disease (Th1 dominant response)27 and Sjögren syndrome (Th2 

dominant response)28, have demonstrated a close relationship between Th1/Th2 imbalance and 

disease pathogenesis. Sugerman et al.1 concluded that OLP was characterized by Th1 cytokine bias 

based on previous studies describing the expression pattern of different cytokines/chemokines  

involved in Th1 and/or Th2 polarization. However, Rhodus et al.
29 suggested that OLP is Th2- 

dominant, based on the result of tissue transudates from OLP lesions. In addition, Wenzhao et al.30 

reported that salivary IFN-γ levels decreased significantly compared with the control group. In the 

present study, the expression ratio of IL12RB2/TNFRSF8 mRNA in OLP group was significantly lower 

than that of normal and non-OLP groups, suggesting that OLP may be a Th2 dominant response. 
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Further direct profile comparisons using other Th1 cytokines (IL-2 and IFN-γ) and Th2 cytokine (IL-4 

and IL-6) may clarify these findings. 

Cross-talk between Th1 and Th2 cells maintains homeostasis between Th1 and Th2 cytokines. 

Overactivation of either pattern can cause disease, and either pathway can down-regulate the other40. 

Recently, modulation of Th1/Th2 imbalances became a new therapeutic strategy for the treatment of  

some autoimmune diseases. For example, IL-4 is used as therapy for psoriasis, anti-CD4 monoclonal 

antibody for experimental arthritis, and IFN-γ for corticosteroids-resistant asthma41-43. Biologics or 

biologic agents, which are generated by recombinant biotechnology, are a relatively new category of 

drugs designed to block specific pathways involved in the pathophysiology of immune-mediated and 

neoplastic diseases. Although topical corticosteroids have been the mainstay of OLP management, 

biologic agents such as T-cell modulator (Alefacept44, 45), TNF-α inhibitor (Adalimubab46, Etanercept47, 

and Inflximab48) and anti-cd20 monoclonal antibodies (Rituximab
49) have been reported to have 

some benefits in LP where oral mucosal lesions are prominent. Further investigation of Th1/Th2 

imbalance in OLP will be helpful to develop another biologic agents to treat widespread or recalcitrant 

OLP.  

Although fresh tissue specimens are desirable for genomic study, the use of fresh tissue can be 

difficult due to issues with collecting sufficient tissue samples for proposed studies and the need to 
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design the collection of tissues in a prospective manner. In contrast, FFPE tissue blocks are routinely 

preserved and stored after pathological diagnosis, and therefore represent invaluable resources for 

large-scale and multinational gene expression studies. Use of FFPE samples for genomic analysis 

has been limited because the process of formalin fixation and paraffin embedding affects RNA quality 

thus RNA degrades continuously over time. However, there are many reports of successful RNA 

extraction from FFPE specimens50-52. RNA from FFPE is not appropriate for whole genome profiling 

because monomethylol groups cannot be removed completely, but it is still suitable for analysis of the 

expression of specific genes53. In addition, qRT-PCR is an optimal tool for quantitative gene 

expression analysis of FFPE samples. To the best of the author’s knowledge, this is the first study to 

perform qRT-PCR analysis using RNA extraction from FFPE samples, as well as to compare OLP 

and chronic mucositis to investigate biomarkers of OLP. Satoco et al.54 used four sections of 5-μm-

thick paraffin blocks for RNA extraction. In the author’s experience, six to eight sections were 

sufficient to perform qRT-PCR analysis of 2 genes. Chronic mucositis and OLP samples used in this 

study were collected within 5 years, and normal samples within 1 month. Recent studies have shown  

that nucleic acids from FFPE samples preserved for more than 10 years are suitable for gene 

expression analysis.50-52. Various protocols to improve the yield of RNA have been introduced over 

the years53, 55, 56. This study used conventionally-prepared FFPE samples and thus, in 26 out of 107 

samples (approximately 26%), it was impossible to extract RNA of sufficient quality and quantity to 

perform qRT-PCR. 
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 A single biomarker alone rarely provides enough information, so multiple markers must be 

integrated into existing models. Predictive modeling was performed using a combination of IL12RB2 

and TNFRSF8 gene expression to increase usefulness as diagnostic biomarkers. To minimize 

statistical errors and maximize the accuracy of interpretation, several frequently used predictive 

modeling methods were applied. These models have been shown to accurately predict clinical 

outcomes57-61, and combinations of these models could increase overall prediction accuracy. As 

demonstrated in Table 4 and Fig. 3, all prediction models showed acceptable sensitivity and 

specificity. Their accuracy (0.75 to 0.90) was evaluated as “moderate to high” because the AUC 

values ranged from 0.83 to 0.92, corresponding to “moderately accurate” (0.7<AUC≤0.9) and “highly 

accurate” (0.9<AUC<1) according to the guidelines proposed by Greiner et al62. This is invaluable 

data because this study is the first to apply predictive modeling in a biomarker study of OLP. 
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Conclusions 

qRT-PCR analysis revealed that the expression of IL12RB2 and TNFRSF8 genes were significantly 

higher in chronic non-specific mucositis and OLP samples than in normal gingiva and mucosa. 

Moreover, expression of the IL12RB2 gene was significantly lower in the OLP group than the non-

OLP group, although there was no significant difference in the TNFRSF8 gene expression between 

the OLP and non-OLP groups. As a result of the relative decrease in IL12RB2 expression in the OLP 

samples, the ratio of IL12RB2 to TNFRSF8 (Th1/Th2 ratio) was significantly lower in the OLP samples 

compared with the chronic non-specific mucositis and normal samples, suggesting that a Th2-

dominant response may be related to OLP pathogenesis. Multiple predictive modeling methods for 

OLP diagnosis based on expression of IL12RB2 and TNFRSF8 mRNA were performed to minimize 

statistical errors and maximize the accuracy of interpretation, and all of these models showed 

moderate to high accuracy when predicting whether or not a lesion is OLP.  

In conclusion, these results suggest that IL12RB2 can be used as a biomarker for differentiating 

between OLP and chronic non-specific mucositis, and that expression of IL12RB2 and TNFRSF8 

genes can be a useful diagnostic tool for OLP.  
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Table 1. Biological properties and primary sequences of the target genes. (IL12RB2 and TNFRSF8) 

 

 

 

 

 

 

  

 IL12RB2 TNFRSF8 

Protein Name Interleukin-12 receptor, beta 2 Tumor necrosis factor receptor  

superfamily, member 8 

NCBI Reference Sequence NM_001258216.1 NM_001243.3 

Biological Role Differentiation of T helper 1 cells and  

proliferation of T cells as well as natural killer cells. 

Positive regulator of apoptosis.  

Limits the proliferative potential of autoreactive 

CD8 effector T cells and protects the body 

against autoimmunity. 

Related Diseases Allergic asthma (Yokoe et al. 2001, Bassuny et al. 2003) 

Autoimmunity (Airoldi et al. 2005)  

Burkitt’s lymphoma (Airoldi et al. 2002) 

 

Hodgkin’s lymphoma (Blazar et al. 2004,  

Watanabe et al. 2008) 

Atopic dermatitis (Yamamoto et al. 2000) 

Allergic rhinitis (Xu Z et al. 2004)  

Primer Sequences 

(5’->3’) 

Forward : ACT GGA GCC TCA GCA CAT CT 

Reverse : AGC CTC ACC ACT CAG AGC AT 

Forward : GCT CAG ATG TTT TGG GGA AA 

Reverse : AGA CAC CCA CTC CAT CCT TG 
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Table 2. Demographic data and severity of inflammation of the patients 

 

Characteristics Non-OLP (n=25) OLP (n=38) Normal (n=18) 

    

Age (years, mean ± SD) 

 

55.04 ± 18.78 

(range : 14 - 85) 

48.27 ± 10.82 

(range : 22 - 68) 

26.80 ± 10.62 

(range : 13 - 52) 

    

Gender    

Male  7 (28.0%) 14 (36.8%) 7 (38.9%) 

Female 18 (72.0%) 24 (63.2%) 11 (61.1%) 

    

Clinical form    

Erythematous/ulcerative 10 (40.0%) 2 (5.2%)  

Reticular  5 (20.0%)  8 (21.1%)  

Erythematous with reticular striae  3 (12.0%) 28 (73.7%)  

Other  7 (28.0%) 0 (0%)  

    

Location of lesion    

Buccal mucosa 12 (48.0%) 33 (86.8%) 10 (55.6%) 

Tongue  4 (16.0%) 1 (2.6%)  

Other (gingiva, vestibule, palate etc.)   9 (36.0%)  4 (10.5%)  8 (44.4%) 

    

Comorbidity    

Diabetes 5 (20.0%) 2 (5.3%)  

Hepatitis 1 (4.0%)  5 (13.2%)  

    

Cutaneous lesion 1 (4.0%) 2 (5.3%)  

Severity of inflammation    

Mild or mild to moderate 16 (64.0%)   

Moderate to severe  7 (28.0%) 38 (100%)  

Severe 2 (8.0%)   
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Table 3. Expression of IL12RB2 and TNFRSF8 mRNA and the expression ratio of IL12RB2/TNFRSF8  

in the normal, non-OLP and OLP groups  

 

Group 
 

Expression of  
IL12RB2 mRNA 

Expression of 
TNFRSF8 mRNA 

The expression ratio of  
IL12RB2/TNFRSF8 

Normal (n=18) 1.97 ± 1.12 2.90 ± 1.61 0.74 ± 0.39 

Non-OLP (n=25) 6.86 ± 1.47 6.99 ± 1.96 1.07 ± 0.38 

OLP (n=38) 3.78 ± 1.67 7.46 ± 1.51 0.52 ± 0.23 

Normal vs. Non-OLP p < 0.001 p < 0.001 p < 0.01 

Normal vs. OLP p < 0.001 p < 0.001 p < 0.05 

Non-OLP vs. OLP p < 0.001 p = 0.352 p < 0.001 
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Table 4. Comparison of multiple predictive modeling methods for oral lichen planus (OLP) and 

corresponding receiver operating characteristic (ROC) curve values. 

 SVM RF LDA NN NB 

AUC 0.87 0.92 0.88 0.83 0.87 

Sensitivity 0.77 0.90 0.87 0.79 0.77 

Specificity 0.75 0.80 0.75 0.77 0.85 

Accuracy 0.76 0.86 0.82 0.78 0.80 

AUC : area under the ROC curve  

SVM : support vector machine 

RF : random forest 

LDA : linear discriminant analysis 

NN : neural network 

NB : naive Bayes 
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Figure Legends 

Figure 1. Comparison of normalized expression (relative mRNA expression) of IL12RB2 (A) and 

TNFRSF8 (B) between the normal, non-OLP, and OLP groups. (A) IL12RB2 expression in 

both the OLP and non-OLP groups was significantly higher than that of normal group. The 

OLP-group had significantly lower expression of IL12RB2 than the non-OLP group. (B) 

TNFRSF8 expression in both the OLP and non-OLP groups was also significantly higher 

than that of the normal group. However, there was no significant difference in TNFRSF8 

expression between the non-OLP and OLP groups. 

 

Figure 2. Comparison of the relative ratio of normalized expression of IL12RB2 and TNFRSF8 between 

the normal, non-OLP, and OLP groups. The relative ratio of normalized expression of 

IL12RB2 and TNFRSF8 in the OLP group was significantly lower than in the normal group 

and non-OLP group. The relative ratio of normalized expression of IL12RB2 and TNFRSF8 

in the non-OLP group was significantly higher than that of the normal group. 

 

Figure 3. Receiver operating characteristic (ROC) curves of multiple predictive modeling methods 

(SVM: support vector machine, LDA: linear discriminant analysis, RF: random forest, LDA: 

linear discriminant analysis, NN: neural network, NB: naive Bayes). All ROC curves are 

approximate except for the NN curve.   
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문초록  

 

구강편평태  진단 지자  interleukin 12, beta 2 subunit (IL12RB2)  

tumor necrosis factor, superfamily 8 (TNFRSF8)  가능 에 한 연구 

 

서울대학  대학원 치 학과 

강악안면외과학 전공 전승호 (지도 수 종호)  

 

목   : 구강편평태 , 만  특이  막염 그리고 상  포르말린 고 , 라핀 포매 

시편에   IL12RB2  TNFRSF8 자  상  량과 모델  통해  

자  구강편평태  진단 지자  가능  알아보고자 하 다. 

법 : 량  실시간 합효소 연쇄  이용하여 구강편평태  진단  포르말린 고 , 

라핀 포매 시편 (구강편평태 군, n = 38)에  IL12RB2, TNFRSF8 자  상  

 상인  구강 막 시편 ( 상군, n = 18)과 만  특이  막염  진단  

시편( 구강편평태 군, n = 25)과 하 다. Support vector machine (SVM), random 

forest (RF), linear discriminant analysis (LDA), neural network (NN), naïve Bayes 

(NB) 법  이용해  자  상  량  조합한  모델  구동하여 area 

under the receiver operating characteristic (AUC), 진단 민감도, 특이도  도를 

조사하 다. 
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결과 :  구강편평태 군과 구강편평태 군에  IL12RB2 mRNA 상  이 상군에 

해 통계  하게 높았고, ( 상군: 구강편평태 군:구강편평태 군 =  1.97 ± 

1.12:6.86±1.67:3.78±1.67, p < 0.001) 구강편평태 군에  구강편평태 군에 해 

하게 낮게 었다 (p < 0.001). 구강편평태 군과 구강편평태 군에  

TNFRSF8 mRNA  상   또한 상군에 해 통계  하게 높았고 

( 상군: 구강편평태 군:구강편평태 군 =  2.90 ± 1.61:6.99 ± 1.96:7.46 ± 1.51, 

p < 0.001), 구강편평태 군과 구강편평태 군간에는 통계  이 없었다 

(p=0.311). 구강편평태 군에  IL12RB2/TNFRSF8  (0.52 ± 0.23)이 

상군(0.74 ± 0.39)과 구강편평태 군 (1.07 ± 0.08)에 해 통계  하게 

낮았고 (각각 p  <0.05, p < 0.001), 구강편평태 군에  IL12RB2/TNFRSF8 

 상군보다 통계  하게 높았다 (p < 0.01).   

구강편평태  진단 모델에 는 NN 법 (0.83)  외하고 모든 법에  AUC가 

0.87에  0.92 사이  나타났다. RF 법 (0.90)이 가장 민감도가 높았고, NB 법 

(0.85)이 특이도가 가장 높았 며, 모든 법이 0.75 이상  높  도를 나타내었다.  

결  :  IL12RB2는 만 막염과 구강편평태 간  감별진단 지자  용하게 사용   있고, 

IL12RB2, TNFRSF8 자 량 조합  이용한 진단모델  구강편평태  감별진단에 
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도움이  것  단 다. 
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