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Abstract 

Secreted membrane vesicles called exosomes play important roles in intercellular 

communication, transferring information by delivering biological contents that modulate the 

functions of recipient cells. Exosomes contain various molecules, such as proteins, 

microRNAs (miRNAs), and mRNAs, and are found in cell culture supernatants and almost 

all human biological fluids. Oral squamous cell carcinoma (OSCC)-derived exosomal 

miRNAs may be used as diagnostic and therapeutic biomarkers. However, a systematic 

analysis of OSCC exosomal miRNAs has not been reported. Therefore, this study was aimed 

to identify exosomal miRNAs associated with OSCC and discover their functions and clinical 

significance. Exosomal miRNAs that were differentially expressed in four OSCC-derived cell 

lines (HSC-2, HSC-3, Ca9-22, and Ho-1-N1) compared with those in human normal 

keratinocytes were examined using microarray analysis, and 20 miRNAs were obtained. To 

identify important functional networks and gene ontologies in OSCC, the identified miRNAs 

and their potential target genes were analyzed using Ingenuity Pathway Analysis. Six highly 

significant genetic networks and four highly significant upstream miRNAs (miR-125b-5p, 

miR-17-5p, miR-200b-3p, and miR-23a-3p) which were associated with tumorigenesis, 

tumor development, and regulation of the epithelial-mesenchymal transition were detected. In 

particular, miR-125b was a central node in the most highly significant network. Gene 

ontology analysis showed significant enrichment of genes with cancer-related functions. 

Downstream effector analysis revealed enrichment in functional categories related to cell 

death and apoptosis, while functional category related to cancer. In canonical pathway 
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analysis, predicted target genes of the dysregulated miRNAs were enriched in the molecular 

mechanisms of cancer pathway and cell cycle: G1/S checkpoint regulation pathway. These 

analyses provide a comprehensive view of the functions of dysregulated exosomal miRNAs 

in OSCC, providing insight on its tumorigenesis and development. Additionally, these four 

miRNAs may crucial roles in OSCC and represent molecular targets for diagnostic 

biomarkers. 
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Introduction 

Despite progress in the understanding and treatment of oral cancer, it remains the sixth 

most commonly diagnosed cancer worldwide, causing approximately 145,000 deaths annually 

[1]. Oral squamous cell carcinoma (OSCC) accounts for 90% of all oral cancer cases [2]. 

Tobacco and alcohol consumption are the main risk factors for the disease and human papilloma 

virus is also related to a subset of cases [3]. Current therapeutic options for OSCC are surgery, 

chemotherapy, radiotherapy, and immunotherapy. However, despite diagnostic and therapeutic 

advances, the 5-year overall survival rate of OSCC has remained unchanged for decades (at 

approximately 50-60%), and the disease also has a high metastatic potential [4]. In addition, 

traditional cancer-screening techniques, such as detecting and imaging protein biomarkers, are 

not sufficient for early OSCC detection and diagnosis [2]. Therefore, an enhanced understanding 

of the molecular mechanisms underlying OSCC tumorigenesis is crucial to ensure early 

diagnosis, improve prognosis prediction, and establish effective therapies. 

Cells communicate with neighboring and distant cells via secretion of extracellular 

vesicles (EVs) [5]. Exosomes, first discovered in 1983, are 50-150 nm in diameter and exist in 

the extracellular space and in blood, urine, and saliva [5]. They carry functional molecules, 

including proteins, metabolites, lipid mediators, and nucleic acids (mRNAs, non-coding RNAs, 

and DNA) [5]. Exosomes are involved in important processes such as immune responses and 

tissue repair [6]. However, tumor cells can also secrete large amounts of exosomes, which alter 

their environment and enable them to grow and disseminate by triggering vascular permeability 

and conditioning premetastatic sites [6]. Therefore, exosomes have potential clinical applications 
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as they may contain biomarkers and therapeutic targets, and their utility in OSCC diagnosis and 

treatment is receiving considerable attention. 

The presence of mRNAs and microRNAs (miRNAs) in exosomes was first reported in 

2007 [7]. The profile of exosomal miRNAs (which are 22-25 nucleotides long) is similar to that 

of cellular miRNAs. These molecules play roles in stem cell differentiation, hematopoiesis, 

exocytosis, differentiation, organogenesis, and tumorigenesis [7]. The specificity and distinct 

signatures of tumor exosomal miRNAs, as well as their involvement in tumorigenesis, invasion, 

angiogenesis, progression, metastasis, and chemoresistance, have been reported [7]. Fukumoto et 

al. reported that in OSCC tumors, miRNA-26a and -26b enhance cell migration and invasion by 

regulating the expression of transmembrane protein 184B [8]. Kawakubo et al. demonstrated that 

exosomal miR-200c-3p induces an invasive phenotype in previously non-invasive cells within 

the OSCC tumor mass [9]. Thus, exosomal miRNAs have potential for both diagnostic and 

therapeutic applications. Since exosomes can be isolated using minimally invasive methods, 

their use as novel molecular diagnostic tools in cancer therapy has recently sparked interest in 

the use of liquid biopsies. Exosomes may provide more sensitive biomarkers for cancer detection, 

as exosomal miRNAs have greater stability than cellular miRNAs [9]. Several studies have 

reported clinical applications of liquid biopsies, including assessment of exosomal miRNAs in 

head and neck squamous cell carcinoma (HNSCC). Lin et al. reported increased expression of 

miR-21 and miR-24 in HNSCC [10], whereas Summerer et al. suggested that high levels of 

miR-142, miR-186, miR-195, miR-374b, and miR-574 are prognostic biomarkers for the disease 

[11]. 
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Although several exosomal miRNAs have been reported as potential biomarkers and their 

biological functions have been revealed, a systematic analysis of OSCC exosomal miRNAs has 

not been reported. The aim of this study was to identify exosomal miRNAs associated with 

OSCC and discover their functions and clinical significance. 
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Materials and Methods 

Cell culture 

Human normal oral keratinocytes (HNOKs) were purchased from ScienCell Research 

Laboratories (Carlsbad, CA, USA, No. 2610) and cultured in an oral keratinocyte medium 

(ScienCell Research Laboratories) according to the manufacturer’s instructions. The 

OSCC-derived cell lines HSC-2 (JCRB0622), HSC-3 (JCRB0623), Ca9-22 (JCRB0625), and 

Ho-1-N1 (JCRB0831) were obtained from the Human Science Research Resources Bank 

(Osaka, Japan). All the cell lines were tested and declared free of mycoplasma infection by 

the company and used for experimentation within three months after purchase. All 

OSCC-derived cell lines were maintained in Dulbecco’s modified Eagle’s medium/F-12 

HAM (Sigma-Aldrich Co., St. Louis, MO, USA) supplemented with 10% fetal bovine serum 

(FBS; Sigma-Aldrich Co.) and 50 U/mL of penicillin-streptomycin (Sigma-Aldrich Co.). All 

cell lines were cultured at 37°C in a humidified incubator in presence of 5% CO2. 

 

Isolation of exosomal miRNA from culture media 

Cells were cultured without FBS or penicillin-streptomycin for 48 h and the culture media 

was collected. Each sample of medium (10 mL) was centrifuged for 5 min at 3,200 × g to 

remove the cell debris, and the supernatant was used for exosome isolation. Exosomes were 

isolated using column purification and the miRCURY Exosome Isolation Kit (Exiqon, Woburn, 

MA, USA), which recovered all RNA species including miRNAs, following the manufacturer’s 

instructions. The quality and quantity of the extracted RNA were determined using a NanoDrop 
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ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). Samples with 

optical density (OD)260/OD280 ratios of 1.60-2.20 were used in microarray experiments. 

 

MiRNA expression profiling 

MiRNA expression profiling was performed on 10 samples (HNOKs n = 2; the 

OSCC-derived cell lines, HSC-2, HSC-3, Ca9-22 and HO-1-N1: n = 2 each). The 

sixth-generation miRCURY LNA miRNA polymerase chain reaction (PCR) system (Exiqon) 

was used containing miRNome human panels I + II (V.4, Exiqon), which consisted of primer 

sets against 752 established human miRNAs, following the manufacturer’s recommended 

protocol. Briefly, first, miRNAs were reverse-transcribed from total RNA (200 ng) using 

miRNA-specific reverse transcription primers. The cells produced much lower yields, with RNA 

concentrations of approximately 50 ng/µL each. Next, the reverse-transcribed miRNAs were 

amplified using a locked nucleic acid-enhanced PCR primer anchored in the miRNA sequence 

and a universal PCR primer [12]. The raw data were received as normalized miRNA expression 

profiles. To identify dysregulated miRNAs, miRNAs that were differentially expressed between 

OSCC-derived cell lines and HNOKs by ≥ 1.5-fold were analyzed. 

 

MiRNA target gene prediction and gene ontology analysis 

Ingenuity Pathway Analysis (IPA, QIAGEN Inc., St. Marshall, CA, USA, 

https://www.qiagenbioinformatics.com/products/ingenuitypathway-analysis) was used to 

identify the biological functions of differentially expressed miRNAs and the signaling pathways 

https://www.qiagenbioinformatics.com/products/ingenuitypathway-analysis
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involving their potential targets [13-15]. Genes were categorized based on their location, cellular 

components, and reported or suggested molecular functions. The identified genes were also 

mapped to genetic networks available in the IPA database, and a score based on the probability 

that a collection of genes equal to or greater than the number in a network could be achieved by 

chance alone was obtained. A score of 3 indicated a 1/1,000 chance that a gene was in a network 

by chance (i.e., a 99.9% confidence level); therefore, this score was used as a threshold when 

identifying gene networks. The causal analytics tools ‘Gene ontology analysis’, ‘Upstream 

regulator analysis’, ‘Downstream effector analysis’, and ‘Canonical pathway analysis’ are 

implemented and available within IPA. For downstream effector analysis, the Z-score > 2 was 

defined as the threshold of significant activation, whilst Z-score < -2 was defined as the 

threshold of significant inhibition. For the canonical pathway analysis, the -log (P-value) > 2 

was taken as threshold. P-value was calculated automatically by IPA using right-tailed Fisher’s 

exact test. The algorism used for calculating the Z-scores and P-value has been described 

previously [15]. 
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Results 

Exosomal miRNA expression in OSCC-derived cell lines 

To identify differentially expressed exosomal miRNAs between OSCC-derived cell 

lines and HNOKs, miRNA array expression profiling was performed. Compared with 

HNOK-derived exosomes, HSC2, HSC3, Ca9-22, and Ho-1-N1 cell-derived exosomes 

contained 183, 129, 179, and 139 upregulated (Fig. 1A) and 111, 82, 136, and 99 

downregulated (Fig. 1B) miRNAs, respectively. Eight upregulated and 12 downregulated 

miRNAs were identified in all four OSCC-derived cell lines compared with those in HNOKs. 

 

Genetic network and ontology analysis 

First, the IPA miR target filter was utilized to identify potential mRNA targets of the 20 

differentially expressed miRNAs. The analysis revealed 236 potential mRNA targets based on 

experimental evidence. Next, genetic network analysis of the regulated miRNAs and their target 

genes was performed using IPA. These networks indicated functional relationships between gene 

products based on published interactions. Six highly significant networks were observed with 

some common biological functions, including cellular development, cellular growth and 

proliferation, and cell death and survival (Table 1). These networks were significant in OSCC 

(i.e., they were composed of more identified genes than would be expected by chance). The 

network with the highest score (network 1) was centered around miR-125b-5p (Fig. 2), which 

was linked to the majority of the genes in the network. To strengthen the gene regulatory 

network data and gain deeper insights regarding the functions of target genes and their regulation, 
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the relationships of the top four upstream miRNAs (miR-125b-5p, miR-17-5p, miR-200b-3p, 

and miR-23a-3p) that were highly relevant according to IPA upstream regulator analysis were 

combined into an integrated target gene regulatory network (Table 2). MiRNA expression 

profiling results of the top four upstream miRNAs were shown in Table 2. Gene ontology 

analysis was also performed using the IPA tool. Cancer was the most significantly enriched 

functional category (Table 3). Enriched biological processes in the integrated network (Fig. 3) 

included advanced malignant tumor, epithelial-mesenchymal transition (EMT), and primary 

solid tumor, and contained several important cancer-related targets. The associated downstream 

targets included transforming growth factor beta receptor 2 (TGFBR2), vascular endothelial 

growth factor A (VEGFA), vimentin (VIM), E2F transcription factor 1 (E2F1), RB 

transcriptional corepressor 1 (RB1), BCL2 apoptosis regulator (BCL2), signal transducer and 

activator of transcription 3 (STAT3), tumor necrosis factor, and zinc finger and BTB 

domain-containing 7A (ZBTB7A). The upregulated targets included phosphatase and tensin 

homolog (PTEN), zinc finger protein, FOG family member 2 (ZFPM2), E2F transcription factor 

3 (E2F3), stearoyl-CoA desaturase, erb-b2 receptor tyrosine kinase 3 (ERBB3), and tumor 

protein p53 (TP53). Furthermore, downstream effector analysis provides deeper insight into the 

contribution of the 20 differentially expressed exosomal miRNAs and identified potential mRNA 

targets of these miRNAs into cellular and functional processes. Fig. 4A presents a high-level tree 

map of affected downstream functional categories in OSCC-derived cell lines compared to 

HNOKs based on miRNA expression profiling data. Remarkably, functional categories related to 

cancer were under presented in OSCC (Fig. 4B). In contract, enrichment in functional categories
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related to cell death and apoptosis was observed in OSCC (Fig. 4C). 

 

Canonical pathway analysis 

To further understand the relationships between miRNAs and their target mRNAs, the 

target genes were categorized according to signaling pathways using the IPA tool. The top 30 

canonical pathways are listed in Fig. 5. Several pathways related to cancer were observed. 

Among these pathways, molecular mechanisms of cancer were the most significant, followed by 

cell cycle: G1/S checkpoint regulation. Network analysis also identified cell cycle regulation as a 

crucial cancer-related function of OSCC exosomes. 
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Discussion 

In this study, the potential regulatory effects of dysregulated exosomal miRNAs released 

by OSCC-derived cell lines were assessed. 20 (eight up- and 12 downregulated) exosomal 

miRNAs that were differentially expressed in all four OSCC-derived cell lines were identified 

compared to HNOKs using miRNA microarray analysis. After the analysis of the 20 miRNAs 

and their potential corresponding target genes, six genetic networks (Table 1) including four 

miRNAs (miR-125b-5p, miR-17-5p, miR-200b-3p, and miR-23a-3p) that were significantly 

associated with cancer were detected. In particular, miR-125b was a central node in the network 

of highest significance; therefore, its related network was used for pathway construction. The 

enriched canonical pathways confirmed the relationships between the identified exosomal 

miRNA networks and cancer. Furthermore, downstream effector analysis revealed enrichment in 

functional categories related to cell death and apoptosis, while processes related to cancer were 

suppressed. It was speculated that these four miRNAs might play crucial roles in OSCC, and 

further investigations for their biological activities would contribute to understanding of 

tumorigenesis and tumor development. 

MiR-125b is an established oncogenic miRNA. It is upregulated in various cancers 

[16-18] and its downregulation inactivates the tumor suppressor function of TP53 in human lung 

fibroblasts [19] and oral cancer [20]. MiR-125b is significantly downregulated in tongue 

squamous cell carcinoma compared with that in normal adjacent tissue, and this result matched 

with the patterns observed for other oral cavity carcinomas [20]. In a different study, Henson et 

al. reported that miR-125b downregulation is important for OSCC development and progression 
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[21]. Furthermore, in a previous study, downregulation of miR-125b was observed in 

OSCC-derived cell lines [22]. MiR-125b-transfected cells showed a decreased proliferation rate 

and enhanced radiosensitivity to X-ray irradiation [22]. Moreover, miR-125b expression 

correlated with OSCC tumor staging and survival. These data indicate that dysregulating 

miR-125b expression or activity might contribute to tumorigenesis by promoting OSCC 

proliferation [22]. 

MiR-17 binds to the 3′ untranslated region of integrin β8 to suppress its translation and is a 

potential prognostic marker for OSCC outcome and metastasis [23]. Ping et al. revealed that 

miR-17-5p promotes the proliferation and migration of human tongue squamous cell carcinoma 

cells and inhibits autophagy under hypoxia [24]. In addition, miR-17-5p has been linked to the 

development of many other cancers, including those of colorectum [25], prostate [26], and lungs 

[27], and its expression level is associated with cancer aggressiveness and therapy resistance 

[28]. In glioma cells, overexpression of miR-17-5p decreases beclin 1-mediated autophagy [29]. 

MiR-200b is an important regulator of EMT [30]. Its expression and effects identified in 

the present study were consistent with a previous report in which miR-200b was shown to be 

significantly upregulated in patients with World Health Organization (WHO) grade II/III OSCC 

compared with that in patients with WHO grade I OSCC [31]. In human tongue cancer cells, 

miR-200b regulates chemotherapy-induced EMT by targeting the BMI1 proto-oncogene, 

polycomb ring finger [32]. In head and neck cancer, miR-200b overexpression is associated with 

progression and poor prognosis [31,33]. 

A role for miR-23a has been demonstrated in prostate cancer [34]. In OSCC, Chen et al.
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revealed that miR-23a suppresses tumor proliferation and invasion and promotes apoptosis [35]. 

Using bioinformatic analyses, it was predicted that these effects were exerted via targeting 

fibroblast growth factor 2. Moreover, miR-23a is overexpressed in several tumors and promotes 

invasion and metastasis [36-38]. 

These studies indicate that miR-125b-5p, miR-17-5p, miR-200b-3p, and miR-23a-3p 

function as oncogenes. Therefore, these four miRNAs could represent effective diagnostic 

markers and/or therapeutic targets for OSCC.  

Uptake of tumor exosome miRNAs affects premetastatic or progressive organ stromal 

cells, producing a tumor-supportive microenvironment [39]. The comprehensive miRNA/target 

gene expression profiling-assisted pathway analysis is an appealing approach to identify 

candidate genes and pathways involved in the carcinogenesis of OSCC and other cancers. Four 

dysregulated miRNAs, miR-125b-5p, miR-17-5p, miR-200b-3p, and miR-23a-3p, were 

identified, which are associated with tumor development, EMT regulation, and tumorigenesis. 

The identification of novel molecular pathways and targets regulated by these miRNAs may lead 

to a better understanding of OSCC and its tumorigenesis, and the development of new 

therapeutic strategies for its treatment. Wang et al. reported that miR-23a can be used as a 

therapeutic tool in cancer management [40]. While these predictions require experimental 

validation in future studies, they provide new areas for future research focusing on the potential 

of miR-125b-5p, miR-17-5p, miR-200b-3p, and miR-23a-3p as prognostic biomarkers and 

therapeutic targets in OSCC.
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Conclusions 

This is the first study to use bioinformatic analysis to investigate differences in exosomal 

miRNAs in the culture supernatants of OSCC cell lines and HNOKs. 4 upstream miRNAs, i.e., 

miR-125b-5p, miR-17-5p, miR-200b-3p, and miR-23a-3p were identified. This study provides a 

comprehensive view of the functions of dysregulated exosomal miRNAs in OSCC, providing 

insight on its tumorigenesis and development. Additionally, these four miRNAs may crucial 

roles in OSCC and represent molecular targets for diagnostic biomarkers. 
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Tables 

Table 1 Genetic networks in OSCC cell lines 

Network Genes in ingenuity networks Function Scorea 

1 ABTB1, ARID3A, ARID3B, ATP6AP1L, 

B3GALT4, CBLN2, Cebp, CEBPG, DDX19B, 

DUS1L, FAM19A1, IFNGR, KLF13, 

MAN1A1, miR-125b-5p, OSBPL9, PCDHB10, 

PCTP, peptidase, glucuronosyltransferase, 

PERP, PPT2, ST18, TENM2, TNF, TOR2A, 

UGT, UGT2B15, UGT2B17, UGT2B28, 

vacuolar H(+)-ATPase, GPD, 2′ 

5′-oligoadenylate synthase, VSIR, and 

ZNF385A 

cellular development, 

cell death and survival, 

cellular growth and 

proliferation 

 

50 

2 CDKN1A, CDKN2A, CREB1, CSF1, CXCL8, 

DICER1, ERBB2, HIST, H4A, ID2, ITCH, 

KRAS, MAP2K7, miR-532-3p, NOTCH1, 

PTEFB, PAK5, PLK1, PTEN, RABL6, RB1, 

RNA polymerase II, SMARCA5, trypsin, 

UBE2I, ubiquitin, ATPase, E2F1, and IGF1R 

lipid metabolism, 

biochemistry of small 

molecules, 

development and 

function of the 

endocrine system  

43 

3 ACSS1, ATAT1, β catenin/TCF, CAPN8, 

CNTN4, HDAC1/2, IKZF4, LATS, MDH2, 

MEF2D, TWIST, UVRAG, ZEB1, 

miR-135a-5p, TCF, miR-23a-3p, PI3K class 

III, miR-382-5p, POU4F2, SEPT3, TCF/LEF, 

miR-124, NLK, TP53, and TRPS1 

cellular development, 

developmental 

disorders,  

neurological disease 

 

29 



 

22 

4 

 

ACVR1B, α-1-antitrypsin, CBFB, CDC2, 

CDK1, Cyclin B, GADD45, GCN5L, HIF1, 

ID1, KLHL20, laminin family, LIN28A, 

MIRLET7, RAD52, RPA, RUNX2, SMAD, 

SMAD2/3, SMAD4, SMAD5, TFIIH, TP63, 

DNA-PK, DUB, ESR1, PURA, and RSMAD, 

TGFBR2, TIMP3, BAP1, and MYLIP 

embryonic 

development,  

organ development, 

organismal 

development 
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5 BAMBI, BMP, BNIP2, calbindin, CAMTA1, 

CASP8AP2, caspase 3/6/7, CIAP, COP9, 

CRIM1, elastase, ETS, fascin, IKB, IKK 

(family), IL1R, IRAK, IRF, lymphotoxin, 

MAP3K, miR-17-5p, miR-210-3p, NF-κB 

complex, NFκB-RelA, NFκB1-RelA, PKD2, 

RHEBL1, SDHD, TNF receptor, TP53I11, 

TRAF, TUSC2, UBE2, VSNL1, and ZBTB7A 

cancer,  

cell death and survival 

 

20 

6 HSD, AKT, ATG2B, c-Src, caveolin, CYP19, 

ELMO2, FGF, FGFR, FGFRL1, FHOD1, 

filamin, FKHR, FOXF2, Growth factor 

receptor, HSPG, integrin α4β1, integrin α5β1, 

JINK1/2, LFA1, miR-130a-3p, miR-19b-3p, 

miR-200b-3p, PDGF (family), PPM1F, 

presenilin, PTK, RAB5, RERE, TSPAN8, 

WASF3, WDR37, WnT, and ZFPM2 

cell morphology, 

developmental 

disorders,  

skeletal and muscular 

disorders 
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aScores > 3 were considered significant. 
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Table 2 Fold changes and activation in the top four upstream miRNAs in OSCC-derived cell 

lines 

miRNA Activation Fold changesa 

HSC2 

/HNOKs 

HSC3 

/HNOKs 

Ca922 

/HNOKs 

Ho-1-N1 

/HNOKs 

miR-125b-5p inhibited 0.119 0.226 0.122 0.305 

miR-17-5p activated 3.067 1.718 2.139 3.235 

miR-200b-3p inhibited 0.117 0.209 0.227 0.554 

miR-23a-3p activated 4.161 5.157 1.703 1.710 

aFold changes for miRNA expression profiles data of OSCC-derived cell lines compared to 

HNOKs 

 

Table 3 Gene ontology analysis of predicted gene targets of differentially expressed miRNAs 

in OSCC-derived cell lines 

Molecular function 

Top diseases and disorders 

Cancer 

Organismal injury and abnormalities 

Tumor morphology 

Inflammatory response 

Developmental disorder 

Top molecular and cellular functions 

Cell death and survival 

Cellular development 

Cellular growth and proliferation 

Cell cycle 

Cellular movement 
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Figures 

 

 

A                                           B 

Fig. 1 Identification of differentially expressed exosomal miRNAs between OSCC-derived cell 

lines and HNOKs 

A, Upregulated exosomal miRNAs; B, Downregulated exosomal miRNAs 
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Fig. 2 The highest-scoring miRNA target network (network 1) 

Functional relationships between dysregulated miRNAs and their target gene products based on 

known interactions are shown. Node shapes indicate the functional class of each gene product. 

The node color intensity indicates the degree of up- (red) and downregulation (green) in 

OSCC-derived cell lines compared with HNOKs. 
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Fig. 3 Integrated network of the top four upstream miRNAs 

A network containing miR-125b-5p, miR-17-5p, miR-200b-3p, and miR-23a-3p, their target 

genes, and their implicated biological processes was generated using IPA. Node shapes indicate 

the functional classes of the gene products. The node color intensity indicates the degree of up- 

(red) and downregulation (green) in OSCC-derived cell lines compared with HNOKs. 
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Fig. 4 Downstream effector analysis of differentially expressed exosomal miRNAs and their 

potential mRNA targets between OSCC-derived cell lines and HNOKs 

A, Tree map (hierarchical heat map) depicting affected functional categories based on 

differentially expressed miRNAs and their identified potential genes where the major boxes 

represent a category of disease and functions; B, Cancer [Z-score = -2.06], C, Cell death 

[Z-score = 2.58] and apoptosis [Z-score = 2.86] in cell death and survival. Each individually 

colored rectangle is a particular biological function or disease, and the color range indicates its 

predicted activation state: increasing (orange), or decreasing (blue). Darker colors indicate 

higher absolute Z-scores. In this default view, the size of the rectangles is correlated with 

increasing overlap significance.   

Z-score 
0 2 -2 

 

 

B Cancer 

C Cell Death and Survival 

A Tree map 
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Fig. 5. Canonical pathways targeted by dysregulated miRNAs in OSCC-derived cell lines 

The top 30 canonical pathways were evaluated by right-tailed Fisher’s exact test to calculate the 

probability that the association is not explained by chance alone (black bars, upper y-axis). 

Enrichment ratios (i.e., the proportion of target genes in each pathway), referring to the 

population of selected genes from a pathway related to the total number of molecules that make 

up that particular pathway, are also shown (orange line graph, bottom y-axis). 

 


