
Exosomal cargoes in OSCC: Current findings and potential
functions
Chengzhi Zhao Equal first author, 1 , Geru Zhang Equal first author, 1 , Jialing Liu 2 , Chenghao Zhang 2 , Wen Liao Corresp. 2

1 State Key Laboratory of Oral Diseases & National Clinical Research Center for Oral Diseases, West China School of Stomatology, Sichuan University,
Chengdu, China
2 State Key Laboratory of Oral Diseases & National Clinical Research Center for Oral Diseases, Department of Orthodontics, West China Hospital of
Stomatology,Sichuan University, Chengdu, Sichuan, China

Corresponding Author: Wen Liao
Email address: liaowenssw@126.com

Oral squamous cell carcinoma (OSCC) is the most prevalent malignancy in head and neck
cancer, with high recurrence and mortality. Early diagnosis and efficient therapeutic
strategies are vital for the treatment of OSCC patients. Exosomes can be isolated from a
broad range of different cell types, implicating them as important factors in the regulation
of human physiological and pathological processes. Due to their abundant cargo including
proteins, lipids, and nucleic acids, exosomes have played a valuable diagnostic and
therapeutic role across multiple diseases, including cancer. In this review, we summarize
recent findings concerning the content within, and participation of, exosomes relating to
OSCC and their roles in tumorigenesis, proliferation, migration, invasion, metastasis, and
chemoresistance. We conclude this review by looking ahead to their potential utility in
providing new methods for treating OSCC to inspire further research in this field.
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20 Abstract

21 Oral squamous cell carcinoma (OSCC) is the most prevalent malignancy in head and neck 

22 cancer, with high recurrence and mortality. Early diagnosis and efficient therapeutic strategies 

23 are vital for the treatment of OSCC patients. Exosomes can be isolated from a broad range of 

24 different cell types, implicating them as important factors in the regulation of human 

25 physiological and pathological processes. Due to their abundant cargo including proteins, lipids, 

26 and nucleic acids, exosomes have played a valuable diagnostic and therapeutic role across 

27 multiple diseases, including cancer. In this review, we summarize recent findings concerning the 

28 content within, and participation of, exosomes relating to OSCC and their roles in tumorigenesis, 

29 proliferation, migration, invasion, metastasis, and chemoresistance. We conclude this review by 

30 looking ahead to their potential utility in providing new methods for treating OSCC to inspire 

31 further research in this field.

32

33

34 Introduction

35 Extracellular vesicles (EVs) are membrane-bound organelles actively secreted by cells[1, 2]. 

36 First recognized as cell dust, EVs were considered to be part of a mechanism for disposal of 

37 needless cellular components[3]. With the recent discovery that EVs contain an abundant amount 

38 of important cargo (such as proteins, lipids, and nucleic acids), they are no longer considered 

39 carriers of cellular waste. Additionally, since the finding that cargo-laden EVs can be released by 
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40 nearly all cell types and detected in many body fluids (e.g., breast milk, saliva, urine, and 

41 cerebrospinal fluid), they have gradually been recognized as a mechanism for intercellular 

42 communication[2, 4]. EVs are classified into different groups, namely microvesicles (MVs), 

43 exosomes, and apoptotic bodies, based on their morphological features and contents (Figure 

44 1)[5]. MVs, also known as ectosomes[6], generally range from 50–1,000 nm in diameter and are 

45 generated by the outward budding of the plasma membrane[4]. Apoptotic bodies, ranging from 

46 500–1000 nm in diameter, peel off from dying cells[7], while exosomes have a diameter of <150 

47 nm[2]. Exosomes originate from intraluminal vesicles (ILVs) secreted by multivesicular bodies 

48 (MVBs) through fusing with the plasma membrane[4]. To the best of our knowledge, EVs have 

49 been defined based on their size; however, recent consensus has recognized vesicular biogenesis 

50 and cargo as defining characteristics of the vesicles, which may ultimately be more precise 

51 criteria for classification[2, 8, 9].

52 As previously mentioned, exosomes were first considered waste compartments for cells[10]. We 

53 now know that exosomes play critical roles in intercellular communication. The various types of 

54 exosomal cargo, including proteins, lipids, and nucleic acids within and on the exosome 

55 surface[11], vary depending on their parental cells of origin and extracellular environment. 

56 Exosomes secreted by the same cell type can differ based on the types of stimuli that the cells are 

57 experiencing, which implies that exosomes can be indicative of different cellular states[7, 12]. 

58 Exosomes have been shown to play significant roles in regulating physiological and pathological 

59 processes, in addition to having great potential in therapeutic development[7, 11-13]. 

60 Exosome function has been unveiled in many diseases, including cancer[14-18]. Exosome 

61 participation in numerous phases of the cancer process has been observed, including in situ 

62 tumorigenesis[19], tumor growth[20, 21], angiogenesis[22], evasion of immune system[23, 24], 

63 resistance to chemotherapeutic agents[11], and metastasis[11, 24, 25]. In addition, antitumor 

64 effects have also been observed[26, 27].

65 OSCC, usually preceded by white or red mucosal changes known as leukoplakia or 

66 erythroplakia, respectively, or sometimes a combination of red and white features, is the most 

67 prevalent malignancy of the head and neck[28] characterized by high recurrence and poor 

68 prognosis. There are approximately 350,000–400,000 new cases each year with high risk of 

69 recurrence (20% to 30%)[29]. Some risk factors contribute to the occurrence of OSCC, such as 

70 tobacco consumption, alcohol consumption, HPV infection, and other systemic or environmental 

71 factors[28]. 

72 Recently, a close association between OSCC and exosome biology has been reported. Exosomes 

73 act as transporters between cells and their microenvironment[30, 31], directly promoting the 

74 initiation and progression of OSCC. Exosomes can also modulate OSCC by regulating the 

75 immune system, causing metabolic dysfunction and chemoresistance[32]. They have also been 

76 developed for applications in the clinic, including as biomarkers for early diagnosis and drug 

77 delivery. However, there is limited research focused on exosomes in OSCC. Therefore, we wrote 

78 this review by looking ahead to their potential utility in providing new methods for treating 

79 OSCC and intend to inspire further research on exosomes in accordance with OSCC in the field.
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80

81 Survey methodology

82 We systematically searched with PubMed Advanced Search Builder with the following 

83 keywords: (1) OSCC and exosomes, (2) HNSCC and exosomes, (3) proteins in exosomes and 

84 OSCC, (4) lipid and exosomes and OSCC, (5) nucleic acids and exosomes in OSCC, (6) non-

85 coding RNA and exosomes in OSCC, (7) mitochondrial DNA and exosomes in OSCC, (8) 

86 exosomes and clinic use and OSCC. By reading the titles and abstracts, papers nonrelated with 

87 either exosomal cargoes or OSCC or HNSCC were excluded. Besides, papers not published in 

88 English were excluded. Our search was not refined by publishing date, journal or impact factor 

89 of the journal, authors or authors affiliations.

90  

91 1. Exosome biogenesis

92 The biogenesis and release of exosomes to the extracellular environment is an ordered process. 

93 The first step for exosome biogenesis is the formation of early endosomes (EEs). By inward 

94 budding or endocytosis, primary endocytic vesicles and their contents fuse with each other to 

95 form EEs[7, 33]. After the process of primary endocytic vesicles delivering their contents and 

96 membranes to EEs in the peripheral cytoplasm over 8–15 minutes, EEs will then go to their 

97 destination[33]. One possible destination for EEs is recycling to the plasma membrane, directly 

98 or with the help of recycling endosomes[33, 34]. The other possibility is their conversion to late 

99 endosomes (LEs) for additional processing. LEs accumulate ILVs formed by the inward budding 

100 of the endosomal membrane[8], which results in the conversion of LEs to MVBs[7, 8]. ILV 

101 formation is exquisitely regulated by mechanisms that remain to be fully elucidated, but it is 

102 reported to mainly rely on endosomal-sorting complex required for transport (ESCRT)-

103 dependent machinery. Multiprotein ESCRT complexes are composed of ESCRT-0, ESCRT-I, 

104 ESCRT-II, and ESCRT-III. These localize on the cytoplasmic side of the endosomal membrane 

105 and play unique roles in sorting proteins into ILVs with assistance of accessory proteins (ALIX, 

106 VPS4, and VTA1)[35]. Although the ESCRT-dependent pathway is considered the main 

107 mechanism regulating ILV biogenesis, some evidence has revealed that there are alternative, 

108 independent pathways[11, 35, 36]. The type of cargo that is sorted into ILVs may relate to the 

109 mechanisms involved. With MVBs, there are two notable fates: to either degrade by fusing with 

110 lysosomes, or having their ILVs released as exosomes by fusion with the plasma membrane[37, 

111 38]. A variety of mechanisms involved in the release of exosomes have been proposed. Rab 

112 GTPases, including RAB11, RAB35, RAB27A, RAB27B, and RAB7, with assistance from 

113 ALIX and syntenin, are recognized to play an important role[39, 40]. In addition, some 

114 mechanisms independent of Rab GTPases may also play a significant role in this process[41]. 

115 For instance, the soluble N-ethyl maleimide (NEM)-sensitive factor attachment protein receptor 

116 (SNARE) complex drives membrane fusion and thus exosome secretion[11].

117 Exosome biogenesis starting from the formation of EEs to the final release into extracellular 

118 environment is a complex process (Figure 2). To our knowledge, it can differ between cell types 
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119 and their cellular physiological or pathological status[7, 12], but much remains to be discovered 

120 to fully exploit the potential for exosomes as future clinical therapies[11]. 

121 2. Exosome capsuled protein in OSCC

122 It is known that exosomes encapsulate genetic material as well as proteins from their cells of 

123 origin. Traditionally, the proteins that are encapsulated or transported by exosomes include 

124 structural and functional proteins that maintain the basic structure of exosomes and are 

125 responsible for regulating fusion, migration, and adhesion to target cells, such as transmembrane 

126 protein families (CD9, CD63, CD81 and CD82), molecular chaperones (Hsp70, Hsp90), multi-

127 capsule synthesis proteins (TSG101 and ALIX), membrane carried fusion proteins, and 

128 others[42-45]. Some exosomes can carry specific proteins that allow their identification and 

129 differentiation from other exosomes, which could help to determine their unique function and 

130 potentially act as biomarkers for detecting disease progression[46-48]. 

131 Numerous studies have already revealed that epidermal growth factor receptor (EGFR) plays an 

132 important role in tumorigenesis and drug resistance[49-51]. In OSCC, overexpression of EGFR 

133 activates many signal pathways, such as RAS/MEK/ERK, PI3K/AKT, and JAK/STAT 

134 pathways[52-55]. Fujiwara et al. found that OSCC can secrete exosomes with encapsulated 

135 EGFR. Healthy epithelial cells internalized these EGFR-containing exosomes, resulting in the 

136 epithelial-mesenchymal transition (EMT) of OSCC[56]. Principe et al. reported that cancer-

137 associated-fibroblasts (CAF) participate in the tumorigenesis of oral tongue squamous cell 

138 carcinoma (OTSCC). They also demonstrated that MFAP5 was abundant in exosomes 

139 originating from CAF, and would activate OTSCC cell growth and migration via activation of 

140 MAPK and AKT pathways[57]. Additionally, proteins loaded into exosomes can regulate 

141 stromal cell metabolism to support cancer cell proliferation. Jiang et al. reported that exosomes 

142 derived from tumor cells could transport p-ERK1/2 to stromal fibroblasts, resulting in the 

143 degradation of CAV1 and glucometabolic reprogramming. The energy produced by this reaction 

144 could be absorbed and utilized by surrounding tumor cells[58]. 

145 As previously reported, the interaction between tumor cells and the immune system can play a 

146 dual role. On one hand, immune cells can recognize and eliminate tumor cells in the early stages 

147 of tumor development[59-61]. In contrast, excessive infiltration of immune cells is related with 

148 poor prognosis[62, 63]. Exosomes can be viewed as a bridge between tumor and immune cells. 

149 The Fas/FasL pathway regulates proinflammatory processes and promotes the apoptosis of 

150 immune cells in vivo. Kim et al. revealed that FasL+ exosomes in OSCC patient serum induced 

151 apoptosis in Jurkat and T cells[64]. Wang et al. demonstrated that exosomes derived from OSCC 

152 were rich with NF-κB-activating kinase-associated protein 1 and could strengthen the 

153 proliferation and cytotoxicity of natural killer (NK) cells through the interferon regulatory factor 

154 3 pathway[65]. Chen and colleagues found that thrombospondin 1 (THBS1) was transported by 

155 OSCC-derived exosomes and could stimulate macrophage transformation into M1-like tumor 

156 associated macrophages (TAMs), which were capable of controlling OSCC cell migration[66].

157 Moreover, exosomes can also facilitate communication carrier between tumor cells and healthy 

158 cells. Recent research indicates that transforming growth factor-beta (TGF-β) is important for 
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159 tumorigenesis and immunosuppression in the tumor microenvironment[67]. South and 

160 colleagues isolated TGF-βII+ exosomes from the OSCC microenvironment and claimed these 

161 exosomes could stimulate TGF-β signaling between tumor cells and their surrounding 

162 microenvironment, but the mechanism remains unknown[68]. They also showed that OSCC-

163 derived exosomes were loaded with the C-terminal fragment of desmoglein 2, a highly expressed 

164 protein in many kinds of malignant tumors. DSG2 expression in OSCC could promote exosome 

165 secretion through the modification of metalloproteases and repartitioning of Cav1[69]. 

166 Moreover, these DSG2-CTF-positive exosomes could modulate the microenvironment by 

167 converting nearby fibroblasts into TAMs[69].

168 Currently, patients can receive various kinds of antitumor therapies like radiotherapy, 

169 chemotherapy, and surgery. However, metastasis is the major cause of death in most cases. The 

170 pathological generation of blood and lymphatic vessels is closely associated with tumor 

171 development and progression. These tubular tissues provide nutrients to tumor cells and allow 

172 them to spread to distal organs far from the tumor origin. Vascular endothelial growth factor C 

173 (VEGF-C) is universally acknowledged as one of the most effective proteins in promoting 

174 lymphatic vessels. It is abundant in lymph node positive metastatic OSCC patients. Zhong et al. 

175 discovered that increased VEGF-C expression associated with an increased number of salivary 

176 exosomes in OSCC tissues[70]. Kozaki and colleagues discovered an increased invasive capacity 

177 when HSP90-rich exosomes were abundant; moreover, the knockdown of HSP90α and HSP90β 

178 decreased the metastatic capacity and survivability of OSCC cells[71]. Observing that OSCC 

179 LN1-1 cells were more aggressive in lymphatic node metastasis than OEC-M1 cells, Wang et al. 

180 used stable isotope amino acid labeling to reveal that higher laminin-332 protein levels in tumor 

181 cell-derived exosomes was a major cause for the superior lymphangioge

182 nesis ability of OSCC LN1-1 cells, as laminin-332 promotes lymphatic endothelial cell migration 

183 and tube formation[72]. Li et al. reported that PF4V1, CXCL7, F13A1, and ApoA1 could affect 

184 OSCC lymph node metastasis[73].

185 EMT is also an important biological process in which malignant tumor cells derived from 

186 epithelial cells acquire migration and invasion capabilities. Dayan et al. showed that caveolin-1 

187 was transported by OSCC-derived exosomes and occurs in tongue squamous cell carcinoma[74]. 

188 Additional studies revealed that CAV1 is an important EMT regulator and could drive the 

189 transition of fibroblasts into cancer-associated fibroblasts[75-77].

190 3. Lipid cargo in OSCC exosomes

191 Exosomes are an alternative means to carrier proteins and lipoproteins for transporting 

192 lipids[78]. There are approximately 2000 lipid species identified through comparative lipidomic 

193 analyses[79], which can localize to the membrane and lumen of exosomes. They play critical 

194 roles in exosomes biogenesis and release[78, 80]. The roles for several kinds of lipids have been 

195 reported, including BMP (Bismonoacylglycerophosphate), cholesterols, ceramides, and 

196 phosphatidic acid[78]. BMP is recognized as a lipidic molecule required for MVB formation[81] 

197 and ILV biogenesis[82], however, it is irrelevant to the formations of MVs, which indicates its 

198 potential as a biomarker to distinguish exosomes from MVs[80]. The lipid contents of exosomes 

PeerJ reviewing PDF | (2020:06:49854:0:1:NEW 16 Jun 2020)

Manuscript to be reviewed



199 are usually different from their parental cells. The discrimination of lipids between exosomes and 

200 parental cells could play significant roles in many pathophysiologies such as cancer. Llorente et 

201 al. quantified 280 species of lipids from PC-3 prostate cancer cells and their exosomes and found 

202 some differences in their lipid composition[83].

203 Over the past few years, lipid metabolic abnormalities have been identified as a feature of tumor 

204 cells. Inhibiting key metabolic pathways of lipids may therefore be a promising therapeutic 

205 strategy. Using bitter melon extract to treat the head and neck squamous carcinoma cell 

206 (HNSCC) line Cal27, Sur et al. observed a significant reduction to fatty acid biogenesis-related 

207 genes at the level of both mRNA and protein[84]. Hu et al. found that some lipid metabolism-

208 related genes in OSCC patients could be used for prognostication[85]. Lipid uptake can also be 

209 enhanced in cancer[86]. Pascual et al. observed a similar phenomenon in OSCC, as they 

210 documented a subpopulation of CD44bright OSCC cells that express high levels of lipid 

211 metabolic genes and can initiate metastasis. 

212 Arachidonic acid (AA) is a free fatty acid that can be transported by exosomes[87], and its 

213 metabolism is a major dysregulated pathway in cancer cells[88]. As the precursor of both 

214 leukotrienes and prostaglandins, AA can be transferred between tissues by exosomes 

215 contributing to tumor growth and progression[89]. Exosomes secreted from AsPC-1 cells, a 

216 highly metastatic pancreatic ductal adenocarcinoma cell line, were reported to deliver AA to 

217 macrophages. The fusogenicity of AsPC-1 exosomes decreased when pretreatment with PLA2 

218 caused the removal of AA, indicating that exosomal AA may enhance crosstalk between cancer 

219 cells and TAMs, thus contributing to tumor progression[89]. 

220 Leukotrienes (LTs), a product of AA, are involved in various pathophysiologies such as 

221 inflammatory asthma, atherosclerosis, and cancer[78]. Several types of LTs, such as LTB4, 

222 LTC4, cysteinyl leukotriene LTC4, and LTC4 synthase, are enriched in exosomes[90, 91]. 

223 Exosomes appear to play a role in the biogenesis of LTs. For example, LTA4, the precursor of 

224 leukotrienes, only has a five-second half-life in in vitro buffer, but with the protection of 

225 exosomes, their half-life can be elongated to several minutes[90]. Lukic et al. found that 

226 exogenous LTC4 generated by monocytic cells can be transformed into pro-tumorigenic LTD4 

227 through gamma-glutamyl transpeptidase 1. GGT-1 is contained within both exosomes and 

228 primary cancer cells, which stimulates cancer cell migration and survival[90]. Since the 5-

229 lipoxygenase (5-Lox) and cyclooxygenase (COX)-2 pathways of arachidonic acid metabolism 

230 are involved in oral carcinogenesis[92], LTs in exosomes may also play an important role in 

231 OSCC.

232 Prostaglandins (PG) are another product of AA. Exosomes with high concentrations of 

233 prostaglandins transport more PGE2 to neighboring cells, enhancing the overall presence of 

234 PGE2 in the microenvironment[87]. Cell motility and metastatic status are impacted by 

235 extracellular levels of PGE2[93]. Evidence has shown that exosomes rich in PGE2 participate in 

236 tumor immune evasion and promote tumor growth[78]. PGE2-mediated inflammation 

237 contributing to OSCC at different stages of carcinogenesis, invasion and metastasis contributes 

238 to patient morbidity and mortality[94]. Abrahao et al. showed that HNSCC cells secrete PGE2. 
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239 The overexpression of COX-2 in tumor and inflammatory cells, and subsequent increased 

240 production of PGE2, may promote HNSCC growth in an autocrine and paracrine way in the 

241 microenvironment. Exosomes can therefore be considered a potential medium for autocrine and 

242 paracrine regulation[95].

243 4. Nucleic acids in OSCC exosomes

244 A diverse collection of nucleic acids, including DNA, coding mRNA, non-coding RNA 

245 (ncRNA), micro RNA (miRNA), circular RNA (circRNA), and long non-coding RNA (lncRNA) 

246 have been identified in exosomes[8]. The nucleic acid content of exosomes is believed to play a 

247 significant role in promoting cancer pathogenesis through the oncogenic transformation and 

248 transfer of cancer-specific genetic material[12]. Understanding how nucleic acids transported by 

249 exosomes mediate the process of OSCC is critical, and could illuminate strategies for exosome-

250 based targeted therapy. 

251 4.1 DNA

252 DNA in exosomes has been observed in cell culture supernatant as well as human and mouse 

253 biological fluids such as blood, seminal fluid, and urine[12]. Based on cell origin, it is likely that 

254 different types of exosomes contain distinct types of DNA, such as single-stranded DNA 

255 (ssDNA), double-stranded DNA (dsDNA), mitochondrial DNA (mtDNA), and of varying states 

256 (e.g., fragment length, chromosome-bound)[12]. Among these various types, dsDNA is the most 

257 evaluated[96]. Cancer cell-derived exosomes contain more DNA, which may be indicative 

258 toward their potential functions in tumorigenesis. Exosomal DNA has been found to be involved 

259 in immunity regulation[97, 98]. When tumors were treated by different strategies (e.g., antitumor 

260 drugs or radiotherapy), the induced secretion of cancer cell-derived exosomes containing DNA 

261 triggered dendritic cell (DC) activation and cytokine production, both of which can have 

262 antitumor effects by regulating immune responses[97, 98]. The unique characteristics of DNA in 

263 exosomes may be used as biomarkers for tumor diagnosis. For example, the same mutations in 

264 susceptibility genes were found in exosomal DNA and parental cells of pheochromocytomas and 

265 paragangliomas[99], and mutant KRAS, TP53, NOTCH1, and BRCA2 DNA in exosomes from 

266 pancreatic cancer were also detected[100, 101]. Exosomes in OSCC may play similar roles, as 

267 mutant genes were also discovered in OSCC cells[102, 103]. Because of the inherent stability of 

268 DNA within exosomes, it has become an attractive candidate biomarker[12].

269 Viral DNA has also been detected in exosomes from cancer patients[104]. Meckes et al. 

270 identified that ERK and PI3K/AKT signaling pathways can be activated if the recipient cells 

271 were exposed to exosomes containing major EBV oncogene LMP1[105]. Human papillomavirus 

272 (HPV) is considered a risk factor for OSCC, and its DNA has been found in exosomes from 

273 HeLa cells[106]. Exosomes containing HPV are also involved in HPV-associated carcinogenesis, 

274 indicating a potential role in OSCC although there is no direct evidence noted[107]. HPV DNA 

275 in plasma-derived exosomes was detected in rectal squamous cell carcinoma patients[108]. 

276 Ambrosio et al. isolated exosomes from the HPV DNA-positive cell line CaSki, which can 

277 transfer DNA to normal cell lines. Moreover, circulating exosome-encapsulated HPV DNA in 

278 the blood of neoplastic patients was verified to be transferred to normal and tumor cells at least 
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279 in vitro. It is noteworthy that this dynamic process led by exosomes might be involved at other 

280 anatomical sites[108]. 

281 Mitochondria are major energy generators in cells, and increasing studies have revealed their role 

282 in tumor development. Previously, scientists discovered that mitochondria could pass between 

283 cells through vesicles[109]. Subsequent studies showed that mitochondria and mitochondrial 

284 DNA could spread through tumors and surrounding non-tumor tissue to repair mitochondrial 

285 damage caused by a highly metabolic environment in cancers such as melanoma and breast 

286 cancer[110-113]. Currently, scientists are deepening our understanding of the connections 

287 between mitochondria and tumors. For example, cancer cells can obtain mitochondria from 

288 healthy cells to achieve chemical resistance[114], and mitochondrial DAMP provides tumor cells 

289 with a possible immune escape mechanism[115, 116]. The transfer of mitochondria or mtDNA is 

290 not completed independently, but is carried out by the transporting mediators between cells, such 

291 as exosomes and secretory vesicles. In oral cancer, whether exosomal mtDNA participates in 

292 tumorigenesis, tumor proliferation, and migration is still vague. However, Uzawa et al. proposed 

293 a novel method for detecting mtDNA in OSCC patients and reported significant differences in 

294 serum mtDNA levels before and after OSCC patient treatment. They also identified mtDNA as a 

295 promising molecular marker for OSCC prognostication[117]. Despite these advances, further 

296 exploration into exosome-derived mtDNA and its application in the diagnosis and treatment of 

297 OSCC is necessary.

298 4.2 mRNA

299 Coding mRNA has been found in exosomes. Transferring mRNA within exosomes can enable 

300 mRNA translation into proteins in recipient cells[118, 119], giving mRNA a potentially powerful 

301 role in cell-to-cell communication. Its function has been studied in both healthy and pathological 

302 states[119, 120]. As a means for cell-to-cell transportation, the mRNA profiles of tumor-derived 

303 exosomes have been evaluated in various cancers such as melanoma[121], glioblastoma[122], 

304 prostate cancer[123], and colorectal cancer[124]. Moreover, these studies revealed that mRNAs 

305 in tumor-derived exosomes can play vital roles in promoting malignant tumor growth, 

306 proliferation, and metastasis through suppressing immune responses and resisting antitumor 

307 treatment [121, 122, 125].

308 Salivary liquid biopsy has emerged as an excellent method for disease detection, which is also 

309 applied to OSCC[126]. Evaluation of the salivary transcriptome from OSCC patients has helped 

310 to identify some mRNA biomarkers[127]. Qadir et al. characterized and compared the 

311 transcriptome profiles between exosomes isolated from primary human normal oral keratinocytes 

312 (HNOK) and HNSCC cell lines. The results showed that in HNSCC-derived exosomes, the 

313 expression of matrix remodeling (EFEMP1, DDK3, SPARC), cell cycle (EEF2K), membrane 

314 remodeling (LAMP2, SRPX), differentiation (SPRR2E), apoptosis (CTSC), and 

315 transcription/translation (KLF6, PUS7) factors showed significant differences from healthy cell-

316 derived exosomes[128], indicating that cancer cells may confer transcriptome reprogramming 

317 through exosomes to enhance cancer-associated pathologies.  

318 4.3 ncRNA
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319 Most of the human genome is considered biologically active. However, only a minor fraction of 

320 DNA encodes proteins. ncRNA represents the majority of RNA that is not translated into 

321 proteins[129]. ncRNA is a category of exosomal cargo under investigation for its complex role in 

322 regulating gene expression[130]. ncRNA interactions are often interconnected which, when 

323 deregulated, could eventually drive tumorigenesis and progression[131]. Identifying ncRNAs 

324 and their interactions will help to provide robust biomarkers and new therapeutic targets for more 

325 effective cancer therapies, better outcomes, and greater survival[130, 131].

326 4.3.1 Regulatory ncRNA

327 4.3.1.1 miRNA

328 miRNA are small ncRNAs around 22 nucleotides long. They perform their post-transcriptional 

329 regulatory effects by binding to specific sites known as miRNA response elements (MREs) on 

330 their target transcripts, leading to either transcript degradation or translational inhibition[131]. 

331 miRNA regulatory activity in cancer has been widely studied[132-134], as miRNA can be 

332 divided into oncogenic miRNA and tumor suppressor miRNA[135].

333 miRNA function in OSCC has been thoroughly discussed[136]. Since they are secreted from 

334 various types of healthy and tumor cells[137], miRNA can be detected in exosomes based on 

335 their cell of origin. Dickman et al. found that miR-142-3p secreted from oral cancer cells 

336 promotes cancer cell growth by eliminating the miRNA tumor suppressive effect. Exosomes also 

337 promote tumor angiogenesis by releasing miR-142-3p to its microenvironment[138]. 

338 Overexpression of miR-6887-5p in SCC/OSCC cells inhibited tumor growth according to Higaki 

339 et al[139]. Similar results document targeting miRNA as a treatment strategy to inhibit tumor 

340 growth. Lower levels of miR-3188 were detected in CAFs than normal fibroblasts, and loss of 

341 miR-3188 promoted malignant phenotypes in head and neck cancer cells, supporting its 

342 consideration as a therapeutic target[140].

343 miRNA in CAF-derived exosomes not only promote or inhibit tumor growth, but have also been 

344 shown to participate in OSCC cell migration and invasion. Sun et al. found that miR3825p was 

345 overexpressed in CAFs compared with fibroblasts of adjacent normal tissue, and miR3825p 

346 overexpression was an important regulatory factor in OSCC cell migration and invasion[141]. 

347 By comparing miRNA profiles in non-invasive SQUU-A and highly invasive SQUU-B tongue 

348 cancer cell clones, it was observed that hsa-miR-200c-3p acts within a key pro-invasion role in 

349 OSCC. The transfer of miR-200c-3p in exosomes derived from a highly invasive OSCC line can 

350 also accelerate the invasion potential of non-invasive counterparts[142]. Normoxic and hypoxic 

351 OSCC-derived exosomes yielded different miRNA profiles; miR-21 showed its most significant 

352 role under hypoxic conditions. The loss of miR-21 in hypoxic OSCC cells downregulated miR-

353 21 levels in exosomes and significantly reduced cell migration and invasion. Restoration of miR-

354 21 expression in HIF-1α- and HIF-2α-depleted exosomes rescued OSCC cell migration and 

355 invasion[143].

356 Metastasis is a great challenge in our effort to fight cancer, and it is one feature of OSCC[141]. 

357 Some studies have noticed that cancer stem cell-derived extracellular vesicles are enriched with 

358 miR-21-5p, which is associated with increased potential of OSCC metastasis[144]. Some 
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359 miRNAs have been revealed as performing anti-cancer roles as well. By examining the miRNA 

360 profiles of CAF- and normal fibroblast (NF)-derived exosomes, miR-34a-5p expression was 

361 found to be significantly decreased, making it an anti-cancer therapeutic target for OSCC[145]. 

362 The tumor microenvironment (TME) plays a vital role in the progression of OSCC. Recent 

363 research has revealed that tumor-derived exosomes (TEX) accumulate in the TME and interact 

364 between tumor and healthy stromal cells[146]. Cai et al. cocultured exosomes extracted from 

365 OSCC cell lines (SCC-9 and CAL-27) with macrophages. Their results showed that the 

366 upregulation of miR-29a-3p in OSCC-derived exosomes is related to M2 subtype macrophage 

367 polarization. After interfering with miR-29a-3p from OSCC, M2 subtype macrophage 

368 polarization was inhibited by OSCC-derived exosomes[147]. Tumor angiogenesis is a hallmark 

369 in tumor development[148]. Rosenberger et al. demonstrated a significant antitumor effect of 

370 when the intra-tumoral injection of mesenchymal stem cell (MSC)-derived exosomes was 

371 associated with a loss of tumor vasculature[146]. However, the outcomes of treated tumors 

372 showing diverse levels of VEGF mRNA, as well as smaller tumor volumes, indicates that 

373 VEGF-independent mechanisms exist to regulate this antitumor reaction. Considering the 

374 multifunctional roles and complex regulatory network, exosomal miRNA may be involved in 

375 this process[149].

376 Chemoresistance is a significant challenge for OSCC treatment with no clear mechanism. 

377 Several studies have shown that miRNA in exosomes of both healthy and tumor cells can 

378 manipulate this phenomenon[150-152]. Some miRNAs are upregulated during chemotherapy, 

379 which can enhance chemoresistance against antitumor drugs such as cisplatin (CIS) and 

380 docetaxel (DTX). Kirave et al. found that when transferring exosomes from CIS-resistant to CIS-

381 sensitive cells, miR-155 was significantly upregulated in the recipient CIS-sensitive cells[150]. 

382 Exosomes isolated from CIS-resistant cell lines contained a higher concentration of miR-21 in 

383 accordance with the parental cells’ increased cisplatin resistance, which indicates that miR-21 

384 may be a potential target against chemoresistance[153]. The underlying mechanism is considered 

385 related to EMT and decreased DNA damage in cancer cells[150, 151]. Some miRNAs were 

386 downregulated during chemoresistance. For example, downregulation of miR-200c increased 

387 resistance to DTX, when miR-200c was transported by exosomes, the results showed the 

388 increase of the sensitivity to DTX both in vitro and in vivo, indicating miR-200c could be a 

389 therapeutic target of OSCC[151].

390 4.3.1.2 lncRNA and circRNA

391 Beyond miRNA, there are other regulatory ncRNAs that perform complex roles in cancer[154]. 

392 One kind, lncRNA, ranging from 200 to >1000 nucleotides, is a novel class in the human 

393 genome with seldom to no coding potential[155]. They participate in various diseases through 

394 interacting with DNA[156], RNA, or proteins[157]. lncRNA may be involved in cancer cell 

395 proliferation[158, 159], migration[158], invasion[160], metastasis[160, 161], and antitumor drug 

396 resistance[159]. Xu et al. found that the expression of LINC00662 in OSCC positively correlated 

397 with tumor size, stage, and lymph node metastasis. It is capable of inducing the proliferation, 

398 migration, and invasion of OSCC cells by regulating the Wnt/beta-catenin pathway[158]. Zhang 

PeerJ reviewing PDF | (2020:06:49854:0:1:NEW 16 Jun 2020)

Manuscript to be reviewed



399 et al. discovered that knockdown of lncRNA UCA1 significantly suppressed TGFβ1-induced 

400 tongue cancer cell invasion and eventually induced EMT[162]. The regulatory effect of lncRNA 

401 is reported to act as “sponge” for miRNAs[162, 163]. TGFβ1-induced EMT and invasion in 

402 OSCC are consistent with increased JAG1, whereas miR-124 inhibits its expression. UCA1 

403 binds to miR-124 directly and can downregulate miR-124 expression. This is the basis for 

404 lncRNA UCA1’s protumor effect through sponge-like lncRNA-miRNA-mRNA regulation[162]. 

405 lncRNA TIRY was also found to act as a miRNA sponge in OSCC by downregulating miR-14 

406 expression in CAF-derived exosomes[161]. lncRNA FLJ22447 (lnc-CAF) secreted from CAFs 

407 regulates NFs to CAFs, and tumor cells increased lnc-CAF levels in stromal fibroblasts via 

408 exosomal lnc-CAF as well[164]. CircRNA consists of a closed continuous loop structure without 

409 5’-3’ polarity or a poly-A tail, which enables its resistance to RNases and higher stability 

410 compared with linear RNA[165]. Similar to lncRNA, circRNA also functions as a miRNA 

411 sponge[166]. Although the roles of circRNA in exosomes remains unknown, a hypothesis has 

412 been introduced by Bai et al[165]. Some circRNAs may bind to and transport with miRNAs by 

413 exosomes. After entering target cells, miRNAs are released to regulate target genes[161]. 

414 CircRNAs in exosomes may therefore enter the recipient cells, bind to miRNAs, and regulate 

415 target genes. Several researchers have investigated the role of circRNAs in OSCC[167], and 

416 differences in circRNAs profiles between OSCC patients and healthy people have also been 

417 distinguished[168, 169]. However, there is still a lack of direct evidence for exo-circRNA 

418 regulating OSCC.

419 4.3.2 Other ncRNA

420 Besides regulatory ncRNA, tRNA and rRNA make up another group of ncRNA referred to as 

421 housekeeping ncRNA[129]. Baglio et al. defined the exosome-enclosed RNA species from the 

422 full small RNAome of MSC-produced exosomes[170]. Adipose and bone marrow MSC subtypes 

423 secrete different tRNA species that may be relevant to clinical applications; however, how 

424 tRNAs are transported through exosomes and their influence on the microenvironment in a cell 

425 type-dependent manner remains clear[170]. Crescitelli et al. analyzed RNA profiles in different 

426 EVs including exosomes. According to their findings, rRNA was primarily detectable in 

427 apoptotic bodies, but smaller RNAs without prominent ribosomal RNA peaks in exosomes[171]. 

428 This indicates that exosomes are potentially not carriers of rRNA. Collectively, there is little 

429 evidence surrounding the exosomal transportation of tRNA and rRNA, let alone their potential 

430 function in modulating cancer and their microenvironment. 

431 5. Clinical use of exosomes

432 5.1 Exosomes as biomarkers for diseases diagnosis

433 Combining their stability and accessibility in various biological fluids, exosomes can be used as 

434 biomarkers for various diseases. For example, exosomes carrying Glypican-1 are considered a 

435 sensitive indicator of pancreatic cancer in blood samples[47]. In gastric cancer patients, the 

436 presence of CD63+ exosomes in tumor cells but not stromal cells indicates a worse prognosis 

437 than if CD63+ exosomes were found in both cell types[172]. In oral squamous cell cancers, 

438 exosomes have been discovered in the tumor microenvironment and regarded as very promising 
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439 in understanding tumorigenesis, tumor metastasis, tumor invasion, and communication between 

440 tumor cells. Studies have shown that the morphology of exosomes isolated from patients is very 

441 different from that of healthy people, suggests the possibility of using exosomes for disease 

442 liquid biopsy[173]. By using high-resolution AFM, Sharma et al. found the salivary exosomes of 

443 oral cancer patients were much larger and amorphous compared with those of healthy people, 

444 and also found that CD63 was significantly increased on the surface of cancer exosomes[174]. In 

445 a study by Rabinowits, tongue squamous cell carcinoma tissue and normal tissue were collected 

446 in pairs. They isolated exosomes and found different miRNA loading patterns similar to the 

447 loading patterns of blood exosomes, suggesting that circulating exosomes can be a more reliable 

448 method in evaluating tumors[175]. Sanada et al. examined the expression levels of secreted 

449 lysyl-oxidase-like 2 (LOXL2) in pharyngeal and tongue cancer patient serum and found that 

450 elevated serum exosome LOXL2 levels are associated with low-grade oral cancer[176]. The 

451 contents of exosomes can indicate tumor invasion capacity and occurrence of distant metastasis. 

452 Li and colleagues found that miR-21-rich exosomes are associated with increased OSCC 

453 invasiveness, and that these exosomes are delivered to normoxic cells to promote prometastatic 

454 behaviors[143]. Nakashima et al. utilized integrated microarray profiling technology to analyze 

455 the different expression patterns of miRNA between non-invasive and highly invasive tongue 

456 cancer cells, observing that hsa-miR-200c-3p was the crucial point in spreading invasive 

457 ability[142]. Different tumor cells have different secretion patterns, which determines the type of 

458 cargo carried by exosomes. Therefore, exosomes can be used in non-invasive examination for 

459 tumor staging. Ludwig et al. suggest that tumor staging can be understood by exploring the 

460 interaction between OSCC cell-derived exosomes and lymphocytes. Exosomes in the plasma of 

461 patients with tumors in an uncontrolled phase have greater induction of T cell apoptosis and 

462 inhibition of lymphocyte proliferation, which differs from patients without significant 

463 disease[177]. The quantity and content of exosomes could predict the prognosis of treated OSCC 

464 patients. Liu and Tian compared serum exosomes between laryngeal squamous cell carcinoma 

465 patients and vocal cord nodule patients, finding that the expression levels of miR-21 and 

466 HOTAIR were higher in exosomes of malignant lesions. Moreover, the serum exosomes of 

467 patients with laryngeal cancer in stage III/IV also showed a high level of miR-21 and HOTAIR 

468 in exosomes[178], suggesting an association between the level of exosomal content and 

469 prognosis. In a clinical study by Zorrilla et al., the expression of CD63+ plasma exosomes were 

470 significantly lower after surgical treatment than before, which indicated a longer life 

471 expectancy[179].

472 5.2 Exosomes as therapeutic mediums

473 Exosomes can not only be used as disease biomarkers, but also in the drug delivery for 

474 therapeutic cargo. In terms of exosomal structure, they consist of biogenic lipid bilayers similar 

475 to cell membranes, which protect cargo from degradation. The surface diameter of exosomes is 

476 only 40–150 nm, so they are small enough to access most tissue without consumption and 

477 degradation by macrophages[12, 180-183]. Moreover, they may exhibit inherent targeting 

478 properties, which is determined by lipid composition and protein content[184]. With these 
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479 advantages, they are considered as potential drug delivery systems. At present, clinical trials 

480 using exosomes as a drug delivery method against cancer have been gradually increasing. In lung 

481 cancer, tumor cell-derived exosomes were extracted from the pleural effusion of lung cancer 

482 patients. After modification and loading with the chemotherapy drug methotrexate, they were 

483 reinjected into the patient's chest cavity. It has been observed that exosomes have a safe 

484 inhibitory effect on the growth of tumor cells[185]. In colon cancer, exosomes with 

485 carcinoembryonic antigen were isolated from ascites fluid. After combining them with 

486 granulocyte macrophage colony stimulating factor, they served as a vaccine to induce a 

487 beneficial tumor-specific antitumor cell toxic T lymphocyte response[186]. In OSCC, the current 

488 drug-loading process is mainly based on different carrier systems, such as nanoparticles, 

489 nanolipids, and hydrogels, which can alleviate the disadvantage of poor water solubility for oral 

490 cancer anti-cancer drugs to a certain extent[187-189]. Studies have shown that exosomes have 

491 been used as carriers for chemotherapeutic agents such as curcumin, DOX, and PTX, thereby 

492 reducing their side effects and improving therapeutic efficiency[190-192]. Despite this progress, 

493 research on exosomes as a drug-loading system is still limited, mainly due to their limited ability 

494 to deliver high-dose therapeutic drugs, insufficient basic experiments, and a lack of effective, 

495 standardized separation and purification methods[182, 193].

496

497 Conclusions

498 Many studies have confirmed the importance of exosomes in cancer tumorigenesis, proliferation, 

499 migration, invasion, metastasis, and chemoresistance, with research continuing to improve. 

500 Studies concerning the content of exosomes and their role in OSCC are also growing. Because of 

501 their unique secretion patterns, exosomes can be used as ideal biomarkers for OSCC diagnosis. 

502 Their unique surface markers and lipid coating also allows them to be used as a drug delivery 

503 system, which may be applied to OSCC. However, it is worth noting that there is no consistent 

504 test standard and separation method to examine the cargo carried by exosomes. The application 

505 of exosomes in OSCC has great potential for cancer diagnosis and treatment. The type and 

506 abundance of cargo found in OSCC-related exosomes varies among different states of health and 

507 disease, and a comprehensive understanding would help us elucidate disease mechanisms and 

508 provide opportunities for the diagnosis and treatment of OSCC. Greater research efforts on the 

509 different types of cargo in OSCC-related exosomes are needed. From our perspective, 

510 discovering different molecules in OSCC exosomes and determining their roles and mechanisms 

511 will be needed to develop better diagnostics and therapeutic strategies.

512
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NcRNAs regulating the process of OSCC in exosomes
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1 Table 1. NcRNAs regulating the process of OSCC in exosomes

NcRNAs
Types of 

ncRNAs

Pro /Anti-

tumor

Target/Signal 

pathway
Functions

Origin of 

exosomes
Ref.

miR8485 miRNA Pro-tumor —

Promote the 

carcinogenesis of 

premalignant lesions, 

proliferation, migration 

and invasion of tumor 

cells

MSCs [133]

miR-6887-

5p
miRNA Anti-tumor

HBp17/FGFB

P-1

Inhibit tumor cell 

proliferation, colony  

formation, then tumor 

growth

A431 cells [139]

miR-142-

3p
miRNA Pro-tumor TGFBR1

Cause tumor-promoting 

changes

Oral 

dysplasia and 

OSCC cell 

lines

[138]

miR-24-3p miRNA Pro-tumor PER1
Maintain the proliferation 

of OSCC cells

Saliva in 

OSCC 

patients

[132]

miR-3188 miRNA Anti-tumor BCL2

The loss of miR-3188 in 

exosomes contributes to 

the malignant phenotypes 

of HNC cells through the 

depression of BCL2

CAFs [140]

miR-34a-

5p
miRNA Anti-tumor

AXL

AKT/GSK-

3beta/beta-

catenin 

signaling 

pathway

MiR-34a-5p binds to 

direct downstream target 

AXL to suppress OSCC 

cell proliferation and 

metastasis

CAFs [145]

miR3825p miRNA Pro-tumor —

Responsible for OSCC 

cell migration and 

invasion

CAFs [141]

miR-21-5p miRNA Pro-tumor —

Increase metastasis, 

stemness, 

chemoresistance and poor 

survival in patients with 

OSCC

CAL27 and 

SCC-15 

OSCC cells

[144]

miR-1246 miRNA Pro-tumor
DENND2D

ERK/AKT 

Increase cell motility and 

invasive ability

HOC313-LM 

OSCC cells
[134]
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pathway

Pro-tumor

miR-21/HIF-

1alpha/HIF-

2alpha-

dependent 

pathway

MiR-21 can be delivered 

to normoxic cells to 

promote prometastatic 

behaviors

Hypoxic 

OSCC cells
[143]

miR-21 miRNA

Pro-tumor
PTEN, 

PDCD4

Induce cisplatin 

resistance of OSCC cells

HSC-3-R and 

SCC-9-R
[153]

miR-200c-

3p
miRNA Pro-tumor CHD9, WRN

Spread invasive capacity 

by exosomes in tumor 

microenvironment

SQUU-B 

tongue cancer 

cell clones

[142]

miR-155 miRNA Pro-tumor —

Lead to mesenchymal 

transition and increase 

migratory potential and 

acquire cells drug-

resistant phenotype

Cisplatin 

resistant 

OSCC cells

[150]

miR-200c miRNA Anti-tumor
TUBB3, 

PPP2R1B

Increase the sensitivity of 

Docetaxel (DTX) 

resistant HSC-3 cells to 

DTX

normal 

tongue 

epithelial 

cells 

(NTECs)

[151]

miR-101-

3p
miRNA Anti-tumor COL10A1

Overexpression of miR-

101-3p inhibit oral cancer 

progression and provide a 

therapeutic target

human bone 

marrow 

mesenchymal 

stem cells 

(hBMSCs)

[27]

miR-29a-

3p
miRNA Pro-tumor SOCS1

Promote M2 subtype 

macrophage polarization, 

tumor cell proliferation 

and invasion

SCC-9 and 

CAL-27
[147]

FLJ22447 lncRNA Pro-tumor
Lnc-CAF/IL-

33

Reprogram normal 

fibroblast to CAFs and 

promote OSCC 

development

CAFs [164]

2
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Figure 1
Different classification of EVs
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Figure 2
Exosomes biogenesis and secretion within endosomal system

This figure is reprinted from ref. [42] according to open access licence CC BY 4.0
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Figure 3
Functions of exosomes capsuled proteins in OSCC
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Figure 4
Exosomes’ contents and potential functions in the developing process of OSCC
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