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ABSTRACT 
Aim of the work: there are many types of biomarkers (DNA biomarkers, RNA biomarkers and protein 

biomarkers). They have a pivotal role in early detecting of oral cancer. In this review, we aimed to summarize the 

potent plasma biomarkers which have been reported to have pivotal role in the detection and diagnostic different 

types of oral cancer. Methods: an electronic search in MEDLINE was conducted through PubMed using this search 

strategy (Plasma biomarker or plasma indictors) and (Oral cancer or oral tumor or oral squamous cell carcinoma). 

The search resulted in 158 eligible study and finally 10 potential articles were included in this systematic review. 

Results: in general, 9 articles used oral squamous cell carcinoma (OSCC) while, only one study used gingival 

squamous cell carcinoma as a type of oral cancer in order to evaluate the potential of biomarker to detect oral 

cancer. In eight articles microRNAs were predominantly used as potent biomarkers, different types of microRNAs 

were used. Plasma hsa-miR-542-3p recorded potential performance as biomarker in diagnosis of OSCC with AUC 

0.82. Down regulation of hsa-miR-542-3p were correlated with increasing of surviving expression in OSCC. 

Conclusion: we can conclude that plasma microRNAs biomarkers occupied wide scope of the included studies in 

this review and could be serve as potent and sensitive biomarkers (especially plasma miR-125b expression and 

combination of miR-196a and miR-196b) for prognostic and diagnostic different types of oral cancer.   
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INTRODUCTION 

Oral cancer is classified as one of the most 

prevalent cancer around world 
(1,2)

. The wide spread 

for this malignant disease is associated with some of 

unhealthy habits as smoking and alcohol addicting, in 

addition to molecular mutations which are considered 

as carcinogenesis agent 
(3)

.  Early detection for oral 

cancer may help to reduce patient morbidity and 

mortality. This mainly depends on the early and 

accurate diagnosis 
(4)

. There are some substances 

defined as biomarkers produced by tumor or by 

normal tissue which can be used as specific markers 

for detecting cancer or monitoring the progression of 

therapeutic response. Biomarkers may be a single 

molecular or a series of molecules which could be 

detected in a variety of body fluids as plasma and 

salivary 
(5, 6)

.  There are many types of  biomarkers 

(DNA biomarkers, RNA biomarkers and protein 

biomarkers) which have a pivotal role in early 

detecting of oral cancer 
(7)

.  Cytokines (Pro-

inflammatory, anti-inflammatory and chemokines) 

may release from the tumor and surrounding 

lymphocytes and could be used as biomarkers in early 

detecting of oral cancer.Tachibana et al.
(8)

 revealed 

that in their study on plasma miRNAs biomarkers in 

patients with gingival squamous cell carcinoma 

(GSCC) plasma miR-223 level in gingival squamous 

cell carcinoma differed significantly from that in the 

controls, therefore they reported that miR-223 could 

serve as diagnostic biomarker and act as a tumor 

suppressor inhibited cell proliferation and induced 

apoptosis. Gu et al.
(9)

 reported that plasma miR-125b 

was as promising plasma biomarker for detecting oral 

squamous cell carcinoma(OSCC). It had strong ability 

to differentiate OSCC from healthy controls. 

Significantly increasing of plasma miR-125b 

expression was detected in patients with OSCC 

compared to healthy controls. Other studies revealed 

that the combined determination of plasma miRNAs 

could be considered as potential diagnostic 

biomarkers for OSCC.  Lu et al.
(10)

 showed that, the 

combined determination of miR-196a and miR-196b 

levels recorded excellent accuracy, sensitivity and 

specificity in the prediction of oral cancer. 

Furthermore, Su, et al.
(11)

 suggested that plasma 

TIMP3 was a potential biomarker for predicting the 

tumor stage and T status in patients with OSCC.  

In this review we aimed to summarize the potent 

plasma biomarkers which have been reported to have 

pivotal role in the detection and diagnostic different 

types of oral cancer. 

 

METHODS 

An electronic search in MEDLINE was conducted 

through PubMed using this search strategy "plasma 

biomarker" or plasma indictors and "oral cancer" or 

"oral tumor" or "oral squamous cell carcinoma". The 

search resulted in 158 eligible study, 135 articles were 

irrelevant when their title and abstract were screened, 

127 irrelevant articles, five reviews and three 
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duplicated articles. The full texts were retrieved for 

23 studies, after that 13 articles were excluded, one of 

them had insufficient information and   12 articles 

were inconsistent outcomes. Ten potential articles 
(8-

17)
 were included in this systematic review to 

summarize the accuracy, sensitivity or specificity of 

plasma biomarkers for detecting different type of oral 

cancer (Table 1). The protocol of this review was 

registered and approved in Prospero database of York 

University. 

 

RESULTS 

A total of 158 articles were collected after searching 

from PubMed and after exclusion of irrelevant, 

duplicated and studies with inconsistent outcomes, 10 

studies were included (Figure 1). In general nine 

articles 
(9-17)

 used oral squamous cell carcinoma 

(OSCC), while only one study 
(8)

 used gingival 

squamous cell carcinoma (GSCC) as a type of oral 

cancer in order to evaluate the potential of biomarker 

to detect oral cancer. In eight articles 
(8-10, 13-17)

 

microRNAs were predominantly used as potent 

biomarkers, different types of microRNAs were used. 

Plasma hsa-miR-542-3p recorded potential 

performance as biomarker in diagnosis OSCC with 

AUC 0.82. Down regulation of  hsa-miR-542-3p  

were  correlated with increasing of surviving 

expression in OSCC 
(13)

 . Tachibana et al.
(8)

 

introduced circulating miR-223 as a novel diagnostic 

biomarker and as therapeutically target for gingival 

squamous cell carcinoma with AUC 0.703, sensitivity 

67.7% and specificity 61.3%. Highest accuracy 

(0.966) and specificity (93.5%) were estimated for 

plasma miR-125b among all plasma biomarkers in the 

included studies. Plasma miR-125b recorded strong 

ability to differentiate OSCC from healthy the 

controls 
(9)

.Lu et al.
(10)

 showed that the combined 

determination of miR-196a and miR-196b levels 

recorded excellent accuracy (0.950) and specificity 

(85%) with the highest sensitivity (91%) in the 

prediction of potential malignancy, and  can be used a 

panel plasma biomarkers in early detection of oral 

cancer. High expression of miR-196a in cancer tissue 

with miR-196a2 gene polymorphism were reported as 

prognostic predictors for OSCC with AUC 0.75
(14)

.  

Plasma miR-181a and miR-181b  has been  exploited 

as putative biomarker for detecting OSCC, they have 

been used to differentiate oral malignant from non-

malignant status with AUC 0.84 for miR-181a,  AUC 

0.74 for miR-181b and  AUC 0.89  for combined of 

miR-181a and miR-181b 
(15)

. Plasma miR-31 was 

validated to use as a good biomarker for diagnostic 

OSCC. Increasing levels of miR-31 in plasma was 

used as a potential marker for oral cancer with AUC 

0.72 
(16)

.  

Lin et al.
(17)

 found that the plasma levels of miR-24 in 

OSCC patients were significantly higher than that in 

control; miR-24 was used as biomarker for detection 

patients with OSCC with AUC 0.73. Other types of 

investigated plasma biomarkers were tissue inhibitor 

metallo proteinase-3 (TIMP3) and 

carbonic anhydrase IX (CAIX). TIMP3 had ability to 

predict the tumor stage and tumor status in OSCC 

patients with AUC 0.835, sensitivity  69.6% and 

specificity 84.4% 
(11)

, whereas CAIX  was suggested 

as a non- invasive biomarker to monitor progression 

in OSCC patient. The significant higher levels of 

CAIX were determined in OSCC patient when 

compared to that in the control with AUC  0.74, 

sensitivity 83.6% and specificity 54.9% 
(12)

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: flow diagram of the included studies in the systematic review 

 

 

Relevant articles identified (n = 158) Excluded Articles by screening the title 

and abstract (n = 135): 

 irrelevant articles (n = 127) 

 duplicated articles (n = 3) 

 reviews (n = 5) 

Articles for which full text retrieved (n = 23) 
Articles excluded (n = 13): 

1= insufficient information 

12= inconsistent methods or outcomes 

Articles included in the review (n = 10) 



Hamdi Alhakimi  

 

3168 

 

Table 1: the accuracy, sensitivity or specificity of biomarkers in detecting oral cancer in the included 

studies 

Study Study design 

Type of  

cancer 

 

Type of plasma 

biomarkers 
Use of biomarkers 

The accuracy, sensitivity or 

specificity of biomarkers in 

detecting oral cancer 

13
 

Prospective 

study 
OSCC  

plasma hsa-

miR-542-3p 

 

For diagnosis OSCC 

 

AUC= 0.82 

8
 

Prospective 

study 

 

 GSCC 
miR-223  

 

Novel diagnostic 

biomarker and 

therapeutic 

target for GSCC. 

AUC= 0.703 

Sens. = 67.7% 

Spec.= 61.3%. 

9
 

Prospective 

study 
OSCC  miR-125b 

Promising biomarker 

in OSCC 

 

AUC=0.966 

Sens.=89.4% 

Spec.= 93.5% 

01
 

Prospective 

study 

 

Oral cancer 

miR196a 

and 

miR-196b 

 

Plasma biomarkers 

for the early 

detection of oral 

cancer. 

 

AUC, Sens. and Spec. of  

the combined  of  miR-

196a and miR-196b  were : 

Ac. = 0.95 

Sens. = 91% 

Spec. = 85% 

 (00)
 

Prospective 

study 

 

 

OSCC  

TIMP3 

 

 

As potential 

biomarker 

in progression of 

OSCC. 

AUC = 0.835  

Sens. =69.6% 

Spec.= 84.4% . 

 

01
 

Prospective 

study 
OSCC  

 

CAIX 

Non-invasive marker  

for monitoring 

OSCC progression 

AUC= 0.74 

Sens.= 83.6% 

Spec.= 54.9% 

14
 

Prospective 

study 
OSCC 

 

miR-196a  and 

miR-196a2 gene 

As prognostic 

predictors of OSCC 

Plasma miR-196a  

AUC=0.75 

 

15
 

Prospective 

study 
OSCC 

 

miR-181a  

and  

miR-181b    

 

As putative 

biomarker for 

detecting OSCC 

 

miR-181a    AUC=0.84 

miR-181b     AUC=0.74 

Combined  miR-181a and 

miR-181b   AUC= 0.89 

16
 

Prospective 

study 
OSCC 

miR-31 

 

Biomarker for 

diagnostic OSCC 

AUC =0.72 

 

(01)
 

Prospective 

study 
OSCC 

miR-24 

 

As validated marker 

for detection OSCC. 
AUC = 0.73 

 
AUC=   Area under carve (Accuracy) 

Sens.= Sensitivity  

Spec.= Specificity 

OSCC= Oral squamous cell carcinoma 

GSCC= Gingival squamous cell carcinoma  

TIMP3= Tissue inhibitor metalloproteinase-3  

CAIX =Carbonic anhydrase IX  
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DISCUSSION 
Detection and diagnosis of different types of 

oral cancer in the late stage disease lead to increase 

of morbidity and mortality globally 
(10, 18)

, therefore 

the searching for good and accurate markers to 

detect early stages of oral cancer is essential and 

important in the prognosis and treatment. There are 

several types of biomarkers that can be employed 

for this purpose.  The diagnostic efficacy of 

biomarkers based on their accuracy, sensitivity and 

specificity in the diagnostic oral cancer
 (15, 19)

. 

The present systematic review summarized the 

different types of plasma biomarkers which have 

been reported to have pivotal role in the diagnostic 

different types of oral cancer. Ten studies were 

including in this review
(8-17)

. Oral squamous 

cell carcinoma was the most type investigated in 

nine articles 
(9-17)

. It has been reported that 

oral squamous cell carcinoma represented about 

90% of the all cases characterized with oral cancer 

around world 
(20)

.Plasma miRNAs were selected as 

biomarkers in 80% of including studies in this 

review. It has been estimated that about 1/3 of 

human genes could be regulated by miRNAs 
(21)

, 

furthermore miRNAs are released into body fluids 

as plasma and is abnormally expressed (up-

expressed or down-expressed) in many diseases as 

cancer, therefore, miRNAs formed the majority of 

plasma biomarkers for detection and diagnosis 

many type of oral cancer. Different types of plasma 

biomarkers were used and their diagnostic ability 

varied based on the estimation of their accuracy, 

sensitivity and specificity in the diagnosis of 

patients with oral cancer 
(22)

. 

Highest values of accuracy and specificity was 

estimated for plasma miR-125b among all plasma 

biomarkers which investigated in the included 

studies. Plasma miR-125b was reported as 

promising plasma biomarker for detecting OSCC. It 

has strong ability to differentiate OSCC from 

healthy controls. Plasma miR-125b expression was 

increasing significantly in patients with OSCC 

more than that in the healthy controls 
(9)

. These 

results were supported by many of previous studies 

which confirmed using of miRNA-125b as potent 

and promising diagnostic biomarker for many types 

of cancers. Zhu et al.
(23)

 reported that circulating 

miRNA-125b had ability to become a novel 

biomarker for early diagnosis and prognosis 

prediction of epithelial ovarian cancer. Also, Wei et 

al. 
(24)

 indicated that in their meta-analysis review, 

miRNA-125b could serve as potential biomarker 

with relatively high accuracy in the diagnosis of 

many human cancers. Furthermore, circulating 

miR-125b was reported as novel biomarker for 

predicting lung cancer 
(25)

 and breast cancer 
(26)

. 

On the other combination of miR-196a and 

miR-196b as plasma biomarkers recorded the 

highest sensitivity in early detection of oral cancer 

among all biomarkers used in included studies. Lu 

et al.
(10)

 recorded in their results that miR-196a was 

as an excellent biomarker for detection specificity, 

while miR-196b for detection sensitivity and the 

combined use of miR-196a and miR-196b may lead 

to enhance the sensitivity and specificity in 

detection oral cancer. 

From the results exhibited  of all included 

studies in this review we can notice that many 

studies focused on the using plasma miRNAs as 

prognostic or diagnostic biomarkers for oral cancer. 

Plasma miRNAs could be detected in plasma 

rapidly and employed as accurate and sensitive 

biomarkers. These characters were recorded 

previously by  Abd El-Fattah et al. 
(27);

 they 

reported that miRNAs have been released into the 

body fluids as small quantities and could be 

detected rapidly and accurately. Manasa 
(28)

 

showed that there was positive correlation between 

microRNA expression levels and clinic-

pathological parameters and can be used as 

diagnostic and prognostic marker for oral 

carcinoma. In summary we can conclude that, 

plasma microRNAs biomarkers occupied wide 

scope of the included studies in this review and 

could be serve as potent and sensitive biomarkers 

(especially plasma miR-125b expression and 

combination of miR-196a and miR-196b) for 

prognostic and diagnostic different type of oral 

cancer.   

 

REFERENCES 
1.Rai V, Mukherjee R, Ghosh AK, Routray A and 

Chakraborty C (2018): Omics in oral cancer: New 

approaches for biomarker discovery. Arch Oral Biol., 

87(1):15-34. 

2.Mankapure PK, Barpande SR, Bhavthankar JD 

and  Mandale M (2015): Serum big endothelin-1 as a 

biomarker in oral squamous cell carcinoma patients: 

an analytical study. J. Appl Oral Sci., 23(5):491-496. 

3.Lee LT, Wong YK, Hsiao HY, Wang YW, Chan 

MY,  and Chang KW (2017): Evaluation of saliva 

and plasma cytokine biomarkers in patients with oral 

squamous cell carcinoma. J Oral Maxillofac Surg., 

15(4): 342:348. 

4.Wang Q, Gao P, Wang X, and Duan Y (2014): The 

early diagnosis and monitoring of squamous cell 

carcinoma via saliva metabolomics. Sci Rep., 

4(1):6802-6807. 

5.Ni YH, Ding L, Hu QG, and Hua ZC (2015): 

Potential biomarkers for oral squamous cell 



Hamdi Alhakimi  

 

3170 

 

carcinoma: proteomics discovery and clinical 

validation. Proteomics Clin Appl., 9(1-2):86-97. 

6.Surya V, and Priyanka V (2016): Serum Biomarkers: 

Evaluation of Serum Albumin & Serum Albumin: 

Globulin Ratio in Oral Leukoplakia and Oral 

Squamous Cell Carcinoma. J Dent Oral Health, 

5(2):42-46. 

7.Awasthi N (2017): Role of salivary biomarkers in 

early detection of oral squamous cell carcinoma. 

Indian J Pathol Microbiol., 60(4):464. 

8.Tachibana H, Sho R, Takeda Y, Zhang X, Yoshida 

Y, Narimatsu H et al. (2016): Circulating miR-223 in 

oral cancer: its potential as a novel diagnostic 

biomarker and therapeutic target. PloS one, 

11(7):e0159693. 

9.Gu W, Ye D, and Wu J (2015): Expression and 

clinical significance of plasma microRNA-125b level 

in patients with oral squamous cell carcinoma. 

Shanghai kou qiang yi xue, 24(1):71-75. 

10.Lu Y-C, Chang JT-C, Huang Y-C, Huang C-C, 

Chen W-H, Lee L-Y et al. (2015): Combined 

determination of circulating miR-196a and miR-196b 

levels produces high sensitivity and specificity for 

early detection of oral cancer. Clin Biochem.., 

48(3):115-121. 

11.Su C-W, Su B-F, Chiang W-L, Yang S-F, Chen M-

K, and Lin C-W (2017): Plasma levels of the tissue 

inhibitor matrix metalloproteinase-3 as a potential 

biomarker in oral cancer progression. Int J Med Sci., 

14(1):37-42. 

12.Yang J-S, Chen M-K, Yang S-F, Chang Y-C, Su S-

C, Chiou H-L et al. (2014): Increased expression of 

carbonic anhydrase IX in oral submucous fibrosis and 

oral squamous cell carcinoma. Clin Chem Lab Med., 

52(9):1367-1377. 

13.Wu N, Lu Y, and Liang J (2016): Expression and 

correlation of survivin and hsa-miR-542-3p in patients 

with oral squamous cell carcinoma. Shanghai kou 

qiang yi xue, 25(6):720-724. 

14.Liu C-J, Tsai M-M, Tu H-F, Lui M-T, Cheng H-

W, and Lin S-C (2013): miR-196a overexpression 

and miR-196a2 gene polymorphism are prognostic 

predictors of oral carcinomas. Ann Surg Oncol., 

20(3):406-414. 

15.Yang CC, Hung PS, Wang PW, Liu CJ, Chu TH, 

Cheng HW et al. (2011): miR‐181 as a putative 

biomarker for lymph‐node metastasis of oral 

squamous cell carcinoma. J Oral Pathol Med., 

40(5):397-404. 

16.Liu CJ, Kao SY, Tu HF, Tsai MM, Chang KW, 

and Lin SC (2010): Increase of microRNA miR‐31 

level in plasma could be a potential marker of oral 

cancer. Oral Dis., 16(4):360-364. 

17.Lin S-C, Liu C-J, Lin J-A, Chiang W-F, Hung P-S, 

and Chang K-W (2010): miR-24 up-regulation in 

oral carcinoma: positive association from clinical and 

in vitro analysis. Oral Oncol., 46(3):204-208. 

18.Yan Y, Wang X, Venø MT, Bakholdt V, Sørensen 

JA, Krogdahl A et al. (2017): Circulating miRNAs as 

biomarkers for oral squamous cell carcinoma 

recurrence in operated patients. Oncotarget, 8(5):8206-

8209. 

19.Tian X, Chen Z, Shi S, Wang X, Wang W, Li N et 

al. (2015): Clinical diagnostic implications of body 

fluid miRNA in oral squamous cell carcinoma: A 

meta-analysis. Medicine, 94(37):41-47. 

20.Bagan J, Sarrion G, and Jimenez Y (2010): Oral 

cancer: clinical features. Oral oncol., 46(6):414-417. 

21.Reis LO, Pereira TC, Lopes-Cendes I, Ferreira U 

(2010): MicroRNAs: a new paradigm on molecular 

urological oncology. Urology, 76(3):521-527. 

22.Cortez MA, Bueso-Ramos C, Ferdin J, Lopez-

Berestein G, Sood AK, and Calin GA (2011): 
MicroRNAs in body fluids-the mix of hormones and 

biomarkers. Nat Rev Clin Oncol., 8(8):467-471. 

23.Zhu T, Gao W, Chen X, Zhang Y, Wu M, Zhang P 

et al. (2017): A pilot study of circulating microRNA-

125b as a diagnostic and prognostic biomarker for 

epithelial ovarian cancer. Int J Gynecol Cancer., 

27(1):3-8. 

24.Wei X, Chen D, Lv T, Li G, and Qu S (2016): 

Serum microRNA-125b as a potential biomarker for 

glioma diagnosis. Mol Neurobiol., 53(1):163-170. 

25.Yuxia M, Zhennan T, and Wei Z (2012): 

Circulating miR-125b is a novel biomarker for 

screening non-small-cell lung cancer and predicts poor 

prognosis. J Cancer Res Clin Oncol., 138(12):2045-

2050. 

26.Wang H, Tan G, Dong L, Cheng L, Li K, Wang Z 

et al. (2012): Circulating MiR-125b as a marker 

predicting chemoresistance in breast cancer. PloS one, 

7(4):e34210. 

27.Abd-El-Fattah AA, Sadik NAH, Shaker OG, and 

Aboulftouh ML (2013): Differential microRNAs 

expression in serum of patients with lung cancer, 

pulmonary tuberculosis, and pneumonia. Cell 

Biochem Biophys., 67(3):875-884. 

28.Manasa V, and Kannan S (2017): Impact of 

microRNA dynamics on cancer hallmarks: an oral 

cancer scenario. Tumour Biol., 39(3):10-17. 

 

 

 


