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[ Abstract] Saliva, a complex mixed biological fluid secreted by the salivary glands in the oral cavity, contains a
wide variety of substances and information. With the development of saliva omics, studies have shown that saliva not only
serves as a huge reservoir of biomarker, but saliva diagnostics has also become a new diagnostic technology with the
advantages of non-invasiveness, easy access, and low cost. However, finding "true" saliva biomarkers is still a challenge due
to the complex and changeable nature of the oral environment and the high susceptibility of biomarker content to
influences. Herein, mainly focusing on potential salivary biomarkers of common tumors, including DNA, RNA, proteins,
metabolites and microorganisms, we gave a systematic overview of the biomarkers that had been identified so far or the
associated biomarkers. We suggested that the future development direction should be the establishment of a

multidisciplinary system for developing saliva diagnosis technology, the gradual construction of a saliva diagnosis

platform, and the search for more precise pre-warning tumor biomarkers.
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Table1 Potential salivary biomarkers for oral cancer

Category Salivary tumor biomarkers Sensitivity ~ Specificity Expression References
DNA 3p, 9q, 13q, and 17p — — — [8, 16]
P53, pl6, p27, p63, and p73 — — — [8]
p16, MGMT, DAP-K, NID2, and HOXA9 — — — [8]
Cyclin D1 and Ki67 — — 1 8,17]
OGG]1, P-Src, and Maspin — — ! [8,18]
mRNA IL-8, H3F3A, IL-1-f, S100P, DUSP1, OAZ1, and SAT — — i [8, 14]
miR-708, miR-10b, miR-19a, miR-30e, miR-26a, and miR-660 — — T [2,19-20]
miR-99, miR-15a, miR-197, miR-145, and miR-150 — — J [2,19-20]
Protein CD59, defensin-1, and catalase 90% 80% 1 [2]
CEA 76.4% 80.4% 1 [13]
MMP1, KNG1, ANXA2, and HSPA5 87.5% 80.5% i [12]
CD44, IL-8, and telomerase — — 1 [8,21-22]
IPA, SCC-Ag 2, CA19-9, CA128, CA125, Cyfra 21-1, TPS, 8-OHdG, LDH, — — — [8,23]
IgG, s-IgA, IGF, MMP-2, MMP-11, calcyclin, and RhoGDI
Clusterin — — ! [8,24]
Small molecule ROS, RNS, and NO — — 1 [2, 15, 20]
Microorganism Porphyromonasgingivalis, Tannerella forsythia, Candida albicans, — — 1 [15,25-26]

Prevotellamelaninogenica, Streptococcus mitis, Pseudomonas aeruginosa,

and Human papilloma virus

MGMT: O6-methylguanine-DNA methyltransferase; DAP-K: death-associated protein kinase; NID2: nidogen-2; HOXA9: homeobox A9; OGG1: 8-
oxoquanine DNA glycosylase; IL: interleukin; H3F3A: H3 histone, family 3A; S100P: S100 calcium binding protein P; DUSP1: dual specificity phosphatase 1;

OAZ1: ornithine decarboxylase antizyme 1; SAT: spermidine/spermine N1-acetyltransferase; CD: cluster of differentiation; CEA: carcinoembryonic antigen;
MMP1: matrix metalloproteinase 1; KNGI1: kininogen 1; ANXA2: annexin A2; HSPA5: heat shock protein family A member 5; IPA: inhibitors of apoptosis;
SCC-Ag 2: squamous cell carcinoma antigen 2; CA: cancer antigen; Cyfra 21-1: cytokeratin 19 fragment; TPS: tissue polypeptide specific antigen; 8-OHdG: 8-

hydroxydeoxyguanosine; LDH: lactate dehydrogenase; Ig: immunoglobulin; IGF: insulin growth factor; RhoGDI: Rho GDP dissociation inhibitor; ROS: reactive

oxygen species; RNS: reactive nitrogen species; NO: nitrogen monoxide. 1 : Upregulated genes or proteins; | : Downregulated genes or proteins; —: None.
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Table 2 Potential salivary biomarkers for lung cancer

Category Salivary tumor biomarkers Sensitivity Specificity Expression References
mRNA CCNI, EGER, FGF19, FRS2, and GREB1 93.75% 82.81% 1 [1,28]
Protein Haptoglobin, ZAG, and calreticulin 88.5% 92.3% 1 [1]

CCNI: cyclin I; EGFR: epidermal growth factor receptor; FGF19: fibroblast growth factor 19; FRS2: fibroblast growth factor receptor substrate 2; GREB1:

growth regulation by estrogen in breast cancer 1; ZAG: zinc-alpha-2-glycoprotein.
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Table 3 Potential salivary biomarkers for pancreatic cancer

Category Salivary tumor biomarkers Sensitivity Specificity Expression References
mRNA KRAS, MBD3L2, and ACRV1 90.0% 95.0% 1 [33]
DPM1 90.0% 95.0% ! [33]
miRNA miR-17, miR-21, miR-181a, miR-181b, and miR-196a — — 1 [38]
hsa-miR-21 71.4% 100% 1 [34]
hsa-miR-23a 85.7% 100% 1 [34]
hsa-miR-23b 85.7% 100% 1 [34]
miR-29¢ 57% 100% 1 [34]
Protein CEA and CA125 92.31% 84.62% 1 [32]
Microorganism Neisseria elongata and Streptococcus mitis 96.4% 82.1% ! [35]

KRAS: Kirsten rat sarcoma viral oncogene homolog; MBD3L2: methyl-CpG binding domain protein 3 like 2; ACRV1: acrosomal vesicle protein 1; DPM1:

dolichol-phosphate mannosyltransferase subunit 1; CEA: carcinoembryonic antigen; CA: cancer antigen.
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Table 4 Potential salivary biomarkers for breast cancer

Category Salivary tumor biomarkers Sensitivity ~ Specificity =~ Expression ~ References
mRNA CSTA, TPT1, IGF2BP1, GRM1, GRIK1, H6PD, MDM4, and S100A8 83% 97% 1 [46]
Protein CA6 — — 1 [1]
CA15-3 95.87% 88.66% 1 [48]
ER-a, VEGF, EGF, CEA, HER2, CA15-3, P53, and CA125 — — 1 [4]
Small molecule Choline, isethionate, cadavarine, N1-acetylspermidine, and spermine — — 1 (1]

CSTA: cysteine protease inhibitor A; TPT1: translationally-controlled tumor protein 1; IGF2BP1: insulin-like growth factor 2 mRNA-binding protein 1;

GRM]1: metabotropic glutamate receptor 1; GRIK1: glutamate receptor, ionotropic, kainate 1; H6PD: hexose-6-phosphate dehydrogenase; MDM4: murine

double minute 4; SI00A8: S100 calcium-binding protein A8; CA: cancer antigen; ER-a: estrogen receptor-alpha; VEGF: vascular endothelial growth factor;

EGF: epidermal growth factor; CEA: carcinoembryonic antigen; HER2: human epidermal receptor 2.
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