
Abstract

Review Article

Oral cavity including many diseases such as gingivitis, 
periodontitis, and dental caries prevalent around the world 
and people usually suffer from it during their lifetime. These 
diseases effect individual well‑being and oral health. Tooth 
decay is a multifactorial disease that many factors predispose to 
it like a high sugar diet, poor oral hygiene practice, disruption 
of the ecological and biological balance of the oral cavity which 
either increase or decrease in the number of certain microbiota 
in the configuration of the microbiota might cause dysbiosis 
leads to certain oral and systemic diseases.[1] According to the 
ecology hypothesis in the development of dental caries can be 
divided into three reversible stages, the first one is dynamic 
stabilization stage, the second is acid production stage, and 
the last one is aciduria stage.[2] The pH in the biofilm does not 
alter due to the metabolic reactions of the different microbial 
community that remain in the state of equilibrium and there 
is a small different in the local oral bacterial competitiveness. 
The occlusal surface is favourable to bacterial adhesion, 
the sulcus‑fosse system, long eruption period, decrease of 
oral mechanical function, and the metabolic activity in the 
mouth can become unbalanced. These occlusal surfaces can 
encourage the build‑up of biofilms, which can also develop into 
cariogenic biofilms, Gtf‑derived dextran helps to accumulate 
bacterial cells. Excessive intake of carbohydrates leads to 
a more acidic plaque microbiota, increases the acidity of 
nonproteobacteria, boosted bacterial‑fungal sugar metabolism 
when Candida albicans is symbiotic with Streptococcus 
mutans in a sucrose‑rich environment.[3] Carbohydrate rich 

diet enrich acidogenicity plaque microbiota like S. mutans, 
Lactobacillus, Actinomyces spp. and Bifidobacterium which 
contribute to the low pH plaques and the weak organic 
acids produced from fermentation carbohydrate metabolism 
contributes to the demineralization of tooth enamel.[4] In 
addition to that, carboxyl groups of acidic proline‑rich 
polypeptides help the attaching of oral microbial groups in cell 
membranes and increase the colonization of tooth surfaces.[5] 
Other factor like type of saliva components that contributes 
to biofilm proliferation and formation while colostrum plays 
the opposite role, and 3’‑sialolactose significantly reduces 
the formation of biofilms.[6] Genetic factors also influence 
caries predisposition and facilitate sucrose sweetness favorite. 
Genetic factors constitute about 65% of the individuals with 
dental caries. Genetic host susceptibility to this disease like 
mutation in the genes coding for organic matrix materials 
leads to abnormal protein production, mineralization defects, 
bacterial adhesion, resistance to acidic environments, and tooth 
sensitivity. For example, the SPP1 gene that codes for protein 
contributes to tissue mineralization and remodelling and also 
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alteration in genes that affect the susceptibility to dental caries 
via alteration in the immune responses.[7,8]

Enamel is controlled by the interaction of many organic 
matrix molecules, and mutations in the genes encoding 
these organic matrix molecules can lead to the production 
of abnormal proteins leading to mineralization defects, 
disturbing bacterial adhesion, increasing tooth sensitivity, 
and ending in dental caries. Dental caries is associated with 
loci 13q31.1 and 14q24.3 and resistance to caries is related 
with loci 5q13.3, 14q11.2, and Xq27.1.[9] Genetic variation in 
genes like the carbonic anhydrase (CA) VI gene (rs17032907) 
genetic variant and a haplotype of CA VI (ACA) caused an 
increase in caries and deficiency of transcriptional repressor 
GATA binding 1 (TRPS1), a transcription factor involved in 
tooth development increasing the likelihood of mineral loss 
under acidic circumstances.[10] Altered immune response 
is also affected by genetic factors like polymorphisms in 
the major histocompatibility complex (human leukocyte 
antigens) might lead to altered immune responses toward 
the oral bacterial colonization and increased susceptibility to 
dental caries such as HLA‑DR4, HLA‑DR3, tumour necrosis 
factor alpha genes might increase the risk of childhood 
dental caries.[11] This leads to stimulating the production of 
pro‑inflammatory cytokines such as salivary interleukin‑1β 
and distal‑less homeobo × 3 (DLX3), which is important in 
odontogenesis, and DLX4, which is expressed in dental pulp 
cells, might play an important role in the dental caries.[12] 
Actinin alpha 2 involved in tissue‑forming cells during tooth 
enamel formation and had a role in caries susceptibility. Dentin 
extracellular matrix secretory calcium‑binding phosphoprotein 
genes (SPP1) encoding secreted phosphoprotein 1, MEPE 
encoding matrix extracellular phosphoglycoprotein, IBSP 
encoding integrin binding sialoprotein, DMP1 encoding dentin 
matrix acidic phosphoprotein 1, and DSPP encoding Dentin 
Sialophosphoprotein involved in mineralized and remodelling 
that involved in biomineralization.[13] Other factors like 
dental plaques, environmental factor like decrease fluoride 
contact, and the composition of oral microbiota (bacteria, 
viruses, fungi, and other microorganisms) which is a critical 
factors in the development of this disease that developed 
after sugar, carbohydrates, and candy sweets consumption 
that stimulates S. mutans secrets many virulence factors 
through many pathways (sucrose and nonsucrose) pathways 
with aid of normal flora in the mouth leading to dysbiosis 
and biofilm formation ending with dental caries.[14] The 
World Health Organization reports that about half of the 
population complains of diseases of the oral cavity and about 
two billion have tooth decay.[15] Dental caries disease (tooth 
decay or cavity) depends on diet and biofilm formation by 
cariogenic bacteria on tooth surfaces.[16] The main bacteria is 
S. mutans which was first defined by James Kilian Clarke in 
1924 as a Gram‑positive coccus, facultatively anaerobic that 
is frequently found in the human oral cavity causing tooth 
decay.[17,18] These bacteria live in a sticky biofilm on the surface 
of the tooth that produced from insoluble glucan with a high 

concentration of sucrose. In addition, they produce acid from 
sugar metabolism, bacteriocin, and fructan.[19] Biofilms is an 
extracellular matrix consists of exopolysaccharides, lipids, 
proteins, and eDNA that released from cell death or bacterial 
lysis which act as attachment and adhesive factor among 
bacteria.[20] Sucrose synthesizes extracellular polysaccharides 
by glucosyltransferase enzyme that promotes adhesion to tooth 
surface and acetylation of this enzyme regulates the formation 
of biofilm and virulence of S. mutans.[21,22] Many regulatory 
mechanisms control the synthesis of biofilm‑like c‑di‑AMP, 
Ap4A, transcription factors such as EpsR, RcrR, StsR, AhrC, 
FruR, small RNA for example sRNA0426, srn92532, and 
srn133489, quorum‑sensing signaling system as LuxS, and 
enzymes including Dex, YidC, CopZ, EzrA, lmrB, SprV, RecA, 
PdxR, MurI.[23] An enzyme Vick (sensor histidine kinase) is 
important in regulating genes associated with extracellular 
polysaccharides and antisense vicK RNA (ASvicK) bound 
with vicK into double‑stranded RNA (dsRNA).[24] Other factors 
that regulate metabolic pathways and biofilm formation in 
cariogenic S. mutans is lysine lactylation which expressed in 
the greater number of lactylated sites and proteins.[25] Hence, 
frequent consumption of sucrose which is the most common 
dietary carbohydrate that cause an increase in the dental caries 
occurrence via the action of S. mutans in association of poor 
oral hygiene, socioeconomic status of the patient, hypofunction 
of the salivary glands, and genetic factors, all play an important 
role in dental caries.[26] Consumption of some drugs like 
methamphetamine in drugs abuser persons leads to increased 
microbial dental diseases like painful gum inflammation and 
tooth decay ending with loss of teeth. This drug decreases 
the secretion of saliva, enhances bacterial growth, enhances 
drinking of sugary drinks, frequent tooth grinding, and 
absence of common oral hygiene and cleanness. All these 
will stimulate S. mutans growth, tooth adhesion, and biofilm 
formation on the surface of the tooth through stimulation 
of S. mutans glycosyltransferases enzymes, low PH and 
lactic acid production. Hence, frequent use of oral rinse with 
chlorhexidine (CHX) suggestively reduces tooth colonization 
and decreases dental caries.[27] Other cariogenic bacteria are 
Streptococcus sobrinus that form cariogenic environment 
with other bacteria such as Streptococcus salivarius and 
Streptococcus thermophilus.[28] In addition, Streptococcus 
sanguinis was found in the dentition connective tissue 
dysplasia and biofilm microbiome that produced hydrogen 
peroxide that alters the pH of the mouth and increases the 
growth of cariogenic acid resistance bacteria, and it is the main 
cause of infective endocarditis.[29] Moreover, lactobacilli aid 
the attachment of bacteria to the surface of the tooth and help 
in plaque formation, Streptococcus pyogenes forms a complex 
of protein that help in the growth of bacteria, Streptococcus 
gordonii regulates PH by the production of alkali in the 
mouth and adheres with other bacteria to form plaque like 
Streptococcus constellatus and Streptococcus pharyngitis.[30]

Fungi also had a part in plaque formation and called cariogenic 
fungi like C. albicans that interact with other cariogenic 
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bacteria to form symbiosis and enhance plaque formation 
by changing the sensitivity of the teeth and penetrate tissues 
through adherence to specific receptors. It also induces 
expression of virulence genes by bacteria and enhance the 
toxicity of the biofilm.[31]

tReAtment Of DentAl cARies

It should be known that a radical treatment for dental caries 
has not been start but these biofilms were simply removed by 
regularly tooth and water washing or using BlueM mouthwash 
that had antimicrobial activity via decrease expression of 
gbpA gene of S. mutans and control biofilm formation.[32] 
In addition to that using polypyrrole which is an organic 
conductive polymer formed from pyrrole ring is effective 
in removing streptococci biofilms.[33] Deletion of dexA 
gene can modulate biofilm and decrease cariogenicity and 
could use as probiotic treatment.[34] Moreover, using natural 
flavonoids like Orientin‑2”‑O‑β‑L‑galactoside, vitexin, and 
orientin are antibacterial and inhibit biofilm formation through 
decrease levels of transcription of spaP, srtA, brpA, gtfB 
and luxS genes of S. mutans.[35] Other material that used as 
antibacterial and anti‑biofilm formation is natural bioactive 
lipid material known as endocannabinoid anandamide that 
decrease thickness of biofilm and growth of bacteria which 
used as therapeutic agent.[36] Several risk modifiers have 
been determined to decrease dental caries formation for 
example fluoride which had an important role in prevention 
demineralization since 1940s.[37] It’s action through formation 
fluorapatite crystals, remineralising, and antibacterial effect 
of S. mutans and prevent acid formation by these bacteria.[38] 
The main useful effect of fluoride is during erupted teeth 
and fluoride intake more than the optimal levels leads to a 
condition known as dental fluorosis that characterized by 
decrease mineralization of the tooth, enamel and dentin 
destruction, and plaque accumulation on the teeth.[39] Hence, 
fluoride in the normal drinking water act as anticariogenic 
factor irrespective of the severity of fluorosis and salivary 
levels of S. mutans.[40] One of the important factors in dental 
caries is bacterial cause, so bacteriotherapy (probiotics) should 
be one of the important methods in prevention this disease and 
exert its effect on the bacteria that habitat the mouth as part 
of gastrointestinal system playing a vital role in preserving 
oral health.[41] Probiotics are live microorganisms such as 
strains of Lactobacillus and Bifidobacteria that act against oral 
pathogens that cause dental caries and periodontal diseases 
via different mechanisms via direct and indirect methods. 
Regarding direct mechanisms that include production of 
antimicrobial substances that inhibit bacterial growth for 
example bacteriocins, organic acids, ammonia, fatty acids, and 
hydrogen peroxide that decrease the number of pathogenic 
bacteria in the human intestine and in the oral cavity and 
prevent colonization of these bacteria while, direct action 
on plaque and biofilm formation through competing and 
intervening with bacteria to bacteria attachments, competing 
with oral microorganisms, and involvement in the binding of 

oral microorganisms to proteins and biofilm formation while 
the indirect mechanisms which include regulation of mucosal 
permeability, modulation of the immune system function, oral 
colonization by less pathogenic bacteria, and effect on local 
immunity in the oral cavity via nonimmunologic defense 
mechanisms [Figure 1].[42,43]

For example, Lactiplantibacillus plantarum Ln4 successfully 
inhibited biofilm formation by antimicrobial and antibiofilm 
effect against S. mutans KCTC 5124 and used in the industry as 
a probiotic to prevent and improve oral health and hygiene.[44]

In addition, nanoparticles were also used in the treatment 
to restore eubiosis and homeostasis, interfere with 
bacterial metabolism, inhibit biofilm formation, decrease 
demineralization like graphene oxide’s nanoparticles which 
had antimicrobial properties and inhibit the growth of dental 
pathogenic bacteria like S. mutans through anti‑adherence 
activity and bactericidal effect.[45,46] Other nanoparticles that 
supplement to antibiotics are nanobacterial which fill the 
deficiency of antibiotics due to antibacterial resistance and its 
good stability.[47]

In addition, there is organic and inorganic nanoparticles like 
chitosan nanoparticles that used for rinsing root canal, plaque 
removal, and inhibition reattachment of bacteria and other 
nanoparticles are quaternary polyethyleneimine which binds 
proteins and lipid layers in bacterial cell walls and membrane 
inhibiting the exchange of different substances ending in 
bacterial death.[48,49]

Other method of treatment using bacterial ecology and quorum 
sensing which is interbacterial communication systems that 
permit bacteria to spread data around their environment, 
metabolism, and other survival information through extracellular 
signal transmission like pheromones peptides (autoinducer‑2 
and competence‑stimulating peptide) that makes a change 
in gene expression and series of responses in the body and 
biofilm formation.[50] Regarding quorum system of S. mutans, 
it had a short hydrophobic peptide/Rgg quorum sensing 
system that controls a precise biosynthetic manipulator with 
the radical‑SAM (S‑adenosyl‑l‑methionine) (RaS) enzyme 
and forms a ribosomally synthesized and posttranslationally 
modified peptides. [51] S. mutans coordinates genetic 
transformation through two peptide pheromones CSP and 
comX inducing peptide. This quorum system plays an 
important role in environment conditions of bacteria like oral 
biofilm formation, genetic capacity, acid production, bacterial 
virulence activity, and plaque production.[52] Others used 
many antibiotics and antimicrobial peptides like GH12 that 
inhibit biofilm formation, inhibit dental caries, inhibits the 
virulence factors of S. mutans, reduces EPS synthesis, and 
increase the ecological competitiveness of S. sanguinis and 
S. gordonii.[53] KSL is another antimicrobial peptide act against 
different oral bacteria and fungi, inhibit biofilms formation. 
Cyclic bacteriocins such as Bac8c has a stronger antibacterial 
activity and reduce cell viability in biofilms formed in BioFlux 
systems.[54] The specifically targeted antimicrobial peptide 
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which is a synthetic fusion peptide formed from the targeting 
domain of S. mutans known as (C16) and the killing domain 
of the broad‑spectrum antibacterial peptide G2.[55] Another 
material like chrysophsin‑1 which is a cationic bactericidal 
peptide against Gram‑positive and Gram‑negative bacteria 
and pHly‑1 which is a pH‑ and lipid‑dependent AMP in 
conformational transitions that able in killing the acidic 
oral pathogen S. mutans under acidic circumstances more 
successfully than CHX.[46]

vAccines AgAinst DentAl cARies

Vaccines against dental caries are classified as DNA vaccines, 
subunit vaccines, and mucosal vaccines. Subunit vaccines 
used part of the genome responsible for the production 
of Ag I/II or gtf or GBP and intranasal mucosal vaccines 
induced the production of secretory immunoglobulin A (IgA) 
through using nasal drops or spray which is more effective 
and decrease S. mutans biofilm production which is more 
safe and protective. The last one is DNA vaccine that used 
nanoparticles by combining anionic liposomes into chitosan/
DNA complexes that increasing cellular uptake and this 
vaccine deliver anti‑caries DNA vaccine pGJA‑P/VAX into 
the mucosa of the nasal cavity and induces a salivary IgA 
antibody production and decrease the enamel and dentin 
damage after infection with S. mutans.[56,57] Other type of nasal 
immunization is fusing S. mutans rPAc with C‑terminus of 
Escherichia coli‑derived flagellin that induce systemic and 
local mucosal antibody responses which used as preventive 
and therapeutic measures. Thus, DNA vaccine has become a 
trend in dental caries vaccine due to its safety, stable antigenic 
protein expression and antigenicity.[56,58]

At the end, researchers should find a new antigenic virulence 
genes or proteins for developing a new vaccine with adjuvant 
and new delivery method.
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