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ABSTRACT: Dental cavities cause major and prevalent public health problems. Previously, system-wide profiling of genes and 
proteins in human cells identified 47 human genes that are significantly associated with dental cavities. However, these genes need 
to be further analyzed for their collective functions to explore a new linkage on dental cavities. We performed gene enrichment 
analysis using the Enrich R program and analyzed gene network analysis using the GeneMania program in this study. Among 
47 genes, we identified three genes (WNT10A, KCNJ2, and FGF10) associated with the abnormal development of primary teeth 
through gene enrichment analysis. Also, gene network analysis of WNT10A, KCNJ2, and FGF10 showed that these genes are 
significantly associated with G protein-coupled receptor binding genes, regulating oral tissue and tooth development. Overall, 
elucidation of the gene network regulating the development of the dental cavity and abnormal development of primary teeth 
will provide insight into the etiology underlying these disorders. Also, this study provides potentially identifies novel therapeutic 
targets and contributes to regenerative medicine. 
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�   Introduction
Dental cavities, one of the most common health problems 

for children and adolescents, are caused by bacteria in our 
mouth called Streptococcus mutans.¹ The presence of these 
mutans results in biofilm formation, which lowers the pH, 
eventually creating cavities.² If cavities are not treated quickly 
and appropriately, they may enlarge in size, leading to more 
severe results. Symptoms caused by cavities vary from head/
toothaches to visible holes forming.³ 

Dental cavities are more visible in younger children, as 52% 
of children aged six to eight had cavities. 25% of adults aged 
20-64 only possess one cavity.⁴ In addition, according to a 
study conducted by the Centers for Disease Control and Pre-
vention in 2016, over 90% of adults in the United States have 
experienced a cavity.⁵ Surprisingly, children of uneducated and 
low-income families are twice as likely to have cavities than 
children in high-income families.⁶

Genome-wide association studies (GWAS) for dental cav-
ities have discovered the genetic risk factor, including overall 
cavities experienced and the presence or absence of disease in 
human populations.⁷ However, only a few genetic-association 
markers for dental cavities and periodontitis have been found 
in children. Also, since the previous studies have not shown 
consistent evidence of specific genetic contributions to peri-
odontitis and dental cavities, further research is needed to 
understand the potential cause of delta cavity development.⁸  

System-wide profiling of genes and proteins in human cells 
produces a list of genes that are significantly associated with 
dental cavities. However, these genes need to be further ana-
lyzed for their collective functions to explore a new linkage on 
dental cavities. A previous paper identified 47 novel risk loci 
for dental caries indicating genetic risk factors of dental car-
ies.⁹ Therefore, in this research, the list of 47 genes was further 

analyzed using Enrichr to rank terms from gene-set libraries 
by comparing the Fisher exact test. Overall, we performed gene 
enrichment analysis of these 47 genes to improve our under-
standing of potential causes and consequences of dental cavity 
development.
�   Methods
Gene enrichment analysis using EnrichR:
Previously identified 47 novel risk loci provide the genetic 

risk factor of dental caries. We used this gene list and input as 
the query genes in the EnrichR program. Human phenotype 
analysis provides the top ten terms significantly associated with 
47 genes. The term, number of overlapping genes, p-value, ad-
justed p-value, and gene information was analyzed through 
enrichment analysis using the EnrichR program. 

Gene network analysis using GeneMania:
WNT10A, KCNJ2, and FGF10 genes were further analyzed 

using GeneMania to predict the function of these genes. Gen-
eMANIA extends the list with functionally similar genes that 
it identifies using available genomics and proteomics data. 
GeneMANIA analyzed gene networks with physical protein 
networks, co-expressed genes, co-localization genes, shared bi-
ological pathways and shared protein domains. 
�   Results and Discussion

Table 1: Previously identified 47 novel risk alleles for dental caries indicating 
genetic risk factors of dental caries.        
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An allele is a variant form of a gene. Some genes have a va-
riety of different forms located at the same location on the 
chromosome, that is, on the gene locus. Humans are called 

diploid organisms because there are two alleles in each gene 
locus, and one allele is inherited from one parent. Sometimes, 
genetic modification prevents one or more proteins from work-
ing properly. Mutations can cause a protein to malfunction or 
not be produced by altering the gene's instructions. Previous 
research identified 47 novel risk alleles for dental caries (Ta-
ble 1).⁹ These risk alleles are in many different chromosomal 
positions: Chromosome 1 to chromosome 23. With this gene 
list, we further predict the function of these genes using gene 
enrichment analysis and gene network analysis.

Gene Ontology has developed an extensive ontology de-
scribing molecular functions, biological processes, and human 
diseases.¹⁰ We performed a gene enrichment analysis of 47 
genes based on human phenotype ontology (HPO) to inves-
tigate the novel link with human disease. Each term in the 
HPO describes a clinical abnormality (Table 2). The most 
significant HPO is the abnormality of primary teeth, with 
an adjusted p-value of 0.015. This result is consistent with 
the previous study that abnormal dental structures (chipped, 
cracked, and impacted teeth) enhance the dental cavity.¹¹ 

Three genes (WNT10A, KCNJ2, and FGF10) are associated 
with the development of abnormalities in primary teeth. WN-
T10A is a protein-coding gene that encodes secreted signaling 
proteins. Recently, a novel mutation in WNT10A caused oli-
godontia, a rare genetic disorder representing the absence of 
more than six teeth in the primary tooth in children. ¹² Protein 
modeling and functional analysis were devised in a zebrafish 
model to determine the impacts of oligodontia. Examining 
the embryos showed that WNT10A is visible in the craniofa-
cial region during crucial periods of tooth development. This 
prohibited normal tooth development at five days post-fertil-

Table 2: Gene enrichment analysis results on human phenotype ontology.        
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mineralization meaning dysregulating WNT10A would be as-
sociated with the development of the dental cavity.  

   Since the protein sequences are often associated with gene 
function, we analyzed the genes that shared similar protein 
domains. The protein domain is an independent folding unit 
of the three-dimensional protein structure with functional im-
portance. The yellow line indicates the connection between 
the genes that share the same domains (Figure 2). WNT10A 
family genes contain a conserved sequence of the Wnt su-
perfamily domain, which orchestrates the cellular processes, 
including cell proliferation, differentiation, and apoptosis.¹⁷ 
KCNJ2 family genes contain three domains: IRK_N super-
family, Ion_trans_2 superfamily, and IRK_C superfamily. This 
superfamily indicates that the KCNJ2 family regulates the po-
tassium ion channels in human cells.¹⁸ FGF10 is colocalized 
with PTF1A and shared pathway with FGFR2. FGF10 gene 
encodes a protein fibroblast growth factor 10.¹⁹ This protein 
may be colocalized with PTF1A and activate tissue repair by 
wound healing with the FGFR2 gene. In sum, WNT10A and 
KCNJ2 superfamily with the FGF10 gene network is involved 
in the abnormal development of primary teeth leading to den-
tal cavity formation.    
�   Conclusion
There is a trade-off between phenotypic improvement and 

obtaining valid phenotypic data from a large population to 
allow for statistical power for genome-wide analysis. Given 
the logistical and economic difficulties of getting detailed phe-
notypes in large populations, this study has focused on genes 
associated with clinical outcomes indicative of the presence or 
absence of dental cavities. 

Recent studies of other complex traits have taken a differ-
ent approach, circumventing the limited availability of purified 
clinical phenotypes by utilizing very large population-based 
cohorts containing both genetic data and less purified proxy 
phenotypes. For example, the UK Biobank (UKB) contains 
information on approximately 500,000 participants. The 
existence of a less defined but informative phenotype has en-
abled the successful discovery of associative signals for several 
complex traits, providing critical biological insights. A deeper 
understanding of the genetic contribution to caries and 

ization.¹³ In sum, a variant of WNT10A is the driving factor 
of human oligodontia and failure of tooth development in ze-
brafish.

Also, single nucleotide polymorphism (SNP) in the KCNJ2 
gene, which encodes the inward rectifier potassium channel 
two protein, has been implicated in the Pierre Robin sequence 
and Andersen-Tawil syndrome, which shows abnormalities 
in tooth development during infancy. This early abnormal 
tooth development, such as delayed formation and eruption 
of teeth, showed a higher risk of dental cavities than normal 
tooth development in infants.¹⁴ Overall, KCNJ2 is signifi-
cantly associated with dental cavity development at an early 
age by causing abnormal primary tooth development.

FGF10 encodes fibroblast growth factor 10 protein. This 
protein is involved in mitogenic and cell survival activities 
and tooth development. The individuals with the T allele in 
FGF10 rs900379 were likelier to have larger teeth.¹⁵ Also, 
this gene regulates the mouse, rat, and human crown forma-
tion in molars. FGF10 disappears after the transitional stage 
from crown formation to root. In conclusion, FGF10 is an 
essential gene controlling molars and crown formation de-
velopment. 

GeneMANIA extends the list with functionally similar 
genes that it identifies using available genomics and pro-
teomics data. GeneMANIA also weights the predictive value 
of each selected data set for the query. Therefore, we further 
analyzed the gene network of WNT10A, KCNJ2, and FGF10 
to predict the function of these genes using GeneMANIA. 
Figure 1 represents the gene network of WNT10A, KCNJ2, 
and FGF10, which is in the center. The functionally asso-
ciated genes with WNT10A, KCNJ2, and FGF10 were also 
represented around three genes (Figure 1).

Interestingly, green-colored genes, including WNT10A, 
are functionally associated with G protein-coupled receptor 
binding genes. Previous research showed that G protein-cou-
pled receptor Gpr115 is required for enamel mineralization 
mediated by ameloblasts. G protein-coupled receptors (GP-
CRs) function as transducers of external signals by activating 
associated G proteins and regulating cellular physiology.¹⁶ 
Since tissue-specific GPCRs play essential roles in organ de-
velopment, WNT10A-associated genes may regulate enamel 

Figure 1: Gene network analysis of WNT10A, KCNJ2, and FGF10 using 
GeneMANIA program. The green-colored genes are G protein-coupled 
receptor-binding genes. The red-colored line shows the physical interaction of 
protein. The purple line shows co-expressing genes.        

Figure 2: Gene network analysis of WNT10A, KCNJ2, and FGF10 
indicates co-localization genes (sky blue), shared the same pathway (blue) and 
shared similar protein domains (yellow).        
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periodontitis requires a change in assay scale through similar 
measurement approaches.

Using previously discovered 47 novel risk loci for dental car-
ies, we found that the heritability of dental caries is partially 
shared with a range of complex traits. Nine applied analyses 
using EnrichR and GeneMania suggested that WNT10A, 
KCNJ2, and FGF10 are significantly associated with G pro-
tein-coupled receptor binding genes, regulating oral tissue and 
tooth development. 

Characterizing the functional biology at these loci could 
provide insights that could improve diagnosis or guide the de-
velopment of novel therapeutic approaches targeting the most 
prevalent global diseases. At the single variant and whole-ge-
nome level, the heritability of dental caries partially overlaps 
with other complex traits and diseases. Together, these find-
ings improve our understanding of the potential causes and 
consequences of dental cavity development.
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