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Abstract 

Background  Early childhood caries is a significant public health concern affecting about 600 million children glob-
ally. The etiology of early childhood caries can be explained as an interplay between genetic and environmental 
factors. Single nucleotide polymorphisms are the most common variations in the human genome. Genetic variations 
of immune response genes can modify the defense response of the host, and alter the susceptibility to bacterial colo-
nization of the oral cavity and early childhood caries. The aim of this systematic review is to identify genetic variants 
of immune response genes associated with early childhood caries.

Results  A total of 7124 articles were identified by conducting an elaborate search across various electronic databases 
and genome-wide association studies databases. Subsequent to exclusion at various stages, fifteen articles qualified 
to be included into the present review. Risk of bias assessment was done with the Q-genie tool. Quantitative synthesis 
revealed that the odds ratio for TT and CC genotypes of rs11362 was 1.07 (0.67–1.71) and 1.16 (0.84–1.60), respec-
tively. Gene-based analysis revealed a statistically significant association between variants of tumor necrosis factor-
alpha gene and T-cell receptor alpha variable 4 locus with early childhood caries. Gene clustering showed the pres-
ence of three functional clusters. To comprehend the protein–protein interaction, the bioinformatic tool of “Search 
Tools for the Retrieval of Interacting Genes and Proteins” was used. Among the biological processes and the reactome 
pathways, complement activation through the lectin pathway showed the highest strength of association with early 
childhood caries. To understand the interaction and functionality of the genes, “gene function prediction using 
Multiple Association Network Integration Algorithm” was used, which revealed that the genes were linked by physical 
interaction (39.34%) and through co-expression (34.88%).

Conclusions  Genotype TT of rs7217186 of arachidonate 15-lipoxygenase gene was a risk factor for early childhood 
caries. Multiple genetic variants of T-cell receptor alpha variable 4 locus and tumor necrosis factor-alpha gene were 
associated with increased susceptibility to early childhood caries. Polymorphisms of genes regulating the lectin path-
way of complement activation can modify the susceptibility to early childhood caries.
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Background
Early childhood caries (ECC) is a chronic complex 
disease affecting children characterized by deminer-
alization of calcified tissues and destruction of organic 
tissues of teeth. Genetic predisposition to dental caries 
was suggested by Dr G V Black [1]. Variations observed 
in the susceptibility to caries, following exposure to 
the same risk factors, can be explained by the innate 
genetic factors [2]. Genetic contribution to caries 
development has been reported to range between 40 
and 60% [3–5] with the heritability of caries in primary 
dentition being greater than the heritability of caries 
in permanent dentition [5, 6]. Genes regulating amelo-
genesis, immune response, taste preferences, glucose 
metabolism, salivary composition, and flow alter the 
susceptibility to ECC [7]. Saliva plays a crucial role in 
oral defense mechanisms and certain proteins secreted 
in saliva contribute to its anti-microbial properties. 
Single nucleotide polymorphisms (SNPs) of genes 
encoding these proteins may modify the antimicrobial 
property of saliva, thus leading to the establishment of 
cariogenic microflora.

Polymorphisms of genes regulating Immune response 
can alter the defense response of the host. Lactotrans-
ferrin (LTF), an iron-binding glycoprotein in mamma-
lian secretions exhibits broad-spectrum antimicrobial 
activity, participates in inflammation, and regulates 
the immune response [8]. rs1126478 of the LTF gene 
can influence caries development [8] and genotype AA 
of rs1126478 displays bioactivities against other acid-
producing microbes [9]. Defensin beta 1 (DEFB1) gene 
regulates microbial colonization and polymorphisms 
in the promoter region of this gene may alter the car-
ies susceptibility [10–12]. Mannose-binding lectin 
(MBL2) plays an important role in innate immunity 
[13, 14]. Mutations of codon 54 of MBL2 are associated 
with recurrent infections and autoimmune diseases [15, 
16]. Differences in major histocompatibility complex 
(MHC) or human leukocyte antigen (HLA) may cause 
variations in the immune response and influence the 
susceptibility to ECC [17]. Arachidonate 15-lipoxyge-
nase (ALOX15) regulates inflammation and immune 
response and TT genotype of rs7217186 is a risk factor 
for ECC [18].

SNPs of immune response genes may alter the 
immune response, inflammatory reactions, and 
cytokine production and may modify the susceptibility 
to ECC. Studies on the association between polymor-
phisms of genes regulating immune response and den-
tal caries in children have yielded inconsistent results. 
This systematic review aims to comprehend the asso-
ciation between genetic variants of immune response 
genes and ECC.

Methods
Registration of protocol and reporting guidelines
The systematic review was registered with PROS-
PERO (International Prospective Register of Systematic 
Reviews) with protocol number CRD42020179922 and is 
reported as per the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-analysis) checklist 2020 
[19]. We deviated from the protocol by including only 
the studies evaluating the polymorphisms of Immune 
response genes in this review.

Eligibility criteria
The research question of the present review was to ascer-
tain the polymorphisms of immune response genes 
associated with ECC. The review followed the PECO 
framework (1) participants/population: children up to 
6 years of age; (2) exposure: SNPs and genetic variants of 
genes regulating immune response (3) comparison: chil-
dren without the polymorphisms of immune response 
genes; (4) outcome being ECC.

Observational studies (cross-sectional, case–control, 
and cohort design) that assessed the association of SNPs 
and variations in genes regulating immune response 
with ECC were included. Studies conducted on animals, 
case reports, case series, and those not in English were 
excluded.

Search strategy
An extensive search was conducted across various 
electronic databases such as MEDLINE via PubMed, 
CINAHL via EBSCO, LILACS, Web of Science, SCO-
PUS, EMBASE, Cochrane Central, Google Scholar, and 
Opengrey and GWAS (Genome-Wide Association Study) 
databases from January 2003 (completion of Human 
Genome Project) till September 2022. The search strat-
egy has been summarized in Supplementary Table  1. 
The references of the existing reviews were assessed for 
relevant studies. A hand search of Journal of Clinical 
Pediatric Dentistry, Journal of Dentistry for Children, 
Pediatric Dentistry, International Journal of Paediat-
ric Dentistry, European Archives of Paediatric Dentistry, 
Caries Research, Pediatric Dental Journal, Journal of 
Indian Society of Pedodontics and Preventive Dentistry, 
and Genetic Epidemiology and American Journal of Epi-
demiology were also conducted.

Selection of studies
The titles and abstracts of the selected studies were 
screened by two authors (PA and SP) independently and 
were grouped as included, excluded, and uncertain stud-
ies (if the abstract was ambiguous or unavailable). The 
full texts of the included studies and studies in uncer-
tain categories were evaluated and studies which did 
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not satisfy the eligibility criteria were excluded from the 
review. Disagreements about the inclusion of the studies 
were resolved either by consensus or by the third author 
(MSM). The corresponding author was contacted to elicit 
any missing, unreported data.

Data extraction
Two authors (PA and SP) recorded the data indepen-
dently in a customized data extraction form. Data regard-
ing author’s name, institutional affiliation, journal name, 
year of publication, study design, ethnicity of partici-
pants, chromosome, gene, sample size, SNPs analyzed, 
genotype and allele frequencies, co-variates evaluated, 
odds ratio (OR) at 95% confidence intervals (CI) and 
p-value were obtained.

Assessment of risk of bias
The quality of the included studies was assessed by two 
authors (PA and SP) using the Q-Genie tool [20]. This 
tool was designed and validated to evaluate the quality 
of studies analyzing the genetic association. It is a Likert-
type scale, consisting of eleven questions. The maximum 
score for each question is seven and the minimum score 
is 1. For studies with a control group, a score < 35 indi-
cates poor quality, in the range of 35–45 indicates mod-
erate quality, and > 45 indicates good quality. Similarly, 
for studies without control groups, a score < 32 indicates 
low quality, in the range of 32–40 indicates moderate 
quality, and greater than 40 indicates good quality. Any 
difference of opinion was resolved by consensus or by 
another author (VV).

Data synthesis
Review Manager statistical software (RevMan 5.4, The 
Cochrane Collaboration, London, UK) was used to ana-
lyze the results of the included studies. The SNPs ana-
lyzed across the included studies were scrutinized and 
their genotype frequencies were collated to generate the 
forest plots and the pooled OR at 95% CI was calculated 
to estimate the effect sizes. The inverse-variance method 
was used to estimate the weight of the study. Heterogene-
ity was assessed by evaluating the population and study 
characteristics. The I2 analysis and chi-square test were 
conducted to assess heterogeneity between the stud-
ies and a random-effects model was used to conduct the 
meta-analysis.

Plink software and R statistical software were used to 
perform the gene-based analysis and gene pair-based 
associations. “BiomaRt” and “BS genome and Homo-
sapiens.UCSC.hg38” packages were used to extract 
gene coordinates for each corresponding reference SNP 
cluster ID (RSIDs). The linkage disequilibrium r2 value 
was computed using Plink. Fisher’s exact approach, 

Simes approach, ECS (extended chi-square) approach, 
GATES (Gene-based Association Test using extended 
Simes procedure), inverse method, weighted truncated 
product method (TPM), unweighted truncated product 
method (TPM), and Adaptive Rank Truncated Product 
(ARTP) were used to perform gene-based analysis, with 
an error rate of 0.05. The largest test statistic from all 
the SNP-based tests in a gene was used as a gene-based 
test statistic.

Significant association within the immune response 
gene cluster were determined by gene cluster analysis. 
“GeneGeneInteR 1.22.0”, “BS genome,” “Biobase,” “Bioc-
generics,” “Biocmanager,” and “ARTP2” packages were 
applied to perform gene-based and gene cluster analy-
sis. Significant gene pairs associated with ECC were 
determined with LD (Linkage Disequilibrium) attenu-
ating rank sum test. The multiple testing for pathway 
p values was performed using “Benjamini & Hochberg 
1995” with a false detection rate (FDR) threshold set at 
0.05 [21].

Enrichment analysis with protein–protein interac-
tion (PPI) network construction was done to evaluate 
the functional impacts of differentially expressed genes. 
Search Tools for the Retrieval of Interacting Genes 
and Proteins (STRING) plot was constructed (https://​
string-​db.​org) wherein network nodes represent genes 
and lines of different colors represent different types of 
evidence used in predicting associations [22]. Possible 
gene network association and gene interaction were 
predicted using geneMANIA (gene function prediction 
using Multiple Association Network Integration Algo-
rithm). The possible interaction network is predicted 
using many publicly available datasets on gene–gene 
and protein–protein interaction networks. GeneMA-
NIA (http://​www.​genem​ania.​org) is used for prioritiz-
ing genes for functional assays. Given a list of query 
genes, geneMANIA extends the list by including other 
functionally similar genes from the available genomics 
and proteomics data [23].

Results
Search outcome
A total of 7124 articles were identified after a compre-
hensive search of databases. Initial screening resulted 
in the exclusion of 7011 articles, including duplicates. 
After a full-text screening of the remaining 113 arti-
cles, fifteen articles which satisfied the inclusion crite-
ria were included in the present review. The PRISMA 
flow diagram depicting this is shown in Fig.  1. The 
included and excluded studies have been tabulated in 
Supplementary Table  2 and Supplementary Table  3, 
respectively.

https://string-db.org
https://string-db.org
http://www.genemania.org
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Description of studies
The studies were published from 2006 to 2022. The number 
of participants varied from 37 [24] to 1005 [25]. The stud-
ies were performed on diverse population groups such as 
Chinese, Turks, Norwegians, Polish, Caucasians, Hispanic 
Whites and Blacks, Non-Hispanic Whites and Blacks, Bra-
zilians, Iranians, and Saudi Children. Eight studies were 
designed as case–control studies [25–32], two were cross-
sectional [17, 18] and five were cohort studies [24, 33–36].

Thirteen studies assessed the association between 23 
SNPs of seven genes regulating immune response with 
ECC in 4240 children; one study evaluated the relation-
ship between four SNPs of T-cell receptor alpha vari-
able 4 (TRAV4) locus and ECC in 176 children and one 
study analyzed the association between various alleles 
of Human Leucocyte Antigen (HLA) and ECC in sev-
enty-nine participants. Six polymorphisms of the LTF 
gene were analyzed of which two were coding sequence 
variants and four were intronic variants. Eight poly-
morphisms of Lactoperoxidase (LPO) gene were evalu-
ated of which six polymorphisms were intronic and two 
were Upstream Transcript Variants. Three Upstream 
transcript variants of DEFB1 and two intronic poly-
morphisms of ALOX15 were assessed. One coding 
sequence variant and one Upstream transcript variant 
of the MBL2 gene, one coding sequence polymorphism 
of mannose-binding lectin-associated serine protease 
2 (MASP2) and a single upstream transcript variant of 

tumor necrosis factor-alpha (TNF-α) were evaluated for 
the relationship to ECC.

Quality assessment
The fifteen included studies scored in the range of 36 to 50 
with the Q-Genie tool. Eleven studies were of good qual-
ity and four studies were of moderate quality [17, 24, 27, 
28]. The quality assessment has been tabulated in Table 1.

Quantitative synthesis
Among the fifteen included studies, two studies that ana-
lyzed one SNP have been included in the meta-analysis. 
Studies with various designs were pooled together as the 
genetic association was analyzed using the inverse vari-
ance method with random-effect models. The TT geno-
type of the polymorphism rs11362 of DEFB1 displayed 
an OR of 1.03; 95%CI ranging from 0.65 to 1.64 and an 
insignificant P value of 0.89. The CC genotype revealed 
an OR of 1.11 and 95% CI ranging from 0.81 to 1.53 and a 
P value of 0.51 which was not statistically significant. The 
heterozygous genotype CT returned an OR of 0.83; 95% 
CI (0.60–1.15) and a P value of 0.26, which lacked statis-
tical significance. The forest plots generated are shown in 
Fig. 2. Meta-analysis was not performed for rs1126478 as 
the same data was reported in two studies with a differ-
ence in the phenotype [24, 28]. Meta-analysis could not 
be performed for the other variants as the genotype fre-
quencies were not reported.

Fig. 1  PRISMA flow diagram
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Six polymorphisms of LTF (rs1126478, rs1126477, 
rs2269436, rs743658, rs4547741, rs17078878) eight poly-
morphisms of LPO (rs8178350, rs7209537, rs17762644, 
rs8178281, rs8178290, rs8178307, rs8178329, rs3744093) 
two variants of DEFB1 (rs1799946, rs1800972) and 
ALOX15 (rs2619112, rs7217186), three SNPs of MBL2 
(rs1800450, rs7096206, rs11003125), four variants 
of TRAV4 locus (rs1997532, rs8011979, rs7150049, 
rs1997533), single SNP of MASP2 (rs72550870), and 
TNF-α (rs1800629) were evaluated in various studies. 
However, a meta-analysis could not be performed as the 
genotype frequencies were not reported.

Gene‑based and gene cluster analysis
Gene-based analysis of the four variants in the TRAV4 
locus revealed a significant association with ECC 
as reflected by the P values of the various statistical 
approaches — Fischer’s exact approach (P = 0.0026688), 
Simes approach (P = 0.002), GATES (P = 0.042), inverse 
method (P = 0.007375), ECS (P = 0.042), weighted 
TPM (P = 0.00218), unweighted TPM (P = 0.001962), 
ARTP (P = 0.001744). The polymorphism rs1800629 of 
TNF-α also revealed a statistically significant associa-
tion with ECC under all the above-mentioned statisti-
cal approaches except GATES (P = 0.0805) and ECS 

(P = 0.0805). The results of the gene-based analysis are 
depicted in Table 2. Gene cluster analysis did not reveal 
a statistically significant association between polymor-
phisms of immune response gene cluster and incidence 
of ECC (Table 3).

Enrichment analysis
The constructed enrichment network consisted of nine 
nodes (differentially expressed genes) and eight edges 
with a strength of interaction score set at > 0.8. The PPI 
enrichment coefficient, average node degree, and aver-
age local clustering coefficient were < 2.35e − 06, 1.78, and 
0.789, respectively. With the number of pre-defined clus-
ters being three, the network was constructed with the 
Kmeans hierarchical clustering algorithm. The generated 
network revealed that ALOX15, DEFB1, HLA-DQB1, 
HLA-DRB1, and TNF-α constituted one cluster, LTF and 
LPO defined the second cluster, and MBL2 and MASP2 
were in the third cluster. The enrichment analysis with 
the three clusters is depicted in Fig. 3.

Biological pathways under the enrichment analysis 
revealed that seven genes (LTF, DEFB1, HLA-DRB1, 
MBL2, HLA-DQB1, MASP2, TNF-α) were associated 
with humoral immune response. Four genes HLA-DRB1, 
MBL2, HLA-DQB1, and MASP2 were related to humoral 

Fig. 2  a–c Forest plots of CC, CT, and TT genotypes of rs11362
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immune response mediated by circulating immuno-
globulin. Genes LTF, DEFB1, HLA-DRB1, MBL2, HLA-
DQB1, MASP2 were linked to Innate Immune response. 
The lectin pathway of complement activation was medi-
ated by MBL2 and MASP2. Three genes MBL2, TNF-α, 
and ALOX15 played a role in the regulation of phagocy-
tosis whereas LTF and DEFB1 were associated with the 
innate immune response of the mucosa. Two genes TNF- 
α, ALOX15 were associated with positive regulation of 
heterotypic cell–cell adhesion. HLA-DRB1 and TNF- α 
were linked to the regulation of inflammatory response 
to antigenic stimulus. HLA-DRB1 and HLA-DQB1 were 
associated with MHC class II receptor activity under the 
molecular pathways. With respect to the cellular compo-
nent, two genes HLA-DRB1 and HLA-DQB1 were asso-
ciated with the MHC class II protein complex, integral 
component of the lumenal side of endoplasmic reticu-
lum membrane, clathrin-coated endocytic vesicle mem-
brane; HLA-DRB1, HLA-DQB1, TNF-α, and ALOX15 
were associated with the side of the membrane and seven 
genes LTF, LPO, DEFB1, HLA-DRB1, MBL2, MASP2, 
and TNF-α were related to extracellular space. Reac-
tome pathways revealed that MBL2 and MASP2 were 
related to the lectin pathway of complement activation; 
HLA-DRB1 and HLA-DQB1 were associated with trans-
location of ZAP-70 to immunological synapse, phospho-
rylation of CD3 and TCR​ zeta chains, and generation of 
second messenger molecules and with PD-1 signaling. 
Wiki pathways showed that HLA-DRB1 and TNF-α were 
related to Cytokines and inflammatory response and LTF 
and TNF-α genes were associated with LTF danger signal 
response pathway. Protein Domains Pfam and SMART 
(Simple Modular Architecture Research Tools) displayed 
HLA-DQB1 and HLA-DRB1 were associated with Class 
II histocompatibility antigen, beta domain. Among the 
biological processes associated with ECC, the lectin path-
way of complement activation had the highest strength 
of association of 2.69 (false discovery rate of 0.0055), and 
regulation of inflammatory response to antigenic stimu-
lus had a strength of association of 2.21(false discovery 
rate of 0.0227). Among the reactome pathways, the lectin 
pathway of complement activation had a strength of asso-
ciation of 2.79 (false discovery rate of 0.0073). Among 
the protein domains, class II histocompatibility antigen, 

beta domain had a strength of association of 2.68 with a 
false discovery rate of 0.0075. This is depicted in Table 4. 
GeneMANIA plot revealed that the genes which were 
prioritized are Mannan binding lectin serine peptidase 
1 (MASP1), HLADQA1, HLADQA2, translocase of inner 
mitochondrial membrane 29 (TIMM29), family with 
sequence similarity 172 member A (FAM172A), histatin 
3 (HTN3), complement (C4A), serpin family G member 
1 (SERPING1), complement C2, epididymal peptidase 
inhibitor (EPPIN), peptidase M20 domain containing 2 
(PM20D2), proline-rich acidic protein 1 (PRAP1), fico-
lin 2 (FCN2), zonadhesin (ZAN), DEAD-box heli-
case 31 (DDX31), APC down-regulated 1 (APCDD1), 
phosphatidylethanolamine binding protein 1 (PEBP1), 
CCAAT enhancer binding protein epsilon (CEBPE), 
keratin 1 (KRT1), trafficking protein particle complex 
2 (TRAPPC2), N-myristoyltransferase 2 (NMT2), and 
carboxyl ester lipase (CEL). GeneMANIA plot revealed 
that these genes were linked by physical interaction at 
39.34%, co-expression at 34.88%, pathways at 20.08%, co-
localization at 2.94%, and shared protein at 2.18%. This is 
depicted in Fig. 4. 

Discussion
The etiology of ECC can be explained as an interplay of 
environmental and genetic factors [37]. This systematic 
review assessed the association between polymorphisms 
of immune response genes and ECC. Polymorphisms in 
the coding region as well as in the non-coding regions of 
the genes regulating the immune response were analyzed 
to understand their effect on susceptibility to ECC. SNPs 
in the coding region can change the encoded protein and 
those in the non-coding region can alter the transcription 
site and gene expression, thereby altering the predisposi-
tion to ECC [38]. Alternate transcription may also result 
in the synthesis of isoforms of various proteins, thus 
modifying the susceptibility.

SNPs are the most common variations in the human 
genome and when analyzing genetic association in 
complex diseases, a change of a single nucleotide may 
not always yield results of observable significance. But 
polymorphisms across the gene can modify the sus-
ceptibility significantly. Hence a gene-based analysis 
identifying the genetic variation across the gene can 

Table 3  Gene cluster analysis of immune response genes

a Gene-based Association Test using extended Simes procedure
b Extended chi-square
c Truncated product method
d Adaptive Rank truncated Product

Gene cluster Fischers Simes GATESa ECSb Inverse Weighted TPMc Unweighted TPM ARTPd

Immune response gene cluster 0.15027 0.112952 0.17536 0.175362 0.16732 0.12389 0.11151 0.09289
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aid in understanding the alteration in susceptibility as 
the structure, function, and position of the gene are 
highly consistent across the individuals with or without 
the observed phenotype. Differences/inconsistencies 
arising due to changes in the population sub-structure 
can also be addressed with this gene-based analysis 
rather than allele-based association. Clustering helps 
in grouping of the genes based on similar patterns of 
gene expression and function. This helps in identifying 
genes associated with particular biological pathways 
and evaluation of variation across all such genes can 
significantly contribute to understanding the genetic 
underpinnings of the disease.

We deviated from the protocol by including databases 
Web of Science, SCOPUS, EMBASE, and Google Scholar 
to increase the specificity of search. Due to the volumi-
nous nature of the included studies, only those studies 
evaluating the relationship between genetic variants of 
Immune response genes and ECC were included into the 
present review. To the best of our knowledge, this is the 
first systematic review to identify the polymorphisms of 
immune response genes associated with ECC and to con-
duct a gene-based and gene cluster analysis to compre-
hend their effect on ECC.

In this present review, the levels of beta-defensin 1 in 
the saliva were higher in children without caries [35] 
and quantitative synthesis revealed that genotype CC of 
rs11362 could be more in affected children. Genotype TT 
of rs7217186 of ALOX15 was a risk factor for ECC [32]. 
The frequency of allele DRB1*04 of HLA was increased 
in patients with active carious lesions [17]. G variant of 
rs7096206 of the MBL2 gene is associated with reduced 
protein levels in the serum, thus increasing the suscepti-
bility to infections [39, 40], and was a risk factor for ECC 
in Polish children [25]. Mutant genotype GAC of codon 
54 was higher in patients with ECC [26]. However, gene-
based analysis of the variants of DEFB1 and MBL2 did 
not reveal statistical significance in contrast to findings of 
meta-analysis by Chistni et al. where MBL2 was reported 
to be associated with increased caries experience [41]. 
MBL-associated serine Protease 2 (MASP2) cleaves C2 
and C4 to generate C3 convertase in the lectin pathway of 
the complement system (https://​www.​ncbi.​nlm.​nih.​gov/​
gene/​10747) [42]. Enrichment analysis revealed that the 
biological process of the lectin pathway of complement 
activation had the highest strength of association with 
ECC followed by humoral immune response and innate 
immune response of the mucosa, thus indicating that 

Fig. 3  STRING plot showing clustering of genes into 3 clusters and their interaction

https://www.ncbi.nlm.nih.gov/gene/10747
https://www.ncbi.nlm.nih.gov/gene/10747
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genes involved in these biological processes may affect 
ECC susceptibility.

The genotype CT of rs4547741 of LTF was found to be 
protective against ECC in Turkish children [32]. How-
ever, Al-Marshad et al., Wu et al., and Zaorska et al., did 
not find any association with ECC [29–31]. Other poly-
morphisms of LTF (rs1126477, rs1126478, rs2269436, 
rs743658, rs17078878) were not reported to be asso-
ciated with altered susceptibility to caries [24, 28, 30, 
31, 43]. However, gene-based analysis of the LTF gene 
revealed that multiple polymorphisms of the LTF gene 
were significantly associated with caries [44]. This is in 
contrast to the findings of the present review and could 
be accounted by differences in the study populations of 
the included primary studies. Elevated levels of TNF-
α had been detected in saliva samples of patients with 
caries. rs1800629 of TNF-α is associated with systemic 
inflammation, and auto-immune diseases and elevated 
levels were observed in children with caries as a response 
of the host to pathological stimulus [45]. AG genotype 

of SNP rs1800629 of TNF-α was protective against ECC 
[28]. G alleles of rs1997533, rs7150049, and T Alleles of 
rs8011979 and rs1997532 in TRAV4 locus were associ-
ated with low caries experience in Turkish children and 
mRNA of TRAV4 is expressed to a greater extent in 
children with lesser caries experience [33]. Gene-based 
analysis revealed a statistically significant association 
between variants of TRAV4 locus and TNF-α with ECC.

The main limitations of this review are that of missing 
data due to which only two studies were included in the 
meta-analysis. Despite the heterogeneity being mini-
mal (I2 = 0), the authors preferred to use the random-
effects model, as it accounts for both within-study and 
between-study variance and is more conservative as it 
yields a wider confidence interval. Meta-analysis could 
not be performed for rs1126478 as the same data set 
was reported in two different studies with a different 
criterion for the observed phenotype. Certain studies 
did not have a control group and divided the study sub-
jects into children with low and moderate caries and 

Table 4  Interactions of commonly mutated immune response genes Indicating biological process and biological pathways

Biological process GO term Strength False discovery rate
  Complement activation, lectin pathway GO:0001867 2.64 0.0055

  Positive regulation of heterotypic cell–cell adhesion GO:0034116 2.43 0.0108

  Humoral immune response GO:0002445 2.3 8.07e-06

  Innate immune response in mucosa GO:0002227 2.22 0.0217

  Regulation of inflammatory response to antigenic stimulus GO:0002861 2.21 0.0227

Molecular pathways (Gene Ontology)
  MHC class II receptor activity GO:0032395 2.68 0.0334

Cellular component Gene Ontology
  MHC class II protein complex GO:0042613 2.49 0.0382

  Integral component of lumenal side of endoplasmic reticulum GO:0071556 2.22 0.0438

  Clathrin-coated endocytic vesicle membrane GO:0030669 2.09 0.0438

  Side of membrane GO:0098552 1.21 0.0438

  Extracellular space GO:0005615 0.68 0.0438

Reactome pathways

Description Pathway Strength False discovery rate

  Lectin pathway of complement activation HSA-166662 2.79 0.0073

  Translocation of ZAP-70 to Immunological synapse HSA-202430 2.46 0.0163

  Phosphorylation of CD3 and TCR zeta chains HSA-202427 2.38 0.0163

  PD-1 signaling HSA-389948 2.36 0.0163

  Generation of second messenger molecules HSA-202433 2.18 0.0209

Wiki pathways
  LTF danger signal response pathway WP4478 2.36 0.0089

  Cytokines and inflammatory response WP530 2.22 0.0120

Protein domains (Pfam)
  Class II histocompatibility antigen, beta domain Domain

PF00969
2.68 0.0355

Protein domains (SMART)
  Class II histocompatibility antigen, beta domain Domain

SM00921
2.68 0.0075
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those with high caries [25]. If the observed phenotype 
was evaluated uniformly, the effect of the polymor-
phisms assessed on the carious phenotype may have 
been different. Most of the studies analyzed the phe-
notype using the DMFT/deft index. The evaluation of 
white spot lesions also is to be considered as they are 
the initial signs of demineralization and disease.

The relationship between the immune response of a 
host to an antigen is dynamic and can change as per 
the age of the patients and the dentition. Genes affect-
ing susceptibility to caries differ between primary and 
permanent dentitions and the direction of association 
can also change between primary and permanent den-
titions. Hence, longitudinal studies can result in more 
precise phenotypic characterization by assessing the 
gene-time interaction and aid in understanding the 
genetic underpinnings of the observed phenotype.

Conclusions
This review revealed that polymorphisms of TNF-α, 
ALOX15, TRAV4 locus, and alleles of HLA-DRB1 can 
modify susceptibility to ECC. Genotype TT of polymor-
phism rs7217186 of ALOX15 increased the susceptibility 
to ECC. Polymorphisms of genes regulating the lectin 
pathway of complement activation can alter the suscepti-
bility to ECC. Quantitative Synthesis of TT and CC geno-
types of rs11362 yielded OR greater than one. However, 
this has to be interpreted with caution as this evidence 
is not sufficient to state that rs11362 is a risk factor for 
ECC. The marginally higher OR suggests that the likeli-
hood of these variants being associated with ECC may 
be higher which can be corroborated with studies being 
conducted on more number of individuals. Hence, stud-
ies with larger sample size, evaluation of the epigenetic 
mechanisms, transcriptomics, metabolomics, gene–gene 

Fig. 4  geneMANIA plot showing the interaction between various genes
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interactions, and protein–protein interaction may aid in 
understanding the effect of genetic variants of immune 
response genes and ECC. Application of various BioIn-
formatics tools contributes to understanding the genetic 
interaction and association. More studies evaluating 
the polymorphisms of functional significance in these 
immune response genes can aid in understanding their 
effect on ECC susceptibility and contribute towards “Per-
sonalized and Precision Dentistry.”
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