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Association of KLK4 rs2235091
polymorphism with susceptibility
to dental caries: a systematic
review and meta-analysis

Yougin Li, Lei Zhang, Wen Cen and Yongping Yuan®

Department of Stomatology, Ningbo College of Health Sciences, Ningbo, ZJ, China

Objective: To investigate the association between Kallikrein-related peptidase-4
(KLK4) rs2235091 polymorphism and susceptibility to dental caries (DC) by a
method of systematic review and meta-analysis.

Methods: Four English databases were searched for studies on the correlation
between KLK4 rs2235091 polymorphism and susceptibility to DC from inception
to April 1, 2023. Data analysis was processed by Stata 15.0 software.

Results: Four articles were eligible, including 848 individuals with caries and 463
controls. The results of pooled analysis showed no significant differences in the
five gene models (G vs. A: odds ratio (OR) =1.14, 95% CI: 0.73-1.79, P = 0.567;
GG+ GA vs. AA: OR=1.01 95% CI: 0.77-1.32, P=0.489; GG vs. GA+AA:
OR=0.84, 95% Cl: 0.57-1.23, P=0.368; GA vs. AA: OR=1.06, 95% CI: 0.80—
141, P=0.681; GG vs. AA: OR =115, 95% CI: 0.57-2.31, P=0.690). However,
subgroup analysis indicated a statistically significant difference in the dominant
(GG+GA vs. AA: OR=174, 95% Cl: 1.02-2.96, P=0.042) gene model in
primary dentition, but no significance in allelic, recessive, homozygous and
heterozygous models. Besides, in permanent dentition, no significant differences
were found among the five genetic models (all P> 0.05).

Conclusion: KLK4 rs2235091 polymorphism may be associated with susceptibility
to DC of pediatric primary dentition, but not with the risk of caries of permanent
dentition. Genotype GG+ GA may increase susceptibility to DC of pediatric
primary dentition. However, considering the limited records enrolled in this
review, more trials with larger sample sizes and more rigorous designs are
needed to verify the conclusions of this meta-analysis in the future.

Systematic Review Registration: https://inplasy.com/, identifier INPLASY202380014.
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1. Introduction

Dental caries (DC) is a plaque-mediated disease in which chronic progressive
destruction of dental hard tissue is triggered by various factors, mainly bacteria (1). Early
childhood caries is defined as the presence of one or more decayed, missing, or filled
teeth in children under 71 months of age (2). DC has been listed by the World Health
Organization (WHO) as one of the three major human-focused diseases (3). Deciduous
DC is the most common oral disease in children clinically and a serious social public
health problem in developing countries (4, 5). Its prevalence in children in some
developed countries is at a low level but is relatively high and dramatically on the rise in
underdeveloped countries (6).
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Key factors inducing the occurrence of DC include bacteria,
food, time, and some necessary conditions provided by the host
(6). Genetic polymorphism in the host is also a vital one
affecting the development of this disease (7, 8). The human
tissue kallikrein-related peptidase (KLK) gene family encodes a
group of serine proteases, and 15 members have been found
and named KLK1-KLK15 according to the order they are
arranged on the chromosome (9). Kallikrein-related peptidase-
4 (KLK4) has been largely studied in the field of stomatology
and is thought to be associated with the growth and

mineralization of enamel (10, 11). KLK4 is a necessary

protein to clear enamel proteins and complete crystal
maturation during enamel maturation, and its function
is mainly played in the maturation stage of enamel

development (12).

There are several existing publications reporting the
relationship of susceptibility to DC with KLK4 rs2235091 gene
polymorphism  (13-16), but the conclusions are still
controversial. Zaorska et al. (15) showed that allele G of KLK4
rs2235091 could increase the risk of DC in primary dentition.
However, Gachova et al. (16) reported that the allele G at KLK4
rs2235091 locus was not associated with the DC risk in primary
dentition compared with the A allele. Therefore, in this study, we
used a method of systematic review and meta-analysis to explore
this association and provide an evidence-based medical basis for

the etiological exploration of DC.

2. Methods

This systematic review and meta-analysis was performed
according to the guidelines of Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (17). We have
registered this trial in INPLASY (Registration number:
INPLASY202380014) (https://inplasy.com/).

2.1. Search strategy

The PubMed, Web of Science, Cochrane Library, and
Embase databases were searched for relevant English literature
published from inception to April 1, 2023. Literature on the
association of susceptibility to DC with KLK4 rs2235091
polymorphism was collected, and reference lists of the
retrieved literature were further searched to expand our search
results. The main search strategy was as follows: (“KLK4” OR
“kallikrein-related peptidase-4”) AND (“dental caries” OR
“caries” OR “decay”) AND (“Single nucleotide polymorphism”
OR “polymorphism” OR “variant”). The search language
was limited to English. In addition, we traced the relevant
records through reviews and searched them manually to
improve the search. The included databases were searched
independently by two researchers and finally cross-checked. In
this process, if there were disputes, they were resolved through
discussion.
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2.2. Inclusion and exclusion criteria

2.2.1. Inclusion criteria

(1) Study design: Cross-sectional, case-control, or cohort studies
on KLK4 rs2235091 polymorphism associated with deciduous tooth
caries or permanent dental caries; (2) Populations: Individuals
diagnosed with DC or those without DC, general good health,
without age restrictions; (3) Comparison: Frequency of individuals
with DC in the KLK4 rs2235091
polymorphism; (4) Exposure: Frequency of individuals with DC
in the population with KLK4 rs2235091
(5) Outcomes: The rate of allele or genotype frequency according

population  without
polymorphism;

to caries incidence. The caries phenotype involved incipient or
white spot lesions, and cavitated lesions.

2.2.2. Exclusion criteria included

(1) Letters, conference abstracts, animal or cell experiments;
(2) Articles without access to obtain full text or original data;
(3) Inadequate data provided to extract the data of each genotype
and calculate the pooled odds ratio (OR) of each genetic model,
or literature directly not reporting the corresponding OR value in
the genetic model.

2.3. Data extraction

Two investigators independently performed data extraction
and cross-checked them. Then they extracted relevant data from
the included articles: first author, publication time, region of
subjects, study design, sample size, ages of DC group, diagnostic
criteria for DC, genotyping methods, dentition type, and number
of genotypes in DC and caries free, or OR value in the genetic
model at KLK4 152235091 locus.

2.4. Literature quality evaluation

The methodological qualities of the cohort and case-control
studies were assessed using the NOS score (18). The overall
scores were 9. Scores of 7-9, 4-6, and <4 indicated high,
moderate, and low methodological quality, respectively.

The cross-sectional study was assessed by the evaluation
criteria recommended by the Agency for Healthcare Research
and Quality (AHRQ) (19). The AHRQ criteria contained
11 items in total, and each item had 3 options; “Yes” counted
1 score, while “No” or “Unclear” counted 0 scores. According
to the total scores, the papers were rated as low-quality research
(0-3 scores), medium-quality research (4-7 scores), or high-
quality research (8-11 scores) (20).

2.5. Statistical analysis
Stata 15.0 statistical software was applied for this meta-analysis.

ORs and 95% confidence intervals (CIs) served as effect sizes. We
calculated the Hardy-Weinberg Equilibrium in the controls.
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Heterogeneity across the included studies was assessed using the 3>
test and I” statistics. P> 0.05 and I < 50% pointed to no significant
heterogeneity, and a fixed-effects model (FEM) was utilized;
otherwise, a random-effects model (REM) was employed.
Subgroup analysis was performed according to whether the caries
were primary or permanent dentition. We adopted Egger’s test to
inspect publication bias and sensitivity analyses to verify the
stability of the results obtained.

3. Results

3.1. Literature screening results and general
characteristics

Four articles were entered into our meta-analysis (13-16)
(Figure 1), involving 848 individuals with caries and 463
controls. Among the four articles included, one article contained
two studies (16). Besides, one article did not report the number
per genotype in the cases and control group, but reported the

10.3389/fped.2023.1236000

corresponding OR values in both homozygous (GG vs. AA:
OR=1.58, 95% CI: 0.38-6.55) and heterozygous (GA vs. AA:
OR=158, 95% CI 0.38-6.55) (13). The
characteristics of the included records are illustrated in Table 1.
The NOS scores were all above 6, and the AHRQ scores were all
more than 7, indicating the high quality of the included records.

models basic

3.2. Relationship between KLK4 rs2235091
polymorphism and susceptibility to DC

No significant heterogeneity was observed in the heterozygous
(I* =31.2%, P=0.214) and recessive (I* = 46.7%, P = 0.131) genetic
models, so the FEM was selected for statistical analysis. The REM
was applied for analysis of allelic (I” = 76.5%, P = 0.005), dominant
(I*=68.3%, P=0.024), and homozygous (I*=59.4%, P=0.043)
gene models because of significant heterogeneity (Figures 2A-E).

The results of the meta-analysis (Figure 2A-E) showed no
significant differences in the five genetic models (G vs. A: OR =
1.14, 95% CI: 0.73-1.79, P=0.567; GG + GA vs. AA: OR=1.01,

Identification of studies via databases and registers ]
)
Records identified from Databases
g (n=54) Records removed before
=) 1.Pubmed: 15 screening:
8 2. Web of Science: 17 Duplicate records removed
= 3.Embase: 18 > (n=17)
t 4. Cochrane Library: 4
[ Registers (n = 0)
=
—
v
Records screened Records excluded via title and
(n=37) EEEEE— abstract (n= 26)
(<2}
£ y
q=, Reports sought for retrieval Reports not retrieved
® (n=11) > (n=0)
O
(7))
\4
. Reports excluded (n= 7):
) Reports assessed for eligibility Not related to KLK4 rs2235091
(n=11) ——»| polymorphism (n=3)
. Insufficient data (n=3)
Data duplication (n=1)
©
[}
©
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° A4
£ Articles included in the meta-
analysis
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FIGURE 1
Flow chart of literature retrieval.
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FIGURE 2

Forest plots of KLK4 rs2235091 polymorphism with risk of dental caries. (A) Allele model; (B): dominant model; (C): recessive model; (D): homozygous
model; (E): heterozygous model. FEM, fixed-effects model; REM, random-effects model

with susceptibility to DC of pediatric primary dentition, but not  increase susceptibility to DC in the primary dentition. However,
with the risk of caries of permanent dentition. In the analysis of = we did not find statistically significant differences in allele,
the primary dentition, the difference was statistically significant  recessive, homozygous, and heterozygous models. Wang et al’s
in the dominant gene model. In other words, compared to  study supported the protective effect of allele A at KLK4
genotype AA at KLK4 rs2235091 locus, genotype GG+ GA can  rs2235091 locus, while allele G could increase caries risk for
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A Meta—analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit
Zaorska (2021) |
Gachova a (2022) | |
1
0.67 0.75 1.62 3.52 4.74
B Meta—analysis estimates, given named study is omitted c Meta—analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit | Lower CI Limit OEstimate | Upper CI Limit
Zaorska (2021) | Zaorska (2021) |
Gachova a (2022) | | Gachovaa (2022) | |} |
1 \
062 1.02 1.74 2.96 6.34 042071 144 2.92 9.77
D Meta—analysis estimates, given named study is omitted E Meta—analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit | Lower CI Limit OEstimate | Upper CI Limit
Abbasoglu (2015) | | | Abbasoglu (2015) } |
Zaorska (2021) | Zaorska (2021) {
Gachovaa (2022) } | Gachova a (2022) |
1 \
061090 175 341 674 0.69 0.95 1.65 287 4.56

FIGURE 3
Sensitivity analysis of KLK4 rs2235091 related to caries of primary dentition. (A) Allele model; (B): dominant model; (C): recessive model; (D): homozygous
model; (E): heterozygous model.

phenotype d2fs-smooth surface. In Wang et al.’s research (20), the  to DC compared to allele A in primary dentition in this meta-
mean and standard deviation of age of the subjects was 5.28 +0.4  analysis. Wang et al’s study did not provide the frequency
years. The above finding of Wang et al. (20) is inconsistent with  distribution of alleles in the control group, which restricted us
our conclusion that allele G was not associated with susceptibility =~ from combining the results of their alleles with the allele genes
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in our meta-analysis. This can also be seen from the sensitivity
analysis. Sensitivity analysis showed that the difference in allelic
model was significant after removing one article. Therefore, more
studies are needed to confirm the allelic conclusions in the future.

Due to the small number of literature included in this meta-
analysis, Egger’s Test was adopted to detect the possible
publication bias. The results showed that although the P values
of Egger's Test were greater than 0.05 in the recessive,
homozygous, and heterozygous models, the P values were less
than 0.05 in both the allelic and dominant gene models,
suggesting that there was a certain publication bias in this meta-
analysis. In the sensitivity analysis of primary dentition, except
the recessive and heterozygote models, the findings among the
other three gene models were not robust to some extent.

KLK4 expression is not found in ameloblasts. However, it can
be detected in the glaze matrix during the secretory stage, and the
content increases sharply during the transition stage and persists
until the end of the maturation stage (21). According to
Northern hybridization analysis, the change of KLK4 was in
with its mRNA (22).  Therefore, the
polymorphism of KLK4 rs2235091 gene may affect the expressions

parallel content
of KLK4 in enamel, and thus influence the development and
maturation of enamel.

Inevitably, this meta-analysis had several limitations. First, few
studies were eligible, with only four articles entered into this meta-
analysis. Second, the sample size was small, which might have a
certain influence on the robustness of the conclusions. Third,
only studies published in English were included, while possible
high-quality studies published in other languages or unpublished
were excluded, which might lead to a certain publication bias.
Fourth, sensitivity analysis showed that the conclusions of this
study are not robust. Fifth, no further analysis of gene-gene and
gene-environment  interactions  was  performed.  Single
polymorphism may have a minor effect, and polymorphisms
across the genes may alter the susceptibility. The interactions
between genes and genes, as well as between genes and
environment, may jointly determine the phenotypes of DC.
However, the current limited information restricts our further
research. Sixth, The P-values of Egger’s Test in the allelic and
dominant gene models are less than 0.05, indicating a certain
publication bias, which might have a certain impact on the
robustness of the overall and subgroup analysis results. Seventh,
the experimental design included in this study included case-
control studies and cross-sectional investigations, which might
cause heterogeneity. Nevertheless, the limited amount of
literature limited our further analysis. Despite these limitations,
this is the first systematic review and meta-analysis of KLK4
rs2235091 polymorphism with susceptibility to DC. Although the

conclusions are not robust to some extent, they can be confirmed
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by further studies, which has a positive significance for exploring
the etiology of DC.

In conclusion, KLK4 rs2235091 polymorphism may be
associated with susceptibility to DC of pediatric primary
dentition, but not with the risk of caries of permanent dentition.
Genotype GG+ GA may increase susceptibility to DC of
pediatric primary dentition. Given that several limitations existed
in this review, such as the number of included studies and small
sample size, the findings of this meta-analysis need to be verified
by more researches in the future.
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