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Genetic susceptibility of common 
polymorphisms in NIN and SIGLEC5 
to chronic periodontitis
Hua Tong1,2, Zhuliang Wei3, Jing Yin3, Bo Zhang4, Tianxiao Zhang5, Chunni Deng1, Yali Huang1 
& Nan Zhang1

Chronic periodontitis (CP) is a common oral disease characterized by the slow progression of alveolar 
attachment loss and bone destruction. Genetic components have been reported to play an important 
role in the onset and development of CP. In the present study, we aimed to replicate the association 
signals of NIN and SIGLEC5 identified in previous genome-wide association studies (GWASs) of samples 
from Chinese Han individuals. Association signals between clinical severity indicators of CP and relevant 
single nucleotide polymorphisms (SNPs) were also examined. A total of 3,160 study subjects, including 
1,076 CP patients and 2,084 healthy controls, were recruited. A total of 32 SNPs, including 22 from NIN 
and 10 from SIGLEC5, were selected for genotyping. SNPs rs12883458 (OR = 1.45, P = 1.22 × 10−5, 
NIN) and rs4284742 (OR = 0.75, P = 1.69 × 10−5, SIGLEC5) were significantly associated with CP disease 
status. rs4284742 was significantly associated with all 3 clinical severity indicators, including bleeding 
on probing (BOP), probing depth (PD) and clinical attachment loss (CAL). According to evidence from 
bioinformatics analyses, both significant SNPs, rs12883458 and rs4284742, are likely surrogates 
of underlying variants with true effects. In summary, our findings provide direct evidence for the 
association of NIN and SIGLEC5 with CP susceptibility.

Chronic periodontitis (CP) is a common oral disease characterized by the slow progression of alveolar attach-
ment loss and bone destruction1,2. The prevalence of CP varies among different populations, ranging from 40% 
to 80%; this variance is likely due to differences in diagnostic criteria and methodology3–6. CP has severe impacts 
on quality of life and is considered one of the major causes of tooth loss in adults7,8. In addition, CP is also linked 
to other conditions, including Alzheimer’s disease9, head and neck squamous cell carcinoma10, coronary heart 
disease11 and pregnancy outcomes12.

Several risk factors, including age, race, obesity and smoking status, have been shown to contribute to the risk 
of CP6,13–15. Genetic components have been reported to play an important role in the onset and development of 
CP16,17. Early family-based studies have estimated that approximately 50% of phenotypic variations of CP could be 
explained by genetic factors17. A few genome-wide association studies (GWASs) have been published, and several 
susceptible loci, including SIGLEC518, DEFA1A318, NIN19–22, NPY19, WNT5A19, NCR219, EMR119, ABHD12B20, 
WHAMM20 and AP3B220, have been found to be associated with CP status and periodontal health. Although 
these previous GWASs have provided novel insights into the potential genetic etiology of CP and identified sev-
eral candidate susceptible genes, further research is still needed due to the challenges inherent to GWASs, includ-
ing a low portion of heritability explained by identified loci and non-consideration of biological and pathological 
mechanisms.

Ninein is a centrosomal microtubule organization and anchoring protein encoded by the NIN gene. 
Cytotoxic T lymphocytes, which are strongly related to the pathogenesis of CP, are functionally associated 
with the centrosome. In this sense, a potential link in biological mechanisms can be drawn between NIN 
and CP. At least two previous GWASs have reported genetic connections between NIN and CP19,20. Sialic 
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acid-binding immunoglobulin-like lectins (SIGLECs) are a group of immunoglobulin families that mediate 
protein-carbohydrate interactions. Siglec 5 protein has been identified to be present mainly in neutrophils and 
plays a regulatory role in the activation of myeloid cells in the prevention of inappropriate reactivity against self 
tissues23,24. A recently published GWAS linked SIGLEC5 to aggressive periodontitis18. Because the underlying 
molecular mechanisms of periodontitis are still largely unclear, the effects of the NIN and SIGLEC5 genes on 
periodontitis have not been clarified, although significant associations with periodontitis were identified in the 
European population. Because the roles of the NIN and SIGLEC5 genes in periodontitis susceptibility in Han 
Chinese individuals have not previously been evaluated, we performed a case-control study to assess the relation-
ship of the NIN and SIGLEC5 genes with periodontitis susceptibility in Han Chinese individuals to improve our 
current understanding of the roles of these genes in periodontitis predisposition. In the present study, we aimed to 
explore the relationship of the association signals of the NIN and SIGLEC5 genes identified in a previous GWAS 
with CP in a Han Chinese population, and association signals between clinical severity indicators of CP and rel-
evant single nucleotide polymorphisms (SNPs) were also examined.

Methods
Study subjects.  The subjects consisted of 1,076 CP patients and 2,084 healthy controls ranging from 36 to 
64 years of age. All subjects were unrelated Han Chinese individuals from Shaanxi Province and were recruited 
from the inpatient and outpatient clinical services at the First Affiliated Hospital of Xi’an Jiaotong University 
between May 2014 and November 2016. The diagnosis of CP was made based on the criteria established in 1999 
at the World Workshop for a Classification of Periodontal Diseases and Conditions. The healthy controls were 
enrolled according to the following criteria: (i) probing depth ≤3 mm; (ii) absence of any clinical signs of gin-
gival inflammation; and (iii) no history of periodontal disease. Individuals who met the following criteria were 
excluded from the present study: (i) current and former smokers; (ii) pregnant or lactating women; (iii) use of 
antibiotics or anti-inflammatory medications in the past six months; (iv) severe medical disorders that could 
influence periodontal pathogenesis and/or treatment outcomes; (v) modifiers of periodontal disease, such as 
rheumatoid arthritis, diabetes and osteoporosis; and (vi) periodontal therapy performed within the previous 
six months. The clinical parameters of each subject were recorded. Bleeding on probing (BOP), probing depth 
(PD) and clinical attachment loss (CAL) were measured at six sites per tooth using a manual probe (UNC-15, 
Hu-Friedy Manufacturing Company, Inc., Chicago, IL, USA). All four examiners were dentists and performed 
examinations using a manual probe (UNC-15, Hu-Friedy Manufacturing Company, Inc., Chicago, IL, USA). All 
examiners were calibrated on a set of 40 patients probed twice before examinations were conducted in this study. 
We used a kappa statistic to measure agreement between different examiners, and the kappa index and intraclass 
correlation coefficient for PD ranged from 0.80 to 0.93 and 0.76 to 0.89, respectively, for intraexaminer calibra-
tion. The interexaminer kappa index and intraclass correlation coefficient ranged from 0.83 to 0.92 and 0.79 to 
0.87, respectively, for PD (Supplemental Table S1). These results ensured the reliability of clinical examinations. 
Characteristic information of these study subjects is summarized in Table 1. No significant difference between 
cases and controls was identified for age (P = 0.73) and gender (P = 0.93). Informed consent was obtained from 
all subjects. The study protocol conformed to the ethical guidelines of the Declaration of Helsinki (version 2002) 
and was approved by the Ethical Committee of Xi’an Jiaotong University.

SNP selection and genotyping.  Tag SNPs with a minor allele frequency (MAF) ≥ 0.05 located within 
the gene regions of NIN and SIGLEC5 were selected for genotyping. The pairwise R2 threshold used for tag-
ging was 0.6. A total of 32 SNPs, including 22 from NIN and 10 from SIGLEC5, were selected for genotyping. 
Basic information for these 32 SNPs, including the MAF and Hardy-Weinberg equilibrium (HWE) test results, 
is summarized in Supplemental Table S2. Genomic DNA was isolated from peripheral blood using a Tiangen 
DNA extraction kit (Tiangen Biotech Co. Ltd, Beijing, China) according to the manufacturer’s protocol. SNP 
genotyping was performed using a Sequenom MassARRAY platform with iPLEX GOLD chemistry (Sequenom, 
San Diego, CA, USA) based on the manufacturer’s protocol. The results were processed using Sequenom Typer 
4.0 software, and genotype data were generated from the samples. Genotyping was conducted by laboratory 

Variables

Study Subjects (N = 3,160)

Statistics P-valuePatients (N = 1,076) Controls (N = 2,084)

Age (years), mean ± SD 43.06 ± 7.17 43.16 ± 7.02 T = −0.35 0.73

Gender (%)

Male 745 (69) 1,440 (69)

Female 331 (31) 644 (31) χ2 = 0.0016 0.97

No. of lost teeth, mean ± SD 2.10 ± 1.07 0.30 ± 0.46 — —

BOP (%) 80.07 ± 4.70 13.44 ± 3.27 — —

PD (mm), mean ± SD 6.27 ± 0.86 1.82 ± 0.24 — —

CAL(mm), mean ± SD 5.30 ± 0.82 0.51 ± 0.18 — —

Clinical severity (%)

Moderate (3 ≤ CAL < 5) 373 (35) — — —

Severe (CAL ≥ 5) 703 (65) — — —

Table 1.  Demographic and clinical characteristics of the subjects. SD: standard deviation; BOP: bleeding on 
probing; PD: probing depth; CAL: clinical attachment loss.
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personnel blinded to the case-control status, and the genotyping results, data entry and statistical analyses were 
independently reviewed by two authors. We randomly reperformed the analysis on 5% of the sample, which 
resulted in a concordance of 100%.

Statistical analyses.  Single marker-based associations were examined by performing χ2 tests for each SNP. 
We performed a one degree of freedom test (allelic test) for single marker-based association analyses. An additive 
mode of inheritance was assumed, and the effect of the minor allele was tested for each marker. Linkage disequi-
librium (LD) blocks were constructed, and haplotype-based association analyses were performed. Stratification 
analyses were then performed according to the clinical severity of CP. CP patients with CAL ≥ 5 mm were defined 
as severe CP patients, while those with 3 mm ≤ CAL < 5 mm were defined as moderate CP patients. In addition, 
we also performed association analyses between significant SNPs and several clinical severity indicators of CP, 
including BOP, PD and CAL, using our CP samples. Linear regression models were fitted for this analysis. BOP, 
PD and CAL were used as phenotypes, and genotypes were used as variables. An additive mode of inheritance 
was assumed, and genotypes of each marker were coded as 0, 1 and 2 when 0, 1 and 2 minor alleles were present. 
Gene-gene interactions were also investigated by case-only analyses25. LD block construction and haplotype anal-
yses were conducted using Haploview26. LD blocks were constructed by an algorithm proposed by Gabriel et al.27.  
Haplotype-based association analyses were then performed for each LD block. Haplotypes were estimated by 
an expectation maximization algorithm. Counts for case-control association tests were obtained by summing 
the fractional likelihoods of each individual for each haplotype. Single marker-based association, stratification, 
clinical severity association and gene-gene interaction analyses were performed by Plink28. Bonferroni correc-
tions were applied for multiple comparisons. The P value threshold used for single marker-based analyses was 
0.05/32≈0.0016.

Bioinformatics analyses.  We examined the potential functional consequences of significant SNPs using 
data from the GTEx database (https://www.gtexportal.org/home/)29. Expression quantitative loci (eQTL) data of 
significant SNPs on NIN and SIGLEC5 from 47 human tissues were extracted.

Results
Genetic associations for CP status.  Significant signals were identified from both candidate loci (Table 2, 
Supplemental Table S3). SNPs rs12883458 (OR = 1.45 P = 1.22 × 10−5, NIN) and rs4284742 (OR = 0.75, 
P = 1.69 × 10−5, SIGLEC5) were significantly associated with CP disease status. A Q-Q plot for the results of 
genetic association analyses is shown in Supplemental Fig. S1. Four and one LD blocks were constructed within 
the gene regions of NIN and SIGLEC5, respectively (Supplemental Fig. S3–4). The results of haplotype analyses 
replicated the significant hit from SIGLEC5. A two-SNP haplotype, rs2278831-rs4284742, was significantly asso-
ciated with CP status (P = 1.29 × 10−9, Supplemental Table S4).

Differential effects of multiple SNPs from SIGLEC5 in moderate and severe CP patients.  
Stratification analyses were performed for moderate and severe CP patients. Significant results are summarized 
in Table 3. SNP rs12883458 on NIN had similar effects in both the moderate and severe CP groups. Interestingly, 
6 SNPs on SIGLEC5, including the significant hit rs4284742, showed differential patterns of their effects in the 
moderate and severe CP groups. The minor alleles of these SNPs increased the risk of CP in the moderate CP 
group, while the same alleles were protective in the severe CP group. In addition to the stratification analyses, we 
also conducted case-only analyses for the moderate and severe CP groups to estimate the differential effects of 
the SNPs of SIGLEC5. Severe CP was coded as 2, and moderate CP was coded as 1. The results are summarized 
in Supplemental Table S5. These results were very similar to the results of the stratification analyses presented in 
Table 3.

Significant associations between susceptible SNPs and clinical severity of CP.  We performed 
association analyses between the significant SNPs, rs12883458 and rs4284742, and the clinical severity of CP, 
including BOP, PD and CAL, using CP samples. The results of this association analysis are summarized in Table 4. 
rs4284742 was significantly associated with all 3 clinical severity indicators. No significant signals were obtained 
for rs12883458. The association patterns between rs4284742 and CAL are shown in Fig. 1. The average CAL sig-
nificantly increased when allele G (major allele) of rs4284742 was present (P = 5.92 × 10−37).

SNP Chr A1 Gene Genotypes Patients Controls χ2 P OR

rs12883458 14 C NIN

CC (N = 42) 21 21

19.13 1.22 × 10−5 1.45CT (N = 541) 220 321

TT (N = 2,577) 835 1,742

rs4284742 19 A SIGLEC5

AA (N = 141) 33 108

18.51 1.69 × 10−5 0.75AG (N = 1,002) 306 696

GG (N = 2,017) 737 1,280

Table 2.  Significant SNPs identified in single marker-based association analyses. Chr: chromosome; A1: tested allele.
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Gene-gene interactions and bioinformatics analyses.  No significant SNP pairs were obtained in our 
gene-gene interaction analyses (Supplemental Table S6). Although several SNP pairs showed nominal signifi-
cance, they were not significant after corrections for multiple comparisons. In addition, no significant differences 
were identified for both rs12883458 and rs4284742 in the gene expression of NIN and SIGLEC5 in multiple 
human tissues (Supplemental Table S7–8).

Discussion
In the present study, we identified a significant association between two SNPs, rs12883458 and rs4284742, and 
the disease status of CP in a Chinese population. Our findings successfully replicated loci reported by several 
previous GWASs18–20. To the best of our knowledge, this study is the first genetic association study of CP focusing 
on the NIN and SIGLEC5 genes based on samples from individuals with Chinese Han ancestry. Both the direction 
and size of the significant SNPs were similar to those of previous studies conducted on European populations. 
Both significant SNPs are located within the intronic region and therefore might not be related to the structural 
alterations of the protein products. Further bioinformatics analyses based on eQTL data extracted from the GTEx 
database showed that neither SNP was significantly associated with gene expression in multiple human tissues. 

Gene SNP Chr A1

Moderate (N = 2,457) Severe (N = 2,787)

χ2 P OR χ2 P OR

SIGLEC5 rs2278831 19 G 32.99 9.27 × 10−9 1.74 25.07 5.52 × 10−7 0.61

SIGLEC5 rs556418978 19 T 23.18 1.47 × 10−6 1.79 7.28 0.0070 0.71

SIGLEC5 rs4801882 19 G 20.88 4.89 × 10−6 1.44 13.11 0.0003 0.80

SIGLEC5 rs73050865 19 G 15.66 7.57 × 10−5 1.75 3.62 0.0573 0.75

SIGLEC5 *rs4284742 19 A 14.71 0.0001 1.41 73.58 9.68 × 10−18 0.46

NIN *rs12883458 14 C 10.61 0.0011 1.49 13.35 0.0003 1.43

SIGLEC5 rs4802831 19 C 4.84 0.0278 1.37 7.31 0.0068 0.68

Table 3.  Significant SNPs identified in single marker-based association analyses stratified by clinical severity of 
chronic periodontitis. Chr: chromosome; A1: tested allele. *Significant SNPs identified in single marker-based 
association analyses.

SNP Chr A1 Gene

BOP PD CAL

β STAT P β STAT P β STAT P

rs12883458 14 C NIN 0.45 1.47 0.1423 −0.01 −0.11 0.9154 0.01 0.19 0.8486

rs4284742 19 A SIGLEC5 −2.35 −9.13 3.43 × 10−19 −0.38 −8.04 2.34 × 10−15 −0.57 −13.20 5.92 × 10−37

Table 4.  Association between significant SNPs and clinical severity measurements of chronic periodontitis in 
1,076 cases. Chr: chromosome; BOP: bleeding on probing; PD: probing depth; CAL: clinical attachment loss.

Figure 1.  Relationship between genotypes of rs4284742 and clinical attachment loss. (a) Violin plot for 
genotypes of rs4284742 and clinical attachment loss. (b) Box plot for genotypes of rs4284742 and clinical 
attachment loss.
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Thus, the likelihood that the two SNPs were eQTL is very low. Combining all of these findings, we could conclude 
that both significant SNPs, rs12883458 and rs4284742, might be surrogates of other underlying variants with true 
effects. As this work is a candidate gene-based genetic association study using common polymorphisms, clearly 
identifying the variants with true effects based on data from this study is difficult. Nevertheless, the results from 
stratification analyses could provide some information from this work. In addition to rs4284742, we identified 
5 other SNPs of SIGLEC5 that were significantly associated with CP status in both the moderate and severe CP 
groups. Interestingly, the most significant SNP in the moderate CP group was not rs4284742 but rs2278831, 
which is a nonsynonymous variant of SIGLEC5 (Phe322 Ser). This SNP altered the amino acid sequence of the 
protein product encoded by SIGLEC5 and might therefore be a potential candidate for a true effective variant. In 
recent decades, with the fast developments of high-throughput technologies, candidate gene association studies 
have successfully identified many susceptibility locus for complex diseases30–40. Nevertheless, the data of our sin-
gle study were not sufficient to confirm this hypothesis. Further studies, especially studies based on sequencing 
technology, are still needed in the future to systematically unravel the genetic architecture of CP.

In the stratification analyses, we identified SNP rs4284742, and the other 5 SNPs of SIGLEC5 had differential 
patterns of effects in moderate and severe CP patients. The minor alleles of these SNPs were significantly related 
to elevated CP risk in moderate CP cases, while these same minor alleles had protective effects in the severe CP 
group (5 of 6 were significant). This observation has never been reported in previous studies, although stratifica-
tion analyses by severity of CP have often been conducted18–20. One possible explanation for this observation is 
that SIGLEC5 might play different roles in the disease pathology in moderate and severe CP. A hypothesis is that 
the associated SIGLEC5 variants might affect the progression of CP from moderate to severe, rather than the risk 
of disease. Another explanation is that the estimated LD structures of these reported SNPs and the underlying 
variants with true effects were not similar between the moderate and severe CP groups in the study. In the stratifi-
cation analyses, each group had fewer samples than the full sample set. Therefore, the estimation of LD structures 
might be significantly altered. In this sense, the patterns of association signals would be altered in turn. Future 
replication studies are needed to validate both assumptions. If our findings of this differential pattern cannot be 
replicated by other studies, then the differential pattern of association signals is likely explained by the decreased 
sample size in the stratification analyses. However, if this differential pattern in the effect direction of rs4284742 
could be replicated by several follow-up studies, then this SNP could play a role in the underlying pathological 
mechanisms of CP.

Associations between both significant SNPs and clinical severity indicators of CP identified a significant hit 
for rs4284742. The major allele of rs4284742, allele G, was significantly associated with elevated levels of BOP, PD 
and CAL. Each copy of the G allele could increase the CAL level by approximately 0.6 on average. This significant 
signal was not identified for rs12883458 of NIN. Our findings indicated that rs4284742 not only contributed to 
the risk of CP but also was related to an elevated level of CP severity.

This study had several limitations. First, in this study, we only genotyped SNPs located within the gene regions 
of NIN and SIGLEC5. However, regions several kb up/downstream of these genes have been proven to be very 
important regulatory regions. Omitting these regions would reduce the genetic information coverage and may 
miss some potential significant hits. Second, we did not apply any procedures to control population stratification, 
which is a major confounder in genetic association studies. According to the Q-Q plot of the results of the genetic 
association analyses, no systematic inflation of P value significance could be observed. Nevertheless, drawing 
conclusions regarding population stratification from a Q-Q plot made from genotyping variants of two genes is 
insufficient.

Conclusion
In the present study, we found SNPs of NIN and SIGLEC5 to be significantly associated with CP. SNPs in SIGLEC5 
were also found to be significantly related to the clinical severity of CP. According to evidence from bioinformat-
ics analyses, both significant SNPs, rs12883458 and rs4284742, are likely surrogates of underlying variants with 
true effects. Studies based on sequencing technology are still needed in the future to investigate the true effective 
markers.

References
	 1.	 Stabholz, A., Soskolne, W. A. & Shapira, L. Genetic and environmental risk factors for chronic periodontitis and aggressive 

periodontitis. Periodontol 53, 138–153 (2000).
	 2.	 Shaddox, L. M. & Walker, C. B. Treating chronic periodontitis: current status, challenges, and future directions. Clinical, cosmetic 

and investigational dentistry 2, 79–91 (2010).
	 3.	 Demmer, R. T. & Papapanou, P. N. Epidemiologic patterns of chronic and aggressive periodontitis. Periodontol 2000(53), 28–44, 

https://doi.org/10.1111/j.1600-0757.2009.00326.x (2010).
	 4.	 Albandar, J. M. & Rams, T. E. Global epidemiology of periodontal diseases: an overview. Periodontol 2000(29), 7–10 (2002).
	 5.	 Cortelli, J. R., Cortelli, S. C., Jordan, S., Haraszthy, V. I. & Zambon, J. J. Prevalence of periodontal pathogens in Brazilians with 

aggressive or chronic periodontitis. Journal of clinical periodontology 32, 860–866, https://doi.org/10.1111/j.1600-051X.2005.00777.x 
(2005).

	 6.	 Albandar, J. M. Epidemiology and risk factors of periodontal diseases. Dental clinics of North America 49, 517–532, v-vi, https://doi.
org/10.1016/j.cden.2005.03.003 (2005).

	 7.	 Ng, S. K. & Leung, W. K. Oral health-related quality of life and periodontal status. Community dentistry and oral epidemiology 34, 
114–122, https://doi.org/10.1111/j.1600-0528.2006.00267.x (2006).

	 8.	 Borges Tde, F. et al. Changes in masticatory performance and quality of life in individuals with chronic periodontitis. Journal of 
periodontology 84, 325–331, https://doi.org/10.1902/jop.2012.120069 (2013).

	 9.	 Kamer, A. R. et al. Inflammation and Alzheimer’s disease: possible role of periodontal diseases. Alzheimer’s & dementia: the journal 
of the Alzheimer’s Association 4, 242–250, https://doi.org/10.1016/j.jalz.2007.08.004 (2008).

https://doi.org/10.1038/s41598-019-38632-5
https://doi.org/10.1111/j.1600-0757.2009.00326.x
https://doi.org/10.1111/j.1600-051X.2005.00777.x
https://doi.org/10.1016/j.cden.2005.03.003
https://doi.org/10.1016/j.cden.2005.03.003
https://doi.org/10.1111/j.1600-0528.2006.00267.x
https://doi.org/10.1902/jop.2012.120069
https://doi.org/10.1016/j.jalz.2007.08.004


www.nature.com/scientificreports/

6Scientific Reports |          (2019) 9:2088  | https://doi.org/10.1038/s41598-019-38632-5

	10.	 Tezal, M. et al. Chronic periodontitis and the incidence of head and neck squamous cell carcinoma. Cancer epidemiology, 
biomarkers & prevention: a publication of the American Association for Cancer Research, cosponsored by the American Society of 
Preventive. Oncology 18, 2406–2412, https://doi.org/10.1158/1055-9965.EPI-09-0334 (2009).

	11.	 Hujoel, P. P. Does chronic periodontitis cause coronary heart disease? A review of the literature. Journal of the American Dental 
Association 133, 31s–36s, https://doi.org/10.14219/jada.archive.2002.0377 (2002).

	12.	 Michalowicz, B. S. et al. Change in periodontitis during pregnancy and the risk of pre-term birth and low birthweight. Journal of 
clinical periodontology 36, 308–314, https://doi.org/10.1111/j.1600-051X.2009.01385.x (2009).

	13.	 Bergstrom, J. Cigarette-Smoking as Risk Factor in Chronic Periodontal-Disease. Community dentistry and oral epidemiology 17, 
245–247, https://doi.org/10.1111/j.1600-0528.1989.tb00626.x (1989).

	14.	 Albandar, J. M., Streckfus, C. E., Adesanya, M. R. & Winn, D. M. Cigar, pipe, and cigarette smoking as risk factors for periodontal 
disease and tooth loss. Journal of periodontology 71, 1874–1881, https://doi.org/10.1902/jop.2000.71.12.1874 (2000).

	15.	 Van Dyke, T. E. & Sheilesh, D. Risk factors for periodontitis. Journal of the International Academy of Periodontology 7, 3–7 (2005).
	16.	 Corey, L. A., Nance, W. E., Hofstede, P. & Schenkein, H. A. Self-reported periodontal disease in a Virginia twin population. Journal 

of periodontology 64, 1205–1208, https://doi.org/10.1902/jop.1993.64.12.1205 (1993).
	17.	 Michalowicz, B. S. et al. Evidence of a substantial genetic basis for risk of adult periodontitis. Journal of periodontology 71, 

1699–1707, https://doi.org/10.1902/jop.2000.71.11.1699 (2000).
	18.	 Munz, M. et al. A genome-wide association study identifies nucleotide variants at SIGLEC5 and DEFA1A3 as risk loci for 

periodontitis (vol 26, pg 2577, 2017). Human molecular genetics 27, 941–942, https://doi.org/10.1093/hmg/ddy015 (2018).
	19.	 Divaris, K. et al. Exploring the genetic basis of chronic periodontitis: a genome-wide association study. Human molecular genetics 

22, 2312–2324, https://doi.org/10.1093/hmg/ddt065 (2013).
	20.	 Hong, K. W., Shin, M. S., Ahn, Y. B., Lee, H. J. & Kim, H. D. Genomewide association study on chronic periodontitis in Korean 

population: results from the Yangpyeong health cohort. Journal of clinical periodontology 42, 703–710, https://doi.org/10.1111/
jcpe.12437 (2015).

	21.	 Shaffer, J. R. et al. Genome-wide association study of periodontal health measured by probing depth in adults ages 18–49 years. G3 
(Bethesda) 4(2), 307–314 (2014).

	22.	 Rhodin K et al. Chronic periodontitis genome-wide association studies: gene-centric and gene set enrichment analyses. J Dent Res 
93(9), 882–890 (2014).

	23.	 Avril, T., Freeman, S. D., Attrill, H., Clarke, R. G. & Crocker, P. R. Siglec-5 (CD170) can mediate inhibitory signaling in the absence 
of immunoreceptor tyrosine-based inhibitory motif phosphorylation. Journal of Biological Chemistry 280, 19843–19851, https://doi.
org/10.1074/jbc.M502041200 (2005).

	24.	 Crocker, P. R., Paulson, J. C. & Varki, A. Siglecs and their roles in the immune system. Nature Reviews Immunology 7, 255–266, 
https://doi.org/10.1038/nri2056 (2007).

	25.	 Yang, Q., Khoury, M. J., Sun, F. & Flanders, W. D. Case-only design to measure gene-gene interaction. Epidemiology 10(2), 167–170 
(2014).

	26.	 Barrett, J. C., Fry, B., Maller, J. & Daly, M. J. Haploview: analysis and visualization of LD and haplotype maps. Bioinformatics 21, 
263–265, https://doi.org/10.1093/bioinformatics/bth457 (2005).

	27.	 Gabriel, S. B. et al. The structure of haplotype blocks in the human genome. Science 296(5576), 2225–2229 (2014).
	28.	 Purcell, S. et al. PLINK: A tool set for whole-genome association and population-based linkage analyses. American journal of human 

genetics 81, 559–575, https://doi.org/10.1086/519795 (2007).
	29.	 Carithers, L. J. & Moore, H. M. The Genotype-Tissue Expression (GTEx) Project. Biopreservation and biobanking 13, 307–308, 

https://doi.org/10.1089/bio.2015.29031.hmm (2015).
	30.	 Guan, F. et al. MIR137 gene and target gene CACNA1C of miR-137 contribute to schizophrenia susceptibility in Han Chinese. 

Schizophr Res. 152, 97–104 (2014).
	31.	 Zhang, B. et al. Association study identifying a new susceptibility gene (AUTS2) for schizophrenia. International journal of molecular 

sciences 15(11), 19406–19416 (2014).
	32.	 Liu, X. et al. Dopamine D3 Receptor‐Regulated NR2B Subunits of N‐Methyl‐d‐Aspartate Receptors in the Nucleus Accumbens 

Involves in Morphine‐Induced Locomotor Activity. CNS neuroscience & therapeutics 20(9), 823–829 (2014).
	33.	 Zhu, L. et al. mRNA changes in nucleus accumbens related to methamphetamine addiction in mice. Scientific reports 6, 36993 

(2016).
	34.	 Feng, Z. et al. Fabrication of Fe3O4 nanoparticle-coalesced hydroxylated multi-walled carbon nanotubes for the analysis of 

strychnine in human serum. Analytical Sciences 31(5), 399–406 (2015).
	35.	 Zhang, T. et al. Combining information from multiple bone turnover markers as diagnostic indices for osteoporosis using support 

vector machines. Biomarkers 15, 1–7 (2018).
	36.	 Liu, D. et al. Ago2 and Dicer1 are involved in METH‐induced locomotor sensitization in mice via biogenesis of miRNA. Addict Biol, 

https://doi.org/10.1111/adb.12616 (2018).
	37.	 Han, W. et al. Relationship of common variants in CHRNA5 with early-onset schizophrenia and executive function. Schizophr Res. 

S0920-9964(18)30613-3, https://doi.org/10.1016/j.schres.2018.10.011 (2018).
	38.	 Zhang, T. et al. Voltage-gated calcium channel activity and complex related genes and schizophrenia: A systematic investigation 

based on Han Chinese population. Journal of psychiatric research 106, 99–105 (2018).
	39.	 Li, J. et al. Relationship between schizophrenia and changes in the expression of the long non-coding RNAs Meg3, Miat, Neat1 and 

Neat2. Journal of psychiatric research 106, 22–30 (2018).
	40.	 Chen, Y. et al. Depletion of D3 dopamine receptor affects methamphetamine-induced expression patterns of Pde4b and Atf3. 

Neuroscience letters 665, 54–60 (2018).

Acknowledgements
We thank the participation of volunteers, patients and their families. This research was supported by China 
Postdoctoral Science Foundation Funded Project (No. 2017T100756 and 2016M590953). The funding sources 
had no role in the design of this study, the collection, analysis and interpretation of data, the writing of the report, 
or the decision to submit the paper for publication.

Author Contributions
H. Tong has done sample collection, genotyping, data analysis and written the manuscript which was critically 
revised by N. Zhang; T. Zhang has helped in data analysis; B. Zhang has helped in DNA sample preparation and 
genotyping; Z. Wei, J. Yin, C. Deng and Y. Huang conducted subject screening; Z. Wei and J. Yin have clinically 
characterized the patients whose biological samples have been included in the study; N. Zhang has conceptualized 
and led this project including arranging for the required funds. All authors reviewed the manuscript.

https://doi.org/10.1038/s41598-019-38632-5
https://doi.org/10.1158/1055-9965.EPI-09-0334
https://doi.org/10.14219/jada.archive.2002.0377
https://doi.org/10.1111/j.1600-051X.2009.01385.x
https://doi.org/10.1111/j.1600-0528.1989.tb00626.x
https://doi.org/10.1902/jop.2000.71.12.1874
https://doi.org/10.1902/jop.1993.64.12.1205
https://doi.org/10.1902/jop.2000.71.11.1699
https://doi.org/10.1093/hmg/ddy015
https://doi.org/10.1093/hmg/ddt065
https://doi.org/10.1111/jcpe.12437
https://doi.org/10.1111/jcpe.12437
https://doi.org/10.1074/jbc.M502041200
https://doi.org/10.1074/jbc.M502041200
https://doi.org/10.1038/nri2056
https://doi.org/10.1093/bioinformatics/bth457
https://doi.org/10.1086/519795
https://doi.org/10.1089/bio.2015.29031.hmm
https://doi.org/10.1111/adb.12616
https://doi.org/10.1016/j.schres.2018.10.011


www.nature.com/scientificreports/

7Scientific Reports |          (2019) 9:2088  | https://doi.org/10.1038/s41598-019-38632-5

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-38632-5.
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-38632-5
https://doi.org/10.1038/s41598-019-38632-5
http://creativecommons.org/licenses/by/4.0/

	Genetic susceptibility of common polymorphisms in NIN and SIGLEC5 to chronic periodontitis

	Methods

	Study subjects. 
	SNP selection and genotyping. 
	Statistical analyses. 
	Bioinformatics analyses. 

	Results

	Genetic associations for CP status. 
	Differential effects of multiple SNPs from SIGLEC5 in moderate and severe CP patients. 
	Significant associations between susceptible SNPs and clinical severity of CP. 
	Gene-gene interactions and bioinformatics analyses. 

	Discussion

	Conclusion

	Acknowledgements

	Figure 1 Relationship between genotypes of rs4284742 and clinical attachment loss.
	Table 1 Demographic and clinical characteristics of the subjects.
	Table 2 Significant SNPs identified in single marker-based association analyses.
	Table 3 Significant SNPs identified in single marker-based association analyses stratified by clinical severity of chronic periodontitis.
	Table 4 Association between significant SNPs and clinical severity measurements of chronic periodontitis in 1,076 cases.




