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Abstract

Introduction—It has been proposed that individual genetic predisposition may contribute to 

persistent apical periodontitis. Cytokines are associated with levels of inflammation and are 

involved in caries, pulpal, and periapical tissue destruction. We hypothesized that polymorphisms 

in cytokine genes may contribute to an individual’s increased susceptibility to apical tissue 

destruction in response to deep carious lesions.

Methods—Subjects with deep carious lesions, with or without periapical lesions (≥ 3 mm) were 

recruited at the University of Pittsburgh and the University of Texas at Houston. Genomic DNA 

samples of 316 patients were sorted into 2 groups: 136 cases with deep carious lesions and 

periapical lesions (cases), and 180 cases with deep carious lesions but no periapical lesions 

(controls). Nine single nucleotide polymorphisms in IL1B, IL6, TNF, RANK, RANKL and OPG 
genes were selected for genotyping. Genotypes were generated by endpoint analysis using Taqman 

chemistry in a real-time polymerase chain reaction instrument. Allele and genotype frequencies 

were compared among cases and controls using PLINK program. Ninety-three human periapical 

granulomas and 24 healthy periodontal ligament tissues collected post-operatively were used for 

mRNA expression analyses of IL1B.

Results—A SNP in IL1B (rs1143643) showed allelic (P=0.02) and genotypic (P=0.004) 

association with cases of deep caries and periapical lesions. We also observed altered transmission 

of IL1B marker haplotypes (P = 0.02) in these individuals. IL1B was highly expressed in 

granulomas (P<0.001).
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Conclusions—Variations in IL1B may be associated with periapical lesion formation in 

individuals with untreated deep carious lesions. Future studies could help predict host 

susceptibility to developing periapical lesions.
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INTRODUCTION

Periapical inflammation occurs as a consequence of various insults to the dental pulp, 

including infection, physical and iatrogenic trauma (1). It is viewed as a dynamic encounter 

between microbial factors and host defenses at the interface between infected radicular pulp 

and periodontal ligament that results in local inflammation, resorption of hard tissues, 

destruction of other periapical tissues, and eventual formation of various histopathological 

categories of apical periodontitis, commonly referred to as periapical lesions (2). A network 

of stimulatory and inhibitory factors may influence the intensity of the defense and 

inflammatory responses and the balance between bone resorption and regeneration, resulting 

in lesion expansion or healing of apical periodontitis (3, 4).

In addition to local factors, genetic predisposition has been suggested as a differential 

etiologic factor for apical periodontitis development (5, 6, 7, 8, 9). Moreover, genetic 

susceptibility may influence host response to endodontic infection (9)

Cytokines play a major role in inflammatory and immune responses within the bone 

microenvironment. The balance between pro- and anti-inflammatory mediators determines 

the outcome of resorption in bone destructive diseases, including periapical granulomas (4, 

10). The recognition of microbial structures such as lipopolysaccharides from Gram-

negative bacteria through Toll-like receptors (TLRs) triggers intracellular signaling pathways 

that culminate in an inflammatory cytokine response and bone lesions (11). Previous studies 

have demonstrated that cytokines such as members of the TNF super family and interleukins 

are established agents in the pathogenesis of chronic inflammatory diseases including 

pulpitis and apical periodontitis (12, 13, 14, 15).

Here, we hypothesized that polymorphisms in cytokine genes may contribute to an 

individual’s increased susceptibility to apical tissue destruction in response to deep carious 

lesions. Hence, combined bacterial/host genotyping may provide an important tool in 

defining disease risk and targeting bacteria eradication to high-risk individuals

MATERIAL AND METHODS

Sample Population

Two different patient sources were used in this study. The first source was obtained from the 

University of Pittsburgh Dental Registry and DNA Repository (DRDR), which gathers 

clinical information and DNA samples from saliva from patients seeking treatment at the 

School of Dental Medicine and that agree to participate in the registry. Data is extracted 
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from electronic patient records and linked to the DNA samples for genetic/clinical research 

and provided to investiagtors in deidenitifed format upon approved protocols.

The second source of patient samples was the Endodontic clinic at the University of Texas 

Health Science Center School of Dentistry at Houston. Patients were invited to participate if 

they met the selection criteria, and signed an informed consent document prior to data and 

sample collection. Both sources of patients derive from ongoing projects and new samples 

are collected routinely. For this study, samples were collected over a period of 5 years.

This study was approved by the University of Pittsburgh and the University of Texas 

Institutional Review Boards. All participants signed an informed consent and provided a 

saliva sample as source of genomic DNA.

For both datasets, individuals were selected based on their radiographic records showing 

deep carious lesions, involving at least 2/3 of the dentin depth, and periapical lesions ≥3 mm 

in diameter (cases), and individuals showing deep carious lesions but no periapical lesions 

(controls). All individuals selected for this study had thermal and electric pulpal vitality tests 

performed. Individuals presenting pulp necrosis and apical periodontitis were included In the 

‘case’ group; individuals presenting vital pulps and no apical periodontitis were included as 

controls. Patients with any systemic conditions such as diabetes or other hormonal 

alterations that are related to exacerbated or uncontrolled inflammatory responses, patients 

with medical conditions requiring the use of systemic modifiers of bone metabolism or other 

assited drug therapy (i.e., systemic antibiotics, anti-inflammatory, hormonal therapy) during 

the lat 6 months before the study were excluded. At last, our sample population consisted of 

316 white individuals with deep carious lesions: 136 case individuals (61 males, 75 females, 

average age 55 ± 3 SD) with deep carious lesions but no periapical lesions, and 180 control 

individuals (83 males, 97 females, average age 58 ± 8 SD) with deep carious lesions and 

periapical lesions.

Selection of Candidate Genes and Single Nucleotide Polymorphisms

We selected 9 single nucleotide polymorphisms spanning the IL1B, IL6, TNF, RANK, 
RANKL and OPG genes. Some of the SNPs were selected based on published reports [refs] 

and/or their locations within the genes. Additional SNPs were selected based on their 

likelihood to have functional consequences (i.e., located in the promoters, exons, or near 

exon/intron boundaries), or considered tag-SNPs as surrogates for the linkage disequilibrium 

blocks surrounding the candidate gene. We used information available at the NCBI dbSNP 

(http://www.ncbi.nlm.gov/SNP/) and HapMap Project (http://www.hapmap.org) databases to 

select polymorphisms. Details of studied genes and polymorphisms are presented in Table 1.

Genotyping

Genomic DNA was extracted from saliva using established protocols. Genotypes were 

generated using Taqman chemistry (16). Reactions were carried out in 5-μL volumes in a 

ViiA7 Sequence Detection System (Applied Biosystems, Foster City, CA). Assays and 

reagents were supplied by Applied Biosystems. The results were analyzed using EDS 

software (Applied Biosystems, Foster City, CA). In order to ensure quality control of 
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genotyping reactions, we used a non-template control (water instead of DNA) as negative 

control and a DNA sample of known genotype as positive control.

Association analyses

Allele and genotype frequencies for each polymorphism were compared among cases and 

controls using PLINK software version 1.06 (17). We used Bonferroni correction as 

implemented in PLINK to adjust for multiple testing. Haplotype analyses were performed 

for IL1B polymorphisms as implemented in PLINK.

Gene expression analyses

Ninety-three human periapical granulomas and 24 healthy periodontal ligament tissues 

collected post-operatively were used for mRNA expression analyses of IL1B in a 

quantitative real-time reverse transcription polymerase chain reaction. Periapical granulomas 

were collected from teeth referred to periapical surgery due to a failed endodontic treatment. 

Healthy periodontal ligament tissues were collected post-operatively from extracted teeth 

due to orthodontic reasons and used as controls in this study. All procedures were performed 

under IRB-approved protocols.

Total RNA was extracted from the tissue samples using TRIZOL (Life Technologies, Grand 

Island, NY), following manufacturer’s instructions. Next, the RNA pellet was dried under a 

vacuum and re-suspended in 50 mL of diethyl pyrocarbonate (DEPC)-treated water. The 

integrity of RNA samples was checked by analyzing 1μg of total RNA on a 1.2% (w/v) 

denaturing formaldehyde-agarose gel. After RNA extraction, complementary DNA was 

synthesized using 3 ug of RNA through a reverse transcription reaction using SuperScript III 

Reverse Trancriptase (Invitrogen, Carlsbad, CA). mRNA levels were measured using 

TaqMan gene expression assays (Invitrogen, Carlsbad, CA in a real time polymerase chain 

reaction in a Viia7 instrument (LifeTechnologies, Carlsbad, CA). 18S and GAPDH were 

used as endogenous reference genes for normalization

We also investigated the mRNA expression of RANKL and OPG in the periapical 

granulomas, in order to classify them as active/progressive or inactive/stable. The definition 

of active and passive was based on the expression of RANKL and OPG in each lesion (for 

details see Menezes et al., 2008). In brief, lesions showing higher RANKL:OPG ratio were 

categorized as active whereas lesions showing higher OPG:RANKL ratio were categorized 

as inactive (18). Experiments were performed in triplicates and repeated once.

Gene Expression Data Analysis

The mean cycle threshold (Ct) values from triplicate measurements of the target gene with 

normalization to the endogenous reference genes were calculated using the delta delta Ct 

method (19). Statistical analyses included analysis of variance (ANOVA), followed by 

Bonferroni correction in GraphPad Prism 6.0 (GraphPad Inc., San Diego, CA). A P-value ≤ 

0.05 was considered statistically significant.
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RESULTS

There was no evidence of deviation from Hardy-Weinberg equilibrium for any of the 

investigated polymorphisms between the groups (data not shown). Hardy-Weinberg 

Equilibrium (HWE) is used to describe the genotype distribution of a population when it is 

large, self-contained, and randomly mating. Testing for HWE in the control group is 

commonly used to detect genotyping errors in genetic association studies (20).

The results of the association analysis in the study groups are presented in Table 1. We 

assessed genotype and allele associations between the investigated genes and individuals 

affected with deep carious lesions and periapical disease. A SNP in IL1B (rs1143643) 

showed allelic [P=0.02; OR: 1.56 (1.07 – 2.28)] and genotypic (TT, P=0.004) association in 

the individuals with deep caries and periapical lesions. Haplotype analyses showed altered 

transmission of IL1B marker alleles in cases with deep carious lesions with periapical 

disease; the combination of T-A-G alleles for SNPs rs1143643-rs1143634-rs16062 were 

overrepresented in cases with deep carious lesions with periapical disease (P=0.02) (Table 

2). No association was found with the remaining genes.

IL1B mRNA expression was significantly higher in the periapical granulomas when 

compared to healthy periodontal ligaments samples (P<0.001). A markedly increased IL1B 
expression was also observed in the active lesions (RANKL>OPG) (P=0.01) (Figure 1).

DISCUSSION

The present study examined the role of cytokine gene polymorphisms in individuals 

presenting deep caries with regards to an increased susceptibility to the development of 

apical periodontitis. Although it is widely accepted that microorganisms residing in the root 

canal system are the main cause of pulp necrosis and subsequent apical periodontitis (21), 

the observation that some individuals presenting with deep caries do not develop apical 

periodontitis is intriguing and warrants further investigation.

Recent evidence has suggested that individual genetic variance due to the presence of single 

nucleotide polymorphisms may play a role in apical periodontitis development (5, 6, 7, 8, 9). 

Cytokines play an important role in both physiological and pathological bone remodeling, as 

seen in common diseases such as osteoporosis, osteopetrosis, paget’s disease, rheumatoid 

arthritis and periodontal disease (22). Therefore cytokines are biologically relevant candidate 

genes for conditions characterized by defective bone remodeling. Indeed, single nucleotide 

polymorphisms in a variety of cytokines, including IL1B, IL6, IL10, TNFA, and in TLR4, 
an important component in the recognition and host response to lipopolysaccharide (LPS) 

from gram-negative bacteria, were associated with periodontal disease (23).

Primary endodontic contents can potentially stimulate macrophages to produce a wide 

variety of cytokines, which in turn establish different network interrelationships that are 

implicated in the development of endodontic diseases (24). IL-1B in particular, participates 

in the destruction of local tissues by stimulating bone resorption and collagenase production 

by fibroblasts (22). IL1B was previously associated with the pathogenesis of human 

periradicular lesions (14). In combination with TNF-α, IL-1B plays a role in the initiation 
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and upregulation of the inflammatory response cascade in apical periodontitis (24). 

Polymorphisms in IL8 have been associated with higher risk of developing apical 

periodontitis although no association was found with polymorphisms in IL1B, IL12B and 

TNFA (5).

In the present study, we found significant association of IL1B in cases with deep caries and 

periapical lesions. Both allelic (allele T) and genotypic TT association was found between 

an intronic SNP in IL1B (rs1143643) in cases with deep caries and periapical lesions. This 

suggests that these individuals presenting one or two copies of the T allele in this IL1B SNP 

are at increased risk for developing periapical lesions. On the other hand, individuals that do 

not have the T allele might have a protective effect against periapical lesion development. 

Despite the fact that intronic SNPs are regarded as nonfunctional with unknown clinical 

significance, recent evidence has shown that mutations located in the introns of genes can 

interfere with splicing and cause aberrant spliced mRNA transcripts leading to non-

functional proteins (25, 26).

The observation that specific IL1B allele haplotypes were overrepresented in individuals 

with deep caries and periapical lesions provides further support a likely role for IL1B in the 

pathogenesis of apical periodontitis, and may provide insights into future screening 

strategies and treatment planning options for endodontic patients. Our sample size of 136 

cases and 180 controls was sufficient to overcome potential bias of associations occurring by 

chance, although may not directly extrapolate to the results in the general population, and 

additional studies are needed to confirm the association between IL1B and susceptibility to 

apical periodontitis development.

Our findings for the gene expression analyses provide additional evidence for the role of 

IL1B in the development of apical periodontitis. IL1B mRNA expression was significantly 

higher in human periapical granulomas compared to healthy periodontal ligament controls, 

suggesting an active role for IL1B in periapical disease tissues. This is in accordance with 

previous reports (14, 24). Furthermore, the increased expression of IL1B in lesions of active/

progressive nature also highlights the importance of this particular cytokine in the 

development and/or progression of these human periapical lesions.

Overall, our results provide novel aspects for the involvement of IL1B in the development 

and progression of apical periodontitis in individuals with untreated deep carious lesions.
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Figure 1. 
IL1B mRNA expression in active and inactive periapical granulomas in comparison to 

healthy periodontal ligament. IL1B expression was significantly higher in periapical 

granulomas when compared to control tissues (**P<0.001). A markedly increased IL1B 
expression was also observed in the active lesions (RANKL>OPG)(*P=0.01).

Dill et al. Page 9

J Endod. Author manuscript; available in PMC 2017 November 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dill et al. Page 10

Ta
b

le
 1

A
ss

oc
ia

tio
n 

re
su

lts
 f

or
 th

e 
SN

Ps
 in

ve
st

ig
at

ed
.

G
en

e
C

hr
.

SN
P

 I
d.

B
as

e 
P

ai
r 

P
os

it
io

n*
A

lle
le

s#
SN

P
 f

un
ct

io
n

M
A

F
 (

ca
se

s)
M

A
F

 (
co

nt
ro

ls
)

P
-v

al
ue

§

IL
10

1
rs

57
43

62
6

20
69

44
28

5
C

/T
Si

le
nt

 M
ut

at
io

n
0.

27
0.

29
0.

87

IL
1B

2
rs

11
43

64
3

11
35

88
30

2
C

/T
In

tr
on

0.
25

0.
20

0.
02

IL
1B

2
rs

11
43

63
4

11
35

90
39

0
C

/T
Si

le
nt

 M
ut

at
io

n
0.

27
0.

30
0.

33

IL
1B

2
rs

16
06

2
11

35
91

08
1

C
/T

Si
le

nt
 M

ut
at

io
n

0.
43

0.
44

0.
51

T
N

F
6

rs
18

00
62

9
31

54
30

31
A

/G
In

tr
on

0.
14

0.
14

0.
92

IL
6

7
rs

20
69

83
0

22
76

71
37

C
/T

M
is

se
ns

e 
M

ut
at

io
n

0.
48

0.
48

0.
99

O
PG

8
rs

11
31

38
0

11
99

38
76

2
A

/C
M

is
se

ns
e 

M
ut

at
io

n
0.

25
0.

27
0.

18

R
A

N
K

L
13

rs
12

72
14

45
43

18
08

81
C

/T
M

is
se

ns
e 

M
ut

at
io

n
0.

46
0.

45
0.

93

R
A

N
K

18
rs

35
58

93
94

59
99

25
91

C
/G

Si
le

nt
 M

ut
at

io
n

0.
49

0.
50

0.
76

C
hr

. =
 C

hr
om

os
om

e

* ac
co

rd
in

g 
to

 N
C

B
I 

G
R

C
h3

7.
p1

0 
as

se
m

bl
y

# an
ce

st
ra

l a
lle

le
 in

 b
ol

d

M
A

F 
=

 m
in

or
 a

lle
le

 f
re

qu
en

cy

§ C
hi

-s
qu

ar
e 

te
st

, s
ig

ni
fi

ca
nt

 if
 P

≤0
.0

5

J Endod. Author manuscript; available in PMC 2017 November 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dill et al. Page 11

Table 2

Results of haplotype analysis for IL1B SNPs in the studied groups.

IL1 SNPs HAPLOTYPE Frequency cases Frequency controls P-value§

rs1143643|rs1143634|rs16062 TAA 0.01 0.02 0.49

rs1143643|rs1143634|rs16062 TGG 0.26 0.30 0.32

rs1143643|rs1143634|rs16062 TAG 0.27 0.19 0.02

rs1143643|rs1143634|rs16062 CAG 0.45 0.48 0.41

§
P≤0.05 indicates statistical difference (in bold).
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