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Abstract- In inflammatory diseases such as peri-implantitis (PI) and chronic periodontitis (CP) both
adaptive and innate immunity play a part. Natural resistance associated macrophage protein 1 (NRAMP1) has
considerable effects on macrophage function (phagocytosis) and host innate immune response against
infections. The present study was to investigate the relationship of NRAMP1 gene polymorphisms with PI and
CP in an Iranian population. In this cross sectional study 79 patients with CP, 38 patients with PI and 84
healthy controls presenting to the Periodontology Department of Shahid Beheshti University of Medical
Sciences were enrolled. DNA was extracted from fresh blood samples of arm vein of participants and
transferred to KBiosience institute (United Kingdom) for genotyping. X2 and Fisher’s exact tests were used
by SPSS software v.19 for statistical analyzes. Significant differences were detected in the distribution of
genotypes between control and CP groups both for rs17235409 and 152276631 polymorphisms (P:0.044 and
P:0.028 respectively). Distribution of genotypes differed insignificantly in comparison of PI and control
groups for 1s2276631 (P:0.623) and either rs17235409 (P:1) polymorphisms. Based on our results, we
conclude that presence of G allele in both rs2276631 and rs17235409 location may be a protective factor
against CP. More studies with a larger sample size in different populations are required for confirming

NRAMPL1 as a genetic determinant in periodontal disorders.
© 2016 Tehran University of Medical Sciences. All rights reserved.
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Introduction

Peri-implantitis (PI) and chronic periodontitis (CP)
are multifactorial diseases of dental implant and tooth
which are caused by microbial pathogens that result in
inflammation of the supporting tissues (1,2). The
accumulation of sub-gingival plaque on the
implant/tooth surfaces may lead to host inflammatory
responses that in turn may progress into peri-implantitis
and periodontitis and result in eventual implant/tooth
loss (3). Environmental factors and genetic
predispositions may be responsible for differences in
immune response to periodontal pathogens (4,5).

Peri-implantitis has less prevalent in comparison

with chronic periodontitis and the studies have yielded
highly variable results for prevalence of peri-implantitis
(6-9). Previous studies have shown that patients who
have lost one implant are more likely to experience
additional failures; this phenomenon may be related to
genetic variations (10). Genetic factors contribute to the
pathogenesis of periodontitis (11). Many studies have
cited the relationship of peri-implantitis and
periodontitis with gene polymorphisms of immune
response components (12-17).

In inflammatory diseases such as peri-implantitis and
periodontitis, both adaptive and innate immunity play a
part. Phagocytosis plays a key role in innate immunity to
eliminate pathogens through diverse mechanisms
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including antimicrobial enzymes, low pH, peptides, and
oxidizing reagents (18,19). Natural resistance associated
macrophage protein 1(NRAMP1) has considerable
effects on macrophage function (phagocytosis) and host
innate immune response against infections. NRAMP1 is
also a heme binding agent and plays a bacteriostatic role
in infections caused by bacteria for whom heme is an
essential nutrient such as Porphyromonas gingivalis and
Prevotella intermedia which contribute to peri-
implantitis and periodontitis (20).

NRAMP1 is encoded by the solute carrier family 11a
member 1 (SLC11A1) gene. The location of SLC11Al
gene is on chromosome 2q35 and has 15 exons spanning
about 14 Kb (21,22).

SLC11A1 contains a number of single nucleotide
polymorphisms (SNPs), including rs17235409 (in exon)
and rs2276631 (in intron) that change the protein
function (23). There are many studies that have
evaluated the association of these SNPs with
inflammatory, autoimmune and infectious diseases
including leishmaniasis, tuberculosis,
inflammatory bowel disease (IBD), multiple sclerosis,
leprosy, type 1 diabetes mellitus, Crohn’s disease and
rheumatoid arthritis (21-24).

The present study was the first in dentistry to
investigate the relationship of NRAMP1 gene
polymorphisms with peri-implantitis and chronic
periodontitis in an Iranian population.

visceral

Materials and Methods

The principles of this cross sectional study were
based on STROBE and STREGA statements (25). The
study protocol was thoroughly explained to the subjects
and written informed consent was obtained from them.
The Institutional Clinical Research Ethics Committee of
Dental Research Center, Shahid Beheshti University of
Medical Sciences approved this study.

We evaluated 2600 individuals who had been treated
in our department from 2001 to 2010. A total of 201
people passed our strict criteria and enrolled this study
as three groups: Chronic periodontitis (CP), peri-
implantitis (PI) and healthy subjects (N).

Previously, we obtained 5 cc blood samples from
arm vein of each individual in order to evaluate the
effect of OPG gene polymorphism (26). The DNAs was
extracted using the DNA extraction kit (CinnaGen Inc.,
Tehran, Iran), according to the manufacturer’s
instructions. After genotyping, the remained blood and
DNA samples were stored at -4°C and -70 ° C freezers,
respectively for further analysis. For genotyping of this
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study, the DNA samples were re-extracted and were
transported to KBiosience Ltd Co (Hoddesdon, UK).
Thereby the blood samples from patients and healthy
subjects in our previous study (OPG SNPs) (26,27) were
used for this study, too.

All individuals were evaluated by clinical and
radiographic examinations including probing pocket
depth (PPD), plaque index (PI) using standard Williams
probes (Hu-Friedy, Chicago, IL, USA), bleeding index
(BI) and clinical attachment level (CAL) measurements
were carried out at 4 sites around each tooth/implant
(mesial, distal, mid-buccal and mid-lingual). Clinical
assessments were performed by an expert periodontist
with 93% reproducibility based on the intra-class
correlation coefficient index (one of the authors, M.K)

Exclusion criteria for all groups were: Oral diseases
other than caries and periodontal disease, ongoing
orthodontic therapy, smoking, a history of systemic or
local disease with influence on the immune system,
diabetes  mellitus,  hepatitis, HIV  infection,
immunosuppressive chemotherapy, current pregnancy,
lactation or orthodontic treatment and non-Iranian
population. The criteria for healthy subjects were as
follows: Presence of at least 20 teeth in the mouth, no
bleeding on probing, plaque index less than 20%,
clinical attachment loss less than 1mm on all sites. No
periodontal disease, no periodontal treatment except for
routine scaling and polishing, no systemic diseases or
medication intake, no smoking. If they had implants,
they had to have peri-implant probing depth<4mm
without radiographic evidence of bone loss, no evidence
of peri-implant mucositis or peri-implantitis.

The subjects in chronic periodontitis group had to
have at least 5 teeth, except the third molar in each
quadrant. The diagnosis of chronic periodontitis was
established based on radiographic and clinical
parameters, including plaque index (PI>20%), probing
pocket depth (PPD), clinical attachment level (CAL) and
bleeding on probing (both BOP + or - included).
Periodontally diseased individuals (each of generalizing
or localize forms) had to have at least three teeth with
CAL>3mm and PPD>3mm in at least two quadrants.
Subjects in the peri-implantitis group had to have one or
more implants placed and functionally loaded for more
than one year. The peri-implant probing depth of at least
one site had to be >5 mm with or without suppuration /
bleeding on  probing. Plaque index>20%,
radiographically, the crestal bone loss had to be present
in at least one site around the implant resulting in
exposure of at least two implant threads. Patients who
were in class VI, VII and VIII of Implant Success Index



(IST) were enrolled in this study (Table 1) (28).
The main criteria for disease condition were based
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on probing pocket depth and radiographic bone
loss/clinical attachment loss.

Table 1. Implant Success Index (ISI)

Scores Soft tissue level (SL) Hard tissue level (HL) Clinical Findings

ISI 1 SL+, PPD<=4mm, BOP- Clinical Healthy

ISI 11 SL+, PPD<=4mm , BOP+ Soft Tissue Inflammation

ISI 11 SL+, PPD>4mm , BOP+ Deep soft tissue pocket

ISI IV SL+ HL-, RBL<=2mm(<=20% ) Initiation of Hard Tissue Breakdown

ISI V SL- HL-, RBL<=2mm(<= 20%) Hard Tisst}e Breakdov&{n Plus

Soft Tissue Recession

ISI VI SL+ HL-, RBL:2-4 mm (<40%) Notable Hard Tissue Breakdown
Notable Hard Tissue Breakdown

ISI VI SL- HL-, RBL:2-4 mm (<40%) Plus Soft Tissue Recession

ISI VIII - RBL>+40% Severe Bone Loss

ISI 1X - Clinical mobility Clinical failure

SL: Soft Tissue Level, PPD: Probing Pocket Depth, BOP: Bleeding on Probing, HL: Hard Tissue Level, +: tissue level
located at or coronal to the reference line, - : level apical to the reference line, RBL: Radiographic Bone Loss detected via

long cone Parallel peri-apical technique.

Note: If the peri-apical of implants have a bone loss/radiolucent view (retrograde peri-implantitis) it will be identified by

placing the letter R (e.g. ISI IR, ISI IIR, ISI ITIR, etc.).

DNA extraction and genotyping

DNA extraction was performed using Bioneer DNA
purification kit (Bioneer, Daejeon, Korea). Briefly, 100
ul of blood sample was suspended in 400 ul of lysis
buffer and after vortex at maximum speed for 20
seconds, 300 pl precipitation solutions was added to the
lysate. After vortexing and centrifugation, the resulting
solution was transferred to a spin column and
centrifuged for 1 min at 12000 rpm at room temperature.
The column was washed with washing buffers I and II
respectively and then 30 pl preheated elution buffer (65
°C) was added to elute the DNA. The concentration of
DNAs was assessed by a spectrophotometer as
75nanogram. Then we transferred our DNA samples to
the company of KBioscience for SNP studies. In this
study, the rs2276631and rs17235409 SNPs of Nrampl
genes were genotyped by KASP method. The details of
this  genotyping  are  available at  URL:
www.kbioscience.co.uk/reagents/K ASP.html

The NCBI sequence used for evaluation of rs2276631
polymorphism was
GGGTCCAGGAAAGCAATGCTCATGAG[A/G]A

AGCCAGGCCCCGTGAAGGCCCATA

The NCBI sequence used for evaluation of
rs17235409 polymorphism was
ACTTCCTGTATGGGCTCCTTGAAGAGI[A/G]AC
CAGAAAGGGGAGACCTCTGGCTA
Statistical analysis was performed by SPSS version
19.5 software using Chi-square and Fisher’s exact tests.
P<0.05 was considered statistically significant.

Results

From people attended to the Periodontology
Department of Shahid Beheshti University of Medical
Sciences, 463 individuals selected for the study.
Nonetheless, according to our strict criteria only
201participants including 79 patients with chronic
periodontitis, 38 patients with peri-implantitis and 84
healthy controls were enrolled.

Clinical data and demographic characteristics of
patients and controls are presented in Table 2.

Table 2. Demographic and clinical characteristics of subjects

Objectives Age Sex Prob:jr;%t[?]ocket Attachment
Groups Female Male (Mean + SD) bone loss
g_‘;g;'c periodontitis ) 483 (26 to 60) N: 36 N: 43 5.95£0.75 5.3420.85
I(—ri]ggld:c)hy periodontium —\\ 384 (31 10 55) N: 41 N: 43 1.83£0.68 0.1740.11
Peri-implantitis (n: 38)  Mean: 50.2 (29 to 60) N: 20 N: 18 6.81+0.52 4.44+1.89
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Some of our samples were missed during the
genotyping process as reported in Table 3 and 4.

In evaluating rs17235409 (Table 3), the results
showed that significant differences were detected within
the distribution of genotypes between healthy controls
and CP group (P=0.044). While the Fisher’ exact test
revealed no significant differences between control and
PI groups in the distribution of genotypes (P=1). All PI
patients (n=38) had GG genotype and the frequency of
AA and GA were 0. There were insignificant differences

between genotype distributions of CP and PI (P=0.298).

Chi-square test showed significant differences
between genotypes regarding rs2276631 polymorphism
in control and CP groups (Table 3, P-value=0.028). The
Distribution of genotypes differed insignificantly in
comparison of PI and control groups (P=0.623). The
genotype comparison of CP and PI revealed no
significant differences (P=0.065). The frequencies of
AA, GA and GG genotypes in PI group were 0(0.0%),
10(27%) and 28(73%), respectively.

Table 3. Genotype and allele frequencies of the NRAMP1
rs17235409 polymorphism

rs17235409 Chronic Controls

enotypes periodontitis n (%) P.value
genotyp n (%)
A:A 0(0.0) 0(0.0)
G:A 4(5.0) 0(0.0) Fisher's exact test:
G:G 69 (87.5) 84 (100) P value equals
Missed 6(7.5) 0(0.0) 0.0447
Total 79 (100) 84 (100)

Table 4. Genotype and allele frequencies of the NRAMP1
rs2276631 polymorphism

Chronic

Genotypes . " Controls
periodontitis o P.value
rs2276631 0 (%) n (%)
AA 1(1.3) 0(0)
: 26 (34. 15 (1

G:A 6 34.7) 57 Chi squared equals 4.789
G:G 48 (64) 64 (76) P.value=0.0286
Missed 0(0.0) 6(7)
Total 79 (100) 84 (100)

Discussion population. The more prevalence of G allele could be

detected in more healthy samples.
Chronic periodontitis and peri-implantitis are Statistically, significant differences were observed

characterized by the presence of bacteria, inflammation,
and bleeding of gingiva, bone loss and deep
periodontal/peri-implant pockets with or without pus.
NRAMP1 plays a significant role in innate immunity
(especially in phagocytosis of macrophages). Also,
NRAMP1 is a bacteriostatic agent. Its mechanism of
action is through consuming the heme, an essential
nutrient for two common periodontal pathogens (P.
gingivalis and P. intermedia). Evidence has shown that
some gene polymorphisms of NRAMP1 could alter its
function. This study was the first to evaluate the
correlation of two functional SNPs of NRAMP1 with CP
and PI. Our results indicated that rs17235409 and
1s2276631 (A to G allele substitution in NRAMP1 gene)
are associated with chronic periodontitis in an Iranian
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in genotypes of rs17235409 between controls and
patients with chronic periodontitis. This finding should
be interpreted with caution because in our study group
we did not detect any AA genotype (in controls and
patients). The differences in the frequency of genotypes
of rs2276631 among the study groups were also
statistically significant between CP and control groups.
To the best of our knowledge, no study has evaluated
the NRAMP1 polymorphism in dentistry; thus,
comparison of results was not possible. However, SNPs
in other components of immune response have been
reported in different populations with controversial
results. Lachmann and colleagues found no correlation
between ILIcomposite genotype and peri-implantitis
(29). Bormann et al., in their review concluded that IL1



polymorphism alone is not a risk factor for peri-
implantitis while in combination with smoking can
significantly enhance peri-implantitis (30). Menezes and
colleagues failed to find an association between CP and
tumor necrosis factor alpha (TNFa) polymorphism (31).
Campos et al, studied the SNPs in L2, ILS,
transforming growth factor beta (TGFb) and matrix
metalloproteinase (MMP) genes in early failed implants
and detected no relationship (32,33). On the contrary,
many studies reported significant associations between
relevant diseases and SNPs. For instance, Santos and
colleagues cited that there may be an association
between early implant loss and MMP1 SNP in
Brazilians (34). Costa-Junior et al., reported that
promoter polymorphism of MMP8 has a significant
relationship with the failure of osseointegration (35).
Dereka and colleagues in their review showed that SNP
of IL1 receptor antagonist (ILLRN), IL1a and IL1b were
correlated with increased peri-implant tissue infection
and destruction (36). Baradaran et al., found that
aggressive periodontitis is associated with SNP of IL-
1RN (37). Martelli and colleagues reported that VDR
polymorphism is associated with chronic periodontitis
(38). Andia et al., concluded that SNP of IL8 may be a
genetic determinant for periodontitis. The SNP of
NRAMP1 has not yet been evaluated in dentistry (39).
However, there are published studies regarding its
association with other diseases with similar pathogenesis
(infectious, inflammatory or autoimmune diseases).
Stages and colleagues reported the significant
association of SNP in NRAMP1 gene with pulmonary
tuberculosis in a Greek population (40). This finding is
supported by the results of a review article conducted by
Ates et al., (41). Rheumatoid arthritis was also reported
to be correlated with SNP of NRAMP1 (rs3731865) (41).
Another study by Ates and colleagues showed that
Behget's syndrome is associated with polymorphism of
NRAMP1 in a Turkish population (42). Conversely,
there are some studies reporting negative association of
NRAMP1 SNPs with pulmonary tuberculosis, (43)
multiple sclerosis, (44) leprosy, (45) and etc.

The present study had some limitations regarding
peri-implantitis (PI) that necessitate more relevant
research in this respect. These limitations are as follows:
Low prevalence of genotypes that may be due to the
small sample size resulted from our strict criteria, our
control group comprised both healthy teeth and healthy
implants, lack of sufficient evidence for the etiology of
PI which results in unsuccessful preventive efforts, lack
of an accredited and unique definition and classification
for PI in order to achieve a correct clinical judgment, the
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multifactorial nature of the PI and CP diseases
necessitates further research on other factors such as the
impact of genetic predispositions of the immune
components upon tissue presentation of them, in
addition, there are other contributing factors that affect
the diagnosis, treatment planning and treatment of
patients including the time of implant loading, expertise
of the clinician, patient’s oral health status and local
habits, the time of visits, the expertise of the observers
(inter-examiner error) and etc.

Based on our results, we conclude that presence of G
allele in both rs2276631 and rs17235409 location may
be a protective factor against chronic periodontitis. More
studies with a larger sample size in population of
different origins are required for confirming NRAMPL1 as
a genetic determinant in dental disorders.
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