Association of Fc gamma-receptors Ila, I1Ia, and IIIb genetic polymorphism
with susceptibility to chronic periodontitis in South Indian population
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Abstract

Background and Objective: Fc gamma receptors (FcyRs) are the members of the immunoglobulin superfamily and may play
a role in the pathogenesis of periodontitis. Genetic variation in these receptors and its link with various forms of periodontitis
is being studied in different populations. The aim of the present study is to determine whether specific FcyRlla, FcyRllla, and
FcyRlllb alleles and/or genotypes are associated with risk for susceptibility to generalized chronic periodontitis (GCP) in South
Indian population. Materials and Methods: The study population consisted of 120 South Indian subjects; 60 with GCP and
60 periodontally healthy. Deoxyribonucleic acid (DNA) was extracted from samples collected by scrapping buccal epithelium.
FcyRlla and FcyRllla genotyping were performed by polymerase chain reaction (PCR) amplification of DNA with allele-specific
primers followed by allele-specific restriction digestion of the products. However, FcyRIlIb genotyping was done by allele-specific
PCR. Results: No significant difference in the distribution of FcyRlla H/R and FcyRllla NA1/NA2 genotypes or their respective
alleles was observed in GCP patients and healthy subjects. For FcyRllla F/V genetic polymorphism, the homozygous V/V genotype
and V allele were significantly overrepresented in GCP patients while F/F genotype and F allele in controls. Conclusion: The
present study demonstrates that FcyRllla V/V genotype, as well as V allele, could be a possible risk factor for chronic periodontitis
in South Indian population.
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Introduction periodontopathic organisms than others.” Both genetic and
environmental factors may play a role in this inter-individual
Chronic periodontitis, as defined by 1999 World Workshop  variation."

for Classification of Periodontal Disease and Conditions, is

an infectious disease resulting in inflammation within the
supporting tissue of the teeth, progressive attachment,
and bone loss.!" It is now known that specific bacteria are
essential for the initiation and progression of periodontal
disease, although host inflammatory response also plays a
role in the amount of destruction to the supporting tissues.?
Even though this disease affects a significant percentage
of the population, some people are more susceptible to
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Genetic polymorphism of various receptors participating
actively in immunity toward infections can lead to changed
affinities of the receptors. Fc gamma receptors (FcyRs) are
vital receptor found on the surfaces of leukocytes acting
in defense against the infectious diseases.®! In humans,
there are three families of the FcyRs present on leukocytes:
FcyRI (CD64), FcyRIl (CD32), and FcyRIIl (CD16). These
receptor families are defined and based on the molecular
weights, ligand binding properties, and certain monoclonal
antibodies. These receptors are FcyRla, Ib, Ic, FcyRlla, 11b, llc,
and FcyRlIlla and 1Ib.°F Among these receptors, functional
polymorphism has been identified for four FcyR subclasses,
that is, FeyRlla, FeyRIIb, FeyRllla, and FeyRIIIb. 7!

FcyRIla expresses two alleles with a single base change
guanine (G) to alanine (A) at nucleotide 494. The proteins
encoded by these two alleles differ by two amino acids,
arginine (R) and histidine (H) at residue 131 that appears
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to be determinant to IgG2 binding."” FcyRllla illustrates a
single nucleotide polymorphism at nucleotide 559 which
involves a guanine to thiamine substitution that corresponds
to change of phenylalanine (F) to valine (V) at position 158
in the Ig-like domain 2.1""l The natural killer (NK) cells and
monocytes expressing the FcyRllla 158 V/V genotype bind
IgG1, 1gG3, and IgG4 more effectively than cells with the
FcyRllla 158F/F genotype.l'213 FeyRIIIb is the most abundantly
expressed receptor on polymorphonuclear leukocytes. It
abides two allotype forms, neutrophil antigens (NAs) 1 and 2.
These alleles divulge minor amino acid differences at position
65 and 82 in two extraglycolation sites in NA2.'" Various
studies account a much lower IgG mediated phagocytosis
of bacteria in NA2/NA2 than in NA1/NA1.1"3l

Studies well document the association/linkage of FcyR
polymorphism with various forms of periodontitis. It has
been shown that the FcyRIla 131 H/H may be associated
with a risk for chronic periodontitis in Caucasian smokers."®!
Similarly, a significant over-representation of FcyRllla-158F
has been found in Japanese patients with recurrence of
chronic periodontitis when compared with patients without
recurrence.!'”

In a similar study on genetic polymorphism of FcyRlla, Illa,
and IlIb genes in South Indian population with generalized
aggressive periodontitis (GAgP), it was concluded that FcyRllla
V/V genotypes and/or V allele as well as FcyRIIIb NA2/NA2 and/
or NA2 allele along with FcyRlla R allele may be a risk factor
for GAgP.I'®!

Considering the frequency of many allele variations between
ethnic groups and geographically distinct populations,
and that studies concerning FcyR gene polymorphism and
generalized chronic periodontitis (GCP) are not many;
particularly from India, this study was premeditated.
Hence, the purpose of the present study was to evaluate
the association among the FcyRlla, Illa, and IlIb gene
polymorphism with GCP in South Indian population.

Materials and Methods

Study population

The design and methods of the study were reviewed and
approved by the Ethical Committee for the use of human
subjects in Research of Bapuji Dental College and Hospital,
Davangere, Karnataka, India. Sixty South Indian patients with
GCP (29 males and 31 females; mean age was 37.54 years)
referred to Department of Periodontics were recruited for
the study. Sixty race matched healthy controls (32 males and
28 females; mean age was 32.23 years) were also included
in this study. Participants were explained about the nature
of the study and an informed consent was obtained with a
signed form. All participants were interviewed for systemic
health history and current medications as well as smoking
status. Subjects with history or current sign of systemic

disease affecting periodontal status were excluded from this
study. Likewise, only nonsmokers were engaged for this study.

The inclusion criteria for GCP groups were following:
Attachment loss around more than 30% of sites with clinical
attachment level (CAL) =5mm around the involved teeth.
Furthermore, the amount of destruction was consistent with
the amount of local factors. Subjects who showed neither
attachment loss nor pockets >3mm at more than one site
were classified as healthy controls. Patients with <15 teeth,
use of antibiotics in last 6 months before entered into the
study, pregnant and lactating women were excluded from
this study.

Clinical assessments

The following clinical parameters were assessed in all patients
during their first visit by two calibrated examiners: (a) Plaque
index (PI),l"”! (b) gingival index (GI),?" (c) gingival bleeding
index (GBI),?" (d) probing pocket depth (PPD) which was
determined by distance from free gingival margin to base
of the pocket, and (e) CAL expressed as the mean distance
from cemento-enamel junction to the base of the pocket.
The PPD and CAL were assessed at six sites per tooth:
Mesio-buccal, mid-buccal, disto-buccal, mesio-lingual,
mid-lingual, and disto-lingual by using William’s periodontal
probe (Hu Friedy®, USA). The measurements were rounded
to the nearest millimeter. Full mouth intraoral periapical
radiographs and orthopantomogram were also examined
for radiographic evidence of alveolar bone loss. Clinical
characteristics of both the study groups are summarized in
Table 1.

Isolation of genomic deoxyribonucleic acid

To obtain genomic deoxyribonucleic acid (DNA) from
participants in both groups buccal scrapping was obtained
with a custom made sterile wooden spatula. The collected
sample was immediately immersed in the sterile tubes
containing 1000ul of Krebs buffer solution (118 mM of
NaCl - 20%; 4.7mM of KCI - 2%; 1.2 mM of KH_PO ; and MgSO,
each; 4.2 mM of sodium hydrogen carbonate; 2.0 mM
of CaCl2 2%; 10 mM of glucose; H,0 - 2%). Krebs buffer
maintains the homeostasis and the viability of cells so that
the DNA is not lost during transit. Each sample was labeled

Table 1: Intergroup comparisons of full mouth clinical
parameters in study subjects

Clinical parameters GCP (n=60) Healthy control (n=60)
PI 1.880+0.402* 0.709+0.290

Gl 1.874+0.308* 0.078+0.137

GBI 75.30£16.156* 2.20146.065
Mean PD 4.079+0.837* 1.441£0.278
Mean CAL 5.697+1.194* 0.000

Intergroup comparison with one-way ANOVA.*P<0.001 HS. HS: Highly
significant; PI: Plaque index; Gl: Gingival index; GBI: Gingival bleeding
index; CAL: Clinical attachment level; PD: Probing depth; GCP: Generalized
chronic periodontitis
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with a code number by an assistant so that laboratory is
unaware, which sample belongs to which group. The tubes
were sealed tightly and sent to the laboratory within 24 h
of taking sample. DNA was isolated from each sample and
stored at 4°C before processing for the genomic analysis.
The genotyping was performed twice for each sample and
a sample in which discrepancy was found between the two
results, genotyping was performed for a third time. The third
result was considered as final, although such samples were
only two, one in periodontally healthy controls and another
in GCP patients.

Determination of Fc gamma receptor genotypes

Fc gamma receptor lla-R-H131

The polymerase chain reaction (PCR) amplification for FcyRlla
was carried out according to the methodology described by
Jiang et al.”! The genomic DNA (100 ng) was added to the
reaction mixture containing 200 uM dNTPs, 2.0 mM MgCl,,
0.25 UM of sense and antisense primers (Sigma Aldrich®,
Bengaluru, Karnataka, India) (5 GGA AAA TCC CAG AAA
TTC TCG C 3’ [forward primer|, 5° CAA CAG CCT GAC TAC
CTA TTA CGC GGG 3’ [reverse primer]), and 1 unit of Taq
polymerase (Chromus Biotech®, Bengaluru, Karnataka, India).
The amplification protocol included 1 cycle 0f 95°C for 5 min
followed by 35 cycles of 95°C for 30 s, 55°C for 30 s, and
72°C for 45 s. The DNA obtained by PCR was digested by
restriction enzyme FnuDII (Fermentas®, Genetics Biotech
Asia Pvt. Limited, New Delhi, India) as per manufacturer’s
recommendations to obtain the allele distribution. The
digested PCR product was resolved at 16 amp on 3% agarose
gel stained with ethidium bromide. The PCR product was
digested by FnuDII enzyme giving rise to 343 bp and 322 bp
fragments for H and R allele, respectively, which was then
resolved on 3% of agarose gel and viewed under ultraviolet
transilluminator.

Fc gamma receptor Illa-158V-F

The amplification for FcyRllla was carried out with a nested
PCR and allele-specific restriction analysis assay according
to a method described by Koene et al.'? The DNA was
amplified with sense and antisense primers (Sigma Aldrich®,
Bengaluru, Karnataka, India) 5° ATA TTT ACA GAA TGG CAC
AGG 3’ (forward primer) and 5’ GAC TTG GTA CCCAGG TTG
AA 3’ (reverse primer). Amplification protocol of 5 min at
95°C, 35 cycles of 30 s at 95°C, 1-min at 50°C, and 1.5 min at
72°C. 0.5 ul of the first PCR product was used as a template
for a nested PCR reaction with the primer pair, 5 ATC AGA
TTC GAT CCT ACT TCT GCA GGG GGC AT 3’ and 5" ACG TGC
TGA GCT TGA GTG ATG GTG ATG TTC AC 3’, using 30 cycles of
30 s at 95°C, 30 s at 62°C, and 40 s at 72°C. The PCR product
was digested with Nla Il (Fermentas®, Genetics Biotech
Asia Pvt. Limited, New Delhi, India) at 37°C followed by
electrophoresis. The homozygous F/F158 fragments were not
digested whereas the heterozygous F/V158 fragments were
partially digested yielding 3 bands of equal intensity (94 bp,
61 bp, and 33 bp). On the other hand, the homozygous V/V158

fragments were maximally digested yielding 3 bands (a very
low intensity 94 bp band and equal intensity 61 bp and
33 bp bands).

Fc gamma receptor I1Ib-NAT-NA2

FcyRIlIb genotyping was performed by PCR employing allele
specific sense and antisense oligonucleotide as described
by van Schie and Wilson.”! Two different PCRs were carried
out for detection of Fcylllb alleles; NA1 and NA2. For NA1
gene amplification, 5> CAG TGG TTT CAC AAT GTG AA
3’ (forward primer) 5° CAT GGA CTT CTA GCT GCA CCG
3’ (reverse primer) (Sigma Aldrich®, Bengaluru, Karnataka,
India) was used. The PCR reaction-conditions to amplify this
142 bp product included 1 cycle of 95°C for 5 min, followed
by 30 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for
45 s. The NA2-specific sense primer 5-CTC AAT GGT ACA
GCG TGC TT-3’ and antisense primer 5-CTG TAC TCT CCA
CTG TCG TT-3’ (Sigma Aldrich®, Bengaluru, Karnataka, India)
was employed to amplify a 169 bp product. Rest of the
composition of reaction mixture was similar to that of NA1
PCR. This reaction was carried out at 1 cycle of 95°C for 5 min,
followed by 30 cycles of 95°C for 30 s, 60°C for 30 s, and 72°C
for 45 s. 5ul of NA1 PCR and 5ul of NA2 PCR products mixed
with ethidium bromide dye were loaded into the same well
in the electrophoresis unit. The 142bp and 169bp products
were resolved on 2% of agarose gel at 16 amp.

Statistical analysis

The FcyRlla, FcyRllla, and FcyRIlIb genotype distribution
was compared between patients with GCP and healthy
controls by Chi-square test (3 X 2 contingency table). The
same test (Chi-square) was also used for comparing allelic
frequency in both groups (2 X 2 contingency table). A Pvalue
below 0.05 was considered as statistically significant. For any
two-locus test with P < 0.05, the odds ratio (OR) and 95%
confidence interval (Cl) were calculated. Calculations were
performed using Primer of Biostatics software. Deviation of
observed genotype distribution from expected distribution
according to Hardy—Weinberg Law!?!l was assessed by
Chi-square test. Mean values for all clinical parameters in
both groups were calculated and inter-group comparison
was made using one-way ANOVA.

Results

Clinical parameters

Table 1 provides a summary of the baseline clinical
characteristics of cases and controls. GCP group had
consistently higher mean PD and CAL values followed than
the control group. Furthermore, the PI, GI, and GBI scores of
GCP group were significantly higher than the control group.

Distribution of genotypes

Genotype frequencies of FcyRlla, FcyRlIlla, and FcyRIIIb
of both groups did not deviate from Hardy-Weinberg
equilibrium [Table 2]. The distribution of FcyRlla, FcyRllla,
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Table 2: Single locus test for Hardy-Weinberg equilibrium

FcyRlla FcyRllla FcyRlllb
Group
H R Ve P* F Ve P* NA1 NA2 Ve P
GCP (n=60) 0.36 0.64 5.576 0.062 0.62 0.38 3.751 0.153 0.60 0.40 2.852 0.240
Healthy control (n=60) 0.48 0.52 5.006 0.082 0.32 0.68 2.721 0.257 0.70 0.30 0.989 0.610

*P>0.05 NS. NS: Nonsignificant

and FcyRIIIb genotypes and their allelic frequency is shown in
Table 3. On the comparison between GCP and control groups
for FcyRlla (y? = 2.40), the difference in the distribution of
genotypes was statistically insignificant. Comparing the
FcyRIlla genotype distribution in both groups, F/F homozygous
genotype was the most frequent in control group (53.33%)
whereas homozygous V/V was the most frequently present
in GCP group (46.66%). On comparison between the GCP
and control (y* = 15.57) the distribution of genotypes was
highly significant (P < 0.001). On intergroup comparison,
the distribution of F and V allele was highly significant
between GCP and control groups (P < 0.001, OR = 3.47,
95% ClI [2.03-5.91]). On the comparison between GCP and
control group, the difference in genotype distribution for
FcyRINIb was statistically insignificant (y* = 2.26, P > 0.05).
The differences in the allelic distribution of NA1 and NA2
were also statistically insignificant between GCP and control
group (P > 0.05).

Discussion

The inflammatory response implicated for the progression of
periodontitis is influenced by many genetic factors.” These
genes determine a normal, diminished, or an exaggerated
response of the host to microbial insults.?! Many candidate
genes have been studied that influence development of
inflammatory response in a periodontal pocket. Our study
focuses on the influence of FcyR genetic polymorphism on
development of GCP. Many studies have been carried out on
the relation of this genetic polymorphism with periodontitis
in various populations; however, a similar study on South
Indian population has not been reported yet to the best of
our knowledge.

Chronic periodontitis is an immune-inflammatory disease
requiring bacteria for initiation, as well as a progression
of the disease. Although micro-organisms associated with
periodontal disease have components and by products
capable of doing direct damage to the tooth supporting
tissues, the majority of destruction is caused by the activation
of the immune-inflammatory process.?” Human phagocytic
cells exhibit surface receptors that bind to immunoglobulins,
for instance, FcyRs. Polymorphism of FcyRs is implicated as
determinants of susceptibility to infection.” The results of
our study showed that FcyRllla V/V genotype, as well as V
allele, could be a possible risk factor for GCP although we
could not establish a correlation between FcyRIla and FcyRIIIb
polymorphism and GCP.

Table 3: Distribution of FcyR genotypes and alleles in the

study subjects

GCP n=60 (%)

Healthy controls n=60 (%)

FcyRlla
Genotype
R/R131 30 (50) 22 (36.66)
R/H131 16 (26.66) 18 (30)
H/H131 14 (23.33) 20 (33.33)
Allelic frequency
R131 76 62
H131 44 58
FcyRllla
Genotype
158VIV 28* (46.66) 10 (16.66)
158V/F 18 (30) 18 (30)
158F/F 14 (23.33) 32 (53.33)
Allelic frequency
158V 74% 38
158F 46 82
FcyRIlb
Genotype
NA1/NA1 26 (43.33) 32 (53.33)
NA1/NA2 20 (33.33) 20 (33.33)
NA2/NA2 14 (23.33) 8 (13.33)
Allelic frequency
NA1 72 84
NA2 48 36

*P<0.001 (HS) »*=15.570; #P<0.001 (HS) »*=21.696; OR=3.47,
95% CI (2.03-5.91). HS: Highly significant; OR: Odds ratio; Cl: Confidence
interval; FcyR: Fc gamma receptor; GCP: Generalized chronic periodontitis

The inclusion criteria for the study groups were strictly
adhered to remove the effect of confounding factors. Subjects
with factors that affect the initiation and progression of
chronic periodontitis were excluded from the study such
as smoking, systemic diseases, and physiological variations
such as pregnancy. Subjects into the disease group were
selected according to the classification criteria of 1999 World
Workshop on Periodontics!! to eliminate the variability in
subject selection.

FcyRIlla mediates phagocytic function on monocytes,
macrophages, and neutrophils. Its polymorphism FcyRIla
R131/H131 influences binding with IgG2 and IgG3.1?¥! FcyRlla
R allele is associated with deficient handling of IgG2 leading
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to deficient clearance of immune complexes or pathogens
by phagocytes.”! Data from our study shows an insignificant
but over-representation of R/R genotype in GCP group than
controls. These results are in accordance with studies by
other authors who found no association between FcyRIla and
GCP.Po31 Although, contrary results have also been reported
indicating that subjects with 131H/H genotype are more likely
to suffer from the disease.!!®!

FcyRllla has been implicated in the regulation of phagocytosis
by macrophages as well as cytokine production by NK cells
and lymphocytes. FcyRllla is considered to be crucial for
IgG binding on NK cells, monocytes, and macrophages.®?
Research has shown that V/V homozygous NK cells result
in more active cellular response to IgG stimulus than
F/F homozygous and binds IgG1, 1gG3, and IgG4 more
effectively.™! We found a more efficient FcyRIlla V/V genotype
to be more common in GCP patients indicating the subjects
with V/V genotype are more likely to suffer from the disease.
Although, immune cells are considered to play a protective
role in periodontal pathogenesis, it has been established
that upon interaction with bacterial products, immune cells
release substances injurious to periodontal tissues.?”! The
binding of IgG to FcyRllla induce stimulation of NK cells
leading to pro-inflammatory cytokine release including
interleukin-1p, interferon-y, and tumor necrosis factor-o..**!
These pro-inflammatory mediators are known to play a role
in periodontal connective tissue destruction as well as an
alveolar bone loss. Thus, a more aggressive polymorphism of
FcyRlIlla V/V may be responsible for more obvious expression
of periodontal disease. Comparable results in GCP patients
were obtained in a similar study in Caucasians,”” whereas,
that in Japanese subjects no correlation of this genotype was
found with the severity of disease in GCP patients.?

We also observed an association of V allele with GCP with
OR of 3.47, which is in accordance with various other
studies on same genotype where V allele was associated
with severe bone destruction.’® Another study in Japanese
subjects associated V allele with the severity of GCP, although
the results for homozygous V/V were nonsignificant.?
Furthermore, V allele was found to be a putative susceptibility
factor for periodontitis in North European Caucasians.™!

The NA1-NA2 polymorphism of FcyRIIIb is a determinant of
IgG1 and IgG3 mediated effect in neutrophils. It was found
that NA2 bearing neutrophils phagocytosed IgG1 and 1gG3
opsonized periodontopathic bacteria lesser effectively than
NA1 neutrophils."™ Thus, phagocytosis of periopathogens
in gingival tissues through neutrophils carrying NA1 or NA2
polymorphism may determine the course of the periodontal
disease. Although, NA1/NA2 polymorphism has been linked
with GAgP, the studies on its association with GCP are
limited.!"® Except for one study where FcyRIIIbNA2/NA2
was more prevalent in GCP patients,* none of the studies
have found a relationship between this genotype and

chronic periodontitis.*>3® Qur results also did not show any
significant difference in the distribution of FcyRIlIb genotypes
between GCP and controls.

The results of various studies on FcyR polymorphism in a
different population tend to demonstrate different results.
This can possibly be explained on the basis of difference in
population group studied as well as the criteria for patient
selection. Furthermore, periodontitis being a complex
disease may have several etiological agents which may act
as a confounding factor for the results. Furthermore, IgG
mediated leukocyte function is regulated by the interaction
of multiple FcyR classes. Thus, the complex interaction of
various FcyR classes may explain the leukocyte function and
disease expression more than single FcyR genotypes.

Conclusion

Our results predict that FcyRllla V/V genotype and V allele
could be associated with GCP in South Indian population.
Although, more extensive studies covering larger populations
are required to establish the relevance of the relationship
between FcyR polymorphism and GCP.
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