Clin Exp Immunol 1999,117.350—354
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SUMMARY

The immunoglobulin receptor F&llla (CD16) is distributed on natural killer (NK) cells, macrophages,
andvé T cells, and is polymorphic. RRIlla-158V has a higher affinity for both monomeric and
immune complexed 1gG1, IgG3, and IgG4 than llla-158F. We determing®Fa-158V/F genotypes
of Japanese patients with adult periodontitis. A significant over-representationyBi Iz 158F was
found in patients with recurrence, compared with patients without recurrence, makjijIFc a
candidate gene for recurrence risk of adult periodontitis.
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INTRODUCTION in the second immunoglobulin-like domain [13]. TheyRilla-
o ) .158V allotype exhibits higher affinity for IgG1 and IgG3 than does
Leucocyte receptors specific for the constant, or Fc-part of anti oyRllla-158F, and is capable of binding IgG4 [14.15]. An over-

bodies (FcR) create an important link between humoral an . :
cellular defence mechanisms. Human IgG receptors constitute raepresentatlon of RRIlla-158F allele has been reported in

highly heterogeneous family and are divided into three mainpatients with systemic lupus erythematosus (SLE)_[15’16]'
clgss)f/ss Fleg (CD64) Fo/RyII (CD32) and FgRIll (CD16). Though the F¢RIlla-158 V-F polymorphism may have impact

Cross-linking of FgRs potently triggers functions such as phago- beyond gutmmmt_me_ dlse_ases_ [15], the clinical significance of
. ) . . EcyRllla in bacterial infections is unclear.
cytosis, respiratory burst, degranulation, antibody-dependent : " . .
Adult periodontitis (AP), a major cause of tooth loss, is an

cellular cytotoxicity and antigen presentation [1,2]. Three receptor, . . . . .
subclasses (FRlla, FeRllla, FeyRIlb) have been shown func- infectious disease resulting from the direct effects of periodonto-

tionally polymorphic [1,2]. On FgRIla, polymorphism at amino pathic bacteria along with the specific host inflammatory response.

. " : ) - . Both efficient humoral and cellular responses are considered
acid position 131 in the membrane-proximal, 1gG-binding domamessent'al for host defence against periodontopathic bacteria
affects interaction with human 1gG2 [3]. On neutrophils, the : gal pen pathi 1a.

FeyRIlIb-NAL and 1lIb-NA2 allotypes interact differently with Sofrfne fpatlents respond Ep?]rly toltco_nventlonal .treatg]enht an(:
IgG1- and IgG3-opsonized particles [4,5]. suffer from recurrence, which results in progressive attachmen

FeyRllla, a medium affinity receptor, capable of interaction loss [17,18]. Bacteria are essential for the initiation and progres-

with complexed as well as monomeric IgG, is expressed on naturaﬁion of periodontitis, but the basis for inter-individual differences,
killer (NK) cells, macrophages, and subset’s of monocytesyaid espegially in the pr.OQnOSiS. of thg di.sease, may be associated with
cells [6,7]. Fe/RIlla mediates antibody-dependent cell-mediated genetlcally_ determme;j variance In immune responses [19'201'
cytotoxicity (ADCC) by NK cells and T cells [8], phagocytosis by Appr()_leater 90% of C('.:‘”S in gingival cr(_ew(?qlar fluid are
macrophages [9], cytokine production by NK cells and IymphocytesneUtrOphllst. [Zl]i: t:]( Obegﬁ Isbhﬁt,:lzll flfLind a S|gtp|f|(iant .tﬁ\f;
[10,11], and regulation of immunoglobulin production [12]. A G to representation of the fr “NA< allolype In patients with A

T point mutation at nucleotide 559 within #Rllla results in an recurrence [22]. In contrast, inflamed human gingival tissue

. . o I . . __contains fewer neutrophils but significant humbers of activated
amino acid substitution at position 158 (valine to phenylalamne)macrophages [23-25], NK cells [26-29] and T cells [30],

Correspondence: Hiromasa Yoshie DDS, PhD, Department of periogvhich may express Rllla. In human inflammatory gingival

ontology, Niigata University School of Dentistry, Gakko-cho 2-5274, tissues, the major IgG subclass expressed in cells is IgG1 [33:]-
Niigata 951-8514, Japan. The FeyRIlla-158V-F polymorphism may thus play a role in
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the FeyRIlla-158V-F polymorphism in Japanese patients with andcontrols, and between patients with and without recurrenee2(3
without recurrence of AP. contingency table). The same test was used to assess the role of
FcyRIIIA 559T gene as a risk factor for AP, or recurrencex@
contingency table; patients witlversus without recurrence,
FcyRIlla-158V/V versusFeyRIlla-158V/F and FgRIlla-158F/F,
Subjects 2x2 contingency table; patients witrersuswithout recurrence,
Peripheral blood (PB) samples were obtained from 100 JapanedecyRllla-158V-F allelic frequency in the absolute numbers of each
patients with AP (48 males and 52 females; age range 34—67 yearalleles). For each analysis, Fisher’s exact probability test was also
mean age 47-8years) referred to the periodontal clinic of the Niigatperformed.
University Dental Hospital and 104 Japanese healthy volunteers (73
males and 31 females; age range 23—63 years; mean age 27-0years). RESULTS
Informed consent was obtained from all participants. None of the
participants had a history or current signs of systemic disease. All genomic DNA sequences obtained in this study were confirmed
to encode the FRIIIA gene, and not FgRIIIB gene, by the
Clinical assessments documented presence of homozygous C at nt 531. End products of
Clinical assessment of the patients was performed by the samalele-specific PCR revealed either a single band of approximately
periodontist at the first visit (baseline), the completion of treatmentl38 bp or no amplified fragment. Allele-specific PCR determina-
(follow-up start), and the latest recall appointment. Probing depthions of FeyRlIlla genotypes agreed with results of genomic DNA
(from free gingival margin to bottom of pocket) and attachmentsequencing in eight of eight cases (six healthy controls and
level (from cementoenamel junction to bottom of pocket) of all two verified controls). We did not find differences in the distribu-
teeth were assessed using a Williams probe at six sites: mesition of disease recurrence between subjects with mild and those
buccal, midbuccal, distobuccal, mesiolingual, midlingual, andwith severe AP at baseline (data not shown). The percentages of
distolingual. Measurements were recorded to the nearest millipatients who were reported to be cigarette smokers did not differ
metre. All Japanese patients with AP were treated by conventionaignificantly among the FRdllla-158V-F genotypes (data not
periodontal therapy, consisting of oral hygiene instruction, scalingshown).
root planing, and periodontal surgery. When the patients were
confirmed to be free from all periodontal lesions by the re-Distribution of FeyRIllla-158V-F genotypes in periodontitis
examinations, they were monitored clinically at 3-month intervalspatients and healthy controls
for more than 1year (mean 38-9 months) post-therapy. The meaWe first assessed the distribution of (//Rdlla genotypes in
number of teeth in the patients was 25-7 (s:®-4) at the follow-  Japanese patients with AP and race-matched healthy controls
up start. Recurrence of periodontitis was defined as having moréTable 1). Genotype frequencies of yRilla did not deviate
than one diseased site with a loss of attachment lex@inm inthe  from Hardy—Weinberg equilibrium. We only included Japanese

PATIENTS AND METHODS

entire dentition during follow up. subjects and found that in healthy individuals the/Rtla-158F
allele was more frequently present (72%) compared with healthy
Determination of FgRIlla-158V-F polymorphism Caucasian controls (57%) [14,16], and ethnically diverse normal

Ninety-eight patients and 55 healthy controls were genotyped byubjects (56%) [15]. No skewing in the distribution of genotypes
DNA sequencing. Genomic DNA was isolated from PB (Easy-and the allelic frequency was found between patients and controls
DNA kit; Invitrogen, San Diego, CA). Portion of exon 4 of (Table 1).

FcyRIIA gene which corresponds to extracellular domain-2 was

amplified by polymerase chain reaction (PCR) using primers as

described by Wietal. [15]. The 162-bp PCR product containing

the nt559 polymorphic site was purified, followed by ﬂuorescenCe_TabIe 1. Distribution of FeyRllla genotypes and alleles in Japanese

g?c')sse;st:rl:]tsm;gggercéﬁlye (Sli?uglcrlg?yp%l 3? SQile:IZIZy (CAc\)Tt)I!IOeIg patients with adult periodontitis and race-matched healthy controls*
were determined by allele-specific PCR with primers described by

Wu etal. [15]. The PCR was performed with 100 ng DNA, 200 n Healthy controls,  Periodontitis patients,
of each primer, 50@m dNTP, 2:8 m MgCl, and 1 UAmpli Taq n=104 n=100

Gold DNA Polymerase in a 5@} reaction volume starting with
95°C for 9min, 37 cycles at 9€ for 30s, annealing at 6G for ~ Genotyp¢

30s, and extension at %2 for 20's with a final extension at 72 T;JS\(/(;/{)/) of subjects 10 (10) -
for 10 min. Three DNA samples established agRitla-158V/V,

. 158V/F 38 (36 35 (35
VIF and F/F genotypes were provided by Dr H. R. Koene (Central; gg- /- (36) (35

: ' 56 (54) 58 (58)
Laboratory of Netherlands Red Cross Blood Transfusion Servicea|ieiic frequency (%}

Department of Experimental Immunohematology, Amsterdam,;sgy 58 (28) 49 (26)
The Netherlands), and included in each allele-specific amplifica158F 150 (72) 149 (74)

tion as internal controls. The end product of 138 bp was assayed on
a 2% agarose gel with ethidium bromide.

*FcyRllla genotype was determined by genomic DNA sequencing and
o . allele-specific polymerase chain reaction (PCR).
Statistical analysis tFrequency of genotype &2 contingency table)?=0-61,P=0-74.
The x” test was used to compare theyRtlla genotype distribu- tAllelic frequency: odds ratio 1-18 (95% confidence interval (CI) 0-72—
tions between Japanese patients with AP and race-matched healtmyg4);5?=0.51.P = 0-47.
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Table 2. Distribution of FeyRIlla genotypes and alleles in Japanese adult were 0-0067 for patients, 0-0536 for patients without recurrence,
periodontitis patients with and without disease recurrence* and —0-0100 for patients with recurrence.

Without disease With disease DISCUSSION

recurrence, recurrence, . o .
n=15 n=s8s In this study, we found a significant over-representation of

FeyRllla-158F allele in patients with recurrence of AP compared
Genotypé with those without recurrence (Table 2).

No. (%) of subjects The number of patients without recurrence was lowet (L5)
158V/IV 3 (20) 4 (5) than that of patients with recurrenca=£ 85), probably due to
158V/F 7 (47) 28 (33) the strict definition of recurrence, compared with other studies
158F/F 5(33) 53 (62) [32]. Thus, we used Fisher's exact probability test in the case
Allelic frequency (%6} of low expectation values in 22 contingency tables, and

158V 13 (43) 36 (21) o : ) )
158F 17 (57) 134 (79) observed a significant difference in the allelic frequency between

*Disease recurrence was defined as the presence of more than one
diseased site with a loss &f 2mm in attachment level during follow up.
FeyRllla genotype was determined by genomic DNA sequencing and
allele-specific polymerase chain reaction (PCR).

tFrequency of genotype &2 contingency table)? = 6-80,P=0-03.

Odds ratio for risk of periodontitis recurrence in{Rilla 158V/F and
158F/F compared with 158V/V: 5:06 (95% confidence interval (Cl) 1-01—
25-4);x*>=4-58,P =0-03; Fisher's exact probability 0-067.

tAllelic frequency: odds ratio 2-85 (95% Cl 0-19-18-8j=6-76. B

P =0-009; Fisher's exact probabiligg 0-01.

30

Distribution of FeyRIlla-158V-F genotypes in periodontitis
patients with and without disease recurrence

We next studied whether there was a relationship between
FcyRIlla genotype and recurrence of periodontitis. A significant
skewing was observed in the distribution of theyRtlla geno-
types between patients with and without recurrenge=(6-80,
P=0-03 in 3x 2 contingency table).

Notably, there was a significant skewing in the allelic fre-
guency between patients with and without recurrence. A significant
over-representation of FRllla-158F allele was found in patients
with disease recurrence compared with patients without recurrence
(Table 2; odds ratio 2-85, 95% confidence interval (Cl) 0-19-18-3,
x>=6-76,P=0-009).

15 [~

10 - ®

Annual rate of recurrence (% dLA > 2/year)

Relationship between RRllla-158V-F genotypes and annual rate
of disease recurrence

Noteworthy was that all four patients of the highest annual rate of
recurrence ¥ 12% diseased sites with loss af2 mm in attach- 5
ment level in the entire dentition per year (dA2 mm/year))

belonged to FgRIlla-158F/F genotype group (Fig. 1, Kruskal—

Wallis test,P>0-05).

Associations between FRIlla-158V/F and FgRIIIb-NAL/NA2
alleles 158V/V 158V/F 158F/F

We analysed associations between yRila-158V/F and n=7 n=35 n=58
FcyRIIIb-NAL/NA2 alleles because of the proximity of these

two genes, both on chromosome 1q 23-24 [1]. No SignificantF_ig- 1. Relationship between FR&llla genotypes and annual rates of
association was observed betweenyRitla-158V/F genotypes disease recurrence. The annual rate of recurrence was expressed as the

and FeRIIIb-NAL/NA2 genotypes in patients [22] 683 contin- per_centage_ gfdiseased sites Witha_ilossdfmm in attachment level in the

2 . entire dentition per year. Each point represents the annual recurrence rate
gency table:x ,:5'2,6’ P=0-26, 2><2 contingency tablg for for one subject. The mean and s.e.m. are indicated for each genotype
homozygous:_Flshers exact probability 0-65). The association (FoyRINla-158V/V, -llla-158V/F, and -llla-158F/F, 2.981.42%,
between allelic frequency of FRIIIb-NAL/NA2 and FeyRllla- 2.99+ 0-51%, and 3-62 0-65%). % dLA= 2/year, Percentage of diseased
158V/F was not significant in patients X2 contingency table:  sites with a loss o= 2mm in attachment level in the entire dentition per
x*>=0-40,P=0-53). TheD values for the frequency of haplotypes year.
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patients with and without recurrence (Fisher's exact probability for allele-specific PCR by Nomdo A. C. Westerdaal and Ronald Scheepers

0-01). (Department of Immunology, University Medical Center Utrecht). We
FeyRIlla-158V-F polymorphism is located in the extracellular €Xpress special thanks to Dr Ryozo Kuwano (Research Laboratory for

membrane-proximal domain which is considered crucial for |gGM0IecuIar Genetics, Niigata University) for his scientific guidance in PCR,

o . and to Dr Masatoshi Yano and Dr Akihiro Yoshihara (Department of
binding [13,33,34]. Compared with 158F/F “homozygotes, Preventive Dentistry, Niigata University School of Dentistry) for technical

FoyRilla expressed on NK cells and monocyte; in VIV homo- help with the statistical analysis. This study was supported by a grant for
zygotes bound IgG1, 1gG3 and IgG4 more effectively [14,15]. InDevelopment of Advanced Medical Technology from the Ministry of

response to aggregated human IgGyRitla engagement on NK  gqycation, Science, Sports and Culture of Japan; a Fund for Scientific
cells from V/V homozygotes led to a larger rise in intracellular promotion of Tanaka Industries Co. Ltd (Niigata, Japan).

calcium and more prominent cell activation [15]. These differences

of 1gG binding levels between F&llla-158V-F genotypes may
affect functions mediated by FRIlla expressed on not only NK
cells, but also monocytes, macrophages aadT cells [1,6],
though monocytes express a different glycoform ofyRitla,
and monocyte FgRllla exhibit a lower ligand binding affinity
than FeRllla on NK cells [35].

FcyRllla has been reported to mediate different functions:
FeyRllla on NK cells andyé T cells are capable of mediating
ADCC [8]. In the absence of other FcRs, macrophaggRfida can
mediate phagocytosis [9]. Binding of human monomeric IgG to
FcyRIlla induced stimulatory signals in human NK cells, leading
to up-regulated IL-2R expression, cell proliferation and cytokine
release (IL-B, interferon-gamma (IFN4), and tumour necrosis
factor-alpha (TNFe)) [10]. Cross-linking of human RdRllla, but
not FeyRI or FeyRIl, stimulates FgRIlla-bearing lymphocytes to
produce IL-PB [11].

Actually, inflamed human gingival tissue contains activated
macrophages [23-25], NK cells [26—29] ard T cells [30].
Recently, two-colour flow cytometric analysis demonstrated that
CD16" NK cells were increased in PB from periodontitis patients
compared with healthy controls [36]. NK cell-mediated cytolysis
was predominantly observed in gingival mononuclear cell popula-

tions [27]. However, the relevance of NK cells to the pathogenesis

of periodontitis is still equivocal. Although T and B lymphocyte
populations increased approximately 20-fold progressing from
healthy to gingivitis to periodontitis specimens, the NK cell

population showed only a three-fold increase, which represented9

19%, 6-6%, and 7% of the total of all positively stained lympho-
cytes across biopsy groups [28].

In addition to FeRIlla, macrophages also express/R¢a and
FcyRlla [37]. FeyRla is probably not involved in mediating the

first contact between immune complexes and macrophages in the
presence of high concentrations of soluble IgG in tissue fluids. Thig-1

receptor has a high affinity for monomeric 1gG, and is probably
occupied with plasma Ig@ vivo[16]. FeyRlla (CD32) only binds
immune complexes due to its low affinity (Ka:10°M~?). This
supports a role of importance for #Rllla on macrophages.

Our results show the R®Rllla-158V-F polymorphism to be
associated with recurrence of AP. The lower levels of IgG1 and
IgG3 binding to NK cells, macrophages, and lymphocytes in
individual subjects carrying R&RIIIA-158F gene might result in

10

12
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