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Background and Objective: Neutrophils are essential in host defense against peri-

odontopathic bacteria. Immunoglobulin G Fc receptor IIIb (FccRIIIb) is a neu-

trophil-specific receptor for immunoglobulin G and bears the functional NA1–

NA2 polymorphism. Accumulating evidence suggests a significant association

between FccRIIIb gene polymorphism and periodontitis. In this study, we

employed a proteomic approach to evaluate the relevance of FccRIIIb

polymorphism to protein expression profiles of neutrophils.

Material and Methods: Neutrophils were collected from ten healthy subjects whose

FccRIIIb genotypes were determined by allele-specific PCRs. Expressions of

proteins induced by interaction via FccRIIIb were examined between the

FccRIIIb genotypes with two-dimensional sodium dodecyl sulfate polyacrylamide

gel electrophoresis. Proteins that were significantly different in expression levels

between the FccRIIIb genotypes were determined with computer image analysis,

and identified with mass spectrometry and protein databases.

Results: A total of 757 protein spots were observed in the two-dimensional elec-

trophoretograms of neutrophils from five FccRIIIb-NA1/NA1 and five FccRIIIb-

NA2/NA2 donors. A statistical analysis revealed that the expression levels of five

proteins were significantly different between the FccRIIIb genotypes (p < 0.05).

The FccRIIIb-NA1/NA1 neutrophils exhibited two spots that were significantly

underexpressed (protein-arginine deiminase type-4 and annexin VI) and three

spots that were significantly overexpressed (Cdc42hs-Gdp complex, myosin light

chain 12A and coactosin-like 1) when compared with FccRIIIb-NA2/NA2 neu-

trophils. The same expression profiles of protein-arginine deiminase type-4 were

obtained by ELISA.

Conclusion: Differential protein expression profiles were observed in neutrophils

between FccRIIIb genotypes.
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Neutrophils are crucial for host defense

against periodontopathic bacteria in

the periodontium (1). Neutrophils rep-

resent approximately 90% of immu-

nocompetent cells in gingival crevicular

fluid (2). Increased levels of immuno-

globulin G (IgG) antibodies against

periodontopathic bacteria are observed

in gingival crevicular fluid from peri-

odontitis patients (3). Dense infiltrates

of neutrophils with high expression

levels of IgG Fc receptors (FccRs) are

also detected in diseased periodontium

(4). Furthermore, FccR expression

levels are associated with the phagocy-

tic function of neutrophils (5,6).

Therefore, neutrophil FccRs may play

a prominent role in the pathogenesis of

periodontitis.

Human neutrophils constitutively

express two different FccRs: FccRIIa

and FccRIIIb. FccRIIa plays a role in

triggering neutrophil function, and

bears either an arginine (FccRIIa-

R131) or histidine (FccRIIa-H131)

at amino acid position 131 in the

second extracellular Ig-like domain

(7). FccRIIIb is a neutrophil-specific

receptor and bears the functional

NA1–NA2 polymorphism, caused by

four amino acid substitutions within

the first extracellular Ig-like domain

(8). This substitution affects receptor

affinity for IgG1, altering neutrophil

functions. Our previous study indi-

cated frequencies of FccRIIa and

FccRIIIb genotypes in Japanese heal-

thy individuals to be 3.8% for -R/R131

and 60.0% for -H/H131, and 36.2%

for -NA1/NA1 and 11.4% for -NA2/

NA2 (9). It has been demonstrated that

the NA2-bearing neutrophils interact

less efficiently with IgG1 than the

NA1-bearing cells (10). These func-

tional differences among FccRIIIb

genotypes were also confirmed in neu-

trophils from healthy subjects as well

as periodontitis patients (11).

We have previously demonstrated a

significant association between FccRI-

IIb gene polymorphisms and suscepti-

bility to aggressive periodontitis. The

FccRIIIb-NA2/NA2 genotype was

found to be increased in prevalence in

Japanese subjects with aggressive peri-

odontitis compared with healthy con-

trol subjects (12). These findings are in

agreement with results of other studies

in African-American and Brazilian

populations (13,14), but are different

from studies in Caucasian and Tai-

wanese populations (15,16). Recently,

a meta-analysis suggested FccRIIIb

genotypes to be an important factor

associated with susceptibility to peri-

odontitis (17). These observations

might be explained by differential

expressions of neutrophil proteins

induced by FccRIIIb–IgG1 interac-

tion. It is therefore hypothesized that

neutrophil proteins could be screened

for differences between FccRIIIb-

NA1/NA1 and -NA2/NA2 genotypes.

To test our hypothesis, we employed a

proteomic approach to evaluate the

relevance of FccRIIIb polymorphism

to protein expression profiles of neu-

trophils by two-dimensional (2-D) gel

electrophoresis and mass spectrometry

of the proteins.

Material and methods

Participants and cells

Forty Japanese nonsmoker healthy

volunteers with no signs of systemic

disease (20 males and 20 females;

age range, 22–54 years; mean age,

32.4 years) were recruited into this

study between July 2007 and January

2010. Written informed consent was

obtained from all participants. The

format of the study was reviewed and

approved by the Ethical Committee for

the use of Human Subjects in Research,

Niigata University Faculty of Den-

tistry. All participants were confirmed

to exhibit all sites with probing depth

£ 3 mm, according to clinical peri-

odontal examination. Neutrophils were

isolated from heparinized peripheral

blood using a double density gradient

purification with Histopaque 1077 and

1119 (Sigma, St Louis, MO, USA) (18).

Purified neutrophils were washed with

phosphate-buffered saline (PBS) con-

taining 1 mM phenylnethanesulfonyl

fluoride and 1 mM ethylenediaminetet-

raacetic acid (PIPBS), and resuspended

in PIPBS at 3 · 106 cells/mL.

Genotyping of FccR

For a matched experimental design, all

participants in each FccRIIIb geno-

type group were also matched for their

FccRIIa genotype. Genomic DNA was

isolated from peripheral blood in all

participants using DNA extractor WB

kit (WAKO, Osaka, Japan) according

to the manufacturer�s instructions. The
FccRIIIb and FccRIIa genotypes were

determined by PCR, as detailed previ-

ously (19,20).

FccRIIIb — One-hundred nanograms

of genomic DNA was added to a 50 lL
reaction mixture containing 15 mM

tromethamine (pH 8.0), 50 mM potas-

sium chloride, 25 mM magnesium

chloride, 25 lM dNTP, 400 nM of the

sense or antisense primer and 1 U Taq

polymerase. The PCR conditions were

as follows: one cycle at 95�C for 9 min,

followed by 35 cycles at 95�C for 30 s,

63�C for 30 s and 72�C for 30 s, ending

at 72�C for 10 min. For the FccRIIIB-

NA2 genotyping, PCR assay was

performed with the NA2 sense and

antisense primer. The amplification

protocol was as follows: one cycle at

95�C for 9 min, followed by 35 cycles

at 95�C for 30 s, 64�C for 15 s and

72�C for 30 s, ending at 72�C for

10 min. The end-products of the spe-

cific NA1 and NA2 reactions were 141

and 169 bp, respectively.

FccRIIa — One-hundred nanograms

of genomic DNA was added to a 50 lL
reaction mixture containing 15 mM

tromethamine (pH 8.0), 50 mM potas-

sium chloride, 25 mM magnesium

chloride, 25 lM dNTP, 100 nM each of

primer P63 and P52 and 1 U Taq

polymerase. The PCR conditions were

as follows: one cycle at 95�C for 5 min,

55�C for 5 min and 72�C for 5 min.

This was followed by 35 cycles at 95�C
for 1 min, 55�C for 1 min and 72�C for

2 min, ending with an extension step at

72�C for 10 min. The PCR product

was subsequently reamplified using

the combination of the common anti-

sense primer located on intron 4 and

the nucleotide (nt) 507 G-specific or

A-specific primer. The second set of

PCR conditions were as follows: 95�C
for 5 min followed by 30 cycles of 95�C
for 15 s, 62�C for 30 s and 72�C for

30 s, with an extension step at 72�C for

10 min. The PCR reactions yielded a

278 bp product for both FccRIIa alleles.
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All PCR products were analysed by

electrophoresis on 2% agarose gels

stained with ethidium bromide.

FccRIIIb expression

Surface expression levels of FccRIIIb

were analysed by flow cytometry (6). In

short, purified neutrophils were incu-

bated with phycoerythrin-conjugated

anti-CD11b monoclonal antibody

(Becton Dickinson, San Jose, CA,

USA) for 30 min at 4�C. After washing

with PBS, samples were incubated with

fluorescein isothiocyanate (FITC)-la-

belled monoclonal antibody 3G8

(Medarex, Annandale, NJ, USA), or

isotype-matched FITC-labelled mouse

IgG (Coulter, Hialeah, FL, USA) for

30 min at 4�C. The mixture was

washed with PBS containing 0.2%

ethylenediaminetetraacetic acid and

0.1% sodium azide, and analysed with

FACScan and CELLQuest software

(Becton Dickinson). The FITC fluo-

rescence intensity was expressed as

mean log fluorescence.

Cell culture and protein sample
preparation

Purified neutrophils were pre-incu-

bated in PIPBS in an atmosphere of

5% CO2 in air at 37�C for 10 min. As a

stimulant for neutrophil FccRIIIb,

human monoclonal IgG1 antibodies

to Porphyromonas gingivalis 381

recombinant 40 kDa outer membrane

protein (hMAb) were constructed (21).

The neutrophils were then incubated

with hMAb (100 ng/mL) at 37�C for

30 min, washed twice with PIPBS and

subjected to protein extraction. One

millilitre of cell pellet sample was

mixed with 1 mL of lysis buffer con-

sisting of 5 M urea, 2 M thiourea, 2%

w/v CHAPS (3-[(3-cholamidopropyl)

dimethyl-ammonio] propanesulfonic

acid), 2% w/v SB3-10 (N-decyl-N,N-

dimethyl-3-ammonio-1-propane-sulfo-

nate), and 1% w/v dithiothreitol, and

then vortexed vigorously. This was fol-

lowed by centrifugation of the solution

at 20,000g for 30 min while maintaining

the temperature at 20�C, to prevent

precipitation of the lysis buffer. The

supernatant was removed from the cell

debris and stored at )80�C until use.

Protein concentration in the superna-

tant was quantified with a protein assay

kit (Bio-Rad, Hercules, CA, USA).

Two-dimensional gel electrophoresis

After the samples were concentrated

and desalted with an Ultrafree-0.5

centrifugal filter device (Millipore,

Billerica, MA, USA), the first-dimen-

sional separation of proteins was car-

ried out on immobilized pH gradient

(IPG) strips, in accordance with

published procedures (22,23). Briefly,

the protein samples (100 lg of total

protein) were applied overnight to

Immobiline Drystrips (pH 3–10; GE

Healthcare Bio-Science, Chalfont St

Giles, UK) by in-gel rehydration. The

rehydrated gels were then gently dried

with sheets of tissue paper to remove

excess fluid, and were subjected to

isoelectric focusing (IEF) in a Cool-

PhoreStar IPG-IEF Type P electro-

phoresis unit (Anatech, Tokyo, Japan),

according to the manufacturer�s
instructions. This was followed by sec-

ond-dimensional sodium dodecyl sul-

fate polyacrylamide gel electrophoresis

(SDS-PAGE) in 9–18% acrylamide

gradient gels using a Hoefer Iso-Dalt

electrophoresis chamber (GE Health-

care Bio-Science). The proteins sepa-

rated on the 2-D acrylamide gels were

stained with fluorescent dye SYPRO

Ruby (Invitrogen, Carlsbad, CA, USA)

and detected with a Molecular Imager

FX (Bio-Rad). ImageMaster 2D Plati-

num image analysis software (GE

Healthcare Bio-Sciences) was used to

identify matched and unmatched pro-

tein spots on gel images of stimulated

neutrophils with FccRIIIB-NA1/NA1

and -NA2/NA2. Over ninety per cent of

the spots were coincident in the four

replicates, when the densitometric vol-

ume (related to the quantity of protein)

of the spots was > 200. The over- and

underexpression of the matched protein

spot was identified when difference in

the spot volume was significantly dif-

ferent between FccRIIIb-NA1/NA1

and -NA2/NA2 neutrophils.

Mass spectrometric analysis

The over- or underexpressed proteins

were cut for in-gel digestion and were

subsequently subjected to mass spec-

trometric analysis, as described by

Gerashchenko et al. (23). The fluores-

cently stained 2-D gels were further

stained with silver to visualize spots.

Briefly, the selected matched protein

spots were excised from the dried,

silver-stained 2-D gels (24) and rehy-

drated in 100 mM ammonium bicar-

bonate for 20 min. The gel spots were

then destained in a solution of 15 mM

potassium ferricyanide and 50 mM

thiosulfate for 20 min, rinsed twice in

deionized water and finally dehydrated

in 100% acetonitrile until they turned

opaque white. The spots were then

dried in a vacuum centrifuge, followed

by overnight rehydration in digestion

solution consisting of 50 mM ammo-

nium bicarbonate, 5 mM calcium

chloride and 0.01 lg/lL modified

sequence-grade trypsin (Promega,

Madison, WI, USA) at 37�C. The

digestion of spots was terminated by

treatment with 5% trifluoroacetic acid

for 20 min. Peptides were extracted

from the spots three times with 5%

trifluoroacetic acid in 50% acetonitrile

for 20 min, and were pooled and dried

in a vacuum centrifuge. This was fol-

lowed by their collection/concentration

with Zip-Tip C18 pipette tips (Milli-

pore), according to the manufacturer�s
protocol. The peptide mass spectra

were measured using an ultraflex TOF/

TOF mass spectrometer (Bruker Dal-

tonics, Billerica, MA, USA). Identifi-

cation of protein was performed with

MASCOT search engine (Matrix

Science, London, UK) using the

National Center for Biotechnology

Information (NCBI) database.

ELISA

Concentrations of protein-arginine

deiminase type-4 (PADI4) in the sub-

ject samples were determined by ELI-

SA with commercially available kits

(BD Biosciences, San Jose, CA,

USA), according to the manufacturer�s
instructions. Briefly, each of the 96-well

microtitre plates was coated with 50 lL
of the protein samples and PADI4

peptides (Abcam, Tokyo, Japan) in

coating buffer (pH 9.5) overnight at

4�C. After removal of the sample

solution, 200 lL of a blocking reagent
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was added to each well for 2 h at room

temperature. After washing twice,

100 lL of goat anti-human PADI4 IgG

antibodies (1:50,000 dilution; Abcam)

were added and incubated for 2 h at

room temperature. After washing three

times, horseradish peroxidase-conju-

gated rabbit anti-goat IgG antibodies

(1:10,000 dilution; Abcam) were fur-

ther added and incubated for 2 h at

room temperature. After washing

three times, colour development was

performed with 100 lL of substrate

reagent containing 3,3¢,5,5¢-tetrameth-

ylbenzidine dihydrochloride and

hydrogen peroxide for 10 min at 37�C,
and stopped by addition of 100 lL of

stop solution. Optical density at

450 nm (OD 450 nm) was measured

with an automated microplate reader

(Bio-Rad Japan Laboratories, Tokyo,

Japan). The appropriate dilution of

protein sample was determined from

preliminary experiments involving

serial dilutions of samples and mea-

surements of OD 450 nm. Concentra-

tions of PADI4 in the samples from Fcc
RIIIb-NA1/NA1 and -NA2/NA2 neu-

trophils were expressed as means ±

standard error (SE) of experiments with

four different donor pairs (n = 5, for

both FccRIIIb-NA1/NA1 and -NA2/

NA2 genotypes).

Statistical analyses

Differences in the spot volume of

matched proteins between FccRIIIb-

NA1/NA1 and -NA2/NA2 neutrophils

were assessed using Student�s unpaired
t-tests. The same tests were also used to

assess differences in PADI4 concen-

trations between FccRIIIb-NA1/NA1

and -NA2/NA2 neutrophils. Statistical

significance was accepted at 5%

(p < 0.05).

Results

In a group of 40 Japanese healthy

individuals, we confirmed the previ-

ously reported data on the distribution

of FccRIIa and FccRIIIb genotypes

(2.5% for FccRIIa-R/R131, 42.5% for

-R/H131 and 55.0% for -H/H131;

35.0% for FccRIIIb-NA1/NA1,

52.5% for -NA1/NA2 and 12.5% for -

NA2/NA2) (9). We then determined

the two FccRIIIb genotype groups:

five FccRIIIb-NA1/NA1 donors (3

males and 2 females; mean age,

35.8 years) and five FccRIIIb-NA2/

NA2 donors (3 males and 2 females;

mean age, 39.2 years), all of whom

exhibited FccRIIa-R/H131.

A total of 757 protein spots were

observed in the 2-D electrophoreto-

grams of FccRIIIb-NA1/NA1 and -

NA2/NA2 neutrophils. The number of

protein spots observed in all 2-D gels

was 330 for the FccRIIIb-NA1/NA1

group and 353 for the -NA2/NA2

group. The mean and standard devia-

tion (SD) for the number of spots was

534.8 ± 27.0 for the FccRIIIb-NA1/

NA1 group and 542.0 ± 8.3 for -NA2/

NA2 group. Figure 1A shows repre-

sentative 2-D electrophoretograms of

proteins from FccRIIIb-NA1/NA1

and -NA2/NA2 neutrophils. Most of

the protein spots were distributed be-

tween pI 3 and 10, and between 10 and

225 kDa. A statistical analysis revealed

that the expression levels of five protein

spots were significantly different

between the FccRIIIb genotypes (p <

0.05; spot nos 1–5; Fig. 1B). We found

no protein spots that were only iden-

tified in FccRIIIb-NA1/NA1 or -NA2/

NA2 neutrophils.

Mean florescence intensities of neu-

trophils labelled with anti-FccRIIIb

monoclonal antibody proved compa-

rable between FccRIIIb genotype

groups (mean ± SD arbitrary scale:

17.4 ± 2.4 for FccRIIIb-NA1/NA1

group and 16.4 ± 6.8 for -NA2/NA2

group). In addition, the percentages of

FccRIIIb-positive neutrophils were

comparable between the FccRIIIb

genotype groups (mean ± SD per-

centages: 93.5 ± 6.3 for FccRIIIb-

NA1/NA1 group and 96.0 ± 3.0 for

-NA2/NA2 group).

The FccRIIIb-NA1/NA1 neutroph-

ils exhibited two spots (spot nos 1 and

2) that were significantly underex-

pressed compared with FccRIIIb-

NA2/NA2 neutrophils (p < 0.05;

Fig. 2). The database search revealed

that spot nos 1 and 2 corresponded to

protein-arginine deiminase type-4

(PADI4) and annexin VI, respectively

(Table 1). Another three spots (spot

nos 3–5) were significantly overexpres-

sed in FccRIIIb-NA1/NA1 neutroph-

ils compared with FccRIIIb-NA2/

NA2 neutrophils (p < 0.05; Fig. 2).

Spot nos 3 4, and 5 were identified as

Cdc42hs-Gdp complex, myosin light

chain 12A and coactosin-like 1,

respectively (Table 1).

To confirm reliability of our prote-

omic results, a representative PADI4

protein that was shown to be associ-

ated with human inflammatory disease

(25–27) was selected, and evaluated in

the protein samples with ELISA

experiments. Concentrations of PADI4

in FccRIIIb-NA1/NA1 neutrophils

were significantly lower than those in

FccRIIIb-NA2/NA2 neutrophils

(p = 0.03; Fig. 3).

Discussion

Our results indicated five proteins to be

differentially expressed in neutrophils

between the FccRIIIb-NA1/NA1 and -

NA2/NA2 genotypes. When compared

with FccRIIIb-NA2/NA2 neutrophils,

two proteins (PADI4 and annexin VI)

were underexpressed, while another

three proteins (Cdc42hs-Gdp complex,

myosin light chain 12A and coactosin-

like 1) were overexpressed in FccRI-

IIb-NA1/NA1 neutrophils. To exclude

confounding factors responsible for the

observed levels of proteins, we con-

firmed FccRIIIb expression levels on

neutrophils to be comparable between

FccRIIIb genotypes. In addition,

because FccRIIa genotypes regulate

neutrophil functions (28), all partici-

pants in each FccRIIIb genotype

group were matched for their FccRIIa

genotype in this study. Therefore, it is

conceivable that differential expression

of the five proteins cannot be explained

by underlying differences in FccRIIIb

expression levels or FccRIIa geno-

types. To best of our knowledge, this is

the first proteomic evidence to show

the differentially expressed proteins

associated with FccRIIIb polymor-

phism.

Protein-arginine deiminase type-4 is

a citrullinating enzyme, converting

peptidylarginine into citrulline via

post-translational modification. Of five

identified isotypes (PADI1–4 and 6),

PADI4 is expressed in white blood

cells, including neutrophils (29), and

has been shown to be genetically
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associated with susceptibility to rheu-

matoid arthritis (25). Co-localization

of PADI4, citrullinated protein and

fibrin deposit was suggested to be

responsible for fibrin citrullination,

resulting in a potential antigen of

rheumatoid arthritis autoimmunity

(26). It has also been documented that

overexpression of PADI4 and sub-

sequent citrullination of intracellular

proteins via anti-PADI4 response

constitute an aetiological factor for

chronic inflammatory diseases (27).

Recent literature indicates that PADI4

was released from the cells when they

exposed to excessive extracellular cal-

cium ions (30). The FccRIIIb-NA1/

NA1 neutrophils were shown to

deliver more signals for calcium ion

mobilization via cross-linking with

FccRIIa than FccRIIIb-NA2/NA2

neutrophils (31). Therefore, it is likely

that underexpression of PADI4 was

present in FccRIIIb-NA1/NA1 neu-

trophils.

Annexins constitute a family of cal-

cium- and phospholipid-binding pro-

teins, and have been implicated in

intracellular calcium mobilization and

regulation of cellular function. Ann-

exin VI has been shown to concentrate

in the phagosomal region of neu-

trophils during phagocytosis of myco-

bacteria (32). A proteomic study

demonstrated annexin VI to be pref-

erentially associated to late phago-

somes, suggesting that this molecule

could exert its function at a late step of

endocytosis or phagocytosis (33).

Considering our observations that

overexpression of annexin VI was

identified in FccRIIIb-NA2/NA2 neu-

trophils, it would be conceivable that

differential phagosome maturation

may be partly responsible for the dif-

ference in neutrophil function between

FccRIIIb genotypes.

The Cdc42hs-Gdp complex is a

member of the Rho family of GTPases

(34), whereas coactosin-like 1 is a

human filamentous actin-binding pro-

tein (35). These proteins are involved in

regulation of the actin cytoskeleton in

neutrophils, which is essential for

phagocytosis and accompanying super-

oxide generation (34,35). Our results

indicated an underexpression of

Cdc42hs-Gdp complex and coactosin-

like 1 in FccRIIIb-NA2/NA2 neu-

trophils, which is in accordance with

results of other studies showing a

decreased function of neutrophils

from FccRIIIb-NA2-carrying donors

(10,11). Further studies would be

needed to evaluate the association

between these molecule levels and

cellular functions. Myosin light chai-

n 12A plays a role in regulation of

cytokinesis and cell locomotion. The

levels of myosin light chain 12A were

increased in FccRIIIb-NA1/NA1

neutrophils. However, its role in host

immune response has not been fully

clarified.

Most of these proteins have also

been identified in neutrophils by other

proteomic analyses (36–38). Annex-

in VI was detected as an actin protein

in the phagosome (36). Myosin light

chain were identified as a cytoskeletal

protein in the plasma membrane vesi-

cles (36,37), while Cdc42hs was identi-

fied on neutrophil granules (38).

Recently, a proteomic study indicated

that highly abundant proteins, such as

heat shock protein 70 and enolase 1,
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Fig. 1. Representative protein expression profiles in neutrophils obtained from FccRIIIb-

NA1/NA1 and -NA2/NA2 donors. (A) Two-dimensional gel electrophoresis of protein

samples obtained from stimulated neutrophils in FccRIIIb-NA1/NA1 and -NA2/NA2

donors. The vertical axis represents the molecular weight of proteins (in kilodaltons). The

horizontal axis represents the range of pI values of proteins between 3 and 10. The circles

indicate matched five protein spots (spot nos 1–5) with significant difference in the expression

levels between FccRIIIb-NA1/NA1 and -NA2/NA2 neutrophil groups (n = 5 for both

genotype groups), as assessed by Student�s unpaired t-test (p < 0.05). (B) The regions of the

five matched spots (spot nos 1–5) are shown enlarged. These proteins were cut for in-gel

digestion and were subsequently subjected to mass spectrometric analysis. The protein

assignments are presented in Table 1.
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were frequently identified in a diverse

number of proteomic analyses (39).

The cellular stress response may be the

universal reason why these proteins

were generally detected differentially

(39), suggesting that it is important

to check the specificity of proteins.

We confirmed that six differentially

expressed proteins in this study were

not matched for the frequently de-

tected proteins in general (39).

Caution is necessary when inter-

preting our results, because detection

of protein spots on the 2-D gels was

influenced by the employed tech-

niques. We identified five differentially

expressed proteins that were distrib-

uted on the gels between pI 3 and 10,

and between 10 and 225 kDa. How-

ever, it is technically difficult to detect

the spots that appeared in the lower or

higher range of pH and molecular

weight, which were not visible on the

gel.

These proteomic approaches may be

effective for defining risk markers

associated with disease susceptibility,

but have problems with interindi-

vidual differences. Differences between

donors were observed in the protein

expression levels, even within the same

FccRIIIb genotype group. However,

our statistical analyses revealed differ-

ences in the expressions between

FccRIIIb genotype groups to be

greater than those among donors

Spot 
no. 1  

Spot 
no. 2  

Spot 
no. 3  

Spot 
no. 4 

Spot 
no. 5  

%
 S

po
t v

ol
um

e 

0

0.1

0.2

0.3

0.4
FcγRIIIb-NA1/NA1, FcγRIIIb-NA2/NA2

p = 0.009

p = 0.02

p = 0.02

p = 0.04

p = 0.04

Fig. 2. Comparison of volume of five differentially expressed protein spots between

FccRIIIb-NA1/NA1 and -NA2/NA2 neutrophils (spot nos 1–5). Each circle represents the

spot volume (%) for one donor. The mean and standard error are indicated for the

FccRIIIb-NA1/NA1 and the -NA2/NA2 groups. The vertical axis represents the spot vol-

ume (%), which was normalized to give a fractional volume of total spot volume per gel for

intergel comparisons. The p-values mark significance of differences between FccRIIIb

genotype groups, as identified by Student�s unpaired t-test.

Table 1. Identification of proteins corresponding to the differentially expressed spots in stimulated neutrophils between FccRIIIb-NA1/NA1

and -NA2/NA2 geneotypes

Protein name

Mean spot

volume ratio

(NA1/NA2)

Accession

number

(NCBI)

Molecular

mass

(Da)

MOWSE

score Matched peptide sequences

Spot no. 1 Protein-arginine

deiminase type-4 (PADI4)

0.6 gi|12230488 74,079 182 TLPVVFDSPR

VMGPDFGYVTR

ILFGDSCYPSNDSR

GPQTGGISGLDSFGNLEVSPPVTVR

Spot no. 2 Annexin VI 0.7 gi|34533483 75,873 153 ALIEILATR

LVFDEYLK

FMTILCTR

SEIDLLNIRR

ILISLATGHREEGGENLDQAR

Spot no. 3 Cdc42hs-Gdp complex 1.4 gi|4389379 21,258 78 YVECSALTQK

WVPEITHHCPK

QKPITPETAEKLAR

Spot no. 4 Myosin light chain 12A 1.5 gi|5453740 19,794 124 GNFNYIEFTR

KGNFNYIEFTR

FTDEEVDELYR

EAPIDKKGNFNYIEFTR

Spot no. 5 Coactosin-like 1 1.3 gi|21624607 15,944 194 KELEEDFIK

DDGSAVWVTFK

ELEEDFIKSELK

ELEEDFIKSELKK

FALITWIGENVSGLQR

SKFALITWIGENVSGLQR

The proteins correspond to five spots (numbered in Fig. 1) in which a significant difference in the expression levels between FccRIIIb-NA1/

NA1 and -NA2/NA2 neutrophils was found (p < 0.05). Probability-based MOWSE scores showed significant matches, with ion scores > 37

for the spot nos 1, 2 and 5 (p < 0.05), and > 38 for spot nos 3 and 4 (p < 0.05) (40).
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within the FccRIIIb genotype group,

which was also confirmed by results of

ELISA experiments. In addition, the

2-D gel image analysis revealed more

than 90% of the spots to be coincident

in the four replicates within the same

donor. Therefore, these observations

support the reliability of our findings

of differentially expressed proteins

associated with FccRIIIb polymor-

phism. To further elucidate a role of

FccRIIIb genotypes in the pathogene-

sis of periodontits, it would be neces-

sary also to study patients with

periodontitis.

In conclusion, this study provides

the possibility of differential protein

expression profiles of neutrophils

between FccRIIIb genotypes.

Acknowledgements

The authors are grateful to Dr Y.

Abiko, Nihon University School of

Dentistry at Matsudo, and Dr T.

Tahara, Kirin Brewery Co., Ltd, for

providing human monoclonal IgG1

antibodies to P. gingivalis recombinant

40 kDa outer membrane protein. This

study was supported by Grant-in-Aid

for Scientific Research (19390535 and

19592383) from the Japan Society for

the Promotion of Science, Tokyo,

Japan.

References

1. Miyasaki KT. The neutrophil: mecha-

nisms of controlling periodontal bacteria.

J Periodontol 1991;62:761–774.

2. Saito I, Komayama K, Moro I et al.

Ultrastructural and immunocytochemical

characterization of polymorphonuclear

leukocytes from gingival crevice in man.

J Periodontol 1987;58:493–497.

3. Tew JG, Marshall DR, Burmeister JA,

Ranney RR. Relationship between gingi-

val crevicular fluid and serum antibody

titers in young adults with generalized and

localized periodontitis. Infect Immun

1985;49:487–493.

4. Yuan ZN, Gjermo P, Helgeland K, Sch-

neck K. Fca receptor I (CD89) on neu-

trophils in periodontal lesions. J Clin

Periodontol 2000;27:489–493.

5. Miyazaki A, Kobayashi T, Suzuki T,

Yoshie H, Hara K. Loss of Fcc receptor

and impaired phagocytosis of polymor-

phonuclear leukocytes in gingival crevic-

ular fluid. J Periodontal Res 1997;32:

439–446.

6. Kobayashi T, Yamamoto K, Sugita N

et al. Effective in vitro clearance of Por-

phyromonas gingivalis by Fca receptor I

(CD89) on gingival crevicular neutrophils.

Infect Immun 2001;69:2935–2942.

7. Warmerdam PAM, van de Winkel JGJ,

Gosselin EJ, Capel PJA. Molecular basis

for a polymorphism of human Fcc recep-

tor II (CD32). J Exp Med 1990;172:19–25.

8. Ory PA, Clark MR, Kwoh EE, Clarkson

SB, Goldstein IM. Sequences of comple-

mentary DNAs that encode the NA1 and

NA2 forms of Fc receptor III on human

neutrophils. J Clin Invest 1989;84:

1688–1691.

9. Kobayashi T, Westerdaal NAC, Miyazaki

A et al. Relevance of immunoglobulin G

Fc receptor polymorphism to recurrence

of adult periodontitis in Japanese patients.

Infect Immun 1997;65:3556–3560.

10. Bredius RGM, Fijen CAP, de Haas M

et al. Role of neutrophil FccRIIa (CD32)

and FccRIIIb (CD16) polymorphic forms

in phagocytosis of human IgG1- and

IgG3-opsonized bacteria and erythrocytes.

Immunology 1994;83:624–630.

11. Kobayashi T, van der Pol WL, van de

Winkel JG et al. Relevance of IgG recep-

tor IIIb (CD16) polymorphism to han-

dling of Porphyromonas gingivalis:

implications for the pathogenesis of adult

periodontitis. J Periodontal Res

2000;35:65–73.

12. Kobayashi T, Sugita N, van der Pol W-L

et al. The Fcc receptor genotype as a risk

factor for generalized early-onset peri-

odontitis in Japanese patients. J Period-

ontol 2000;71:1425–1432.

13. Fu Y, Korostoff JM, Fine DH, Wilson

ME. Fcc receptor genes as risk markers

for localized aggressive periodontitis in

African-Americans. J Periodontol 2002;73:

517–523.

14. de Souza RC, Colombo APV. Distribu-

tion of FccRIIa and FccRIIIb genotypes

in patients with generalized aggressive

periodontitis. J Periodontol 2006;77:

1120–1128.

15. Loos BG, Leppers-van den Straat FGJ,

van de Winkel JGJ, van der Velden U. Fcc
receptor polymorphisms in relation to

periodontitis. J Clin Periodontol

2003;30:595–602.

16. Chung H-Y, Lu H-C, Chen W-L, Lu C-T,

Yang Y-H, Tsai C-C. Gm(23) allotypes

and Fcc receptor genotypes as risk factors

for various forms of periodontitis. J Clin

Periodontol 2003;30:954–960.

17. Dimou NL, Nikolopoulos GK, Hamo-

drakas SJ, Bagos PG. Fcc receptor poly-

morphisms and their association with

periodontal disease: a meta-analysis.

J Clin Periodontol 2010;37:255–265.

18. Ericson SG, Zhao Y, Gao H et al. Inter-

leukin-6 production by human neutrophils

after Fc-receptor cross-linking or exposure

to granulocyte colony-stimulating factor.

Blood 1998;91:2099–2107.

19. de Haas M, Kleijer M, van Zwieten R,

Roos D, von dem Borne AEGKr. Neu-

trophil FccRIIIb deficiency, nature and

clinical consequences: a study of 21 indi-

viduals from 14 families. Blood

1995;86:2403–2413.

20. Carlsson LE, Santoso S, Baurichter G

et al. Heparin-induced thrombocytopenia:

new insights into the impact of the

FccRIIa-R-H 131 polymorphism. Blood

1998;92:1526–1531.

0

4.0

8.0

12.0

16.0

P
A

D
I4

 (
µg

/m
L)

p = 0.03 

Fc RIIIb-NA1/NA1γ Fc RIIIb-NA2/NA2

Fig. 3. Concentrations of protein-arginine deiminase type-4 (PADI4) in stimulated neu-

trophils form FccRIIIb-NA1/NA1 and -NA2/NA2 donors. Results are expressed as mean-

s ± SEM of experiments with four different donor pairs (n = 5 for both FccRIIIb-NA1/

NA1 and -NA2/NA2 genotype groups). The p-value is the significance of difference between

FccRIIIb-NA1/NA1 and -NA2/NA2 neutrophils, as assessed by Student�s unpaired t-test.

786 Yokoyama et al.



21. Takauchi A, Kobayashi T, Tahara T et al.

The transchromosomic mouse-derived

human monoclonal antibody promotes

phagocytosis of Porphyromonas gingivalis

by neutrophils. J Periodontol 2005;76:

680–685.

22. Yamagata A, Kristensen DB, Takeda Y

et al.Mapping of phosphorylated proteins

on two-dimensional polyacrylamide gels

using protein phosphatase. Proteomics

2002;2:1267–1276.

23. Gerashchenko BI, Yamagata A, Oofusa

K, Yoshizato K, de Toledo SM, Howell

RW. Proteome analysis of proliferative

response of bystander cells adjacent to

cells exposed to ionizing radiation. Prote-

omics 2007;7:2000–2008.

24. Gharahdaghi F, Weinberg CR, Meagher

DA, Imai BS, Mische SM. Mass spectro-

metric identification of proteins from sil-

ver-stained polyacrylamide gel: a method

for the removal of silver ions to enhance

sensitivity. Electrophoresis 1999;20:

601–605.

25. Suzuki A, Yamada R, Chang X et al.

Functional haplotypes of PADI4, encod-

ing citrullinating enzyme peptidylarginine

deiminase 4, are associated with rheuma-

toid arthritis. Nat Genet 2003;34:395–402.

26. Chang X, Yamada R, Suzuki A et al.

Localization of peptidylarginine deimin-

ase 4 (PADI4) and citrullinated protein in

synovial tissue of rheumatoid arthritis.

Rheumatology 2005;44:40–50.

27. Suzuki A, Yamada R, Yamamoto K.

Citrullination by peptidylarginine deimin-

ase in rheumatoid arthritis. Ann NY Acad

Sci 2007;1108:323–339.

28. Huizinga TWJ, van Kemenade F, Koen-

derman L et al. The 40-kDa Fcc receptor

(FcRII) on human neutrophils is essential

for the IgG-induced respiratory burst and

IgG-induced phagocytosis. J Immunol

1989;142:2365–2369.

29. Asaga H, Nakashima K, Senshu T, Ishi-

gami A, Yamada M. Immunocytochemi-

cal localization of peptidylarginine

deiminase in human eosinophils and neu-

trophils. J Leukoc Biol 2001;70:46–51.

30. Anzilotti C, Pratesi F, Tommasi C,

Migliorini P. Peptidylarginine deiminase 4

and citrullination in health and disease.

Autoimmun Rev 2010;9:158–160.

31. Nagarajan S, Chesla S, Cobern L,

Anderson P, Zhu C, Selvaraj P. Ligand

binding and phagocytosis by CD16 (Fcc
Receptor III) isofirms. Phagocytic signal-

ing by associated f and c subunits in

Chinese hamster ovary cells. J Biol Chem

1995;270:25762–25770.

32. Majeed M, Perskvist N, Ernst JD, Orse-

lius K, Stendahl O. Roles of calcium and

annexins in phagocytosis and elimination

of an attenuated strain of Mycobacterium

tuberculosis in human neutrophils. Microb

Pathog 1998;24:309–320.

33. Desjardins M, Celis JE, van Meer G

et al. Molecular characterization of

phagosomes. J Biol Chem 1994;269:

32149–32200.

34. Forsberg M, Druid P, Zheng L, Stendahl

O, Särndahl E. Activation of Rac2 and

Cdc42 on Fc and complement receptor

ligation in human neutrophils. J Leukoc

Biol 2003;74:611–619.

35. Provost P, Doucet J, Stock A, Gerisch G,
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