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Purpose: In chronic inflammatory diseases, neutrophils release NETs (neutrophil extracellular traps), web-like structures composed
of DNA and citrullinated histones, to eliminate bacteria and regulate the inflammatory response. In periodontitis, NETosis acts as
a crucial defense mechanism, characterized by the expression of citrullinated histones. This study aims to evaluate the impact of
age and smoking on the expression of citrullinated histones in patients with periodontitis and the feasibility of using saliva for their
detection. Materials and Methods: A total of 19 patients participated in the experiment. Among them, 15 were grouped accord-
ing to smoking status and age, with 5 patients assigned to each group. After clinical and radiographic examinations, blood samples
were collected from the subjects, and serum was separated. For 4 subjects, both blood and saliva samples were collected. The
levels of citrullinated histones in the samples were quantified using an ELISA kit, and the results were compared and statistically
analyzed. Results: The concentration of citrullinated histones was significantly higher in younger individuals (P < 0.05). Although the
expression of citrullinated histones was higher in the smoking group compared to the non-smoking group, the difference was not
statistically significant. In patients with periodontitis, the levels of citrullinated histones detected in saliva were comparable to those
found in serum. Conclusion: Age may be potential risk factors influencing the expression of citrullinated histones in patients with
periodontitis. Additionally, saliva, which is easier to collect, could be used as a viable sample for detecting citrullinated histones in
periodontitis patients. (J Dent Rehabil Appl Sci 2024;40(4):234-40)
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Group 1 Group 2 Group 3 Group 4
Number of patients 5 5 4
Age (yrs) 59.00 + 4.94 32.80 £ 2.58 58.20 £ 6.45 64.00 £ 4.24
Smoking Non-smoker Non-smoker Smoker -
CAL (mm) 3.94 + 0.87 3.58 £0.78 4.01 £1.33 3.61 £ 0.24
PPD (mm) 3.04 + 0.52 3.04 £0.25 3.36 £ 0.76 3.34+0.24
BOP (%) 50.30 + 22.64 4226 £11.21 50.11 + 22.75 40.97 £ 7.26

CAL: clinical attachment level, PPD: periodontal probing depth, BOP: bleeding on probing,
Data are shown as mean * standard deviation. There was no statistically significant difference in periodontal clinical parameters when comparing

Group 1, Group 2, and Group 3.
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Fig. 1. Comparison of expression levels of citrullinated
histones according to age and smoking.

Results are represented as mean + standard deviation.
Analyzed using Welch’s ANOVA followed by Games-How-
ell test.

Group 1: age > 40, non-smoker; group 2: age < 40,
non-smoker; group 3: age > 40, smoker.

*. statistically significant difference (P < 0.05).
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Fig. 2. Comparison of expression levels of citrullinated
histones according to sample type.

Results are represented as mean + standard deviation.
Analyzed using t-test. There was no statistically signifi-
cant difference.

,ﬂ
i)

it}
o
o g od

= ot i o
2
a=}

o of
oo
g 1o

Hoox
o

T
(o]
N
fol

o

-

(o]

o

ﬂOL

o

Kn}

%0

2

H T

o,

%0

N

9

ﬂ

o2 ©
o rff

2 1o n2
irﬁﬁ

o 2 R T A
s
o2 ™d
odL
o
11c/

(o]
9,

flo
3 of
o
o
1
e
IR
o > N
e
ok
ol
ol

-
o (g
SRS

o

o
S

—qil-o[l

ot
o

fol
1o ~ e oy ﬁ ~ o o N
4
o

Mt o
4
iz

Jo

>,

o

X

it &L ofy
o4

iy

B

=

AT

o

L

o

4 H

o]

ol
[>
it
1o
ik
el
o
ol
N
e
u
i
Py
o
g
rO
el
4>
30,
3
)

o ¥ Hi
10 Ho [o mu o rlo

A7 SxtolM o s Akl FESE
ok OF 13 OF 25 At fARRE Z1FE A
HIRE Heass 2579 840 & b
o, o= YRR FHE FolM BT XFHY
Ao 28-S Sl A=7
Eliaep

2017 AFHY A ZFAA vFEAE {13 AIA $1=2
AollM 9L et A AFFY Fae AdURt=

AFEG” o] AIFESe] §HE, Awet HY 2

2,
> 30,
u)
(NS
(o —l>'l
12
lo
™
ol
rk
>~
>,
o
<
X
ol
re

237



Park GT, Lee JY, Joo JY, Sohn DH, Kim HJ

07 oY AEEUS S Folez BEy gl
M 7P el T S, FUL BEE R
a1 SRl ot 2 7| groju|ubA| (peptidylarginine deimi-

nase) T4 TSN BHR0) NESTUSE S715
o, o] Qlal AP7hEY uhe-2 fuslo] Rulels A
2 03 A og-«z% Fe aog e gle

ol [ _\::‘
oz B
mE e o
o
o,
0
N
N
N,

[
ox
o
4 i
£
k=)
%
1
oo ©

ae, o
> r

911‘

=2,

O >3 = om

ﬂ
N
o2
re
-
=2
>
S
lo oo
>{ mol.
D
oll‘l >
%0,
i3
ol g
st
1o
oby
=
rr
ﬂ
£

ne

o,
o] 3ol BrtolA B
121 ol ofelen], we ¢

7hzich. SRl Bhoe AE A
3L 7817] w o] Sxtol 7] B9z
ot ofUja}, o] WA ahx
Slol o] At @ wEfo] &
Folrte elololN AESUs

ball

rlo
> rlo
al
l
rUlo
M
M
S
o

© T

Y

(

)
)

ol
—-

X
ol (ol tol o i o 1o

O ol o 2
)
i[5

[eEpT

o
Ir
o r_?i’,

g"O
i = r
=
> s _‘I:N
O_u
o
fu) L abi)
o] R AN

<

H‘m
°l=°
_?L

}

o flo n2
N
ri
ol

e
et
o I
¥@ 2 o
o
_=)
L_l
fr
l
[r
gL
o
J}L
Jo
>,

—r-LnE
R=}
)

S TR DA Y N e oY e O >~ 11

n}

Mooz 12 N O i 2 of
1o o2 ¥2
\lmlc’.

4 > 9 )

—_

JF o
ox L.

o F‘“‘
ol

ol
L

>

oo

Ir
o
ol

a2

il

U

>
Da)
d
0 2
;
e
1o
ox
o
>,
l ol-_]
2
>_E
o
HU
N
> 4
it}
g

[e)

ru° r&

e
XL

Oﬂ A °P°1 W& # %‘T‘—}. F3h & OE?LOW%
ZET o2 AAAA] Fstod, A diEL )
13 glo[E7F F&sith. o= Z|FY ERtolA AlE
gt OV\EJ ‘E‘“ﬂoﬂ theh B s oA ¢
AtolMe o &

o
£38 Wgelel uel £B7

o [‘E m oY
=
ftfo

4

)
o

%9,
£
4 -
I,‘i
_>|:

o
fu)
F)i

-

w4y e o ALK

%
i

bsAe Felslglon, 89 4 A A9 At 2
Aol Hs e ats] AT St goltt TekA B
Aol ol thije AAHeR YEhLn d
ol X1 Bt Lolo} Elo] A= GRSt 5| AE
o) el nirl e AR S 2 B9, 2540
283 Belo] 2T BAE HBT ROl £ Eo)

o B GAR £ E AESUG SAES AE
Ao G5 QoA Eolo] iR H AF 79 7}
4 WG B BIE 5 9o onja

Acknowledgements

FAbshal 7|2 AR LA 2 ) ofste] A=Y

ORCID

Gi-Tae Park https://orcid.org/0009-0005-7325-7653
Ju-Youn Lee https://orcid.org/0000-0002-0772-033X
Ji-Young Joo https://orcid.org/0000-0002-4050-5797
Dong Hyun Sohn https://otcid.org/0000-0002-9572-0611
Hyun-Joo Kim https://orcid.org/0000-0001-7553-6289

References

1. Kinane DF, Stathopoulou PG, Papapanou PN.
Periodontal diseases. Nat Rev Dis Primers 2017;3:
17038.

2. Hajishengallis G, Chavakis T, Lambris JD. Current
understanding of periodontal disease pathogenesis
and targets for host-modulation therapy. Periodon-
tol 2000 2020;84:14-34.

3. Movat HZ, Cybulsky MI, Colditz 1G, Chan MK,
Dinarello CA. Acute inflammation in gram-negative
infection: endotoxin, intetleukin 1, tumor necrosis
factor, and neutrophils. Fed Proc 1987;46:97-104.

4. Hajishengallis G, Moutsopoulos NM, Hajishengal-
lis E, Chavakis T. Immune and regulatory functions
of neutrophils in inflammatory bone loss. Semin
Immunol 2016;28:146-58.

5. Cooper PR, Palmer LJ, Chapple IL. Neutrophil ex-
tracellular traps as a new paradigm in innate immu-
nity: friend or foe? Periodontol 2000 2013;63:165-97.

6. Jaillon S, Galdiero MR, Del Prete D, Cassatella MA,

)] Dent Rehabil Appl Sci 2024;40(4):234-40



10.

11.

12.

13.

14.

Effects of age and smoking on the expression of citrullinated histones in patients with periodontitis and the analysis of expression levels according to sample types: pilot study

Garlanda C, Mantovani A. Neutrophils in innate
and adaptive immunity. Semin Immunopathol 2013;
35:377-94.

. Podolska MJ, Mahajan A, Knopf ], Hahn J, Boeltz

S, Munoz L, Bilyy R, Herrmann M. Autoimmune,
rheumatic, chronic inflammatory diseases: Neutro-
phil extracellular traps on parade. Autoimmunity

2018;51:281-7.

. Manfredi AA, Ramirez GA, Rovere-Querini P,

Maugeri N. The Neutrophil’s Choice: Phagocytose
vs Make Neutrophil Extracellular Traps. Front Im-
munol 2018;9:288.

. Knight JS, Carmona-Rivera C, Kaplan MJ. Proteins

derived from neutrophil extracellular traps may
serve as self-antigens and mediate organ damage in
autoimmune diseases. Front Immunol 2012;3:380.
Janssen KM]J, de Smit MJ, Withaar C, Brouwer E,
van Winkelhoff AJ, Vissink A, Westra ]. Autoan-
tibodies against citrullinated histone H3 in rheu-
matoid arthritis and periodontitis patients. ] Clin
Periodontol 2017;44:577-84.

Vitkov L, Klappacher M, Hannig M, Krautgartner
WD. Extracellular neutrophil traps in periodontitis.
] Periodontal Res 2009;44:664-72.

Oliveira SR, de Arruda JAA, Schneider AH, Bem-
querer LM, de Souza RMS, Barbim P, de Mattos-
Pereira GH, Calderaro DC, Machado CC, Alves SF,
Moreira PR, de Oliveira RDR, Louzada-Janior P,
Abreu LG, Cunha FQ), Silva TA. Neutrophil extra-
cellular traps in rheumatoid arthritis and periodon-
titis: Contribution of PADI4 gene polymorphisms.
] Clin Periodontol 2024;51:452-63.

Papapanou PN, Sanz M, Buduneli N, Dietrich T,
Feres M, Fine DH, Flemmig TF, Garcia R, Gian-
nobile WV, Graziani F, Greenwell H, Herrera D,
Kao RT, Kebschull M, Kinane DF, Kirkwood KI,
Kocher T, Kornman KS, Kumar PS, Loos BG,
Machtei E, Meng H, Mombelli A, Needleman I,
Offenbacher S, Seymour GJ, Teles R, Tonetti MS.
Periodontitis: Consensus report of workgroup 2 of
the 2017 World Workshop on the Classification of
Periodontal and Peri-Implant Diseases and Condi-
tions. | Periodontol 2018;89 Suppl 1:5173-82.
Armitage GC. Development of a classification sys-

tem for periodontal diseases and conditions. Ann

) Dent Rehabil Appl Sci 2024;40(4):234-40

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

Periodontol 1999;4:1-6.

Magan-Fernandez A, O’Valle F, Abadfa-Molina F,
Mufioz R, Puga-Guil P, Mesa I. Characterization
and comparison of neutrophil extracellular traps in
gingival samples of periodontitis and gingivitis: A
pilot study. | Periodontal Res 2019;54:218-24.
Harvey GP, Fitzsimmons TR, Dhamarpatni AA,
Marchant C, Haynes DR, Bartold PM. Expression
of peptidylarginine deiminase-2 and -4, citrullinated
proteins and anti-citrullinated protein antibodies in
human gingiva. | Periodontal Res 2013;48:252-61.
Suzuki B, Charon JA. Current classification of
periodontal diseases. ] Parodontol 1989;8:31-51.
Armitage GC. Development of a classification sys-
tem for periodontal diseases and conditions. Ann
Periodontol 1999;4:1-6.

Hurttia H, Saarinen K, Leino L. Increased adhesion
of peripheral blood neutrophils from patients with
localized juvenile periodontitis. | Periodontal Res
1998;33:292-7.

Van Dyke TE, Schweinebraten M, Cianciola L],
Offenbacher S, Genco RJ. Neutrophil chemotaxis
in families with localized juvenile periodontitis. |
Periodontal Res 1985;20:503-14.

Kantarci A, Oyaizu K, Van Dyke TE. Neutrophil-
mediated tissue injury in periodontal disease patho-
genesis: findings from localized aggressive peri-
odontitis. ] Periodontol 2003;74:66-75.

Leite FRM, Nascimento GG, Scheutz F, Lopez R.
Effect of smoking on periodontitis: A systematic
review and meta-regression. Am | Prev Med 2018;
54:831-41.

Giuntsch A, Erler M, Preshaw PM, Sigusch BW,;
Klinger G, Glockmann E. Effect of smoking on
crevicular polymorphonuclear neutrophil function
in periodontally healthy subjects. ] Periodontal Res
2006;41:184-8.

Serra-Bonett N, Rodriguez MA. The swollen joint,
the thickened artery, and the smoking gun: tobacco
exposure, citrullination and rheumatoid arthritis.
Rheumatol Int 2011;31:567-72.

Ramenzoni LL, Lehner MP, Kaufmann ME, Wie-
demeier D, Attin T, Schmidlin PR. Oral Diagnostic
Methods for the Detection of Periodontal Disease.
Diagnostics 2021;11:571.

239



Original Article

x| 2Kt Lolet FHo| A EEHsH 5|AE T O|X|= deF 2 HE
S50 W2 Y 24: o] A+

HE7|ER" 30, O]F" 24, FXIFM a4, £EH as, UUF 2us

R BB CLEER B REE R

*pakfsta X|2gel AR

"pabfsta Sjztdiet o gstaal

4 T A58 BN T A= Mol AA% AF vhs ZES 95 DNASH A|[EEYS} s|AEC 2 o] Fojz]
D=YANETsE GESE X FHolA 2579 NETosis 2.8 3ol 7|1 e 2 ZH851m, o] Aol A A|lEE TS}
A =]

S|AEo] LHET B A7t X|FA BAlIM AESUS} slAEY] Wae] Lpolgh Felo] nlxlt ek 3 el o]g
3 459 §ol4S Brhstaxt wek

A7 HE L WH: F 19%9) R Aol AR ON, o]F 159 FA Al L Lolo] wet 2 1 § 594 vl
SgiTt. 4 L A A} o) F AT RO Hohg AT The BAS Belshgich. Loix] 4mo) gl A
L 9ol 31 el 7 AN ELISA kicg A§3to] 4E ) AES U} SIAES B3 5o 2 2] AnE
aeh EA B4t

Bk Hol} 834% A= EelE 128 St H om0, MFE DF UL G2 IFE A=
gelst 5280 71 WAHYO, FARCE §OI% xtolt YT AT BALY) vlool M WAT FARE $F
NESHs} 32 E0] AEHULL.

ZE: AT B ol NSRS sl ol wetel A SIHA 8 5 Q. ARG Bl A2
s} ALY AES 910 AE AF7H O Bolat Bl AT 4 it

(THe|=5-381I5HK] 2024;40(4): 234-40)

*WAIRIRE: Z3E
(50012) ALHE A4 255 Hog| 22 20 f4tsty X|QffHEI et X|52t
Tel: 055-360-5104 | Fax: 055 360-5194 | E-mail: periohjkim@pusan.ac.kr

THAU: 20241 92 3% | AH: 2024 9% 20 | HA: 2024 109 8Y

240



