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Inductive Effect of Nicotine on Inflammatory Cytokine Production

by Macrophages

Takumi NumaTa! and Kimiharu Hrrosg?

Tabaco smoking is one of significant risk factor for periodontal disease. Nicotine is

a major component and pharmacologically active agent in tabaco. The objective of this

study was to evaluate the effect of nicotine and Porphyromonas gingivalis lipopolysac-

charide (P. g-LPS) in combination on human macrophage line cell U937 production of

inflammatory cytokine.

U937 cells were treated with or without nicotine and P. g-LPS. Pro-interleukin-
1(IL-1) 8 mRNA was identified RT-PCR. IL-1 3, NOD-like receptor family, pyrin domain
containing 3 (NLRP3) and caspase-1 proteins were quantified using western blotting.

Compared with untreated cultures, 10°3 M nicotine significantly elevated expression
of pro-IL-15 mRNA. Furthermore, nicotine induced IL-18, NLRP3 and caspase-1

proteins production in the cells.

These results demonstrated that nicotine upregulate inflammatory cytokine which

is produted by P. g-LPS-activated macrophages. Combined treatment to elevate cyto-

kine production further, which may have implications for the progression of periodonti-

tis in smoker.
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interleukin-1{(IL-1) 385 & il f2i& AL IE 7 0 F
WM ER L U THBUI MBS LT
BT ENRENTNEE I,

PR AR F50F B TL- 14 MR 3 0 120 L i
fa P R ARRME S MilD®, 2L C~vor a7y =T
HHEINDB?, ZOIBvruT 7 — Vil
BB FEAHAR I B W TRPLIIZE b AAD T &,
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%1 Sequences of forward and reverse primers used
for RT-PCR

pro-1L-15 Reference
Forward GCCCTAAACAGATGAAGTGTCC

Reverse ATTGCATGGTGAAGTCAGTTATATC

G3PDH
Forward TGAAGGTCGGAGTCAACGGATTTGGT

Reverse CATGTGGGCCATGAGGTCCACCAC &

MHELUFE

1. EEMEAE
Ebvru7y—UhkilllaTd 2 UISTHI A
(BYLFEWIRpI NS4 A )Y — 2k v 2 — XD 53 5)
MWz, U7 IZEEI0OmMm O 75 X F v
2 ¥ ¥ — v (BD Falcon, Franklin Lakes, NJ,
USA) & H 10% 4 Bs "2 I 7& (Fetal bovine
serum, FBS ; Gibco, NY, USA) ¥l RPMI-1640
Bty (NDEMFE T3, KBR) 12T37C, 5%CO2
—95% MZE P DB T IS TS B A 1T - 72
L OEEERIHL 72,
2. U937 {ile~NDZ=aF > £ P.gHEK LPS D
A
U937l g i, 0.5%FBS ¥ 0 RPMI-16405% i
S5ml # AN7ZEFEOMm DS 5 AF v 7 ¥ ¥ —
L (BD Falcon) {Z108{E#&%& L 7z, % D%, 105
~10MBREBED=aF Y (FH54F 20, TH)
BXUP gH% LPS (1 £ g/ml ; InvivoGen, San
Diego, CA, USA) Z#7 L 6 B & THEE T
7oo BEERET %, USTHINE & 158 BB 4+ IR L
IL-18, pro-IL-13, NLRP3# & U caspase-1
FEAE BIREMRAT ORKL & L 72,
3. Total RNA D[EYX & RT-PCR
U937 RE 2> & D total RNA D [EIIN T Isogen-
LS (FeMiBETEE, KIR) #HVTIT> 72, [
I X 772 total RNA iZ ReverTra Ace qPCR kit
(TOYOBO, ABR) # FAV i85 % 171> cDNA
51872, 2O cDNAIZ pro-IL-18 %4 & — 4 v b
& UT, % 7, glyceraldehyde-3-phosphate-
dehydrogenase(G3PDH) # { » & —F )L 2V b
0—JL& UTPCR #4T> 72, Pro-IL-18 B &LV
G3PDH I T 5754 ~v—-Dy —o v 222
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pro-1L-18

G3PDH

P.g LPS (1pg/mD)

Nicotine (M) 0
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- - B

103 104 103

ZaF ISk BHURTHIE Dpro-IL-1 B mRNAFEIR (R R

Culture time(hr) 0
Nicotine (10 M)

2
FEIR DRERFRZL

2 11Zmd, PCRTEFRY AT —-EELT
TaKaRa EX Taq (Takara, &) #H\, ¥—
< LH 4 25— (TP600, Takara, ¥EE) 12T27
A2 NOBEET - (T2—) Y RE
60°C). PCR DR IE1.5% 7 v — 27
(Takara) IZTERL, TF V747094 FIZ
TYEEET->724%, PIVAANLIF—2—%H
WEIER L /=,

4. JIZ&>7Ov b

IL-13 i 2 W Tk ¥ 3# L& %, NLRP3&
caspase-11Z 2 W T & U937l iz % MPER
(Thermo, Rockford, IL, USA) iZ THilzA ff L s
L2zsDaEFhEFNRRE Lz, BRlBOx »o8
27 B 1%, BCA Protein assay kit (Thermo) 1<
THE L2, &I, 2I06 4 VS HES0ug
%10%SDS E ) 77 Y L7 I K7 TERK
ETS 2 TREEALL, BRIEILT %, BHE

2
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ZOF 2 &P gHELPSOREMBRMOEEDUIBTHIREIC £ B pro-IL-1 8 mRNA

Xhia v Bh=butia— 2§ (7 K
VI OHRE ER)ICEE LR, = ukiia—
Z i Block ACE (K HARMERME KfR) T
TayF L% —®¥ikE L TIL-18,
NLRP3F U caspase-1iZ X ¥ 5 #i & (Santa
Cruz Biotech., CA, USA) #6003 EICTRIL &
iz, ZOH%, V) VEBEEHEEEEKEPBS) I
0.1% @ Tween-20 (FEHIFHE T, Rx) =h0
% 7= Pei% % (PBS-Tween) 2T 3 EIWF % T4,
FEEO—REABRE L 72, WL, €4 F VR
BHOWPAIST, —btovro— 2R EICEAL
Fe—WHR AR L, —RYIROBE & AR
PBS-Tween {2 T 3[M¥EIFAIT > 720 ZDR, &5
IZ Vectastain Elite ABC kit (Vector, Burlingame,
CA, USA) {2 THLEREL 72%%, 3, 3’-diaminobenzidine
(FHAL2ERR 2T, BeAR) IC CTREBIBEELT-
7z
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IL-18(16.8KDa)

P.g LPS(1pg/ml)
Nicotine (103M)
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3 P.glRLPSHAHET ZUNTMIADIL-1 BAEEICHT 52 0F L DR

NLRP3(114KDa)

Pg LPS (1pg/ml

Nicotine (103M)

+ -

4 P.glELPSHFEET ZUNBTHMEONLRPIOELICH T 2 2aF - ORR

Caspase-1 (45KDa) >

P.g LPS(1pg/ml)
Nicotine (103M)
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1. U937 #iBa(C &+ % pro-IL-1 8 mRNA #Iif
IZRIFET P.gBRELPS EZOF > OHBADE
U937HEREIZ P. g BI3K LPS DA RN L TH%&
LZ=Ba &R, P gHRLPS & =25 VO
FHEHBML ZHE 126 W T, pro-IL-18
mRNA OFEBRAH = 2 F » O BEERFIICRAE X
N, ZTOREHI0M TIRAELE-7 (K1),
%7z, P.gHKLPS £103M =2 F ¥ Ot
RHRRDONBIGHEBIZ2 ~ 4B TH - 7=
K2), &oT, UBRDOEERTIE, Wt 3=
IFUVOBEEEIOM, PgHRLPS L =aF v
OIEFBERE % 4 B & U 7=,
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2. U937 #RED IL-18, NLRP3 5 L U caspase-1
FEEICRIETP. gERLPS EZaF > Off
AshE

U937#f fZ 12 %543 3 IL-15, NLRP3k & ¢

caspase-1WTHDELEES, P gH¥ELPS DA

ERMUZEEEN, P glhkIPSE oy

EPFRERINU 728012, Z OEAE BN L Tu- (K

3~5), EHIWINLRPIZHBWTIE, =aFV
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% =
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BhraIL-1EtMiETss~vr0 7y —YI2D
WTRE L7228 DA,

2o u 7y — DIXEEREEIC TR HERR R
RN E 2L RENE D> TS, #
IR E DRI IL-1 5 RREERIER 1 7 S E
HIRVEELR T & Sh B REBRS A o4 V&
L, EHEREXRORENRE TH 5 BRI
BELTOWBZEMRRENTWES D, ZF I THH
BTk, FTvru7 - URMRTH 5 U937
fifaic=aF v & P. g 3k LPS A EBFIZARIIL,
IL-18 O HIEAE TH % pro-IL-18 O mRNA
BIZDWTRT-PCR # Wit 2T o7z, 2D
R, —=2F VIZRBERENICP g HkR LPS IS
& % U9I3THINE D pro-IL-18 mRNA HIEaAE %
RELE K1), £/, 2Ok H=aF D
eI AE E BRI =3 F VIFEM% 2B LU
4R TH -7 (K2), TDT En5, HEEW
HFIZ B 5T ENE, RS R IR AR L,
PRRER = B X AR & 5 5 2 AR Sz,
—Ji, =aF Y OfERRB 2 ~ 4 B & iy
HERENIZRAS 5, PO FOBRAEBIIERL D

YOIy —PiIlHT A =aF YOFEH  BHEIEA i i §

L7z, ZDZ &3, BEHEOEWFIZE LT,
—aFVvOEEBIE B TH 2HREMELH 52,
RIEWES 5 F I WL, ZOEERAPERL,
PRRIR S RIED 5 VNEIT T2 Y A5 E 5 C
EERELTNS,

ZDE31Z, AfETRHRET=aF VP g
03 LPS & & & 12 U937 g @ pro-1L-174
mRNA B ARET LI P PIZ I N
En6, WIZIL-18 # V30 DFEAN P, g Hik
LPS & =aF VitkDEEEh TWE &,
DNCYLAZ YTy b EHVVKRE %#1T- 72,
Z DOFRER, pro-IL-15 mRNA &Rk, =235
I USTHIEIZ B W T, P.gHRLPS & & & 1iC
IL-18 8 VS0 DA #REET 2 Z & B HEID
bhsz (K3), 2D ki, =aFViEEL
NLDAE S FTRRO L LT IL-18 DEE %
up-regulation U TWAHREMEZRTEDTH 5.

IL-18 1%, ZOMBAETH 5 pro-IL-15 25 A
TIA4 VT ERITIZEDTH BH®, ThET
IDATI4 Ly b baEEEE LTIL-18
converting enzyme 22T 6T M®, Th
MAHZIN-E1THHZEPHOND LDk
T&Ez, ZLTC, TOHA3—¥ 1 OFEMALIZME
Ha'Bi2dH % NLRP34 v 7 5v Y — L &RIhD
2SO BEEROBEHIZLZEDTHE I LY
BRSO &5 T,

PEkns, PgHRLPSIEvor a7 7 -Vl
NI 58N -1 BEERERTFTH 5 I &4
RENTWAB?, 7z, P gDREOHEEL FM
BROERAERT I EAME SN TN E2Y, Th
5 P g H R LPS & # % I3 Toll-like receptor
(TLR)-20 U H Y ¥ THYH, MyD887 & 7 & —
BFENT LUV FNERERICE DY 7O T 7 —
O bDYA M4 VEEERET DI EHRE
NTWBED k5T, LPS #&1 P g ODHE KM
AR iE Zh s TLR-2I2& 5 ¥ 7 F g
NLRP34 ¥ 7 5 v — & %I L 7z caspase-1D
WL VS “OORKICLkD~vruT 7 —Uh
50D IL-18 DEA AR L T 28R
XN b, &P, Taxman 52 1%, NLRP3A ~ 7
5 — L EHEIZ % B & apototis-associated

speck-like protein containing a caspase-
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recruitment domain, Vb ¥ 3 ASC DK %
TLR-2BHTRET LI EEZRL T3,

—%, SEOMETIE, =3F 5 UISTHI
IZEWTP gHELPS ODREHEMA L T8
NLRP34 v 7 5wV —LfEE (M4) 2T
B2ZLEYTZAY Ty bTHERLE, TDZ
i, =aFVEERICNLRP3A V753V — 4
EEMILE B ERIRNDEZEERTEDTH 5,

NLRP34 ~ 7 5% — A% iEMELT 2 EHE O
—DIZHIMEES H 5 T & % Duewell 5% 1278
LTW3, §hbs, vyourdyr—UpnaL iy
U - LiERERDALE ) ) — LEP D T
TV BARM S THIREES R 57201
NLRP34 v 75~ —ANERILEhE 2 & %
eIl TS, REEDMER. = 25 EE
DF-¥13672.5ng/ml TdH 5 Z & ' Jarvis 5% |2
KORENTWB, LArLAeSSIOEEIZ1IH
DV TH B &2 b BEEEOMERh =2 F
BEINCHENEEPIIEO I EAHEIR, 5
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DBRABETHB10M I\ TIZ=aF Vit k
DHAREENE LB ZE TCNLRP3IA V7 5%
V—ohEE b AR RS, k5T,
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LDOEMAEF I ONT R D ERENSLET
HhbHEELB,

-
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47532V — Ak caspase-1D7EMALIZ L 5 T
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