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Studies on inhibition of gingival fibroblast
proliferation by nicotine concentration
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Objectives: To investigate the effect of nicotine on the healing of an oral cavity wound, high and low
concentrations of nicotine were administered on human gingival fibroblasts.

Methods: Nicotine at concentrations of 0.1, 1, 5, and 10 mM were administered to gingival fibro—
blasts to evaluate the survival capability of the cells. Nicotine at 0.1 mM, a nonapoptotic concentra—
tion, was administered to evaluate apoptosis using Annexin V-FITC/Propidium lodide cell staining.
Nicotine at 1, 10, and 100 uM were administered to measure the expression of inflammatory cy-
tokines, which was measured by RT-PCR and ELISA. FGF was treated with an additional 1, 10, or
100 uM of nicotine to evaluate cell proliferation and wound healing.

Results: As the concentration of nicotine increased (0.1, 1, 5, and 10 mM), the survival capability of
the cells reduced. When cells were exposed to low nicotine concentration (0.1 mM) for 24 h, apop—
tosis occurred. Moreover, if the cell was exposed for 48 h, cell apoptosis occurred with necrosis.
As the concentration of nicotine increased (1, 10, and 100 uM), more inflammatory cytokines were
expressed. When EC LPS and TF LPS were combined with a low concentration of nicotine (1 and
10 uM), the expression of inflammatory cytokines was suppressed. The FGF level decreased as the
nicotine concentration increased (1, 10, and 100 pM).

Conclusions: Nicotine interferes with the wound healing process of gingival fibroblasts. To maintain
the wound healing process after a surgery or dental procedure, cessation of smoking is recom—
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HHY 7ls/do] vl gRtol| H]sf| 3.2580| 4] 7.288) EThal R =R
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T mE 7 Y A2
of Stomatitis nicotia HAE

RZQS QuA7IttY 3}, TS 2 1
o] YU A7 4 W AFAIZ1LL, B2 oJsf) BakH X
29 U2 A AN AP SXIAA XA B S
7Y, AL AFARoE YFS F1, AN AFH =
T A5 @3l glol e Rl AR HIE AR S 5P L HTt
50-75% %02 AstErty B = dn, et AL 774 U A
AFE NGA71L, AESHES] Auf7} Bl FARFETE 28] o4 =
T BT8P,

Y3 glo] A2 A-fopA| o] ofwgt ks F=71E Yoty ¢
o 2715 Lot A Z7]= AE B AT ohE Aol
AREE]7) 782 217191 DNARHY %171(G171), DNA A7} o] %
0]Z]i= DNAZH71(S71), A7} HirofRli= DNATHY +71(G271)2t
AHEA7|(M7)Z o1F0fA 9lct. Sherr 57 YT o] B2 A EF
7] AT A Uehn A7) G157|9% SF71°] 2 &
okl 31900, Hwang 572 S2A10] A Z541 5L B ZA
] ol ZAE L, HIEAAR] 2] AfrobA| ol Y E 3} Nicotine-
derived nitrosamine ketone (NNK)& A2J3t 3¢ 5k o] oz
Al FAsEo] AT I3l 0|9 22 FA9 A= vt
2 Y59 wjizolch

2 A7 542 g #4489 YIS Fofskal A&
ORI BEE, A HAIEZRIY HEAHEE olo] Uz
T W 3A FE 58 A2} A2 ARoME 4o g A
A ARtk

1. Cell culture and treatment with nicotine

B olaf= ARt A2 Ao AlZEEQ] HGF-1 (Human
Gingival Fibroblast-1) AJZZ& 0]-&3}%.21, ACTC (American
Type Culture Collection, Manassas, VA, USA)A £J81ich,
HGF-1 AlZ= 10% $-EfoFd % (10% fetal bovine serum) (hyclone,
Logan, UT, USA)Z+ &3 A(penicillin 100 U/ml ¥ streptomy-
cin sulfate 100 pg/ml)7}F A7Fe Dulbecco Modified Eagle ¥iA]
(DMEM) (Hyclone, Logan, UT, USA)ollA BieFetaitt. HGF-1&
12-well plate (Corning Co. Corning, NY, USA)ol| =5}l AL
7}F80% = ALE w7hA] viefstoitt. AlEAYEES ZASH | 918,
HGF-1 A|Xx& @3 o] gl= DMEM BiZ]o] 4AI7F B2t 7]oMAte 2
FAIBIALL, 12417F B2 vt 5=(0.1, 1, 5 5 10 mM)9] Y=H
(Sigma-aldrich Co., San Jose, CA, USA)°] Foi=]lom, Feiz
o &= it AATFEscherichia coli lipopolysaccharide,
E. coli LPS) (Invivogen, San Diego, CA, USAYE Ar&-sl3tt. T2
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Ao A APES H7tsl7] 9o, HGF-12 0.1 mM (8] A4}
E)ZE 4847 ATstAt nAEto 2 AsoM YZElo 95 ast
£ BRI517] 98, HGF-12 12-well platel] =251, AlE7} 80%
A A9 7] wigsiglct. 4710t £, AlEe 1, 10, 100 uM
o] Yzglo= 12417t <t Aot T3t A2 U R 3
)AL T. forsythia LPSE F&31Tt.

2. Cell viability assay

Yzd Aol 9Jgt A2 H-RoM| e AlE P2 4 o}
7] 9Jsto] MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
terazoliumbromide) (Sigma-aldrich, San Jose, CA, USA) <
ARESIATE MTTE 4 mg/mle] X2 phosphate buffered saline
(PBS, pH 7.2)°ll &siA1zict. UxE A2 HGFY| HiAlE A|Ast
I AEE MIT A0 = Hsieirt. A= 37CoA 2417 52t
CO, vig7101A] vfokotar BB A A st3lcy. MTT 84(4 mM F4F
(HCI) ¥ o]4AZ 2% d=(isoprophyl alcohol) 9] 0.1% NP-40)2
7} 5193} Al E= orbital shaker (JEIO Tech, Daejeon)& 15%-7F
SE90, 3FSH == microplate reader Biotek, Winooski, VA,

USA)ZE 590 nm To| A 2= Lt

3. Apoptosis and necrosis assay

24A17 E 48A17F 57t U™ A 23t HGF= 2 mM o 2@ ot
dlAtobA EAHethylenediaminetetraacetic acid, EDTA)S X3t
phosphate buffered saline (PBS)2.& A 2]5}o] A3 HioF dA]of A
25199tk A|Z= A7k PBSE 23] AA5ISIth AlEs AL oFA
oA 158 53t AFAF-EH(200 I, 0.1 M HEPES, pH 7.4, 1.4 M
ASPHEFNaCl), 25 mM F2F(CaCl))oIA 1.25 ul®] Annexin
V-FITC (BD bioscience, Sanjoese, CA, USA)Q} BFSAIH T, 20
3} T 23 A(Propidium iodine, 0.05 mg/ml)2] 4 plE 3715+
th A|ZE o] 8N ZEZ7|(fluorescence-activated cell sorter,
FACScalibor; BD Biosciences, San Jose, CA, USA)E o]-&3to] &
A=t

4. Real-time reverse transcriptase—polymerase chain

reaction

UFeog §rE HGF-1 AZZ 4TofA 587 1,500x g2
2 U4 Eesto] 8okal A7k PBSE 28] Al&atict. TRIzol”
RNA £2]7]E(Life technology, Carlsbad, CA, USAYE AR&3}o] A
Z2AA 9] ZR2EZ0|| wet A2 F RNA= 225 it 1hds] T
S, HlZE= TRIzol &9 1 mlZ A8kl 15% 59k vortexE o1&
sto] S3telitt. TEL 200 plo] SREXES HUleI3a, 4C
oA 15871 12,000x g 02 ¢4 E2]stqitt. A FEo| A5 &
1%, olanzd dES A7kt FHEE 1587 12,000xg2
2 94 BH6l9, A5 S AASHI. Diethyl pyrocarbonate
(DEPC) &2 233t 70% oL FHo| H7ellth 108 &
Qb 12,000xgo = YA Eefgt & A5HE AAHIL, 100 ple]
DEPC &< #H7I59itt. AH2Q1 DNAE Total RNA (1 ug)et 71E

<
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£ 53} § 3 Maxime RT Premix 7]E(NtRON, Gyeonggi)E ©|
4-5to] A=At cDNAE SYBR premix Ex Taq (Takara Co.,
Kyoto, Japan) 10 pl, 2 Z&te]H 2] 0.4 uM, ROX II reference dye
4 S50 S9teto] $-85F 20 ulEA sk, =S ABI PRISM
7500 real-time PCR system (Applied Biosystems, Foster City, CA,
USA)XE o]-83t] 95T oflA 1527F 60TOllA] 1522t 72C0lA 33
27t 403]9] PCR ¥H8-2 It S35 429 s34 o&
sto] Z Eo]2 ZE A= i3] PCR AFES ARSI k-4 7]
B(housekeeping) 44 glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH)E ARESISI oM, o] & Hd S AT
11 Aol E7RIS] M3k g3lol] 913t 7102 ARESIGIT. Real-
time RT-PCRZ 913k o] 2] A F2 Table 13} Zth

5. Enzyme-liked immunosorbent assay (ELISA)

4719k o] YI®S A2skAu TF LPSe Y= 317 A
ot AlzO] 27 ¥R 4CollA 1087F 7,000x g 0.2 YAl EE]5to]
A= ZARE AASIAL, A5 A2 FERE FHth A=A
I g &3] wjg} ELISA 7]EBD Biosciences, San Jose, CA, USA)O]
o5l FLFHARIA -0 E AEF71-8 (Interleukin-8, [L-8) S50l o
o ZH|E AT HS A

6. Inhibitory effect of nicotine on cell proliferation

A& AoHIZE 10% FEfoF@ o] e DMEM HiA[9]
A S, trypsin-EDTAE ol-85t0] A 2E HolEf|1, 1x10°
cells/ml¥ 96-well ZT|AE BiFHA o] Eott 60% A
2 7] A ZE widstal, BiguEAlol 10 ng/ml s=9] AR
(fibroblast growth factor; R&D systems, Minneapolis, MN, USA)
£ Yol vixe}, AIRIAE ZaeH HjA|of] oY w9 YFE(],
10 9 100 pM}g F713H HiAIE 712 vl A1E AlASL Holagl
th. 5% CO, Hi710 Wi 12417 v et &, Al 4732 MITE ©]
-&sto] ZALSHIH.

7. 8HE |19 HAM

EA5H g1 AAR= SPSS 24.0 (IBM, Armonk, NY, USA)S
ARE-51AL Kruskal-Wallis test 2 Mann-whitney testE ©]-8-51%] 7
SOtk P A= 0.05 W9 wff A R-2/4do] ATkl e
.

Table 1. The sequences of inflammatory cytokines for real-time RT
PCR

Name Sequences
TNF-a Sense 5"-CAG GGA CCT CTC TCT AAT CA -3’
Antisense 5'-AGC TGG TTA TCT CTC AGC TC -3’
1L-8 Sense 5'-GTG AAG GTG CAG TTT TGC CA-3
Antisense 5'-TCT CCA CAA CCC TCT GCA C-3’
GAPDH Sense 5’-GTG GTG GAC CTG ACC TGC-3
Antisense 5'-TGA GCT TGA CAA AGT GGT CG-3’

o A

1. MTT assay

AaEo] FEE B4 Y| Fkof w MTT A& sk,
B 2451 tHTable 2). OFEAE A2sA] P FHTE YH
g 5 mM A2g #olA BAZCR FolotA Aol BEEE A
AFTHP<0.05). U HE] BE7t FoPdSE Alio] BEso] 7
AF QI YFE 1 mM oJstollde UZES A2ohA] oh2 7} H]
isto] A& o] o]z} gigict

FFANE S ot A2 AfoEE e A YFH
SE7h oSS A Aot 27 A4sithFig. 1).

2. Investigation of apoptosis and necrosis

Fig. 25 &30 A& Aot HAFE S = YAE 0.1 mMojA
24A17E, 48A1ZF YFE A2sigict. Al TARE Elstr] 9
&) MZAFE kA9l Annexin V-FITCS}H 8.9 £} X 21 t])(PI)of

BRSAIY] F 9ol GHEERIE ol 8slo] BASIAh 24412 5

Table 2. The cell viability assay

MTT assay
Ist 2nd 3rd 4th 5th 6th  Mean+SD

Nicotine Control 0.45 0.44 0.44 0.47 0.46 0.46 0.45+0.01
0.1mM 0.46 045 0.43 0.47 0.42 0.43 0.44+0.02
ImM 045 044 045 0.44 043 045 0.44+0.01
5mM 021 0.18 0.20 0.15 0.23 0.26 0.21+0.03*
10mM 0.12 0.11 0.11 0.10 0.13 0.15 0.12+0.01*

The cell viability was measured by MTT and calculated percentage.
*Statistically significant difference compared with control group
(P<0.05).

Control

1 mM nicotine

Fig. 1. Observation of cell viability. The cell viability was measured by
phase—contrast microscope.
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P U™ Aot A2 Aot EE Annexin VO HESSIROH, o] BIITHP<0.05). B35/ ARIEZIRI /IEF71-8 TAL T. forsythia

= AlEAM o] dojt A 0 =2 gholEqlrh LPSell Yz’ 1 pMe} 10 pME Foi3t FollA] BAH O folotA
431K P<0.05).
3. Investigation of inflammation cytokines by real-
time RT PCR 4. Investigation of inflammation cytokines by ELISA
Yz Eo] o3t 2] A-FotA| 2] AF AR E7IQ] HES ot ELISA 7|EE ol-gsto] f54 Af|E7IRIS Has S4% 2

H7] 915}, Real-time RT PCR< o-85] S7513itk. Fig. 3914 & I, B34 APRIEZIRI S ARIA -0 Fig. 59 2ottt SFTAL
A ARIEZRR] FFARIA 0= FIHRTR E coli LIPSOl H] QIR0 E. coli LPSTE A2j3t o vls) YFE 1 pMe} 10 pMZ
S U™ 1 uMT} 10 pM A2zt oA SAH O R GOJ5lA ast  Foigt 2ol FAX R {OsHA A46kArHP<0.05). L2y YA
ATHP<0.05). ESF ASA AR|E7IRI QIEIZ71-82 FAURTQ  © 100 pME T3t Lol A& E coli LPSE Fofeh w3} H]5:et &
E. coli LPSl vlof U & 1 pMt 10 uM A2t 2ol A fostA] 34 ARlEZIRI IEdS Bt A5 AlE7IRI QIEF21-8 T3t

ZHA5ATHP<0.05). SHYARIA -0} Bt AE Bla, UFE™ 1 uMe} 10 pMS
A& oAl ol 2 T forsythia LPSSF YRS Fofoto]  Fofdh -2 tiRE E. coli LPSTF A2t FH} QIEFX1-89] Ud
BiSt 954 APO]E711S Real-time RT PCR o1&3lo] 2431% 2 AASIATHP<0.05).
th. Fig. 4014 G354 AlRIEZIR] SYTARIA-o WA R T A& XG0t 2ol 2 T forsythia LPSF UT € Fois}o]
forsythia LPSO] ®I8] UZ® 1 uMet 10 pME Fofet FollA . ikt B34 AP E7IRIE S5H3ith Fig. 6ollA H5/3 Al E7}
A o Control B o 24 h C o 48 h
S - S 5 S
2 =) 2
I e 8
S O S
— O —_ O — O
o ‘9 1 o ‘9 - o ‘9 o
o 'r F °. ]
0 1 T T T 1 0 T - T 1 0 T T T 1
0 10 100 1,000 10,000 0 10 100 1,000 10,000 0 10 100 1,000 10,000
Annexin V Annexin V Annexin V

Fig. 2. Investigation of apoptosis and necrosis. Nicotine—treated HGF for 24 h and 48 h was treated with 2 mM ethylenediaminetetraacetic acid in
PBS to detach from cell culture dish. The cell was washed twice with cold PBS. The cells were reacted 1.25 pl of Annexin V=FITC in Binding buf-
fer (200 pl; 0.1 M HEPES, pH7.4; 1.4 M NaCl; 256 mM CaCl,) for 15 min at RT in the dark and then add 4 ul of propidium iodine (0.05 mg/ml). The
cells were analyzed by a fluorescence—activated cell sorter.

A 1s- TNF-o B 60- IL-8
16
14 %07
3 i
L i
Z 129 2 40
O 10 )
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23 8
6 [$]
S 61 3 20
£ 4- -
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Control ECLPS 1uM 10 uM 100 uM Control ECLPS 1uM 10 uM 100 uM

Fig. 3. Investigation of inflammation cytokines by real-time RT PCR. HGF was treated in the presence or the absence of nicotine. The cell was
used to RT-PCR. *Statistically significant difference compared with E. coli LPS (P<0.05). EC LPS, E. coli LPS.
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A 16 TNF-a B 60- IL-8
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Control TF LPS TF LPS+ TF LPS+ Control TF LPS TF LPS+ TF LPS+
nicotine 1 uM nicotine 10 uM nicotine 1 M nicotine 10 uM

Fig. 4. Investigation of inflammation cytokines by T. forsythia LPS. HGF was treated with T. forsythia LPS in the presence or the absence of nico—
tine. The cell was used to RT-PCR. *Statistically significant difference compared with T. forsythia LPS (P<0.05). TF LPS, T. forsythia LPS.

A 40- TNF-o. B s IL-8
3.5 1 7
3.0 6
2.5 5 1
€ €
S 2.0 > 41
= =
1.5 1 3 1
1.0 1 21
0.5 - 1- . .
0 - - . 0 - T - T — T
Control ECLPS 1uyM 10 uM 100 pM Control ECLPS 1uM 10 uM 100 pM

Fig. 5. Investigation of inflammation cytokines by ELISA. HGF was treated in the presence or the absence of nicotine. The cell was used to RT—
PCR, and the conditioned media was used to ELISA. *Statistically significant difference compared with E. coli LPS (P<0.05).

A 40- TNF-a B 7- IL-8
3.5 1 6
3.0 1 5
2.5 1 4
E E i
S 2.0 =y
[« < 3 A
15 7 * *
1.0 . 21 .
[ . O
0 . T T 0 — T T T
Control TF LPS TF LPS+ TF LPS+ Control TF LPS TF LPS+ TF LPS+
nicotine 1 uM nicotine 10 uM nicotine 1 M nicotine 10 uM

Fig. 6. Investigation of inflammation cytokines by T. forsythia LPS. HGF was treated with T. forsythia LPS in the presence or the absence of nico—
tine. The cell was used to RT-PCR, and the conditioned media was used to ELISA. *Statistically significant difference compared with T. forsythia
LPS (P<0.05).

A SFUARIA -0 WAL 2 T. forsythia LPSO Bls UZE 1 Foigt FLoflA] SAIA 0 & [-ofstA 743813ItHP<0.05).
uMe} 10 pME FoI8t Lol ZHAskAEHP<0.05). 573 A&7}
Ql e 271-8 W& T. forsythia LPS UZE 1 uMe} 10 uME



Table 3. Inhibitory effect of nicotine on cell proliferation

MTT assay
Ist 2nd 3rd Mean+SD
Control 0.13 0.15 0.14 0.14+0.01
FGF 0.22 0.22 0.23 0.22£0.00
FGF+nicotine 1 uM 0.17 0.14 0.15 0.15+0.01*
FGF+nicotine 10 uM 0.12 0.11 0.13 0.12+0.01*
FGF+nicotine 100 uM 0.11 0.10 0.11 0.11+0.00*

The gingival fibroblasts were cultured in DMEM medium containing
10% fetal bovine serum, and cells were dropped using trypsin-EDTA
and dispensed into a 96-well polystyrene culture dish at 1x10° cells/
ml at a concentration of 10 ng/ml was added to the culture medium,
Of nicotine was added to the culture medium to remove the existing
culture medium. After incubation in a 5% CO, incubator for 12 hours,
cell growth was examined using MTT. *Statistically significant differ-
ence compared with fibroblast growth factor (P<0.05).

FGF, fibroblast growth factor.

5. Inhibitory effect of nicotine on cell proliferation
A AlESA D AAAA G A S5k 0= Ak

Table 3 & Fig. 73} 2k}, A0l Foigt o] H|5) UFES

Foigt 2 SAIA 0 & FOloHA| A|E2F-2]0] ZAsHATHP<0.05).

ot

U RO 3ol AujA| o] tigt FARE tE A7 7Is
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Q5 Agsk=t 5 2229 A2 Aol Tefst= A<l
AF2 A AobA| AJ%}O]XKEbroblast growth factor)7} k.
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Fig. 7. Inhibitory effect of nicotine on cell proliferation. The gingival fi-
broblasts were cultured in DMEM medium containing 10% fetal bovine
serum, and cells were dropped using trypsin—EDTA and dispensed
into a 96-well polystyrene culture dish at 1x 10° cells/ml at a concen—
tration of 10 ng/ml was added to the culture medium, Of nicotine was
added to the culture medium to remove the existing culture medium.
After incubation in a 5% CO, incubator for 12 hours, cell growth was
examined using MTT. *Statistically significant difference compared
with fibroblast growth factor (P<0.05). FGF, fibroblast growth factor.

2 AT %‘?z ytokinesE 4[5}/ H}?, o]

g
QIste] Vzilo] Hfobize] ofust

Sopmy zee] 244

< YA AT}

o) Le H O
S 2] 1 % J*Jml AlEHAE S Baiohe A o= Holw
FHALPY ARALE Yol A Yk waspare ol &

GHEAE. AeIoH) QF 24 el 5 md A 2ol
BAH R G AlZo) AR FRAFL, URE) St
o} 4% | B 2lo] Z4TIold 27 AASHe Aol

ES UL HRRALY A B2} JeE Yefaicin

HuEom, AEWRE S5 YA Fd& AA| 4251 o] H71A] 9]
FEoAE AlZo] £ A=o] lrka I, AE Ao ot

27} Yok o] Aol Uzelo] A& ARobE) AES
42 ARtk B e ge, ol & A70]4 ARRIAHFCHE 5
ofgk 2ol ¥]8} AAHFGRR USH 1, 10, 100 M S, 5
7} iobi42 AT Al0] TS ehd A7 A7} SASI%ih

UTE 3 ABL A22o] AfoIE RaT GAR I
£ HYAA 472K o FHFol 1 AFAR FoE 2L B

g Tigsioha st & 7ol Ao} vl wale] B o, X
ARorAze] YIE Fof A, HlR9| G4o] Zhaso] Az F
] 7u} }o:n;} O]E EOH 1,]:11:40] X%/J—;Go ;d-x(]— X]OE m;q]o}
z A}iﬂt‘r AFAR T AR} Al Bl 7183 7]

fopHze] Ralol het LzEle] gl AAS 4 AT
7} c} o] AFollA e FEO] YIEJA 2|2 A-RobA| 2= Al

O

rlo Lo rlo &



220
J Korean Acad Oral Health | 2020;44:214-221

EZ4jo] FA3] Z7hEky Husliry?, Eat vl EeiRte] AL 4
RFOMIEZEE o]8ot] Ao YIRS Fof Al 22 A-RotAlE
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