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Abstract

Antibacterial effect and cytotoxicity of polymer

adhesive film supplemented with 5% NaF

Jih, Myeong—-Kwan, D.D.S
Advisor : Prof. Lee, Sang—-Ho, D.D.S., Ph.D.
Department of Dentistry

Graduate School of Chosun University

NaF-PVA tape that attaches to teeth by adding fluoride to polymer tape
was developed in the Department of Pediatric Dentistry, Chosun
University. A NaF-PVA pullulan double adhesive tape, which improved
tensile strength and elongation by adding a pullulan to the NaF-PVA
adhesive tape, was developed to enhance adhesion to the tooth surface.
Previous studies have demonstrated the efficacy of NaF-PVA tape on
teeth, but studies on stability and effects on bacteria have been
insufficient. In this study, cytotoxicity and antibacterial tests of three
groups (group 1: general tape without fluoride; control group, group 2
adhesive tape containing fluoride, group 3: double adhesive tape containing
fluoride with pullulan) were conducted.

To investigate the antibacterial effect of the NaF tapes, the agar
diffusion technique was performed using Mitis salrivarius agar plates.
Also, field emission scanning electron microscopy (FE-SEM) and confocal

laser scanning microscopy (CLSM) were performed.
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The cytotoxicity test was performed using human gingival fibroblast
(HGF) and human periodontal ligament (PDL) cells. These cells were
subjected to the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay by applying an adhesive tape containing fluoride,
and genetic analysis of the cells was performed to conduct a stability test
in humans.

In the antibacterial test, Group 2 (NaF-PVA tape group) showed the
highest zone of inhibition at 48 hours, and this result was significantly
higher than that of the control group and group 3 (pullulan + NaF-PVA
tape group). In the MTT assay, Group 3 (pullulan + NaF-PVA tape
group) had more cytotoxicity than the control group by 66% in PDL and
69% in HGF. Interestingly, even though group 2 (NaF-PVA tape group)
had more antibacterial effect against S. mutans, it showed less cytotoxicity
than group 3 (pullulan + NaF-PVA tape group) by 29% in PDL and 33%
in HGF. A value that can support the results of the MTT test was also

derived in a biostability experiment through genetic analysis.
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1. 47 A=

1) NaF-PVA taped A3
ARkA el NaF-PVA tape®] A2 old Aol el sdstA 38t vHT7].
Poly vinyl alcohol 10 g3} polyacrylic acid 5 g& S/ 85 gol &A1zl & 8T

o ;] 2A17F F<F wHFSEA T o] % polyethylene glycol (Sigma-Aldrich Inc., St.

Louis, MO, USA) 3 mlE 7}& Al (plasticizer) & AF&3F1 NaF 095 g& x4 o
2 H7F 5 w3 wnkAg S ARG, stast 3AE v £AS fElded 1W

S 2 o] F& T o]Z g Aol (applicator)E ©]-&3s FA7F 80 um7F A

FASA BED AEAINE AAS Foel ES AU THFig. 1A),

2) °1% H2 taped Az
ZZF% B4 (Sigma-Aldrich Inc., St. Louis, MO, USA) 10wt%o] 7}&=<l

polyethylene glyocol (Sigma-Aldrich Inc., St. Louis, MO, USA) 2wt%& F7}3}

|

I 2A17F Eob wwkE i) ol @A A xY EFE FALE fAS AxH 40 um
7|2l PVA Az A2 o A7) WbHo g AL =3 5 o]Zg Ao HE o

AZ Dol &= TA7F 80 ym7t HA sFgth oS 40C = 2443

offt
r o
A
N
P‘L
£
el
i
lo
By
M
o
e

3] A AR HFig. 1B).
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3) 4% A7 T(group)

(D) =z 1 2425 23N 71A &2 PVA I&

(2) NaF-PVA tape: Yx 7S ol&ste] 7[A A 5% EHEFS PVA
AgAzl H&

(3) Pullulan + NaF-PVA tapew : NaF-PVA F&d 5o EFS H7be olF

(double layer) €&

A B

[PVA 10g + PAA 5g + DW 859} [ Pullulan powder 10 wi% + PEG 2 wt% ]

¢ ( 2hrs, 85°C ) J( ( 2hrs, 85°C )

[ PEG 3¢ } [ Pour onto NaF - PVAtape ( 40/ ) ]

¢ ( 2hrs, 85°C ) ¢

] [ Normalization ( total 80 /m ) ]

&
Dry ( with applicator, 24hrs, 40 °C )

[ NaF 0.95¢

¢ ( 2hrs, 85°C )

[Normalization ( make thickness constant, 80/m )]

&
Dry ( with applicator, 24hrs, 40°C )

Fig. 1. Ilustration of the manufacturing process on polymer adhesive film
supplemented NaF. A: NaF-PVA tape, B: Pullulan + NaF-PVA tape (double

layer)
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2. Bacteria culture and biofilm formation conditions

S. mutans UA159E 37C Brain heart infusion (BHI; Difco Labratories, Detroit,
MD #j=]el Al v st ATt Biofilmes &A4d3s7] 98] AldS d& EH 1 ml7b £
A= 24-well plate (SPL. Daejeon, Korea)oll 1A17F F<eF =1 IES Al 99

A XA AT o] T 1% sucrose’t F7FE 1 ml BHI (BHIS)d] ZE&0 2 Yol A

)

o] 9= 24-well platedl S mutans (1 x 10°CFU/mDE % 7)1 37T Al 48X+

Sk etk WAL ol FHA WA A,

3. Agar diffusion test

Z 2=

o
aro=

o
b
=)

24 59 & a9E FAEH7] 93] mitis salrivarius agar plate
(MS agar: MB cell, Seoul, Korea)& AF&3to] s-d wj#| &4F A|HS st S
mutans (1 x 10°CFU/ml)& MS agar plated] HZEsta B 413G HHAIEL plate

el w31 F=PA =2FU Plates 37TColA wigstdal oln ] J& Ap&-s)

]o

o] 24, 48 2 T2A1%F o] A A& G- (zone of inhibition)S &<135}% T}

4. Field emission scanning electron microscope (FE-SEM)

A8AZF F<F BHISS] #¥o] A biofilme o]l A5 AFWHAA =
=9 WdES AA FASA IS 8 oFskRE, RS 25% glutaraldehyde / 4%
paraformaldehyde (Sigma-Aldrich, Saint Louis, MO)7} #7}¥ PBS7} %7l

24-well plated] HAIAIZI F 4T sh2H &< Basitt 255 PBS®E F
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EN

HoAE 3 & dAEE o & (25-100%)= AMEste] E4edit 2EES A
stal, = 3" 3ol field emission scanning electron microscope (FE-SEM,

Hitachi, Tokyo, Japan)2 Al-&3to] #2313t

5. Confocal laser scanning microscopy (CLSM)

Aol F4dE S mutans biofilm® W3h= ol A+ WHIE CLSM o] W] A]
2 o] gsle] BASATHI6]. S mutans (1 x 10°CFU/mDE 1uMe] Alexa Fluor
647-labeled dextran 733 (Molecular Probes, Eugene, OR)7} 3 7¢ BHIS ] #]
7F = 24-well plated] A 37Tl A 48A13F & <F vl sttt AlHQ S mutanse
25uM SYTO 9 =4 &3 a4k d41(480/500 nm; Molecular Probes) 2.2 30+ &
oF A2 A Ag3tP k. LSM 510 META &7 4 (Carl Zeiss, Jena, Germany)S
Abg3ko] biofilm A3 B 670°] oA ~E(512 x 512 pixel tagged image file

format)S 2LAJ. COMSTAT (www.comstat.dk; Technical University of

Denmark, Kongens Lyngby, Denmark)ES AF&3te] Alit 2 extracellular

polymeric substances (EPS)2] bio-volumesS % #3}35} %1t}

6. MTT assay

T A E tisk B4R JARAIAEe MY A4S HUEsH] s old A+ W
W2 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) #2
S AHgst] AlE AEHE BRSATHITL 5 mg/mle] MTTE 24 PBSel| &3

AlA MTT A% &4& FHeAT 1 mle] MTT A% &4 9 mle] d4 4
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PBSE &3t Alds MTT £9& Axsdt. HGF %2 PDL AXE
(1x10%wel) & 7tz 12-well platedl] seeded 33 CO, HiF7|o| A 481 7F =<t
37CoAA wgFsATt B4 A ES platedl A A A 200 ml MTT &9
= Adgstal F7FE 2417 F<F v kst th 200 mlé] Dimethyl sulfoxide (DMSO,
Amresco, solon, OH, USA)E #7lstdth. 18] &dS 96-wall plateZ &7
Microtiter %5 7] (SPECTROstar Nano, BMG Labtech, Ortenberg, Germany)E& At
&3t 540nmell A 23 T

7. RNA sequencing

T AlEel FAA et 24w HAEEe] e A A

1
HGF % PDL Al¥£5¢ RNA sequencing #atedth. HGF % PDL AlZE

ol

(1x10%well)& 12-well plate®] seeding stil CO, HiSE7] oA 48A17F E<F 37°C
5 HEFe 9o 1 ol 2559

i X & A7 &ta Plate® 4 PBSE 23] A&t AlzgAe A Ao upzt

s A

_—

A st AEES 547

n3
i)
ul(f

RNeasy Plus Mini kit (QIAGEN, Germany)E A}&3}e] RNAES +#H] 313 RNA
sequencingS =3 3} A THEBIOGEN, Seoul, Korea).

HGF % PDL AxEA FEE mRNAS Z#E(quality)S ND-2000
Spectrophotometer (Thermo Inc., DE, USA)E o]&3}o] 7#A}e o] QuantSeq 3’
mRNA-Seq Library Prep Kit (Lexogen, Inc., Austria)® cDNAE &Al3lo] =2
Y BG4S AA golBEygE e o] 3 Nextsegh00 (Ilumina, Inc., USA)S
Ab-g3te] 8% sequencingS A3t read#lil EE ¢+ sequencing H|o]H
sttt EY A AAA AR Ads dEdE®E 4o}l reads d

HdA MEel £o]= mapping *A4= ARt AEel wWebd mapping 24 ol A
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e read’t ©HE 4 AL FAAERH Zol7F @2F mapping ¥ A=7F G
27] wj&o] EdgeRE AFg3te] B AIAQ noramalizatione Ax 23 S =&

sl

8. Differential gene expression analysis

TH18l. Bowtie2 A& Alx £H AE T+ dE HAAF LA AR
Az A BE oAFE FAE] fsiA AEE 3 (alignment file)S AHE3HS
t}. Differentially expressed gene(DEG)sS Bedtools (Quinlan AR,2010)S ©] 83}

o F=3UT19]. FHdA EFE DAVID (http://david.abce.nciferf.gov/) 2}

Medline databases (http://www.nchi.nlm.nih.cov/)el <J3gk FHME 7|Hto 2 3}

.

(1) Gene ontology analysis
HGF$%} PDL Al¥:E5< Gene ontology (GO) HE|2 EA38th 2+ ] &4
St HARAAENA FdAe] Feo] 28f o] F7FE AY A 3Fal Normalized

Data (log2)#kel 4 o]’dol™ p-value #to] 0.05 ©]8}el FHAAES HEHH ST

(2) Gene set enrichment analysis (GSEA)
Gene set enrichment analysis (GSEA)= 22}l GSEA 4.00. =Z=271#

(http://software.broadinstitute.org/gsea/index.jsp)S  AF&3ted  Hallmark key

pathwayS Zti20]. Hallmark gene sets % false discovery rate (FDR)

_8_
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g-value #te] 0.05 P|¥kgtS 7lF o2 A TH21].
HGF<} PDL M ¥~E9 3709 < (control, pullulan + NaF-PVA tape, NaF-PVA
tape)®] DEGsZE ®| w3ttt &5 o5 wdo] F7F = A3 f-H4AAEI} vy

He= ddE BoF

i

FARES Fo} GSEAZ Al AT,

9. Statistical analysis

FAREAL SPSS AEZE o (Version 20.0; SPSS Inc, Chicago, IL)E ©] &3}
t}. DEGs analysisE A9t BE Wao] #3 25+ One-way analysis of

variance(ANOV A)ol o]o]

—

ukey's testE AF-&3ste] A AT prkel 0.05 v gkl
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III. 94+ 23

1. Agar diffusion test

St gk B4 S 423831 o] pullulan + NaF-PVA tapew %3+ NaF-PVA tapei*

ol S mutans®l We i FAS AT WE2TE S mutanse] WE oA

i)
ox,
tlo
W
o,
=
N
&2
X2,
o
=)
[\
=
>
o
o,
b

_

lfl
NaF-PVA tapewo] 72X 7744 A A& Fo

o

= 48AE 5 UM xS A A ES Bl T2AIEel A

NaF-PVA tapeZ A4 A 3l

_l

799 A 7] pullulan + NaF-PVA taped] H|3
i

mutans®l WA O w2 i EIE HoFATHp<0.05).

d
35-
‘é"‘ J *
E— 30
c 254
0
:-E 20-
€ 15-
% 6
e
5-
N
0- T

] ] I
Oh 24h 48h 72h
B Contorl T NaF-PVA NaF-PVA+Pullulan

_’lo_
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Fig. 2. a. Bar graph and b. 24 h, c. 48 h, and d, 72 h of an agar plate showing
zone of inhibition. The antibacterial effect of pullulan + NAF-PVA tape and
NaF-PVA tape against S. mutans was determined using agar diffusion assay.

Data represent the mean and standard deviation of 3 independent experiments.

One-way analysis of variance (ANOVA) followed by Tukey’s test (x: p<0.05).
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2. FE-SEM analysis

4% D Eol S mutans biofilms JAldt= &35 FE-SEMo 2 £4]3}
Sk 1 3ol = e glRe] HEde] HAESL

d50 =2 Qe AlHo] 4% biofilm

2 pullulan + NaF-PVA tapei % NaF-PVA tapeiol| Hla] © F&F3t1 FAH%

-

5SS BHoFQduh. S mutanss NaF-PVA tapevol A o B taAdy =&

biofilmS A3ttt NaF-PVA tapetolA =&k dhg|globs=

ok

pullulan +

NaF-PVA tapeoll Al =&+ vhe g]ol R th biofilmol] 2 &3}

_12_
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Fig. 3. SEM images of S. mutans biofilm.

S. mutans biofilm were formed on the specimens covered with tapes containing
no NaF(control-a, b, and c), Pullulan + NaF-PVA(d, e, and f), and NaF-PVA(g,
h, and 1) for 48 h in BHIS media.

The magnification of the images was 300 X (a, d, and g), 1.00 K X (b, e, and

h), and 50.00 K X (c, f, and 1).

_13_
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3. CLSM image analysis

CLSM¢®] o]m] A= COMSTATE AF&ste] FAHAY. 7 23 pullulan +
NaF-PVA tapew = dlZxv-ol vlal] dregole}l EPSel A A F37F A5 i
AL BAFEA Y (p <0.01). NaF-PVA tapeiw< pulluan + NaF-PVA taepiH.t%=

S. mutans®| wrolstA B =2 3 AHE BAFAT(p <0.05).

140-

Bio-volume (um®/um?)
=]
o
1

S. mutans EPS
Bl Control 1 NaF-PVA EZ NaF-PVA+Pullulan

_14_
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2 £
o
= 2

850 um

5

o

un

e

850 um

Fig. 4. CLSM images of S. mutans biofilm.

a. Bio-volume of bacteria and EPS and confocal images of S. mutansbiofilms

formed on b. Control, c. Pullulan + NaF-PVA, and d. NaF-PVA tapes. Bacteria

bio-volume was analyzed using COMSAT software.
Data represent the mean and standard deviation of 3 independent experiments.

One-way analysis of variance (ANOVA) followed by Tukey's test (*: p<0.05).

EPS: extracellular polymeric substances.

_15_
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4. MTT assay

Pullulan + NaF-PVA tapei % NaF-PVA tape©] +7% A¥ #<2AE % HGF
2 PDL AEES v 9SS MTT assayES ARE3Fe] #4319t} Pullulan +
NaF-PVA tapew< 217 PDL A4 70%, HGF Al A 64% thZTH L Al

X Ao ¢ =UdY. SuFAE pullulan + NaF-PVA tapew< NaF-PVAT Ht}
1)
N~

e @ 9

o

S. mutans®| A ¢ BHALAE EF3sta ¢ =2 AX 54 (PDL

cell: 37% HGF cell: 40%)& H o3t}

120-

100+

o
T

Cell viability (%)
= »
T T

X
<

0-

PDL HGF
Bl Control 1 NaF-PVA EZA NaF-PVA+Pullulan

Fig. 5. Cell viability evaluated by MTT assay.

Cytotoxicity of control, NaF-PVA tape, pullulan + NaF-PVA tape was
investigated in human PDL and HGF cell lines. Data represent the mean and
standard deviation of 3 independent experiments.

One-way analysis of variance (ANOVA) followed by Tukey's test (*: p<0.05)

PDL: periodontal ligament, HGF: human gingival fibroblast.

_16_
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5. Differential gene expression analysis

(1) Gene ontology analysis

(D Human gingval fibroblast (HGF) cells

HGF AXE59 Fdx FA9 4 pullulan + NaF-PVA tape7 ¥ NaF-PVA tape
T EFo A Aging, Apoptotic process, Cell death, Cell migration, DNA repair,
Immune response, Neurogenesis, Secretion GO2| 72 #} w& W37l A2 ATt
(Fig. 6).

Cell death GO°ll A pullulan + NaF-PVA tapew< & 893709 A& FdA Fo
A GADD45A, GADD45B, PPPIRI5SA(=GADD34) o] 27 3719 f#fell A 2d o]
ol st Al =7k tH(p<0.05)(Fig. 7).

NaF-PVA tapei*< pullulan + NaF-PVA tape*®H.t} w3lo] f-olstA A3 &
AAEo] ¥ EtHFig. 6). 2 7|+ 2 A3 A3 F 893709 F-d A oA
ol FoldtA F7Fd HdAE MLKL, NSGL o|da, #Zad FAz7E 47
(DFFB, CASP9, CASP8, MYDR88) # & % A t}.

HGF AMxE59 3709 w9 DEGsE Hlug 23 ¥5o= Wdol F7kg #+4
28] = 1078 o, HRlo] A fHAAY e 1R T 22709 A=Y
Ty Wy #EEdY dEd ) vlusk B4R JHAIEE0Y Hde] A=

W s fAE dltFig. 8.

@ Human periodontal ligament (PDL) cells
HGF AZE% 22 WHox PDL AXE9 #41& Adstsith PDL Al XA
pullulan + NaF-PVA tapeS DEGs #4243 2

2] FAAEed o] HE el Wstyl #R A GO M Y FHAe] WstE Ayn
W cell death GO9F A¥H & 893709 FAA TollA A FHA7F 3470, A

7} o]d HGF AERT ¢ #& &

_'|7_
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HHE FARE 2709k NaF-PVA tapes DEG 413 A3 me #ddd &
AA7E 3370, AEdR FAAE 157012 o)d HGF AXERY ¢ g fAxE
o 5 wWol7} vt AW pullulan + NaF-PVA tapeo] Hle|A = © z&
A FHAbEe] Wold Ao ® yEyttH(Fig. 6,7).

PDL Al3:259 3709 1459 DEGsE Hlagh 23 gso= wdo] 7k #4

[e)
o
o 2 e wd WItE HAFUY. HGF AEE3 g a3 vud &
=

v e = S A A7F 337) A48 tH(Fig. 8).
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Fig. 6. Gene caregory chart of human gingival fibroblast (HGF) and periodontal
ligament (PDL) cells. Overview of differentially expressed genes(DEGs) at

pullulan + NaF-PVA tape and NaF-PVA tape as compared to the control.
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Fig. 7. Scatter plots of gene expression. In each plot, the central line passing
through indicates no difference in expression between the cells (groups). Genes
that are named in the squar box are gene associated with cell death gene
ontology (GO). A red plot presents upregulated gene and a green plot presents
down regulated gene.

X-axis : normalized data (log2) of control group, y-axis : normalized data

(log2) of experimental group.
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HGF { pullulan + NaF - PVA / Control ) HGF ( NaF - PVA / Control )
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Fig. 8. Gene set enrichment analysis, Venn diagram. A: HGF cells, B: PDL
cells. Slanted numbers: number of up-regulated genes, red numbers: number of

contra-regulated genes, underlined numbers: number of down-regulated genes.
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(2) Gene set enrichment analysis (GSEA)

(D Human gingval fibroblast (HGF) cells

Pullulan + NaF-PVA tape ZI®°lA+ Hallmark pathway HielA
TNFA_SIGNALING_VIA_NFxB#t= © 3yl key pathway’t E% 5 $ltHTable
1). 219 9o A= hallmark key pathwayol A3FS w3 FHAAES HoFU)
NaF-PVA tape L&A+ GSEA9 A Hallmark key pathway”} YWEFUA] &k
AAEE =E5A FAT

F-PVA tapet E oA 2d

t}. Key pathway”ZlF §17] W<z ool &S m X

rr
do
N

FA2 B4 pullulan + NaF-PVA tape 3 N

Q

o] Wol7} vebd 22709 #f-AHAES GSEAS A3 oA Hallmark key pathway
7F YA gtk

o] 232 HGF AXxEL 42w dHEEd 25795 A7eds o o &

o SA fAAE] WA WL deht: AL AT £ AT DB
2o AFRES 27 FA49] Wolrh wAsA ge AL stk

@ Human periodontal ligament (PDL) cells

Hallmark pathway¥®S AFg3to] PDL A EolAe Fda dadolo st
key pathway+= X% 2,34°l 7|&3t¥ ). Pullulan + NaF-PVA tape 3 NaF-PVA
tapew L¥]al 7 1§ RSFolA @E e WHolrt yEhd FHAES GSEAS Ay
= 525 57 o]4e key pathway’} =&HA 1 7FF FolAlo] =2 5709 key
pathway®t 7]=3stlth. HGF A EolA e wiriAlz 7Hd fFodel &2 key
pathway= %+ TNFA_SIGNALING_VIA_NFxBZ YE}T

Hallmark key pathwayol 9&& & FHAA=E9 & 747 1% 234° 7|=HAe
M 2} fFAAEY olF T3 =235 th(Fig. 10). Key pathwayol 43S &

ARE Zo| A ZhzE 15709 2@ 109 FA EH Qo
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Table 1. Gene set enrichment analysis (GSEA) of differentially expressed
genes(DEGs) on human gingival fibroblast (HGF) cells in pullulan + NaF-PVA

tape

Genes in FDR
Gene set name Description Dp-value
overlap q-value
HALLMARK_TNFA_SIGNALIN_  Genes regulated by NF-kB
15 206 e 103 e

VIA_NFKB in response to TNF

Only gene sets with p-value <0.05 were included.

FDR=false discovery rate
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Table 2. Gene set enrichment analysis (GSEA) of differentially expressed
genes(DEGs) on human periodontal ligament (PDL) cells in pullulan +

NaF-PVA tape

Genes in FDR
Gene set name Description p-value
overlap q-value
HALLMARK_TNFA_SIGNALING  Genes regulated by NF-xB
15 267 ¥ 134 e®
_VIA_NFKB in response to TNF
HALLMARK_INTERFERON_ Genes up-regulated in
26 322 el 805el0
GAMMA_RESPONSE response to IFNG
HALLMARK_INFLAMMATORY_ Genes defining
23 489 e 815 e?®
RESPONSE inflammatory response

Genes involved in p53
HALLMARK_P53_PATHWAY 22 237 ¢ 297 e7

pathways and networks

Genes mediating
HALLMARK_APOPTOSIS programmed cell death by 18 343 ¢7 343 ¢°

activation of caspases

Only five key pathways with low p—-value were included.

FDR=false discovery rate
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Table 3. Gene set enrichment analysis (GSEA) of differentially expressed

genes(DEGs) on human periodontal ligament (PDL) cells in NaF-PVA tape

Genes in FDR
Gene set name Description p-value
overlap q-value
HALLMARK_TNFA_SIGNALING  Genes regulated by NF-xB
47 478 e 239 ¥
_VIA_NFKB in response to TNF
HALLMARK_INFLAMMATORY_ Genes defining
23 1.24 e? 311 e®
RESPONSE inflammatory response
Genes up-regulated in
HALLMARK_HYPOXIA response to low oxygen 21 3.24 8 54 ¢’

levels (hypoxia)

Genes involved in p53
HALLMARK_P53_PATHWAY 19 668 e 857 e®

pathways and networks

HALLMARK_IL6_JAK_STAT3_ Genes up-regulated by IL6

12 162 e 162 e°
SIGNALING via STAT3

Only five key pathways with low p-value were included.

FDR=false discovery rate
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Table 4. Gene set enrichment analysis (GSEA) of differentially expressed
genes(DEGs) on human periodontal ligament (PDL) cells in pullulan +

NaF-PVA tape and NaF-PVA tape

Genes in FDR
Gene set name Description p-value
overlap q-value
HALLMARK_TNFA_SIGNALING  Genes regulated by NF-xB
10 64 et 32 M
_VIA_NFKB in response to TNF
HALLMARK_INFLAMMATORY_ Genes defining
6 142 e8 355 e’
RESPONSE inflammatory response

Genes involved in p53
HALLMARK_P53_PATHWAY 5 6.24 7 1.01 e®
pathways and networks

HALLMARK_IL6_JAK_STATS3_ Genes up-regulated by IL6

4 8.08 e’ 1.01 e®
SIGNALING via STAT3
Genes mediating
HALLMARK_APOPTOSIS programmed cell death by 4 938 ¢® 038 ¢?°

activation of caspases

Only five key pathways with low p—-value were included.

FDR=false discovery rate
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HALIMARK_TNFA_SIGNALING VIA_NFKB

Entrez Gene E Gene

Gene Id Symbol & ,E Description

3949 LDLR p .’ low density lipoprotein receptor [Source:HGNC Symbol; Acc:HGNC:6547]

2354 FOSB 5 f FosB proto-oncogene, AP-1 transcrnption factor subunit [Scurce: HGNC Symbo';.&.cc:HIGNC:EJ'}?]
2920 cxcLz | €] c-x-C motif chemakine ligand 2 [Source:HGNC Symbol;Acc:HGNC:4603]

4518 GADD45E ” .’“ growth arrest a‘r‘.d DNA damage inducibl‘e beta [Source:HGNC Syrr.bcl;fic.c‘.HGNC‘MDQE]
1647 GADD4SA growth arrest and DNA damage inducible alpha [Source:HGNC Symbol;AcctHGNC:4095]
5743 PTGSZ | &! prostaglandin-endoperoxide synthase 2 [Source:HGNC Symbol;Acc:HGNC:9605]

5347 coLz ] ol €-C motif chemokine ligand 2 [Source:HGNC Symbol; Ace:HGNC: 10618]

5446 SGK1 f serum/glucecorticoid reguiated kinase 1 [Source:HGNC Symbol; Acc:HGNC:10810]
23645 PPPIR15A ;‘i.prozein phosphatase 1 regulatory subunit 15A [Source:HGNC Symbol;Aco:HGNC:14375]
79653 YRDC (,’.-’. yrdC N6-threonylcarbamoyltransferase domain containing [énarce:HGNC Symbol; Acc: HGNC:285905]
2921 cxCL3 B | &/ c-%-C motif chemokine ligand 3 [Source:HGNC Symbol; Acc:HGNC: 4504]

1827 RCANI ” .’“ regulator of cal.cmeurm ¥ [Source:HGNt Symbol; Acc:HGNC: 3040]

1958 EGR1 - !(?f early growth response 1 [Source:HGMNC Symbol; AcciHGNC:3238]

23528 CLCF1 cardiotrophin like cytokine factor 1 [Source:HGNC Symbol; Acc:HGNC:17412]

8013 NR2AZ “ " ﬁuc\ear receptor subfamily 4 group A member 3 [Sﬁurce‘.HGNC Symbol;Acc:HGNC: 7982]
5595 RG54 ] regulator of G protein signaling 4 [Source:HGNC Syn’ibm;Acc:HGNC:ICCC-G]

295970 SCHIP1L ."uschwannnmm interacting protein 1 [Source:HGNC Symbol; Acc:HGNC: 15678]

8817 FGF18 || @8 | &/ fibroblast growth factor 18 [Source:HGNC Symbol;Acc:HGNC:3674]

5833 PCYTZ _ Ef phosphate cytidylyltransferase 2, ethanolamine [Source:HGNC Symbol;Acc:HGNC:8756]
8651 S0Cs1 i ;(_-"f suppressor of cytokine signaling 1 [Source:HGNC Symbol;Acc:HGHNC:19383]

Fig. 9. Gene set overlap matrix prepared be gene set enrichiment analysis
(GSEA) at human gingival fibroblast (HGF) cells. GSEA was performed to
identify the functional profiles of over—-expressed genes in a large set and to
identify the association between genes in the set. Hallmark gene set overlaps of
cells were derived only from pullulan + NaF-PVA tape.

Genes unmatched with hallmark gene sets are hidden.
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Entrez Gene 8838 8 8 83 8 78 g. - | Gene
Gene Id Symbol E E E E E E E E E E g i Description
3659 IRF1 C’," interferon regulatory factor 1 [Source:HGNC Symbol;Acc:HGNC:6116]
3569 L6 _cjinterleukm 6 [Source:HGNC Symbol;Acc:HGNC:6018]
3383 ICAM1 Cf_ interceilular adhesion molecule 1 [Source:HGNC Syrﬁbol:Acc:HGNC:5344]
10135 NAMPT T . .(’j’. nicotinamide phosphoribosyltransferase [Source:HGNC Symbel; Acc:HGNC:30092]
7130 TNFAIPE il ¥ TNF alpha induced protein & [Source:HGNG Symbol;Acc:HGNC:11898]
5743 PTGS2 c’f_ prostaglandin-endoperoxide synthase 2 [Seurce:HGNC Symbol;Acc:HGNC: 2605]
3433 IFIT2 _?f interferon induced protein with tetratricopeptide repeats 2 [Source:HGNC Symbol;Acc:HGNC: 5403]
5021 SOCS3 “ c’_'_ suppressor of cytokine signaling 3 [Source:HGNC Symbel;Acc:HGNC:19391]
3976 LF B | &/ UIF interleukin & family cytokine [Source:HGNC Symbol; Acc: HGNC:6596]
1839 HBEGF B | &/ heparin binding EGF like growith factor [Source:HGNC Symbol; Acc: HGNG:3053]
4084 MXD1 B | &/ mAX dimerization protein 1 [Source: HGNC Symbol; Acc;HGNC:6761]
8744 TNFSF9 ! TNF superfamily member 9 [Source:HGNC Symbol;Acc:HGNC:11939]
1906 EDN1 endothelin 1 [Source:HGNC Symbol; Acc:HGNC:3176]
3624 INHBA ! inhibin subunit beta A [Source:HGNC Symbal;Acc: HGNC:6066]
5034 CCRL2 ! C-C motif chemokine receptor like 2 [Source;HGNC Symbol;Acc;HGNC:1612]
3949 LDLR (’" low density lipoprotein receptor [Source:HGNC Symbol; Acc:HGNC:6547]
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s§§Ei:E::8:8¢8
Entrez Gene § 5 385 35 358138 8 Gene
Gene Id Symbol E E E E E ; E E E E E j Description
3569 IL6 cf interleukin 6 [Source:HGNC Symbaol;Acc:HGNC:6018]
3976 UIF | |E| &l uF interleulan & family cytokine [Source:HGNC Symbol; Acc: HGNC:6596]
1839 HBEGF [ ] \ 7 2'7 heparin binding EGF like growth factor [Source:HGNC Symbol:Acc:HGNl’;:SDSQ]
8744 TNFSFS I I ] ! TNF superfamily member § [Source:HGNC Symbol; Acc: HGNC: 11939]
3659 IRF1 i i B | &/ interferon regulatory factor 1 [Source:HGNC Symbol; Acc:HGNC:6116]
4792 NFKBIA [ i " |E | &/ NFKs inhibitor alpha [Saurce:HGNC Symbel;Acc:HGNC: 7797]
6364 CCL20 ? C-C motif chemokine figand 20 [Scurce:HGNC Symbol;Acc:HGNC:10619]
5142 PDE4B c’_’ phosphodiesterase 4B [Source:HGNC Symbol; Acc:HGNC:8781]
7130 TNFAIPS 2 | &/ TNF alpha induced protein 6 [Source:HGNG Symbal; Acc:HGNC: 11898]
4609 MYC MYC proto-concogene, bHLH transcription factor [Source:HGNC Symbol;Acc:HGNC:7553]
3949 LDLR i 2’-‘f low density lipoprotein receptor [Source:HGNC Symbol; AcciHGNC:6547]
19 ABCA1 [ C‘.’ ATP binding cassette subfamily A member 1 [Source:HGNC Symbol; Acc:HGNC:29]
3725 JUN El?rjun proto-oncogene, AP-1 transeription factor subunit [Source:HGNC Symbol; Acc:HGNC:6204]
467 ATF3 T ?f activating transcription factor 3 [Source:HGNC Symbaol; Acc:HGNC:785]
8870 IER3 il ?f immediate early response 3 [Source:HGNC Symbol; Acc:HGNC:5392]
7128 TNFAIP3 T &l TNF alpha induced protein 3 [Source:HGNC Symbol; Acc:HGNC: 11836]
25976 TIPARP | 1] ?,’TCDD inducible poly(ADP-ribose)} polymerase [Source:HGNC. Symbol; Acc:HGNC: 23696]
127544 RNF19B T "] ring finger protein 19B [Source:HGNC Symbol;Acc: HGNC: 26886]
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Entrez Gene H 5 8 8§ 8 B 8 B 8 5§ Gene
Gene Id Symbol § § E E § E E § E E j Description
3976 LIF i c’,’ LIF interleukin & family cytokine [Source:HGNC Symbol;Acc:HGNC:6596]
1839 HBEGF | ?’;’7 heparin binding EGF like growth factor [Source:HGNC Symbol; Acc:HGNC:3059]
8744 TNFSF9 |8 &’ TNF superfamily member S [Source:HGNC Symbol; Acc:HGNC:11939]
3569 L6 E':’ interleukin 6 [Source:HGNC Symbol;Acc:HGNC:6018]
467 ATF3 ] activating transcription factor 3 [Source:HGNC Symbol;Acc:HGNC: 785]
2919 CXCL1 ] C-X-C motif chemokine ligand 1 [Source:HGNC Symbol; Acc: HGNC:4602]
9021 S0CSs3 ) "(’:’.suppressor of cytokine signaling 3 [Source:HGNC Symbeol;Acc:HGNC:19391]
2521 CXCL3 ('," C-X-C motif chemokine ligand 3 [Source:HGNC Symbol;Acc:HGNC:4604]
330 BIRC3 ] (” baculoviral IAP repeat containing 3 [Source:HGNC Symbal; Acc:HGNC:591]
3164 NR4AL :’."7 nuclear receptor subfamily 4 group A member 1 [Source:HGNC Symbol; Acc:HGNC:7980]
3576 CXCL8 |8 e’ cx-c motif chemokine ligand 8 [Source:HGNC Symbol;Acc:HGNC:6025]
3656 IRAKZ E':’ interleukin 1 receptor associated kinase 2 [Source:HGNC Symbol; Acc:HGNC:6113]
1263 PLK3 ] =F polo like kinase 3 [Source:HGNC Symbol; Acc:HGNG: 2154]
4739 NEDDS E',T neural precursor cell expressed, develecpmentally down-regulated 9 [Scurce:HGNC Symbol;AcctHGNC:7733]
64332 NFKBIZ |8 | @/ NFKB inhibitor zeta [Source: HGNC Symbal; Acc: HGNC:29805]
10403 NDCS0 - ('," NDC80 kinetochore complex compenent [Source:HGNC Symbol; Acc: HGNC:16903]

Fig. 10. Gene set overlap matrix prepared be gene set enrichiment analysis
(GSEA) at human pediodonatal ligament (PDL) cells. GSEA was performed to
identify the functional profiles of over-expressed genes in a large set and to
identify the association between genes in the set. Hallmark gene set overlaps of
cells in pullulan + NaF-PVA tape(a), NaF-PVA tape(b), both tapes(c).

Only 15 genes were designated.
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e Amel Azeel o Al Az AEN FAE o] RWAD v
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| Zhsshebe Aolu,

e WAL ngHuA A4 BAL FAHATL F7

2o FAtel GFS nA= delsy Bads QFASe 7
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ligament (PDL) AlZ£E5<& RNA sequencings 33l DEGsE zbo} E43s}¢]t).
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o] FHAES Fol ¥& aFolgha AT F 9

Gene caterogy chartE &3ste] ofH F/FY GO FHAEo] Fdo=z

52
rlo

e Wl A=A AT UAMH(Fig 6.). A 7HA GOE FolA AlE9
7150l HEsAY Atdete A Aol e GO+ Ad TR ds 7 A
Aging, Apoptotic process, Cell death, Cell migration, DNA repair, Immune
response, Neurogenesis, Secretion GO % x w& W3l7F HGE, PDL Al 3ol A
NaF-PVA tape ¥ pullulan + NaF-PVA tapew E oA #zHATt GOE =
NM AE FA4% 7 AR or AdA ol =4 AAA = cell death GO +7
A= T rostA wde] Wstk FAAES EA s Th

Pullulan + NaF-PVA tapeX HGF A X4 GADD45A, GADD45B 1%l
PPPIR15A®] & o] F7FE Ut GADD4S A€t BE DNA repair 183 A<
A A (arrest) 2} AFE AF(apoptosis)oll #oi gkt PPPIRISA E3 GADD 1522 A
FAE AL TostE A oA 2 DNA &4 2 = od# A vh47,48].
NaF-PVA tapeit<> HGF AlZoA @do] frostAl S7he fda= MLKL,
NSG1 o]ar, #4%E Fdx+= DFFB, CASP9, CASPS, MYD88% th. MLKL %
A= AEAFE I tumor necrosis  factor  (TNF)  #% A (induced
necroptosis)ol Al 523 9GS 3rH49]. NSG1 T3 DNA £Abo] gk wks-o 7

A APES FEITE0] of# 7t AEse] wdol F71eko] cell deatholl #ois

#ol3F= caspase familyQl CASPR9

A oH51-54]. ol g A= FFo] 2FHE E4%H H2EE
of F=A .

PDL Al 2ol A= HGFAIA 2T} cell death GO f+71#Fe] W&o wslrl A @k

=

T}, Pullulan + NaF-PVA tapeoll A/ @& o] Fo3tA Wald {39 = 61719

t}. NaF-PVA tapeol A= 4870 & Pullulan + NaF-PVA tapeX Ut} t©] 22 WH3lE
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B2%f HAHEoA 7]F2 NaF-PVA tapeR.t} cell death GO dad B

FAAS Wol7k dojrton ool AXS YEH FFL Fr AAdL FF

_/,:
tfoloj 1S o] g3t ZF ANEES 39 IHE(control, NaF-PVA, pullulan +
NaF-PVA)¢ DEGsE v|wd A3 PDLMEZEA% =3 vlusd 41384

W E = FEAbEe] S8R HHN=33). °ol& T &=
H

_

GF AlXE KX} PDL Al E50A ©] tpoksl o

DEGs w4 oA Ze Fdx59] 2de 7ok a9 odus e AL B2
513k =2 (target) A A7E A = ol I AAI7E L9
Fs7del vk mekA FHd2=9] key

pathway S 2Ztolr E43}= Zo] © &84 o]tH20,55].

N

g AA EYelA 2wt EAE g Sde

Gene set enrichment analysis (GSEA)+= Microarray %+ RNA-seq. At E ©]

g3te] gz, AIATdA Sost AR AES BAstE 2 adoth GSEAE

O
r\l

P Ao FAAer BA 7153 molecular signature database (MsigDB)ell

FAA NES 7|mto g BEA3t56]. Key pathwaysS 2 o8 7b#] W

rlr

3

Zo| A H Ao A += Hallmark pathway WS o] 83} tH20].

il

Pullulan + NaF-PVA tape2 HGF Al3¥9 GSEAA key pathway®
TNFA_SIGNALING_VIA_NFKB= oGt} Nuclear factor

kappa-light-chain-enhancer of activated B cells (NF-xB)& dZ=u+8-3} WA 7

29

5 Aot AZAAL, AESA AIAEe F3t Goll doldt= @A (protein

}

)

o

L.

[ex]
=

ol\

T
[ I

o
Jo
ol

familly)©] ©H[57]. Tumor necrosis factor (TNF)-a+= ol A<
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o] ATHS58]. o]t
o8 AXd EFEE HUHE ELZE HAFIAS W FEUAA Y
B 4 e A2 g2 NF-kBE 422 w2 TNF-af =4 #Aold

= O~
i g 4 dhh

Pullulan + NaF-PVA tape< HGF A|¥o]lAq NF-kBE %3 TNF-a°] 93-S 1
A= BAES T TEol A2 HEFIAS Wl E5vsS dod & Qo= o4l
o] 7}saldtt o] key pathwayE E3F¢] pullulan + NaF-PVA taper 2] A&

e

Fol wolxl o fi7t BBl AF PFug o AnYL FHA 2 5 9

v

OkA o]okr] 5ol GSEAE 2 AECAM Hed FAAe 753 ZEuds 4

datal AES Fdx ke duAds gty & AT oA HY FAaA

Zol °] Key pathwayst dgtel Fd2E shy Ao 5 9tk HGF A% 2

o A pullulan + NaF-PVAtape I+ % 15709 FdA7} key pathwayell ¥
A3

e 8% FY2HEL T

T

st tH(Fig. 9). ©o] +¥x& % LDLR Fxd7+9
713 e E 7heAdS E<Udd. LDLRO] oA d3 g5ol 93Fe v
[59]. CXCL3= £ 3z, dAAE A5 dd-2-gety Z8= 9459 4%
# frAateltHE0). ole gk 15719 FHAtEe] wd o wWstel osjA TNF-a9 7

Tol XHAH?L 52 5 Ak

Y
flEL
ulif
1)
Ee)
EN
M
M
izl
s
1o,

ol¢} Ao 2 HGF AXe HAEZHSN EA3HF %

Jo
i
D)
)

S
>

GSEA9 A+ oju 3t Hall mark key pathway® YEUA| gt} =

o
T
Ly
52

£ 53 GSEA EXo|M= MTT assay A¥4= s d & Q= Fho
t}.

PDL A X2 GSEA9| A+ pullulan + NaF-PVA tape 1% 3 NaF-PVA tape L
= ooty 7 OF EFolA wde ®Wolrt Ut SR 57 o]
key  pathway7} =35t} o] FE  GSEAY key  pathway:=

TNFA_SIGNALING_VIA_NFKB% th. NaF-PVA tape: ©] key pathway<®} <]
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