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Analysis of cell survival genes in human gingival fibroblasts after

sequential release of trichloroacetic acid and epidermal growth factor

using the nano-controlled release system

Joon Youn Cho, Richard Leesungbok, Suk Won Lee*

Department of Biomaterials & Prosthodontics, Kyung Hee University Hospital at Gangdong, School of Dentistry, Kyung Hee

University, Seoul, Republic of Korea

Purpose: This study was to determine the possible effects of trichloroacetic acid (TCA) and epidermal growth factor (EGF) through
cell survival genes of the PI3K-AKT signaling pathway when applying an hydrophobically modified glycol chitosan (HGC)-based nano-
controlled release system to human gingival fibroblasts in oral soft tissue regeneration. Materials and Methods: An HGC-based
nano-controlled release system was produced, followed by the loading of TCA and EGF. The group was divided into control (CON),
TCA-loaded nano-controlled release system (EXP1), and the TCA- and EGF- individually loaded nano-controlled release system (EXP2).
A total for 29 genes related to the PI3K-AKT signaling pathway were analyzed after 48h of culture in human gingival fibroblasts.
Real-time PCR, 1- way ANOVA and multiple regression analysis were performed. Results: Cell survival genes were significantly
upregulated in EXP1 and EXP2. From multiple regression analysis, ITGB1 was determined to be the most influential factor for AKT1
expression. Conclusion: The application of TCA and EGF through the HGC-based nano-controlled release system can up-regulate the

cell survival pathway. (J Dent Rehabil Appl Sci 2020;36(3):145-57)
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ChFet A o RS QIitelsied A ZAYE, AL
Ry AEZZA AZol3 2 Ao gkS njEit}’

Serine/threonine-protein kinase (AKT)x= MEAYE,
Ho|, ok YA, thAl, BAMA A S 236l 8
Al R AAQ] Fokhzloln * AKT1, AKT2, AKT3

S A 7HR1S] AKT @ e = Efgitt. A 7R 9] o
WHL £ 45 BAE 7RI Al 71X & /3
AF2EE mrlojERo 7 ey ug e 7|58 J1A
Aoleba 551 glek. SARAA WF Aol g2
W AKT12 M ZAgEof P4F o3, AKT2&= X5T §F
el FH g Al HIEGOH, AKT3E F+
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¥ wreol] JghS vlAIgka 2553 ek’ AKT7} O
A ATAES A3 Bt AsHTY olg 29
gk 4= Q31 receptor tyrosine kinase (e.g. HER3, IGF-
1R, insulin receptor)@} &2 T2 $& thilzlo] x}=g]
o olo] ute} QhAIES} AET 4 QA Tk
Phosphoinositide 3-kinase (PI3K)+&= ThFst Al g &g
ol oJs) TEFEE o2 7h shelgdo 2 vehi,
PI3K+= receptor tyrosine kinaseso]| 2]3t ?_]’1\_]'9]—,' src2]
non-receptor protein tyrosine kinases(PTK),” focal ad-
? 5ol ofate] E/gstE] AL By subunit of
activated heterotrimeric G proteinso] 2Jaf Z/dstect.
PI3K Q] ZAgtA|= QA G & Phosphatase and tensin ho-
molog (PTEN)"*"¢} Src homology 2 domain contain-

hesion kinase

11,12

ing inositol polyphosphate 5-phosphatase (SHIP)
7} 9121 Phosphatidylinositol (3,4,5)-trisphosphate
(PIP3)oll M Q14HE A7 %t
AMBPATLEZ A, trichloroacetic acid (TCA)2] FgFo]
HZSEA B7FEAL" AME 58 RDoA hydro-
phobically modified glycol chitosan (HGC)7|9}F U=
HEA A AE S ALR-8}0] TCAS} Epidermal growth
factor (EGF)] &% F7t=|Qich " TCAZ} QI7Hx] &
Afrol AN cheket R wrele) sl fEaiT)
& AbAlo] SRIFIGT, TCAS 28 Z4HE 72870
Hg Al HHAE 2 9l oal S sidsl W o 2 HGC
719 U E A oAl A '] AIQEE| it HGCZ]e
=Y ER A A O] Qg o] o TCAE Bt
2A ¥EStE FAOl EGFE A3 ‘%*%ﬂ% ol
2=t AR 24 oMl et A A
1o) £AAES] 7 Ws] oS £ S
t}. ! o] M2l DNA microarray H413} successive
Kyoto Encyclopedia of Genes and Genomes (KEGG)

ANeAY BEAANZRE TCAS EGFE -@'}ﬂ o
&S 288 o] FAA ] WHe 4 Gl 2971¢]

M| Z A EN B3GR A= Qi

2 A1 58 LFARE A o] QITFA]A
fotH Zoll HGC7]9E TCA-9F EGF- BRIE Uit E
oA AES A& A TCAS EGFY] &A1A HF&o] A
ZAE AR Ho| njx]s @FE #85ke Ao]
o} & Aol MidTtoa AFE PI3K-AKT Al

SR} ATE 20709] RS digh AATE Fita
AAHEES EAS AAISHE A AKTOl| thgh T2 2874
o] f7RHE 9] 9EE FABITE
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TCA-8} EGF- EX|8 ULHIEA| oA AEHS A|EH}7]
sl 28 F 71E4H1.0 g 0.4 x 10° mol), 58-ZTHH123.0
mg, 0.34 X 10 mol), N-hydroxy succinimide (NHS)
(58.6 mg, 0.51 X 10” mol), N-(3-dimethylaminopropyl)-
N’-ethylcarbodiimide hydrocholoride (EDC-HCI) (97.6
mg, 0.51 X 10° mol), TCA (Sigma-Aldrich Co., St. Lou-
is, USA), M[EF& (Sigma-Aldrich Co., St. Louis, USA),
EGF (Peprotech, London, UK)E Fui5}$al A|efo 2
g

S-S BEE FEE VRN USRS
2 FEF 71ELH1.0 g, 0.4 % 10° mol)3} 53-ZTH4k
(123.0 mg, 0.34 x 10 mol)& 10 ml&] ZF4/we
2 go(1;1, v/v)ol &3hsko] ARSI FHure} N-G-
dimethylaminopropyl)-N’-ethylcarbodiimide hydro-
choloride (EDC-HCI) (97.6 mg, 0.51 x 107 mol)¥} N-
hydroxysuccinimide (58.6 mg, 0.51 x 107 mol)S 24A]
HE et AARESAIZIH F7Estith FA 2 (molecular
weight cut-off: 3,500 g/mol)& ©]&5}0] 24A|7HEQF &
AZIeY & FASIRA FF5/mEE &4(1:3; 6 h, 1:1;
6h, 316 h, v/v)& B4 g2 A&stoich AA|H

oA Uh2 2h=& etsl A1 E Hla 5F HGC Y
QIR TB.%0) YRS 8 E PR

TCA-GX|H L}LQJX}EQ 10 ml®] ZF40] HGCE
BAAIA "M Z3HAL, TCA (1.0 mg, 0.6 X 107 mol)&
0.025 ml® %‘-%4\—01] gdfste] & Xil’iTﬁP‘}i‘:}- a
3, TCA €94& HGC 49 H7FsF AL, 600 rpm S
Z ARG AIZTE 1 Fofl, TCA RS FA|5H7] 28l
24A17F BAo] EAXEHMWCO: 3,500 g/mol)& E3l] %l

Z

Y=ol Aetot FAx st 2F TCA-EAE Y
XSS ALt H7IE TCAL ¢FL o] I Z2ntED
ol & o] &3 Cl FFEAS Bl SR 0.5%9]

TCA XY Y=aF &g AEsH7] sl 4 mlo F
F45 TCA (0.00714 mg TCA/1 mg TCA 7} Y=Y
A7 AU 2.8 mg®] W= Rtol H7batgint
EGF-EA1Y U UrE Ax57] 95h0d, 10 mg9]
HGCE 10 ml] SFo] #4171 & EGF (0.1 mg,
0.15 x 10'mol) & 0.1 mle] ZF 5o &jAA A
AEFsE AT EGFE91& HGCEHol 47} & 300 rpm
O 2 AAESAIRT. I &, vhEokR] ¢4 EGFE ¢
AHE2EE A A Y FARMWCO; 10,000 g/
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mol) & Bl 24417 FHSET 2 B AAR
3% EGF-ZA13 U dxtE& At GXA3-EGFY]
42 ELISA (Human EGF Standard ABTS ELISA De-

USA) I} AR S

USA)o] A3

velopment Kit, Peprotech, London, UK)E &3l 735} X EL 37°C, 95%

Ak TCA-FAIE e Y7h2.8 mgol T74 2 ml F
7het Go3} EGF- 2R L QAHB.98 pg EGF/ 1 mg
EGF Gx]% Y=9xhol %] 2 miE F7Hk o4& &

gatod 0.5% TCA BRIE U Akt 80 pgel EGF &
AW W grte] B oI Amshge”

g 2Rz 24
371, 5% oliFatgta
fied incubatorol|A] B E]IQIT) 2 - 33 7] =t vjjoFH ¢l
2 Aol AFg S
S5 AZAED ABE PIK-

WA RO AEE
SRR} 2 BAS

AKT signaling A S HGo|M =
el5t T (Table 1), o] &

AZ vjFS 9all ATCCATCC® PCS-201-018™, expressmn B2AHS ¢

+ dulbecco’s modified eagle’s
medium (DMEM, Invitrogen Corporation, Carlsbad,
QIR AR

OFA]l
5ol humidi-

29719] RS A

ARFEL relative mRNA
N7 BFRLAATGO

Manassas, USA)OlA] QI7FR] &A4-GolM| 2 S 4J5lgiTt. AL okt Zo] Rt tiET(CON),
10% efold% (FBS, Sigma-Aldrich Co., St. Louis, TCA-%]'X] S U EA oA A" Fol(EXPT), TCA-
Table 1. Gene information used in real-time PCR (Tagman® gene expression assay)
Gene NCBI Reference
IGF1R, insulin like growth factor 1 receptor NM_000875.4
EGFR, epidermal growth factor receptor NM_005228.3
IRS1, insulin receptor substrate 1 NM_005544.2
TLR2, toll like receptor 2 NM_003264.4
TLRA4, toll like receptor 4 NM_003266.3
Racl, Rac family small GTPase 1 NM_006908.4
BCR, B cell receptor activator of RhoGEF and GTPase NM_004327.3
SYK, spleen associated tyrosine kinase NM_003177.6
CD19, CD19 molecule NM_001770.5
PHF11, PHD finger protein 11 NM_001040443.2
IL2RG, interleukin 2 receptor subunit gamma NM_000206.2
JAKT1, janus kinase 1 NM_002227.3
JAK2, janus kinase 2 NM_004972.3
JAKS3, janus kinase 3 NM_000215.3
ITGAD5, integrin alpha 5 NM_002205.4
ITGBI, integrin beta 1 NM_002211.3
PTK2, protein tyrosine kinase 2 NM_005607.4
PIK3CA, phosphatidylinositol-4,5-bisphosphonate 3-kinase catalytic subunit alpha NM_006218.3
PIK3CB, phosphatidylinositol-4,5-bisphosphonate 3-kinase catalytic subunit beta NM_006219.2
PIK3CD, phosphatidylinositol-4,5-bisphosphonate 3-kinase catalytic subunit delta NM_005026.3
PIK3CG, phosphatidylinositol-4,5-bisphosphonate 3-kinase catalytic subunit gamma NM_002649.3
GNBI1, G protein subunit beta 1 NM_002074.4
GNG2, G protein subunit gamma 2 NM_053064.4
PDPKI1, 3-phosphoinositol dependent protein kinase 1 NM_002613.4
HP90AAT, heat shock protein 90 alpha family class a memberl NM_010480.5
CDC37, cell division cycle control protein NM_007065.3
mTOR, mechanistic target of rapamycin kinase NM_004953.3
TCL1A, T cell leukemia/ lymphoma 1 a NM_021966.2
AKT, AKT serine/threonine kinase NM_005163.2
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o} EGF-ZA|3 U EA oA AT BoF(EXP2). ¢
HR] 4Ot = 24-well plated] ZF CON, EXP1,
EXP2 11§02 U0 37°C, 5% O]AFs}ErA Sloj|A] Hj
FoIRAL NE =& 1 x 10"/ well2 FXI5FSIT) B %F
48A17F & TRIZOL lysis solution (TRIZOL" Reagent,
GIBCO BRI, Catlsbad, USA)S E3l] & RNAE F
&735}94, NanoDrop 1000 (NanoDrop Technologies,
Wilmington, USA)& AF8-5lo] RNAQ] concentration
& MR F RNAZRE 1 pg EE5}0] iScript
cDNA Synthesis Kit (Bio-Rad Laboratories, Berkeley,
USA)E 0] &5}0] cDNAR GFALAZT) FHAL 2a
o TaqMan® Gene Expression Assay Kit (Applied Bio-
systems, Waltham, USA)& AF&-5}o] EQlsiich 2 A
7ol AAZ EFELANGOR AEH FEASE
Table 12} Zro] F&5}9itt. Chromo4 reverse transcrip-
tion-polymerase chain reaction (Bio-Rad Laboratories,
Hemel Hepstead, UK)< iQ Supermix (Bio-Rad)E& A}
8519 zlsYstdct. FAA BH-2 MJ OPticon Moni-
tor Analysis Software (Bio-Rad)& ©|-85}0] %J&Fslal5d
k" ZHE g2 GAPDHE] L& 2o o3 A= g
1 EXP1¥} EXP29] W &2 o0 CONOA &
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Tukey’s multiple comparison test BE %185
Tdo] FATE &2 Fou|gt G2 vlFl FHAL
got7] Sl GAE gF3AR e Aldskith
EA BAS 9J5) SPSS 18.0 software (SPSS 18.0, SPSS
Inc., Chicago, USA)E AF&-5}%itt.

H il
i

A1}

U ER/ A A-FM HGC Y =dAES e
ste]o] Qlom setEd s WESHL 4 pHE Aol
Z ga¥ k! Chitosan®] hydrophilic cationic amine
group (-NH2)+= hydrophobic cholanic acid2} 23ttt}
Hydrophobic cholanic acid= 24 &-& 3/dst= vt
™ hydrophilic cationic chitosan< A7Z72-& 3/d5}3ich
5028 TCASF EGF& o &2%= 9l chitosan 2
Zoll SX]= .1 in vitroQ} in vivo F&ollA &xFE S
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ZA3t= o33t 2t Insulin like growth factor 1 recep-
tor IGF1R), epidermal growth factor receptor (EFGR),
insulin receptor substrate 1 (IRS1)2 T& ol 1|5}
o] EXP13} EXP2oA AFRAEE QR om(P < 0.001),
EXP2, EXP1, CON £02 §olu|gt AsFxrA o] Tzt
E]9Ih(P < 0.001, Fig, 2).

Toll-like receptor signaling AT HE Q] F-HA} AlA|
7t SFEAAMS A Aibs o3} Z o Toll like
receptor 2 (TLR2)ol|AE T Z3to] B]5F] EXP20]A
aojujat AgrxEdo] TEEATHP < 0.01). Toll-like
receptor 4 (TLR4)E thE o] H]5}o EXP29F EXP19]
A AFRAE Qo m(P < 0.001), EXP29} EXP1A}o]o]
= FYu|st xFo]7} ATt Rac family small GTPase 1
(Racl)2 tjz=to]] H|s}o] EXP13t EXP2ol|M k2
E9loH(P < 0.001), EXP2, EXP1, CON 0.2 49|
0sk Ak R Aol TEEITHP < 0.001, Fig. 2).

B cell receptor signaling A5 HG o] FHA AAIZH 5
Fardapts B4 A= gt 2 B cell recep-
tor activator for RhoGEF and GTPase (BCR)Z CD19
molecule (CD19)= CON, EXP1, EXP2 A}o]o]| ofwgt
SIIA T IEER] LT Spleen associated tyrosine
kinase (SYK)2} PHD finger protein 11 (PHF11)2 th&
ol H|sto] EXP20o]M fojnfsiA| 3R itk
7} P < 0,001, P < 0.01)(Fig 2).

JAK/STAT signaling Alg&go] §RAX} A7 F3¢
GAEHUS BEA A= o83t At} Interleukin 2
receptor subunit gamma (IL2RG)& CON, EXP, EXP2
Atolol] ofwgh AL WHER] St} Janus ki-
nase 1 (JAK1)Z} Janus kinase 3 (JAK3)E= tHE o] H]
5lo] EXP13} EXP2o| A AR AE|Q o8P < 0.001),
EXP2, EXP1, CON £22 GoJu|st A&xHo| &
ZE TP < 0.001). Janus kinase 2 (JAK2)«= &+
o v]sto] EXP23}t EXP1oA AeF=AE S EXP29}
EXP1 Abo]o] §-0]3F xbol= QIQIth(P < 0.01, Fig, 2).

=4 R Qe NS AG Y] AR AR B E
2L A Aik= oh3 3 2t Integrin alpha 5
(ITGAD5), integrin beta 1 (ITGB1)3}, protein tyrosine
kinase 2 (PTK2)x= tZ ol vlsto] EXP13} EXP29]

] Dent Rehabil Appl Sci 2020;36(3):145-57
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Cholanic acid-conjugated chitosan

CH,OCH,CH,OH

CH,OCH,CH,OH

CH,OCH,CH,0H

Chitosan Shell
(positive charge)

¢ self-assembly
_—
in water

Cholanic acid
core

Glycol
chitosan
(Hydrophilic)

5B—cholanic
acid
(Hydrophobic)

Chitosan Shell
(positive charge)

Cholanic acid core

o
- D
a,é oH - <
TCA loading EGF loading

via ionic interaction
(long-range interaction)

via ionic interaction
(weak interaction)

Fig. 1. Principle of HGC-based TCA- and EGF- loaded nano-controlled release system. The hydrophilic cationic amine
group (-NH2) of chitosan was combined with hydrophobic cholanic acid. Hydrophobic cholanic acid formed nuclei in
water, while hydrophilic cationic chitosan formed the outer shell. The anionic TCA and EGF were loaded on the chitosan

shell through ion bonding.

A AFREEY oH(P < 0.001), EXP2, EXP1, CON
O 2 Fou|st FFxro] WRETHP < 0.001, Fig
2).

Chemokine signaling A1 MG 9] {GHA} AT F3F
FAHMS B4 dot= oh5 2t} G protein sub-
unit beta 1 (GNB1)& tE 0| H|5}o] EXP13} EXP2
ol A AgFRAE|G] 0 w(P < 0.001), EXP2, EXP1, CON
£O 8 Fou|3k FaAo] IEEITHP < 0.001). G
protein subunit gamma 2 (GNG2)2 tZz ol H|5}o]
EXP28} EXP1oA AFRHE QI3 EXP22} EXP1A}
olo] §-2J3k xFol= GISITHP < 0.001, Fig, 3).

] Dent Rehabil Appl Sci 2020;36(3):145-57

PI3K-AKT A2 Aol A AKT 23/g0l] 2735 0.
ofshe AR A SHEAAMRES 24 A3
S 3} 7} 3-phosphoinositol dependent protein kinase
1 (PDPK1) tiZE-o] H|sto] EXP22t EXP1o]A] 5}
FRAEATHP < 0.001). Heat shock protein 90 alpha
family class a member 1 (HP90OAA1)3} cell division cy-
cle control protein (CDC37)2 tZ& o] H|5}lo] EXP1
I} EXP2o|M AFRAFEL o (P < 0.001), EXP2,
EXP1, CON 02 §ou|gt FeFxio] #E=qict
(P < 0.001). Mechanistic target of rapamycin kinase
(MTOR)S R0 H]5te] EXP20]A] aFaFR A= g}

T
L
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Fig. 2. Real-time PCR analysis results of Growth factor (IGF1R, EFGR, IRS1), Toll-like receptor signaling pathway (TLR2,
TLR4, Racl), B cell receptor (BCR) signaling pathway (BCR, SYK, CD19, PHF11), JAK/STAT signaling pathway (IL2RG, JAK1,
JAK2, JAK3), Focal adhesion associated genes (ITGAS, ITGB1, PTK2). One-way ANOVA (***: P <0.001, **: P<0.01, *: P<

0.05).
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Fig. 3. Real-time PCR analysis results of Chemokine signaling pathway associated genes (GNB1, GNG2) and other genes
directly involved in AKT production (PDPK1, HSP9OAA1, Cdc37, mTOR, TCL1A). One-way ANOVA (***: P < 0.001).

(P < 0.001). T cell leukemia/lymphoma 1 a (TCL1A)&
ti 2ol Hlsto] EXP20ol|A] shFz ==k < 0.001,
Fig. 3).

PI3KS] R AT B AL AMS B4 2ok
th-3-2} 2t} Phosphatidylinositol-4,5-bisphosphonate
3-kinase catalytic subunit alpha (PI3KCA), Phospha-

] Dent Rehabil Appl Sci 2020;36(3):145-57

tidylinositol-4,5-bisphosphonate 3-kinase catalytic
subunit delta (PI3KCD)¥}, Phosphatidylinositol-4,5-
bisphosphonate 3-kinase catalytic subunit gamma
(PI3KCG) S thx o] 8|5lo] EXP13} EXP2oA] A
FRFELHFN O (P < 0.001), EXP2, EXP1, CON £2
2 Fouet i S77F FEE TP < 0.001). Phos-
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phatidylinositol-4,5-bisphosphonate 3-kinase catalytic
subunit beta (PI3KCB)+= thZE o] v]5}o] EXP13}
EXP2o]AN AgFxHo] HEEUT EXP1I EXP2 A
ool g-2lat xtol= ATHP < 0.001, Fig, 4). AKT1 &
A} AAZF 23 EAQMELS BA An} gjm2o] B
sho] EXPIZ} EXP20| AHFEAEIRLCBI(P < 0.001),
EXP2, EXP1, CON 0.2 §ojujat Aakxrdo] ghat
E|CHP < 0.001, Fig, 5).
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AKTO| 7} f-ojulotA ¥ vlxl 8RS
QI5t7] ol thE AR HyskAL FEHS
AKT1E A73stglon & dto] AHEH FHAE
YL 2 eI ITGB1, CD19, JAK3, PHF1
PDPK1, GNB10] AKT1 %3¢ &8 = g
2 AE=dohP < 0.001). 7P G A= FHAF
ITGB12 2 SHlE|ith(P < 0.001, Table 2).
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Fig. 4. Real-time PCR analysis results of PI3K genes (PI3KCA, PI3KCB, PI3KCD, PI3KCG). One-way ANOVA (***: P < 0.001).
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Fig. 5. Real-time PCR analysis results of AKT1. One-way ANOVA (***: P < 0.001).
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Table 2. The influential factors on the expression of AKT1 after administration of the nano controlled release system to
induce sequential release of TCA and EGFE, as determined by multiple regression analysis

Dependent Model Regression Results R R’ Sig."
variable
AKT1 = 0.061 + 0.941-[ITGBI] 0.999 0998 < 0.001
2 AKTIL = 0.264 + 0.969-[ITGB1] - 0.213-[CD19] 1.000 0999 < 0.001
AKT1 = 0401 + 1.019-[ITGB1] - 0.197-[CD19)]
3 025 AR 1.000 1000 <0.001
AKT1 = 0.666 + 1.108-[ITGB1] - 0.184-[CD19]
AKT1 4 ~0.699-[JAK3] + 0.109- [PHF11] 1.000 1000 < 0.001
AKT1 = 1.261 + 1.157-[I'TGB1] - 0.244-[CD19)]
> ~'1.240-JAK3] + 0.215-[PHF11] - 0.150-pDPK1] 1000 1000 < 0.001
AKT1 = 1.122 + 0998-[ITGB1] - 0.169-[CD19)]
6 ~1.216-JAK3] + 0.251-[PHFL1] - 0.110-[PDPK1] ~ 1.000 1000 <0.001

+0.124'[GNBI]

" Significances of each regression model were tested by analysis of variance (n = 15).

R: coefficient of multiple correlations.
R coefficient of determination.
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