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GENE EXPRESSION AFTER THE APPLICATION OF THE FLUID-INDUCED
SHEAR STRESS ON THE GINGIVAL FIBROBLAST

Mi-Hyang Jeong, Je-Yong Choi*, Chang-Hoon Chae**,
Seong-Gon Kim**, Dong-Seok Nahm
Dept. of Orthodontics, College of Dentistry, Seoul National University,
*Dept. of Biochemistry, School of Medicine, Kyoungpook National University,
**Depr. of Oral and Maxillofacial Surgery, School of Medicine, Hallym University

The oral cavity is humid environment mainly due to the continuous salivary flow. The reaction of oral
mucosa to fluid flow is important for homeostasis and pathogenesis. The objective of this study is the
screening the change of gene expression after the application of fluid induced shear stress (FISS) on the
gingival fibroblast using cDNA microarray assay. The immortalized human gingival fibroblasts were grown
and FISS was applied using a cone viscometer at a rotational velocity of 40 rpm, respectively for periods of
2 and 4 hours. The synthesis of cDNA was done from the extracted total RNA and ¢cDNA microarray assay
was done subsequently. The genes that showed over 1.6 in the Cy3/Cyb or the Cy5/Cy3 value were
regarded as genes influenced significantly by the FISS application (/M/>0.7). The "'RUNX-1" was increased
its expression in 2 hours group and "RUN and SH3 domain containing 1~ was increased its expression in 4
hours group. The CC020415", ‘cyclin L1°, ‘interferon regulatory factorl”, ‘early growth response 1’
‘immediate early response 2", and ‘immediate early response 3" genes were increased their expression in 2
and 4 hours after FISS application. In conclusion, we could find many genes that were probably related to
the FISS application. Interestingly, most of them were placed in similar molecular pathways and these
findings improve the reliability of chip data and usefulness in overall screening. From this experiment, we
could find many items for further study and it will make improvement in the understanding of intracellular
events in response to FISS.
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Immortalized human gingival fibroblastss ©]-&3}]
AeS it 7] AIZFE Ham' s F12/Dulbecco s
modified Eagle s medium (Gibco, BRL, Gaithe-
rsburg, MD)ellM 7195 2 sjddel= 1% penicillin/
streptomycin, bFGF (100 #g/ml), 221 10% fetal
bovine serum (FBS)E st ALt wlkd AxXe
A 718l7] 2447 Hell PBSE Al 2k A& A3
ot 10 mle] dAo] x3E o] YARE Mg ¥
th. Ae=2 cone viscometerg ©]&3te] 715l om 3
A EE% 40 rpmo|om & 7Fe AIZEE 247 B 44]
oIStk (Fig. 1), dl&2wE 22 2o Add & 718t
A & el A vttt Al 247 Fof Bl
o QJ3} T0EAA tha A8 A7 B3t

Total RNA2| ==, cDNA &4 3 RT-PCR

WgAE AAG F AEES PBSE 415 A3kt
trypsin-EDTA buffer® A2 $o 37 CollAl 527t +
Atk AA RNAE Tri-Reagent® ©]&3lo] FZ319 1
W& Al ZAH( Molecular Research Center, Inc.

Fig. 1. A. Diagram of the apparatus (r: radius, $0: angle) B. The apparatus of shear stress generator.
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Cincinnati, OH)9| A|ZAel] mebx] SHol uhek At
Fo. A4 RNAS ¥ %=+ spectrophotometer
(Ultrospec 2000 UV/Visible Spectrophotometer,
Pharmacia Biotech®, Piscataway, NJ)& =4 3}3it}.

cDNA9] 42 % A4 RNAIAM Reverse tran-
scriptase kit (Invitrogen, Inc., Carlsbad, CA)E ©|&
sto] AlESdTt. 3 M9 oligo(dT)eH ] 10mM dNTP
EFES mixtures 7B ¥R FHISIAA, DEPC
Aelek 32k THRTFE Akt AA F971 40 Wt HE=s
AT BE-2 65 ColA 5E7 A wh-go] Eun
LEE AA ] HolEY Ao EEetES gt 121
2 19 10x first-strand buffer, 4 42 25mM MgClz, 2
A9 0.1M DTT, 1 49 RNased block Ribonucleotide
inhibitor (40 u/M), 2213 1 49 RtaseE M7kt
A F3= 50 Aa¥eH jhe-2 42 TAlA 1A7E Bt &
=t

Z8 A2 2.5 4o cDNAE 72 F3 = At
AeE el gl AL Y FolA 20-merd] Al
AE Agsiath(Table 2). £3=2 A'LA|, 10x reac
tion buffer, 25 mM MgClz, 1 mM dNTP, Z8]al Taq
DNA polymerase (Promega, Madison, WI) 2 -3 =]
AR, AA F3]= 50 At "0 v 29it
95 ColA 10%7F M-S A7 ol 95 CollA 30z, 58
CAA 30%, 60 CollA 3022 25 333 wHEalc),
S8 1.5% agarose geldllA A7]19 538 Fol| ethidi-
um bromide solution&-2 A }te] gQlsls]t}.

Analysis of cDNA expression using microarray
technology

AA 24,200 cDNA fragmentsE ©]-&3te] 242te] &2
< TECH o= 22(row) X 23(col) X 48(pins) =
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Fig. 2. Cultured gingival fibroblast. (A) control (B) 2 hours after (C) 4 hours after (original magnification X 100).

24,288 spotl.= wjgslgich. 2H4e] $1x= 5% ¢cDNA
SEF A8 At A A s Folzl
T HlElste] Tdo] vehe=AE gRlatr] flate] W
5 275 microchipel A=, ©]& Beta-actin,
GAPDH, Tubulin - alpha - 4, Hexokinase 1, LDHA,
Ribosomal protein L3, Ribosomal protein L29,
Transcription factor(E2A)24] ©o]&9 vl &L 27t
0.5 ng/ul, 2 ng/ul, 8 ng/ul, 32 ng/ul, 128 ng/ul, 512
ng/ule® a3t} o5 ¢ xwor 48Hd. o
S0| 99 ZAlste] AZol A7k AFHHAe} ¥H-E-53A
< W, olv] AFA7L 23 Sle T FUE Tt UL
© A5 gete] WA A@AHI} ov] e AoR A
=

9 28-S 93l 24k twin chips (24200 genes) &
AHEBEA AL scatter plot Aol A A& zoA 2t} W g
Ad e wdE RS A6 712l microar-
ray =il EaEUE fo)5FE Cy3/Cyb 2 Cyb/Cy3
of "ol 1.6 o] AR 9 (/M)0.7), °1& 4
PN fFolatA Watd AR FEsigith A
Ad7Vsds SHAZI7] ddte] 33] whEsta dAoks
upto] ARgahe WS ARESIATH. o HdeElE {4
A} 379l gkete] RT-PCRE Alddste] A& thA] g &
Qlstsint.

.2 o

2o Aol e] A5 wlgr] o o2 ExH
o = AEFHQ P& BAth(Fig. 2A). FISSE 713t
Afrotl 2] 75 fA7F 2= Wk whek Ak bl
gy FFe HAtH(Fig. 2B, C). DNA chip assayE
Al&gt A3} scatter plots< Fig. 30 HoFa gt} B
A9 FelFES 719 DNA chip =83 5L
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/M/0.T2 e, wd o] fostA Wale FdE torl”, ‘early growth response 1”, ‘immediate early
2 Table 1, 2, 3 2 49 E/\] 3tk CC020415" AR response 2", @ “immediate early response 3" A}
© FISSE 71k 5 2717 B 4AIRE o) Z4z) o] A E% FISSE 7Fskar 2213 B 4A]7F Zof o] F7bs =
g 7oz Yebdth (Table 1, 3). RUNX-1" 9] 7% 24] FAAE|T} (Table 2, 4). FvEAE Cytokine 04,
Zb T ol 57}54 (Table 2), 'RUN and SH3 10, and 16 & 2717t Fo @& o] %—7}Q°4 o}
domain containing 1" & 4A7t Fol o] F7HE T ‘Cytokine 03"& 4A7F ol Walo] Z4d Aoz Yl
(Table 4). ‘cyclin L1, ‘interferon regulatory fac- t} (Table 3).
:_
A B

Fig. 3. Sigma plot (A) 2 hours after (B) 4 hours after.

Table 1. The Genes that Showed Decreased Expression in 2 hours After FISS Application

Gene M A GenBank
CC011018 VC -1.2535 8.893237 CC011018 VC
zinc finger protein 313 -0.9920 10.03277 CD629445
latent transforming growth factor beta binding protein 4 -0.9797 12.84952 BM785936
hypothetical protein FL.J20399 -0.9129 12.87017 BM793760
€C020415 C2 -0.9052 12.38707 CC020415 C2
dCMP deaminase -0.8364 11.3451 BM759471
sclerostin domain containing 1 -0.8357 9.712237 BM754590
S03 -0.7739 8.824284 S03
mitochondrial ribosomal protein L2 -0.7714 11.05174 BM773040
solute carrier family 12 (sodium/potassium/chloride transporters), member 2 -0.7679 10.37956 BM663073
antigen identified by monoclonal antibody MRC OX-2 -0.7553 9.828746 AW294653
dynactin 4 (p62) -0.7544 10.68533 BM750652
DNA-damage-inducible transcript 4 -0.7373 10.83966 CD629640
peroxiredoxin 6 -0.7368 11.37945 BG925292
creatine kinase, mitochondrial 1 (ubiquitous) -0.7282 10.48046 BM792559
hypothetical protein FLJ10315 -0.7184 9.850326 BM788300
apolipoprotein D -0.7036 10.05873 BG8I7605
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Table 2. The Genes that Showed Increased Expression in 2 hours After FISS Application

Gene M A GenBank
RUNX -1 0.7070 9.903331 RUNX -1
DNA-damage-inducible transcript 4 0.7106 10.209013 CD629640
TGFB inducible early growth response 0.7234 12.2347754 BM787811
alpha-2-macroglobulin 0.7247 10.570923 BF689594
inositol polyphosphate phosphatase-like 1 0.7402 12.845377 BM769439
Matrix metalloproteinase 15 (membrane-inserted) 0.7512 10.960668 BC055428
Mitogen-inducible gene 6 0.7564 12.152299 BM786946
osteopontin 0.7677 10.531432 AW973731
jun B proto-oncogene 0.8258 13.831197 BM745671
esophageal cancer related gene 4 protein 0.8964 11.255629 BG928558
superoxide dismutase 2, mitochondrial 0.9107 12.099712 BM768463
synaptogyrin 4 0.9368 10.246255 BM792897
cyclin L1 0.9379 12.023317 BM794591
Dual specificity phosphatase 5 0.9579 12.116165 CB957652
Interleukin 6 (interferon, beta 2) 0.9762 13.175648 BC027978
Interferon regulatory factor 1 0.9961 11.97074 BM767147
Cytokine 10 1.0988 11.85074 Cytokine 10
immediate early response 2 1.1018 13.01949 BM765640
Cytokine 16 1.3237 11.370139 Cytokine 16
growth arrest and DNA-damage-inducible, alpha 1.3577 12.92309 AI582485
Heat shock 70kDa protein 1A 1.4549 13.500999 BM790717
interleukin 8 1.5967 11.719607 BF218599
Cytokine 04 1.6054 9.221792 Cytokine 04
early growth response 1 1.6057 13.450838 BM782937
immediate early response 3 1.9784 13.729403 BM785996
v-fos FBJ murine osteosarcoma viral oncogene homolog 2.0065 13.089236 AVT74T778
Table 3. The Genes that Showed Decreased Expression in 4 hours After FISS Application
Gene M A GenBank
ubiquitin specific protease 16 -1.1537 9.4566 BM752783
PRMT5 -1.1097 9.2821 PRMT5
junction plakoglobin -1.0250 9.9884 BM790354
desmocollin 2 -0.9727 9.7201 BET747528
CC020415 SP -0.9489 15.7030 CC020415 SP
cyclin K -0.9468 10.1881 BM741158
pleckstrin 2 -0.9219 9.7595 BM753276
Cytokine 03 -0.8913 7.9875 Cytokine 03
phospholipase C, gamma 2 (phosphatidylinositol-specific) -0.8335 10.0528 BM773235
kallikrein 1, renal/pancreas/salivary -0.8258 10.8770 BM745368
MAP-kinase activating death domain -0.8026 10.1679 BMT772763
rhophilin, Rho GTPase binding protein 2 -0.7947 10.1038 BM791482
BRIX -0.7649 10.7793 BG925423
coproporphyrinogen oxidase -0.7636 10.6228 BG505658
adenylate cyclase 3 -0.7524 9.44774 BM751929
arginyltransferase 1 -0.7321 10.3498 BM757417
tropomyosin 4 -0.7097 10.6718 BM754276
2-aminoadipic 6-semialdehyde dehydrogenase -0.7081 9.8839 BQO82005
albumin -0.7009 9.7612 BM794319
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Table 4. The Genes that Showed Increased Expression in 4 hours After FISS Application

Gene M A GenBank
RUN and SH3 domain containing 1 0.7004 11.0178 BM793813
protein phosphatase 2, regulatory subunit B (B56), alpha isoform 0.7041 10.3524 142373
integrin beta 4 binding protein 0.7070 11.0433 CD614238
exportin 6 0.7123 11.0079 BM789804
calponin 2 0.7472 10.5085 BQ218634
CD48 antigen (B-cell membrane protein) 0.7482 10.4600 BG505217
sodium channel, voltage-gated, type IX, alpha 0.7544 10.4291 NM_002977
interferon regulatory factor 1 0.8055 11.1096 BM767147
collagen, type IV, alpha 6 0.8153 10.5830 NM_001847
cyclin L1 0.8491 10.9841 BM794591
immediate early response 3 0.8747 12.2630 BM785996
early growth response 1 0.8897 12.6832 BM782937
FGFR1 oncogene partner 2 1.0461 15.3146 NM_015633
immediate early response 2 1.1430 12.4830 BM765640
v-fos FBJ murine osteosarcoma viral oncogene homolog 1.8285 12.2892 AVT4TTT8
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FISSE 77 WA theFst d3olA 28 4 st +
U oldstn e 39 e gst AfxAe] 1A=
A5E WA Ha oy e A5 17 Ul HEEo| A
7} EAshe ¢ 95 543 dy 2 vehdA g 2 o
Foll A FISS7F Al 2] vjgol v} e & Wsial7]= Zle =
Hol(Fig. 2), FISSE A& Ao o Ae]dQ vhe-&
fredhe 102 Hol o7ld| #olste FAAES F2
A E 7149 UAlE 2A-AY AT 220 JaES n]3]

< AECIUTHTable 1-4).

0C020415" 5727} FISSE 7ksta 2417 2 4A17¢
Fof 2 2do] S7hd Ao HAtHTable 1, 3). FISS
g} #eEo] 1 o] AEH R FUlEE ACR Hol
A& A frob T o] ek o theh §h3-3} dAsto] Sl AL
2 Holu} o] FHAtY] 7]l thstele A9 gzl vt
gtk webA o= 35 AFE Fote] Hejol & Ao AL
¥ RUNX-1'9 @] 243 $o F7tElom
(Table 2), 'RUN and SH3 domain containing 1'& 4
AIZE Fol| 1 ko] S71E ATH(Table 4). RUNX family
o] A4=g 7heta A Azt mhE wE e Aole
FH2e BHoR ol 25 A 49| pathwayolA
MZ A A E ol H Tes = o= AlRdr
RUNX family= AMZ& DNA binding sequence, 5 -
XAACCACA-3 ¢t t&e] Fa3 932 st .
TGF-f= RUNX family 2ot A2 4 ¢ EAabHA
RUNX®| #&-8 2435l RUNXE A4S & Smad &
WAz 35 2E-S Y. RUNXS TGF-A9 A#A
= & A3 TGF induced early growth response
TRz Hd 71 #EFe A d5E F Uth(Table

2). RUNXe Ao oM 2ebille] o= Ta.a
&< st Sivk 3t AlEeA hEdE RUNXIB iso-
form- TIMPI promoter activityE <Ask= dl, ol
RUNXIA isoform¥} RUNX2+ TIMP1E £H3ka o=
teFet 4719 Afrsket dae] b E AT = o<
#ste] MMP-15 22K Table 2) 2 type IV collagen
A (Table 4)¢] w8 S718 #28 A%t 2892
Z FISSel 2lste] W RUNX familye 2| Al-fobAl
EoA 2EF 2d gk vhgog Febl S 24T
=g

‘eyclin L1", ‘interferon regulatory factorl”, ‘early
growth response 1", ‘immediate early response 2", &
‘Tmmediate early response 3" A= 2417 2 4A12E
Fo A7 ddo] F7he Ao g UehgtHTable 2, 4).
Interferon regulatory factors(IRFs)& 3 $IgH A&}
A 7)eE 7RI e A2e] Had oehd [RFsE
transcriptional activators(IRF-1, IRF-3, % IRF-9),
repressors(e.g. IRF-8), §& ¢& EF(IRF-2, IRF-4
9 JRF-7)24 7]%53t}. IRF-1<2 type I interferons,
the type 1I interferon 2 IFN-gol|l 2Jsle] @o] 244
o, IRF-19} [RF-2%& A 287, AZF7] 9 AEARE of
ANAQ 2R 7 FFAA 52 A £
A2 7eg Al BT p21 WAFI/cipl2 cyclin-
dependent kinase (CDK) inhibitorsel] 43 F-AA2 Al
37| 2ol FH 9 DNA &4 Al IRF-1 2 p53
o efste] Wao] HAT} ™,

S0l EA%E Cytokine 04, 10, and 16" & 2A7F o] &
o] Z71=E =t (Table 2), Cytokine 03" & 4A17F 3ol &
do] 7raE|th(Table 3). ©]&g cytokines HARRIAR]
cyclin, IRF-1 % RUNX#} g g2H8-8h= A o2 Wojzin},
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o] *2‘7}5] U2 FHAZE calponin 2, exportin 6

(Table 4) ! interleukin 6(Table 2)7} AT 24 Fo}
Al Zol 21+ Rho kinase(ROK) inhibitore] £7te & Al

= SMA, nonmuscle myosin II, tropomyosin, %
calponing 3t Q. "Rho GTPase binding pro-
tein 2" FAARS HHFAVL £ AFelA] EE Ao
Ko} calponin® & Wsl= Rho kinase #d 2} ¢ito]
e ASZ HeltH(Table 3). Rho GTPases”} cytoske-
leton dynamics® F¥ ZH1A A3} calponing] £&
o] ROKdl| ¢Jate] zAdttE AL 7Mbb ©]E path-
wayZ} FISSS A¥e Alxwks 5o Axesd Ui
Ado] & A ARHETH(Fig. 2). IL-69 2ds F=
3 DNAZS] Ak IRF-12F 239271 S580.
IL-62 v fe &k A frobA 32 Al 2ol A hsp709] 2
= FEH. B AFeA = hsp709] Td S7te A&
T ‘S’}E}(Table 2).
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EROR B AFdM e A& Afol X fAel <
'& 4 T o] 7sfzl 7§ W o] %@ﬂ% FAAES O
gtolal = 9t Fn A s BAE RS RS
FY3 pathwaydl A3t Zi%"]‘}ii ol & 439
AHAZE ZTHATE 80l shlnt. 7] 9154
e FAAE FollM B AT1E ko] AEA B A
B tetods F7H49 ATE Fol 1 7% Welok
& Aoz AlsdEh
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