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ABSTRACT

Transforming growth factor B1-induced heat

shock protein 27 promotes migration of mouse

dental papilla derived MDPC-23 cells

Kwon Seong Min
Advisor : Prof. Sang-Gun Ahn, PhD
Department of Dental Bioengineering,

Graduate School of Chosun University

Introduction: Transforming growth factor Bl (TGFB1) regulates cellular
function including cell growth, differentiation, angiogenesis, migration and
metastasis. However, signal transduction pathways of TGF-B1 are mostly
undefined in mouse dental papilla derived MDPC-23 cells. In this study,
we investigated TGEFBl-induced migration focusing on heat shock protein
27 (Hsp27) activation.

Methods: Cellular response by TGFB1 in MDPC-23 cells was measured
by Western blot and immunocytochemistry assay. Cell migration was

determined by counting migrated cells using Chemotaxis Cell Migration



Assay kit.

Results: TGFB1 induced cell migration and increased the phosphorylation
of Hsp27 and p38 MAPK in MDPC-23 cells. However, TGF-B1 did not
affect Akt/NF-kB signaling to regulate migration of MDPC-23cells.
Inhibiting p38 MAPK with SB203580 blocked TGFB1-induced Hsp27
activation and cell migration.

Conclusion: Hsp27 phosphorylation followed by p38 MAPK activation was
required for TGFBl-induced migration and Hsp27 itself contributed to
MDPC-23 cell migration.
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Transforming growth factor B (TGF-B)& 3t 7152 3} cytokine
o2 AXE A % ol ¥3} apoptosis, F-2F A o FA L w g
T A R e mEw

TGF-Bst insulin-like growth factors, Bone morphogenetic protein
(BMPs)& ¥3%3F t}ok3l angiogenic factorsE3t A Aol Ao &x) s},
o]# 3t AFFedAEL ME £ T Aold-x4  BeA]  (dentin—pulp
complex) FHA]l AXE AE7|Ad Fofgrt, 3 TGF-Bst A FollA] x4
T g Aelrld RHE AFEkaL, AolRAE E3kE Fevh HE ATl
A TGE-BE o4 FY3 HEB+ ME (smooth muscle cells)olAl PI3
kinase®} mitogen—activated protein kinases (p38 MAPK, ERK)E xZgto
2A AR o)} Holg xAFTIL LA AP, o F, TGF-BlE #o]
A AEL] 1A (extracellular matrix)®]  FAMEE integrin | F& A
(receptors) : a3B1, avB3¢} avB5E F3) integrin®} F 3285 o zH A
Bz o]Fe 2EdTn Hudot? md, TGF-B1& oA kel

2] A A 2 AFEe o]%n AL EZsrii Lelyg oY g

Fd

fFaFer Aol A TGE-B1e FAK®} integrin®] A3 #AE £33 AX o] &9
SrE A R A

o] W= TGF-B1e AF%7] M¥EA TGF-B type I F&AZ T4
A7), F EHY b TGF-B type 1 F8A7F @43t ozn AEZ
©] Smads @A AsE T3 7|9 AopAd A Ao Aopd 71E
galge] BuE fmat,

Heat shock proteins (HSPs)2 #AF#ko] whe} HspllO, Hsp90, Hsp70,
Hsp602t low molecular weight Hsp family® 373l o]# 3 HSPs+=

heat shock-g H]5sle] Asld AEY A FF5, bloldla Y 5 ohefst



AEH A ZAGA EFo] U)o RN AEYARERE AXE HIEE
7%%e @ Wk olve}, HA Al A oA dolvk= @A folding,
ols # | Sl Fodd 9Ll uFie HSPEY WEE Heat
shock transcription factor (HSE)E} £ AAbzA1zto] o8 zdH
QR 2EHAZREH F7bd Hsp272 heat shock i A3}z AEd 29
)3 §EEE apoptosisE oAST L muHA Y v Hsprel #d

4, 5, A, GAE SR GG B ugHeE S8
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W, g AT P 2 FaHmErE FLL Eoli %L

o
ot
Ev)

02wk A EAF 7)Aol A Hsp27e pro-apoptotic B2 2] binding2 %3
2742 AATOZH apoptosisE A Aoz FEA AT ¢,
Hsp272 pro-caspase-32t binding 3ted, A% ¥ (maturation)2 < A5}
® cytochrome ¢ binding® 22 M, apoptosome 84S AA| Ty 3
Hsp27& Bax®t  bindingg o zH, apoptosis®¢t  mitochondria® <]
translocation® #183}™, PI3 kinase activity®] 8A43}E =38, 71 A3}
2, Akt Q14HEE Ba] A¥ AE A5HRE wAT

ol Aol A, Hsp27& X[o} WA Aol A Aol A3, W B A Lol A
L wuHdon”F Az wIRAe A wurt 9
o1

Ag Axe Aobd-AF H@A Ao T & sh o] HA 9

=
7] dANA AE o]FL Fad dAot}Y o)y s AXE o]ZL ANHAY

ng ¥



wetA o] el M, AF AfFelM freid MDPC-23 AlxolA TGE-B
1o] M2 olFo og3g W X=X HALeH oW, p38 MAPK¥ Hsp27 €4

of AIE olgel FEFe vA=A ALt

o= R
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Transforming growth factor Bl (TGF-B1)2 R&D System (Minneapolis,
MN)eZHH F43H3, p38 MAPK inhibitorg] SB203580+ Sigma -
Aldrich Corporation (St. Louis, MO)Z%-H FstAth. €2 335 mouse
anti-p38MAPK monoclonal antibody; anti-phospho-p38MAPK
(Thr180/Tyrl82) polyclonal antibody; anti-Hsp27 monoclonal antibody;
anti-phospho-Hsp27 (Ser82) polyclonal antibody (Santa cruz, CA)E AF-&3}
ATt

2) Ak

18-19¢ | CD-1 AF A#FFolAM freid MDPC-23 AlxF5 AHgshltt
2 MDPC-23 M¥: 10% fetal bovine serum, 1 x MEM non-essential
amino acid, 100 U/ml penicillin® 100 upg/ml streptomycine] X33
Dulbecco’s modified Eagle medium (DMEM)el 4 37 C, 5 % CO:9 =73}
of A wj sk

3) MTT #4]

MTT #]eF2 Thiazolyl blue Tetrazolium BromideE # & &% 5 mg/ml
7} HE% PBSe| = £ 4& Awsta 4T BR#AsH v MDPC-23 A2
F=2 AFeta] 12 well BFEA A 1x10°704 ¥ wjgstath. TGF-B1e

A2l F, MTT &°e Wil 37 CollM 3 Alzte s Fativt. Al el



A A8 ¥ acid-isopropanol (0.04 mol/I. HCL in isopropanol)2 ¥-38}ar

dark blue crystalse S3|AZitt &3]lE &4 96 well plate® &I &,
Microplate Autoreader ELISAE ARE38le] 570 nme] #3072 SHEE =

g8t

) AXE 0% 4]

ME olF 4L Chemotaxis Cell Migration Assay kit (CHEMICON)Z
Abgshe] BHelslglth. MDPC-23 A¥E A58t Migration kitel 1x10*714

Wi 37 C, 5 % CO9 ZAshe 247z W59t Lower surface

o)

membrane®] ©]F5 ¥ M¥EZ methanol® 314 ¥, hematoxyline AR&3dle] 5
EEor gAstA Tt Olympus BX41 inverted microscopes Ab&3dlo] AFA S
Ao ol sl MEFE SAHsIAT. 28], o] FH AXE cell lysis buffer®
lysis ¥, CyQUANT GR DyeE AF&3}4, fluorescence palte reader
(Varioskan, Thermo Electron Co, Waltham, MA, USA)Z 480/520 nm¥ I}
ol A Bl

5) Western blot 4]

gl el F2& 98] Lysis buffer (1% Triton X-100, 150 mM NaCl, 5
mM EDTA<®} protease inhibitors)S Abg&ste] wwde
Micropalte AutoreaderE AF83te] 595 nmeoll4] o5& SAHTH S
o gwAE 75-12% SDS-PAGE gelg Ab&3le] #H7]9s <, PVDF
membraneg: ©]§3) transfergE Aldstth U} A= 1:10002.2 3 A5}

3

o AESRI, NEFOR Actn HUAL AgIArh wuld wd dele

d

SuperSignal West Femto Maximum Sensitivity Substrate (Pierce)& A}-&3}

T



Microsoft Excel2 AR&slAth ZH7}

7]
AARL 3 A7 p-valuer <001o%



1) TGF-B1°] MDPC-23 M 2 v X= 43

TGF-B1e] MDPC-23 Al 44 B S4& friesteA FRlsty] 913
MTT 48 A&k, MDPC-23 AZE 1x10°% ¥ wjoks}ar
TGF-B1 1 ng/ml& 24, 48X A2l & MTT &8 ¥, 37 TelA 3 A
7He w kst T AlE e dS A A & acid-isopropanol (0.04 mol/L
HCL in isopropanol)2 ¥3}al dark blue crystalse &38|A)7]a1, &3d &
o8- 96 well plate® %! %, Microplate Autoreader ELISAS A}-&3}o] 570
nm® FFow FHAEE SAHSIT. L A3, 24A 3 ABAE A i &
I} vlasko] TGE-PB12 MDPC-23 M9 M A 9 F2d o3 vA

Al sk (Fig. D).

o

g 400 - |:| Control
S 300 { I TGFp1
®
& 200 -
o
2 100 -
[1F]
: 1 1R

0

0 24 48 (h)

Figure 1. The effect of TGF-B1 on cell proliferation of MDPC-23 cells.
MDPC-23 cells were incubated with 1 ng/ml of TGF-B1 for 24 or 48 h.

Cell proliferation was analyzed by MTT assay.



2) TGF-Bl°] MDPC-23 A| X o]s°| v x| = Y3

TGF-B1eo] MDPC-23 A X9 AXE o]&S oA Felstr] s Al
ol RS Algstddtt. MDPC-23 AXE AFste] 1x10'A4% ¥ 37 C,
5 % CO:9 z=138te]l TGF-B1 1 ng/mle 24A12F A& she] w3 o
Lower surface membraned] ©ols¥d A¥XE methanol2 3174 &
hematoxyling AR&3sle] Hi-Eet AAsHTt. Olympus BX41 inverted
microscopeE Abgdle] AMRS Ha o)l AXEFE =AsIgrh A 4
I TGF-B1 24A417F A 2] atol| A a3 Hlatstel F QA MDPC-23 Al

EES
e AE olBe frushE AL AT (Fig. 2)

i
N

250

200

150

100

50 -

Number of Migrated cells

TGF p1 - + *p=<0.001

Figure 2. The effect of TGF-Bl on migration of MDPC-23 cells.
MDPC-23 cell migration induced by TGF-Bl1 (1 ng/ml) was measured
by transwell assay. The graph represents the relative number of cells
from three separated experiments. * p-value <0.001, statistically

significant when compared with the control.



3) TGF-B1¢] MDPC-23 Al¥°|4 p38 MAPK/Hsp272] &/d3}o] w|A

Y

e

TGF-B1¢] p38 MAPK/Hsp27 413, A =2& &3] MDPC-23 A3 2] o] 5o
982 WA =X western blot analysisE® £38] Felstgdtt.  TGF-B1 1
ng/ml A2 %, widol B2 93] Lysis buffer (1% Triton X-100, 150
mM NaCl, 5 mM EDTAS$} protease inhibitors)E Ab&3le] @M dg =31
< Micropalte AutoreaderE ARE3Fe] 595 nmeoll A & SASIH S, 50
ngol ©MAL 12% SDS-PAGE gel& Ab&stel H719% ¥, PVDF
membranes-  ©]&3] transfer® Al @A Hsp27, phospho-Hsp27,
phospho-p383 Actin A+ 11100022 v]E&F AMgstHch gald vy 3}

912 SuperSignal West Femto Maximum Sensitivity Substrate (Pierce)&

Abgsle] AlzbdE gkelst A Hsp27e] #dS TGF-B19] &) Wi ¢l
a1, 6A17F FH-E Hsp279] <QI4tshrt fZmflom, 24X 71704 Q143 =

At w3 Hsp279 up-stream$! p38 MAPK®] <14k}l 9] GAIHEEH %
A (Fig. 3).

TGFp1

C 6 12 24 (h)

—— — P'H5927

e e Hsp27

Figure 3. The effect of TGF-B1 on the phosphorylation of p38 MAPK
and Hsp27 in MDPC-23 cells. Cells were treated with 1 ng/ml of TGF-
Bl for the indicated time. Western blot analysis of p38 MAPK/Hsp27

phosphorylation.



4) TGF-Ble] MDPC-23 Al ¥ A integrin Bl1/Akt®] #A3}o] WA=
Y

71€ & A7 TGF-Ble] FAK, Akt, NF-kB, integrin 213 2%
B8 A¥E olFel FrETE waurh Yo wekx MDPC-23 Al¥Edl Al
TGF-B19] €% integrin B1/Akt signaling®] &2 A=A Flstr] ¢
8] Western blot analysisE 33ttt TGF-B1 1 ng/ml A|ZHE Az %
gl B2]lE 93] Lysis buffer (19 Triton X-100, 150 mM NaCl, 5
mM EDTA® protease inhibitors)E& AF&sfe] wlds F&E3 &
Micropalte Autoreaderg A}F-83Fe] 595 nmelA F5& SASHE S, 50 ug

of @ilAS 75 10 % SDS-PAGE gele At&ste d7]9s %, PVDF

[N
;

AA

membrane2  ©]-83] transfer® 4|3 integrin 81, phospho-FAK,
phospho-ERK, phospho-Akt, phospho-I-kBa2} Actin A2 o]-&35Fo] o)
A g #lech 1 A9, integrin LS WINE shE AlXE olF 1A
= W37l gilen FAK, Aktet [-xBE ¥ 83k integrin Bl downstreame®ll
2 A A &kt (Fig. 4)

of
o%

o
s



TGFR1
C 6 12 24 48 (h)

v wm - | B1integrin

et | D-Fak

- e a» - wr | D-Akt

- p-ERK

p— w e | P-lkB

- w ees e = | Actin

Figure 4. The effect of TGF-Bl on the Integrin Bl/Akt signaling in
MDPC-23 cells. Cells were treated with 1 ng/ml of TGF-Bl1 for the
indicated time. Integrin B1/Akt signaling on TGF-Bl treated MDPC-23

cells.



5) Hsp279] A7} TGF-B1° 93] fr%x% = MDPC-23 AlX o] 5ol v

A= 9

Hsp27-50] @A & Ab&ste] TGF-B1e &3] # =% MDPC-23 A X9
olFo He& wA=x] dolr gttt MDPC-23 AlXE A3t Migration
kitel 110704 ¥ 37 C, 5 % CO.9l x@stel vlzw® TGF-BL 1
ng/mle 24A|1%F A28t w|Fstar, Hsp27-5°] &4 3 ug/mlet TGF-61 1
ng/mle 24A17F A2l % Lower surface membrane®] ©°]&sd AXE
methanolZ 3174 ¢, hematoxyling AF&3le] 539 A5t Olympus
BX4l inverted microscopeE AF&3dlo] ARZlE ML, olsd MEFE 5H)
At 7 A, Hep2? FAE Aoz TGF-Blo 98 Frses AX
o Fol FASHA Hidtz S FUsiAt (Fig. 5. o Z3= MDPC-23
Az A TGF-B1o ol& f %= AlE ol so] Hsp27E & ol Folxlth=

& skt

g
w

. — . . . 100 ;
Lon- 1onr 7 1NCRBLL P
Bty oy . = 80 |
|- . g o .. S e o
: A AN 2 60
. P _,*‘r' ol __’ = " . E’ 40
AntiHsp27 * 4" TGF p1+Anti-Hsp27 “
bl v ! - 2
e i .- 5 :.‘ e ah 0
| o 8 TGFB1 - + - +  *p<0.01
o ;‘, 3 ) . - :
Anti-Hsp27 - - + +

Figure 5. The effect of Hsp27 on TGF-Bl-induced migration. MDPC-23
cells were incubated with or without TGF-Bl1 (1 ng/ml) and Hsp27
antibody (3 ug/ml) for 24 h. (A) Migrated cells were counted by



transwell assay. (B) Cell migration was quantified by counting the
number of cells that migrated into the inner membrane. The graph

represents the relative number of cells from three separated

experiments. * p-value <0.01, statistically significant.



6) TGF-B1° 93] &4 3td p38 MAPK”} Hsp279] <Q14tsto] v A& o
&

olxe] Ao, p38 MAPKZ} Hsp27 SIAtstE Ea @4d3ste =43t
3 AH A p38 A A E ol &5t Hsp27 UAatsle] w A& ke FAlsh
9th TGF-B1 ¥ o] p38 MAPK AsA19] SB203580& 10 uM, 1417t
AAE = e B2 98 Lysis buffer (1% Triton X-100, 150 mM
NaCl, 5 mM EDTAS$} protease inhibitors)E Ab-&38he] whwlzae. &3 &
Micropalte AutoreaderE AF83te] 595 nmellA] v 58 SAs9E oM, 50 ng

o wwASs 12% SDS-PAGE gele Abgsted A7[9¥s <+, PVDF

i

membrane2  ©]-83)| transfer® 4|83}l Hsp27, phospho-Hsp27, p38,
phospho-p38%- ©] &3} Hsp279] 14tstel p38 MAPK &43lE 9133
th. Western blot 418 &3l 24A17kel Al dlza3 Hlalshe] Hsp27¢] Hd
I p3ge]l WHE o)y} gglem, SB203580°] TGF-Blo) &&] frx+=
p38 MAPK ¢14tstE jAlst= 218 gh<lskglar, SB2035800] 3] Hsp279]

AAksr AAl Hdavets Ae Fdstdn (Fig. 6).



TGFB1
C 24 (h)
$B203580 - + . 4+

- p-Hsp27

- p-p38

— e aw m | Actin

Figure 6. The effect of p38 MAPK inhibition on TGF-Bl-induced
migration. MDPC-23 cells were pretreated with p38 MAPK inhibitor,
$B203580 (10 yM), for 1 h and then treated TGF-Bl (1 ng/ml) for 24
h.



7) p38 MAPK 2 A7} TGF-B1°l 93] %" MDPC-23 A¥ 2] o] F9

WA= 9F

MDPC-23 A ¥Z AFste] Migration kitel 1x10'01% €3 37 C, 5 %
COzel z7stel TGF-B1 Azl el p38 MAPK A3siA21 SB2035802 10
uM, 1A17F A2 3 2483 v ksl th. Lower surface membranel| ©]-&
4 NEFE FAHSIY AXE olF A4S AldsAth 1 AT, 24x 7k A o
Za3} vl mske] MDPC-23 Al ol A SB203580°] TGF-Blol 28] fxu+
AE olFe dASA TaAZe A& FAsAT Fig. 7). ©l&ZMH,
MDPC-23 A XA TGF-B1e oJa] =¥+ p38 MAPKeS &7d3tr)
Hsp27 Q18-S frwste] Al o5& wi/lshe gttt

A B 100 - 8

<o,
60 -

SO e 40 |
TGF@1 77 " $B203580

L L 2T W TGE R

& oS 20 -

Number of Migrated cells

0
TGFR1 - + + "p=<0.01

5B203580 - - +

Figure 7. The effect of Hsp27 and p38 MAPK inhibition on TGF-B
1-induced migration. (A) Migrated cells were counted by transwell
assay. (B) Cell migration was quantified by counting the number of
cells that migrated into the inner membrane. The graph represents the
relative number of cells from three separated experiments.

* p-value <0.01 statistically significant.



8) TGF-B1°] 93&] fr=" MDPC-239 A|¥ o|& 7]

o] ®Hare] st FUAE WA TGF-B1 signalinge] TGF-B1 &
AL E3le, Akt, I-xBa2] 14tstE 3] NF-«kB p652] <143} integring
e AE olF JEE u v dE A AT AFH AFFAAA FHE

MDPC-23A4] ¥ 4]+ integrin signaling®.th= p38 MAPK <14k3}7F Hsp27

ot

o] QIMEE FEFOEN AXE ofFd S V= 2ES AU

TGF-p1 e
“ TGF-p1receptor

k“;A—m‘) «_p38 )I— $SB203580
v

#

“u :
OFs)
v
Integrin
%

Cell Migration

Figure 8. Model of TGF-Bl-meidated cell migration in mouse dental
papilla derived MDPC-23 cells. Regulation of cell migration and
phosphorylation of Hsp27 and p38 MAPK by TGF-Bl. See “Discussion”

for additional details.



V., a2k

TGF-B= M=EL 74 A Fas wAA=A, Ax 43 &3},
AE oo welFtim dEA gy Y olmaxe] Fajel Agopd 4
sste uRE dobd PPN TGF-Ble) g & aduA gu't?,
FH AFA, TGF-B12& MAPK, matrix metalloproteinases (MMPs),
cathepsins®} Smad2/3 pathway & 53| A Axe] E3lef Ade 24350
T HIEHJ me TGF-B2= MEK/ERK1/29F ALK5/Smad2/3
pathway e &43tE Fa £3F fAe] SAHDGANA A5 7es AT
oha obe A

o] AFolA TGE-Bel dJa] =dH= AEW ABeshs 3ol X Hsp27
I A A s gdEe] vt Ruddn d7id, §1Y A FEA TGF-
Bl¥  ##sle] Hsp27¢ #del A&¥ Weld A fmshm?
Hatakeyama 52 osteoblast-like cellsel 4] TGF-B A=o] 93k Hsp279]
=7 AEAF gEse] gk s ey, A5 ARolA fad
MDPC-23A] 24 TGF-B1e] o8k Hsp279] 75| digh 713 of4 &4
A A g o] A=, AR Aol frdld MDPC-23 Al 004
TGF-B1o] A¥E o]l e mA=A HAstl e, TGF-B1o &% p38
MAPK 270318 Hsp27¢ <¢Atste]l izt A2 Fsv. A+ 23
TGF-B1e] MDPC-23 Al¥2] olse] FaF& v &Adsisier, TGF-B1
of oja FiE= AE olFo] Hsp27 o] &Alol o A= 2E 2l
SFATE ol TGE-B1e] & FXE% & Hsp279 14E387F MDPC-23 Al ¥ 9]

o7 el AFA AT JolE Mol WHEgEANXY MY g 23
| Aboloal HSP25 (3¢ HSP27¢] =% (homologous))e] &l o]

switch @& #ha mag wh Qep?. ol L5l ol Al Esl Fopd

B
Y
(o
L



Zoz oFsh=d oM Hsp2l w4l @] Fasttis 542 A

T3 o] dAg-AdeA MDPC-23 A4 TGF-Blel 93] ===
Hsp27¢] 14F87F p38 MAP kinase®] &/43& &3 o] Folzlth+= A&
15k T p38 MAPK-specific inhibitor?l SB2035805 o]&3] Hsp27¢] <1
ArekE AAsl S o), TGF-Blel 98 #&=%+ MDPC-23 Al3E2] o]Fo]
AA = Ae Gt olE A=, ool Hiad p38 MAPK”F Hsp27

1o

o] qlitstel E F& AlxEe S AEe] ol Fo #ele] Hol i H
1ok gAY ae, $-ele] Adela] mrE AE o] Fola=
intergrin B1/Akt signaling®] &7 3}el+ TGF-Blo] F8ks v A= k).

AEx o=z TGF-Blo 93 FE+ p38 MAPK/Hsp27 A3 H=2=2
MDPC-23 A 3x8] o]Fel] Fas Hae & Zojghz A2 4& + AU
(Fig. 8).

Hsp27€ molecular chaperones@ 24 AE# A Z7oA g AEL Z7}A
71 "o doste], FREAEAA 4 FZH 93] Hsp70%+ Hsp27¢] %
vtz BaH o o] dlM TGF-Blel o8] Hsp27el <l4tstd ubd
Hsp40, Hsp60, Hsp70, Hsp90, Hspll09t 22 thE &7 HspseEe @3
A3kl gldth (data not shown). oleidt A#EE TGF-Blel Y& f=y
+ Hsp27¢] &2d37F MDPC-23 Al 7504 T8t 988 3 5102 A}
wdrh

MDPC-23 Mo TGF-B1°] apoptosisdll F&e vt Rzl o
W o] el i TGF-Blel 98 AFAbz #38 F Uk ole A¥
Wik 21 (8% = 78 & QgD wE Zolok #de] & F A
9k, o} A 7EA] TGF-Blo| 93] x4+ AEEZ e 57 Hazxl A
ot}

obEdrd 34 Feb TGEF-Blol & A viAYSTE olslstr] #aA
= TGF-B1¢] 998 Fo3d= AE o] Fo4 MMPs® £ migratory factor
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