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¥ 2z z3s (F2HS YA Y = Q1A Z A W8 Al A R} Transforming  growth
Aoz A o] g} factor), 4% {4 A2 A (Platelet-derived
E3], 222 w94, gz e 42 growth factor), A obAl = A &<l A
NAF ZFNE, FITAE, BFHEE oA (Fibroblast growth factor), l&@-FAHIE<l
220 NEEZ FAH Y= u$ B3] At (Insulin-like growth factor : ©]3} IGF2tal
I BEAA 2o B FAE A&HQ ®7]). &N A (Epidermal growth
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1. HE (A1)
) ekl & alpha-modified eagle medium
(GibCO/\} u=, o3t e-MEMO. 2 3%7])<& Al
2-3}91 3, fetal bovine serum (GibcoA}, W=,
]0} FBSE #7])& A% FXAE F718t3
o, 11 9 PB-glycerophosphate, ascorbic
acid(Sigma, "]=), F+A4AMZZE IGF-I
(GenzymeAl, v]=)& A3} TH

2. MC3T3-E1 MlZ2| vt

MC3T3-E1 MEE FHE3 12 wel plate
o] 3 welld 1X105 cells, 24 well plateo] 3+
welld 1X104 cells = 3l 10% fetal
bovine serum, 10mM ﬂ—glycerophosphate, 50p
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g/ml®] ascorbic acid, 100U/ml penicilline, 100x
g/ml streptomycing 33+ a-MEM Hj 2kl
oA Z7] kst 37C, 5% CO9+ vl
71ol4 frAlekdTh olwl 10% FBS 3t i
Foo| A Al ket +& dE2T-12, IGF-
I& FYst7] 48A 7] dA41Ae] A&
#}= 93] serum free mediaZ WA +&
222 3909, serum free media® i
A BFAL 24417 7435 01, 1, 10 ng/ml IGF-1
S A7MeE & AYFo = sl 39 7HA o
= g s wAsA
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3. Histochemical analysis

)

bone nodule A Al7HS #HZ317] $39
well plated] A|XZE HE3dt] 28U 7F wi st
o 3,7, 14, 21, 2894 ¢] M EE ice-cold PBS
2 2¥ ANAHSI 2% PFAZ T_Xéfﬂ'
Alizarin RedZ QA sle] HEXE F
A3 3, 7, 14, 21, 2897 %i“a‘dﬂl%
HEeA

4. Alkaline phosphatase(ALP) &AM =

MEE 24 well plated] H=
3 o2 Weksled 0L, 1, 10ng/ml¢] PDGFE
A7rete] 39 HACE wigd S WA F
WA 34, , 149, 21, 28U ALP A
= p—mtrophenyl phosphate(Sigma, USA)Z
NAZ o187 WUOR okghot Po| 243
Atk BHE NEES AA%Z AL
(phosphate buffered saline, ©]3} PBS)Z 23]
Aol 0.02%¢] Nonidet P-40(Sigma) 1ml
of ol & ultrasonicatoro]l A 15% 7+
sonicationA] # (Fischer, Rockville, MD) 12,000
goll A 1587 dAEE s 2Ags S
g3t7] Aol gSAS -20Col FaL 37CollA]
3087} cell digestion buffer(1.5M Tris-HCL,
ImM ZnClz, ImM MgCl2 - 6H20,pH 9.2,
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containing 1% Triton X-100)Z =] & 3s}H
7mM p-nitrophenyl phosphate(Sigma,USA)E
Z1AZM o] &3te] 410nmellH FTFEE SH
SRt ©@w A == &5 BCA protein assay
reagent(Pierce, USA)E AM&3le] =A &},
bovine serum albuming standard® &9,
ALPEA T nmole/min/mg of protein® =
Uet Ath di23 A3+ sAE A
2+ student t-test= A] &) 3} Th

m. 2zt
1. bone nodule®M &
bone nodules ZF#3 ZE A FoA 3,
7, UWEA = A FFET F e, 21¢A
HFE 7] AFFste] 1 o]% 28UA7FA] T X
3 2E 2AF oA bone noduleF ol U]
&3] & W7t (1" 3 FX).

2. AlZt Zdaoto] w2 MC3T3-E1M Z 2|
ALPEIM T of cHst IGF-1e] et

AZb 7o) w2 MC3T3-E1M E9] ALP
A5 WA= IGF-19 9F2 Nz 13
W WA IGF-1 01 ng/ml 23 794 IGF-I 1
10 ng/mlZ% 1494 IGF-T 10
ng/ml ’;‘é?ﬁ%e Ao RE AddTlA F
At oz f93 ALP A =7} A
wglon, tx2o ML LE AP
A 149714 ALP AT #a e
ojth7t 21 ©]F 1 ng/ml 10 ng/ml 28
A FAZHCE o5t Tt S HA
oHP < 001, 0.05).

21914 39+ 213+0.43 nmole/min/
mg of proteind] W& 7Y+ 3.4440.09
nmole/min/mg of proteino| 4] EAEgHOE
Fo4E 27hE BAow, gzz2e 7
<9 3Y 3.76+£0.61 nmole/min/mg of protein

ng/mlat
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o Hls] 7IRF 9.80+2.12 nmole/min/mg
of protein, 219# 2 2.07+0.05 nmole/min
/mg of protein, 289 A+ 1.80+0.11
nmole/min/mg of protein® Z FJAAE A}
o] & HHth(P{0.05). IGF-1 01 ng/ml &£+
e 39+ 0.72+0.37 nM/min/mg of
proteine] ®]3] 14¥ A £ 1.98+0.08
nmole/min/mg of protein® 2 EA Ao 7
Fo%E S7HE BAL, IGF-T 1 ng/ml &
ErdAE MEA LS 466+0.23
nmole/min/mg of protein, 28YA £ 1.76+
0.02 nmole/min/mg of protein® & %A 3
o2 FoAJE AolE HFOH, IGF-I 10
ng/ml AE&FAAe 21dA T+ 2.82+0.07
nmole/min/mg of protein, 28Y A+ 190+
0.16 nmole/min/mg of protein® & %A 3
o8 94U AolE EHATHP0.01) (£ 1,
a9 13x)

3. st H3o| w2 MC3T3-E1M E 2|
ALPEIM T of cHst IGF-19] At

MC3T3-E14| £¢] ALPZA E o
IGF-19] &3+ tixe-1, 29 HaA #a
S A% wolnl, 77
ng/ml TETA= &
7} 10 ng/ml®] FEol4
S How RE A
ng/ml AAANA 7HF
Bolow, 28UAE 10 ng/ml A
4 =2 ALP $4EE Bt

3Y 7oA IGF-T 01 ng/ml&&7+2 072+
0.37 nmole/min/mg of protein® =, 1 ng/ml%
L2 326029 nmole/min/mg of protein®.
2, 10ng/ml3d &2 323+0.06 nmole/min/
mg of protein®® iZF#-19 2.13+0.43
nmole/min/mg of protein® WA EA 4
o7 FYMYdE F2E HYoH, IGF-I
0.lng/ml #EFolA 0724037 nmole/min/

oA =
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mg of protein® @ hE-29 3.76+0.61
nmole/min/mg of protein?} H| T A] =A A
o2 fojgk ol B ATHP0.05, P0.01). 7
Ao A= IGF-T 0.1 ng/ml & &0l A 1.37
+0.03 nmole/min/mg of protein® & X -1
9] 3441009 nmole/min/mg of protein®l] H]
gl FAACE Fo AolE EHIoH, o
Z--2 9.80+2.12 nmole/min/mg of proteinol]
H WAl IGF-I 01 ng/ml&-&+- 1.37£0.03
nmole/min/mg of protein® %, 1 ng/ml % &
T2 3474081 nmole/min/mg of protein® =,
10 ng/ml A-&+2 3361015 nmole/min/mg
of protein® 2 F& AYA EAHCR
frol gk ztol & B ATH(P0.01, PC0.05). 14U+
M= IGF-1 01 ng/ml #4472 198+0.08
nmole/min/mg of protein® 2, 1 ng/ml % &
T2 466+0.23 nmole/min/mg of protein® &
) Zx+-19 2.97+£0.34 nmole/min/mg of
protein®] H|3l| FATHOE Folg FHAAE
Holm, thx+-2 5.07+1.06 nmole/min/mg of
protein®} BT A= 0lng/ml 2 &4 198
+0.08 nmole/min /mg of protein®.Z =4
Aoz fFoF AolE H A (P0.05,
P001). 21970 1 ng/mldE+2 309+
0.07 nmole/min/mg of protein® =, 10ng/ml
AL+ 2824007 nmole/min/mg of protein
o2 thFR+-19 1871033 nmole/min/mg of
protein®]] Bl3l| FAGAOE fFodt zolE
Holm, 01 ng/ml A&7+ 1.28+0.06
nmole/min/mg of protein® 2, 10 ng/ml % &
T2 2824007 nmole/min/mg of protein® &
) Z+-29 2.07£0.05 nmole/min/mg of
protein¥} H|WA] FASACE ol AE
Holom, 28U E Ing/ml A&
1764002 nmole/min/mg of protein® 2, 10
ng/ml A&+L2 190+016 nmole/min/mg of
protein® & o] F £ -19 157+ 0.04
nmole/min/mg of protein®] & EA 32O

2 YA Aols HAL, 01 ng/ml 4



I 1 Dose-response

effect of Insulin-like growth factor-l on ALP activity by MC3Te-E1 cells cultured

for 3, 7, 14, 21, 28

days
3 day 7 day 14 day 21 day 28 day

Conc.(ng/ml)

CON.-1 2134043 344009 2971034 1.87%£0.33 157£0.04
CON.-2 3761061 980212 5.07+1.06 2071005 1.80£0.11
IGF-0.1 #072+0.37 #1.37+0.03% 1.984+0,08™ ##1.28+0.06 1.49£0.09
IGF-1 #4326+0.29* ¥#3474081%* #%4661+023 ##309+0,07* ##176+£0,02%*
IGF-10 ##323+0.06* ¥336+0.15%* #343+0.13* ##282+0.07 #%19010.16

MC3T3-E1 cells were seeded at 1X104 cells/ml in alpha-modified Eagle medium containing 10% fetal bovine
serum, 10 mM B-glycerophosphate and 50ug/ml of ascorbic acid. Before 48 hours of indicated time, medium were
changed with serum free medium. After 24 hours, indicated amounts of Insulin- like growth factor-I were added.
Alkaline phosphatase activity were measured as materials and methods., Each value represents the mean and S.D.

* ¢ significantly different from control-1 value in dose response effect (P < 0.05)

** : significantly different from control-1 value in dose response effect (P ¢ 0.01)
# : significantly different from control-2 value in dose response effect (P < 0.05)

# #  significantly different from control-2 value in dose response effect (P < 0.01)
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& 1 Time-response effect of 0.1, 1, 10 ng/ml of Insulin-like Growth factor-l on alkaline phosphatase activity by MC3T3-E1
cells. The cells cultured for 3, 7, 14, 21, 28 days in the presence of 10% fetal bovine serum, 10 mM f-
glycerophosphate and 50ug/ml of ascorbic acid.

* 1 significantly different from value of day 3 group(P < 0.05)
** 1 significantly different from value of day 3 group(P < 0.01)
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CON-1 CON-2 IGF-0.1 IGF-1 IGF-10ng/ml

a2 2 Dose-response effect of 0.1, 1, 10 ng/ml of Insulin-like Growth factor-l on alkaline phosphatase activity by MC3T3-
E1 cells. The cells cultured for 3, 7, 14, 21, 28 days in the presence of 10% fetal bovine serum, 10 mM fg-
glycerophosphate and 50ug/ml of ascorbic acid
* 1 significantly different from control-1 value in dose response effect(P < 0.05)
** 1 significantly different from control-1 value in dose response effect(P < 0.01)
+ 1 significantly different from control-2 value in dose response effect(P < 0.05)
++ : significantly different from control-2 value in dose response effect(P < 0.01)

Lo A 149+0.09 nmole/min/mg of protein S EFOF 3r)sdso
o2 tZ#-2 1804011 nmole/min/mg of FxAe n9F, g 22 AxEe 7
protein®] H|WA] FATHOZ {FoJA U&e A3 ZZME, FFAE, ZAES o8 FF/
s HATHPO0L, PO05)(F 1, 19 2 °of MEEZ FAH de uly s
dx). FFHe 2HOEZAM ALHOZ Izt
douH, lxe FIA X ¢ Z5F
oF ZIAME FFA 93t 4IPS o) F
v. &2 ¢ 0 = FHOE FAHORE AP o|F 27
Ao HEE T2 PAste T EE E
A FA XA o] FA ] A= A FA ol o] St ZFAAMI A A FrElE HERIAETE X
FE FHolA AAZ, algwetde] P4y Hol| =gy, A& ZIAEE 25,
I AZE AFANET7E AY, AEsE= 10-20%7F FAEZ o] A3]3} 24 &3
Aol Feol, AFAFE= oy S AAe T gEA oD, ded, 23A x84
A+ FAHE FEFOEZA AF2H9 14 TE A7) $lEte At Wy Ee] 7]
AR 2, AT, Nz2F Hepds & e olde FZF MY FHEAE
Stoll o138k 7] A AEE IEAT= A T2 ZIZAE FAAEFTY Ak o]
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A5 WHeE AAEHL Y=, oldd 4%
AAES FAES F24, £33 T 4Fs
ux 32 AAg A 7]d  autocrine E&
paracrine actionol] ¢]&te] ZEA 7 o &
oAdo 2 FasHA AZEAAL Uk IGF=

proinsulin®} 49% DNA sequence homology S
7EA AL e Tl © A2 IGF-13 IGF-1I

FE2HR7T doH 0 IGF-13 IGF-IIE 62%9)
ohuliat MiE $AY FAL 23 gomw),

FARE AESE F48 7WD} IGF-1& <
I3 Zo] S FAANIY, ZFAE 9
sto] AAE Y, 2IFAEY] TS FHA
718 FxA e guAdS FAAZITE

FEWIo] Qo] IGF-I2 ZIAH X FAW
ofyzl 35 - ZoZ UHA Uk
MC3T3-E1 A ZE Kodamas 40>oﬂ 40}0:1
AABF (C57BL/6) Y] FHZEFoA EHE 2F

AxzolH, HfolxE FHE EO]E‘V]— e
ZF WA =2 ALPEAS Holw, ZIA X
of A2 F3} 7tk =714 433
doyl= AEZ &EA Ut . ALP
7F A3 st Hosts ek S @
A A YA LA Krzysztof 542 2453
ol UiAbd #Ast= BAZ ZIHXEY FQ
St A2 A AL BEojE = SR Ashet

]

2 AR HTEH =& pHQ 8-10 A XA
monoester phosphateE 7FrEa|s|A =2 W
7 3AE W =2 FEE ddEdy By
}oﬂou;143) Stem':“% lﬁ:% ALP%"}‘é% =
Az #sle] A QA2 B s th
83 2EAEY 7 T8 7154
bone nodule®g Aol #H3F HHZAA FHZES 9
3 in vitroo| A o] ZP A #H w2 ATt
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ZePso] ghopo. 2. 9 IGF-10] MC3T3-
E1A Z9] H3le} Z2o] A2 Aolst A7}t
gol BIHI glef oo ¥ Apdr:

IGF-I°] MC3T3-E14| £2] bone nodule &4
S PR A hred BE QPP

144 7FA = bone nodules 2

He o+ glSla,
2197 S+ s8] FEE o 28YA7A] X
T3 BE AN Y 3] HAovt
AATh ol FHe FAHHAAN A ZIHE
o] IGF-IZ A7} bone noduleF7} ZHAE A

e ol5e dAFets HEA YEEoH,
Chois29 3} SudoE42 MC3T3-E1A4] E | A
Z}zF 164, 2194 EE bone nodules 23t

=2

T A= A+E U°] bone noduledl] 3t
IGF-19] &2 mujdt Aoz ALgHT
T FAE bl F8g 22 AR
ALP 4= & SANE 23} 2 dFde
IGF-19] H&¥xTo] WE MC3T3-EIM X
ALPEAE EE AFTAA1 ng/mI7HA =
TE EH R FUFsIH7t 10 ng/mldl A&
A% ASgS HYY, 2194 IGF-I 1

ng/ml, 10 ng/ml, 28944 10 ng/ml Fo <
AQletile ol s 2358 FHadte
AL Bt o] AL WergedalS3", Chenu
S48 F o] ZZAM X, Nakashimas4 & &
9] Z]T/H].J_Oﬂ IGF-12 FYA ALPEA T
H3l7b gtk gk Ael, OHS-44 3%
oA 10, 100 nM X9 IGF-1& H7}A
ALPEA L7 ZHA4A3 T B 73 Fourniers
0ol Aot AR, A FAR M2
o IGF-I& FUAN =22 ALPEA
*‘7%:_1 BTy BIg Schmids?® 3 o]&

wep ek FHelA wid 13, 21 mg/mle]
GF-1g Fah) ZEsel 54 A4z o
2 ALPS} osteocalcin®] £7HE it B2
3} MachwateS29¢] AFot= Ahdte A4S
AUt o= ALH AEY TR/, AE FJF
ol S AR WE, AW 23t A

o AHSH Helel] e FBSS FEE 4



ol ztolo] o3k Ao ® ALZH TS
I8Y Ing/mle] EEoA ALPE Htﬂ
Z7He 2o ' Heol o] TRVt ALPEAEEE
771 AAg 5 i ALEEG o]o] o
Me I FEe die FFAd A7 °
dastelet Azdnh 1813 IGF-I 10ng/ml
TEAA TA AR FEE Hole AL
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o, o] ALP7} bone noduled A
FAs= Q38 AxE L3R
noduled A o]Fo= oo
AE g

R EE
nodule 3 A ol =
noduleE A 74 &= ALPEA
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=4 SAA G B E IGF-
2l MC3T3—E1H]J_

A, 718 S
IS o]&sto] v 9] bone
nodule@ A 3 ALPEAALE YolEo=EMH
IGF-10] MC3T3-E1M|E2] E3lo] mi= o
S dolH 721 B AHS AN
A= MC3T3-El MXE 10% fetal
xgd

o]
bovine serum?@] a-minimal essential
medium(a—MEMMW Hj ket & UixRE-1

2 slgom, slgdel 48A17F Aol serum
free mediaZ A T IGF-1S FYstA &
< #& Uxa-28 3, 24/\] 75 IGF =
Z+7+ 01, 1, 10 ng/mlE
Oio}oq:a714212
noduled Al I ALPEA &
72 A34E AU

Bone nodule® A} & WXTT_LT} L
Al 2194 AFEE o, 28U7EA] %
o ¥t sllew, Azt 7Ur°ﬂ w}
o] MC3T3-E14| %9 ALPEA =] wnx&=
JeFe thx-13% H WA IGF-I 0.1 ng/ml
3 794 IGF-1 1 ng/mlvt, 10 ng/mla-34}
1494 IGF-I 10 ng/ml @@%E A ek 2
< AP A Eﬁl?‘i}’“i frole ALP &

Aom (P { 001, 005),
Fr-29F WA E—E AATAA 14L7HA
ALP Ao FFes Holgrt 214
% 1 ng/ml 10 ng/ml A@ A EA 3
Ho g foet S7F FFs BAh(P € 001,
0.05)

q F7h Pye

O

A E

°|

MC3T3-E14 &
°ﬂ Al 219744

2 ALP 4=
A3 ol A
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AERE M

1Y 3A & 3B 3 days for control & experiment groups. Photomicrograph shows no bone
nodules( X 40).
1Y 3C & 3D 7 days for control & experiment groups, Photomicrograph shows no evident
bone nodules( X 40).
%Y 3E & 3F 14 days for control & experiment groups. Photomicrograph shows no bone
nodules( X 40).
19 3G & 3H 21 days for control & experiment groups. Photomicrograph shows bone nodules
both control and experiment groups but there are no difference between control
and experiment groups( X 40).
19 31 & 3] 28 days for control & experiment groups. Photomicrograph shows bone nodules
but there are no difference between 21-day-groups and 28-day-groups( X 40)
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-Abstract-

The Effect of IGF-1 on ALP Activity of MC3T3-E1 Cell

Hu-Jung Lee*, Jae-Mok Lee*, Byung-Ju Choi**, Hyun-Mo Yu***, Jo-Young, Suh*
Department of Periodontology, School of Dentistry, Kyungpook National University Taegu, Korea™
Department of Dental Pharmacology, School of Dentistry, Kyungpook National University, Taegu, Korea™*

Department of Oral Biochemistry, School of Dentistry, Kyungpook National University, Taegu, Korea™**

Polypeptide growth factors belong to a class of potent biologic mediators which regulate cell
differentiation, proliferation, migration and metabolism. IGF-I is polypeptides secreted by skeletal
cells and is considered as regulators of bone formation., The purpose of this study is to evaluate
the effects of IGF-I on bone nodule formation and alkaline phosphatase activity of MC3T3-E1
cells.

MC3T3-E1 cells were seeded at 1X10% cells/well, 1X10° cells/well in alpha-modified Eagle
medium containing 10% fetal bovine serum, 10 mM B-glycerophosphate and 50ug/ml of ascorbic
acid. Before 48 hours of indicated time, medium were changed with serum free medium. After
24 hours, 0.1, 1, 10 ng/ml IGF-1 were added to the cells and cultured for 3, 7, 14, 21, 28 days.
And histochemical analysis was done and ALP activity was measured and was expressed as
nmol/min/mg of protein,

The bone nodule formation in MC3T3-E1 cells of IGF-I was seen at 21, 28 days, but there
were no difference between control group and experimental groups.

The ALP activity decreased when it is compare to control 2 group except for 1 ng/ml, 10
ng/ml IGF-I of 21-day-groups and 1 ng/ml IGF-I of 28-day-groups.

Dose response effects of IGF-I of ALP activity in MC3T3-E1 cells were seen the highest
ALP activity at Ing/ml until 2ldays and the highest ALP activity at 10 ng/ml of 28 day-
groups.

The peak times were seen at 7-day group, 14-day group on control group and experimental
group respectively, and 1 ng/ml group was the highest ALP activity.

From the above results, IGF-I was not seen notable effect on bone nodule formation and
decreased ALP activity of MC3T3-E1 cells but the use of IGF-I to mediate biological stimulation
of MC3T3-E1 cells shows promise for future therapeutic application.
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