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GnRH (Gonadotropin—-Releasing Hormone)0jl ©|&t
XI2WHE S MIEFO MIE SA 24Xl J1X0
AN M Integrin, FAK (Focal Adhesion Kinase)

ERK (Extracellular Signal Regulated Kinase)o] &t

Role of Integrin, FAK (Focal Adhesion Kinase) and ERK (Extracellular Signal Regulated
Kinase) on the Suppressed Cell Proliferation of Endometrial Cancer Cells by
GnRH (Gonadotropin-Releasing Hormone)

Jong Rak Choi', Dong Wook Park?, Dong Soon Choi?, Churl K, Min?

' Department of Clinical Pathology, Yonsei University, Seoul, Korea,
“Department of Molecular Science and Technology, Ajou University, Suwon, Korea

Objective: To investigate new signal transduction cascade through integrin, FAK and ERK in the suppressed cell
proliferation by GnRH-I and -Il.

Method: Human endometrial cancer cells (HEC1A) were cultured under the following condition: DMEM/F12 (10% FBS).
GnRH-I and -Il were treated time (0, 5, 10, 15, 20, 30 min; 100 nM) and dose (10 nM or 100 nM; 20 min) dependent
manner according to experimental purposes. Cell proliferation was measured using [*H] thymidine incorporation assay.
Immunoblotting was utilized to detect proteins.

Results: GnRH-l and -Il inhibited proliferation of HEC1A cells and induced expression of integrin 33. Phosphorylation of
FAK and ERK were induced by GnRH-I and -II.

Conclusion: GnRH inhibited cell proliferation via the expression of integrin and FAK, ERK phosphorylation.
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GnRH Signal Transduction

GnRHT WY Aguleh A|3Eo| A Smade] 2
2 BAsE dAlshs Ao Al k™ o<}
tEo] AsUHES 71 oo =R e widE &
TR AR Al TS oAlEE Aew %le
A AT ek ofe} thekst QI oF Al
oA GnRH FAH 2 &4 (antagomstH Z%’/l
7} =r @ A7 o)EH O T ANE Z2S AA|F)
= 2ok ek A 0 widE WA AT
GnRHE At A7} A9t AT F2lo] A
HRNo o]eld GnRHEY] A 282
signal regulated protein kinases (ERK) % p38<] &4
stE F8) dolws Hargk uf girk oxde] thket
A Aol Al GnRH AR B Z 37} Ishikawa,
HECIASE 22 Aot Al 9 dxp v
AW Eel A3Ee] TS A gtk ®avt 9l
AL Davidson 52! ©]2]3F GnRHY M % =
2 A afE £ 9 W FHe| 95t
GnRH &A1& AT 2 APgAI 25 (HEK-
293)°ll ¥+& (overexpression) AlZ1 ¥ GnRHE Ml
ool 107 M2] FER 7} 83k o] A} focal
adhesion kinase (FAK), c-Src, ERK 5-2] &A13lE 3
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leton)] 7%} (remodeling)S 714 k52 Kl 31
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1. Al
A GnRH-I analog, Tip(6) Sigmarls £3&ko] <)
3}31t} (Ontario, Canada). A GnRH-TI -AH] d-Arg(6)

-Azagly(10)-NH2+= Peninsula Laboratories (Belmont,
CAVIZE Fg)3ke] Aol A1g sHgirh

2.

og

|

Polyclonal anti-integrin (33, polyclonal anti-phospho-
FAK (Ser-722)2} monoclonal anti-FAK antibodies=
Santa cruz biotechnology, Inc. (Santa cruz, CA)AF=H-
E] %] &}3ith Monoclonal anti-phospho-ERK
polyclonal anti-ERK antibodiest= Cell Signaling Tech-
nology (Beverly, MAAFEHE] T3] ARS- SRS

3. MEF

ddo] 2 4zl 17 ARg Wk AIEF (HEC-
1A)+= American Type Culture Collection (ATCC, HTB-
112 Manassas, Va)ZF-E] F5}e] A& 31T Al
3= DMEM/F12 (without phenol red, Invitrogen,
Ontario, Canada)®ll 10% $-Ello} &3 (FBS, Hybond
C, Amersham Pharmacia Biotech Inc., Ontario, Canada)
& W7 WgelelA] vk sl
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4. Immunoblot analysis

GnRH-l & -IIE A7 H4e weh A2 g Al
ZE 92 9olA PBSE 23] AHTE 2 Fo
100 pl®l ice-cold RIPA buffer (150 mM NaCl, 1%
Nonidet P-40, 0.5% deoxycholate, 0.1% sodium dodecyl
sulfate (SDS), 50 mm Tris (pH 7.5), 1 mm phenylme-
thylsulfonyl fluoride, 10 pg/ml leupeptin, and 100 pg/ml
aprotinin)E- ©]-83}] MEE =3k HAE §4S
10327 D5 flelA WA F 15 ml AlFdHo R &
7] 14,000 rpmell A 1087F QA 2] skgick A=
e ANZE APHO 2 $7 Bradford assay (Bio-
Rad Laboratories, Mississauga, Ontario, Canada)Z- ©]
gsto] Wil sieE A7 ShQlt) 35 pgol v
S 6 X sample buffer (75 mM Tri-HCI of pH 6.8, 15%
SDS, 0.15% bromophenol blue, 15% glycerol, and 37.2%
2-mercapthoethanol)$} 2+ 412 & 10&7F #Sth
AlgE Z3NS 10% SDS-PAGE gels (acrylamide:
bisacrylamide, 29:1)E- ©]-83}%] 1 X gel running buf-
fer (25 mM Tris/250 mM glycine, pH 8.3/0.1% SDS)
oA 100 V 2O 254K Bt 17195 5
3t} A7]99%5 F nitrocellulose membrane (Hybond
C, Amersham Pharmacia Biotech Inc., Oakville, Ontario.
Canada) 2. = 100 VollA] 1.5A]17F 59t transferE 4=
& 3Tt Membrane> UA}EA 2 SHF W Bt
] &}tk 1 ¥ membraneS TBS-T (0.1% Tween
20 in Tris-buffered saline)® 15%-7F 324 A& 313
t}. A& horseradish peroxidase-conjugated secon-
dary antibody (Amersham Pharmacia Biotech Inc.)2}
enhanced chemiluminescence system (Amersham Phar-
macia Biotech Inc.)S ©]-83}] 7FAl8} S8t 2ls

9] 7%+ densitometry (Bio-DocAnalyze, Biometra,

Germany)E ©|-83}] =3} s}rh

)

5. Proliferation assay

M E2] %218 [*H] thymidine incorporation assay=
ol-gato] Ao ZA 3H3Th 20,00070] A
£ 24-well plates ol FE3 0.5 mle] vjA] ol A
Hie Sl A7 HAel BHA 3]4¥l GnRH-I9
IS 3H7EeE $ 24A17F Bk vl SRl AP &
AEZZ 1 uCi [H] thymldlne (0.5 Ci/mmol; Amersham

zBY, 9s=s, FsE, UE)|
Pharmacia Biotech Inc.)7} & WiX|Z2 nLx]|8}e]
617 B3t vl SHolch AEE PBSE Al ¥l Al
< 0.5 ml 10% trichloroacetic acidE 7} 314 20 &
Qb 4T B3t 3} 71 Fol methanol= 2% Al
2] 3 0.5 ml2] 0.1 N sodium hydroxideE ©]-&35}¢]
A} AZTk BARFS9] Al7]= Tri-Carb Liquid Scin-
tillation Analyzer (model 2100TR, Packard Instrument
Co., Meriden, CT)E ©|&35lo] HFHo=z A &}
AT

6. A=A

74zt AT 594 o 33] RiEEglon 1
£ dlo]Eli= ANOVA, Tukey's multiple comparison
testE o]-&3to] A 3Tt 33]9] H¥ AF o]
Bl dds Avtete] gkt sbe= %4 &)
o} g o] uke A= o) 2oty Huske] b
z2kol2 YA [PH] Thymidine incorporation
assay it WEE-o] xpo]w vehflow 3
I £ SEZ YeRATE p<0.059! 45 Ao
2 frolg Ae= g Bglvh

Z 1t
1. GnRHO|| 2|t integrin 32| &

GnRH-1¥} -119] integrin B3 &0
2A1817] $18ked, HEC1A A& GnRH-13} - (100
nM)= 24A17F 5t A2 3I¢Ith GnRH-17} -119] A
2] 3 X% HECIA AEZHE integrin p3o] ol
= 571 AZY (Figure 1).

A e
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317] 918k] HECIA AIXE 10 nM¥} 100 nM2] &
L2 GnRH-13} -IE Z47F 24417 59 A& 3k
t}. 28] 23 GnRH-IZ} -l EFr HECIA A|¥%2
TS A s RS & AT AE S
GnRH-17} -II =50 tslo] s &2 o= 7ha

45 A

3FATh. GnRH-IS- 24417F 2] 89S 7
H]3+] 10 nMol| 4] 89.8+1.1%,
= _Tl]—i‘jl-

3R] e o F kol
100 nMoll A 792+2.1%9] ME F24 ALE 7
& 4= AUtk 3 GnRH-I9] -9~ thxw# H]

EEEE
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GnRH Signal Transduction

Cell Proliferation (3H thymidin incorporation assay)
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Figure 1. Effect of GnRH-1 and GnRH-2 analog on cell growth in HEC1A endometrial cancer cells. HEC1A cells
were maintained for 24 hours in serum-free medium in the absence or presence of GnRH-1 and GnRH-2 analog (10 nM
or 100 nM). Cell proliferation was determined by *H thymidin incorporation assays. Values are the mean cell number
(£S.E.) from three independent experiments. 10 measurements were performed per experiment for each condition. The
error bars represent the mean £ S.E. from three independent experiments. * indicates p<0.05.
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Figure 2. Effect of GnRH-1 and GnRH-2 analog on expression of integrin f3 subunit on HEC1A endometrial cancer
cells. HEC1A cells were maintained for 24 hours in serum-free medium in the absence or presence of GnRH-1 and
GnRH-2 analog (100 nM). Expression of integrin 33 subunit was determined by western blotting. Values are the mean
cell number (£S.E.) from three independent experiments. The error bars represent the mean £ S.E. from three inde-

pendent experiments. * indicates p<0.05.
&k 10 nMell A 80.2+1.8%, 100 nMolA 71.2+
22%9] NE 2 AEES BT} (Figure 2).

3. GnRHO|| 2|8t FAKS| 243t

Integrin®] 2]3F AXU 25 dd 7142 5+
21 FAK ] #4317} GnRH-17 -9l &]&ke] -

Fi Ho

He AE B2 390 GnRH-13} -IZ 22} 100
nM¢] F%& HECIA AXe) 0, 5, 10, 15, 20, 303}
60i-7F A 3te] FAKS] 14tst AEE Western
blottingS ©]-&3to] 54 aF3itk 574 23} GnRH-I
o] A% 5%cllA] 208 Atolell FAKS] $14Fsh7t of
Zv7) v|aste] oA FF skelem oo+
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22, uss, 1S, 01E)|

’

Ho
ﬁ

o= #AshE S HAATH GuRH-IC] Z9oll= FAK Qb8 A% 471026005 H3lom AP F
Ae] S FHE S7F 5k A F 2080 e 607HA & A &A1) Q14SHE KT (Figure 3).

Activation of FAK

GnRH1

Cont 5 10 15 20 30 60 min

PFAK ™ Sy s s ww w— —

Total FAK

GnRH2

pFAK —— g W— —

0 10 15 20 30 60

Total FAK [ — —

Figure 3. Effect of GnRH-1 and GnRH-2 analog on activation of FAK in HEC1A endometrial cancer cells. HEC1A
cells were treated with GnRH-I and II (100 nM) in a time-dependent manner. Phosphorylation of FAK was determined by
western blotting. Values are the mean cell number (+S.E.) from three independent experiments. The error bars represent
the mean £ S.E. from three independent experiments. * indicates p<0.05 in GnRH-I treatment, GnRH-II treatment. [,

GnRH-1 treatment; [, GnRH-2 treatment.
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Figure 4. Effect of GnRH-1 and GnRH-2 analog on activation of ERK in HEC1A endometrial cancer cells. HEC1A
cells were treated with GnRH-I and II (100 nM) in a time-dependent manner. Phosphorylation of ERK was determined by
western blotting. Values are the mean cell number (£S.E.) from three independent experiments. The error bars represent
the mean £ S.E. from three independent experiments. * indicates p<0.05 in GnRH-I treatment, GnRH-II treatment. [,

GnRH-1 treatment; [, GnRH-2 treatment.
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GnRH Signal Transduction

4. GnRHO| 28t ERKS| &d3}

Al ERK®] €/4317}F GnRH-13} -119)] ©]3}o]
FrEEe A& #2819tk GnRH-1F -IE 27t
100 nM®] F%=% HECIA A3 0, 5, 10, 15, 20, 30
I} 6053+ A2 dlo] ERKE] 21413} AEE Western
blottingS ©]-83te] 574 33T} GnRH-19] 749~ A
g % 1027458 ERK9] <14kt F71sh7] Al=
3lo] 5%l FHo A (1.511£0.2)S Hlon o]
AR 7FA3H90 Yy GnRH-IIS] Z-9-ol= A 10
F5E ERKO| 4iks7t 7% st A" 15
It ZA43k (3.75£0.2)2 Bt} (Figure 4).
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9]el %= GPCRs+= ERK-MAP kinase®} 22 il
A 9] tyrosine phosphorylationS &} theFsk gt
S o Bos gy ek

FAK (focal adhesion kinase)= H|5=&A] (non-
receptor) tyrosin kinase=A] A|EEe] A3 HIHA|
(plasma membrane focal adhesion complex)2] 3t H-&
S ol&E AxTof| EA5}= integrin®] A 3}o}
10]& FAK Q] auto-phosphorylation c-Src 2 Grb2
of e tpget A w2 JEFHE AT
ez ATk Ek ofyE} Tkt Al
oA Gu9t Go®t & GPCRs2| 438} FAK

o $4EE fE DR Wi} YU

|o r—{n:

o A OHJ

ol
rlr
pavs
o
it

(o]

W] LRT2 A MEFA LAds= GnRH-I
TE&A= Gyq G protein? AAA3}] & GPCRs$}
t}37FR] & protein kinase C (PKC)S 413} 3hy

MEY Ca¥ol o)L fEsl= Aoz A 9

q.SO
£ A7 B3kl Gukit 419 sl ol
A A 7 4e] e GPCRsS PHE 744

2 MAPKY %“éﬁl»a— Eato] o] FolE FHEA
o ] Yo} integrin P FAKS] EAJs}ol = o]
e 2k sl

GnRH-17} -IIE w|d Agul=het HE5= (HEC-

1A)°] 10 nM 2 100 nM2] FE== 24A)7F H<t 2
gk $ A3 F2Ae] WskE w3 iy #E A4
3} GnRH-13} -II 25 HECIA A|¥5¢] 28 ¢
Al 3ke™ 100 nM2] =z 2] 39S A5 o
Al &37F 10 nMol] vjste] o & 3ls o AN

o} (Figure 1).

Integrin B3 ‘%H ‘% aVP3 integrine Al
(glioma)S EE3E 248 3ol Ipakd
Bk glen o Eﬁ& integrin Ak I
01:,] /Hxhjr 5&-%’% 747( 3= 74 o= oI—g:]xq 011:1r
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grin B37} in vivooll A 417
Zo] o} @38l A uF
< B3k bf gl o]
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o] 718 AlE B e AR STt Pk B
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AIZS] integrin p32] LHE F7} AHT} (Figure 2).
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ot AA 71 integrin?} 2 MEAHSE &
A AR Ak A AFAYE 71 B
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o= AA Ik’ ohrst gk o]x 9]
AT AoA G B Gy A3 8] 49 FAK
o] A4S Frdtls= Bart gtk o]eh piol
GnRHE 24 3}8 FAKE %38 ERKS} c-Srco] &
Al = o] = Ao 4y Ak 2 Al
XX GnRH7} FAKY] ¢3S 7} Al7)E AL
3 4= AT Figure 30 vERH vle} o] FAK
o] QNS GnRH-19) oJ3te] &7} 3h A &

swoll Huxe Frkste] AR hadhs &

HEES o8

O
O

A8 Btk GnRH-II9] ]38t FAK 9] 21iksl= 28]
203740 HAAE Hlom A #E AT X
HlA =& ksl AeE BITh FAKE st

1] oA ERK 4dsle] dxt=z odeA] uok?
B Ao M GnRH-13} -IIE A2 10%

ERK®] ©14138}7}
Q12Fe}= GnRH-17} -ITol| 4] &
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B A4S F3le] GnRH-I9] H]E}lo] GnRH-II7}
ME F2 A L integrin p32] &, FAK 413}
ERK®] &43lo] SlojA v& & ads Bl
GnRH &9 AaA= L& antide®] 4% Al
29] 2 oA 71-e oju g FIE FA EEH
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9= IS 4 ¢IAT} (data not shown). ©]&#3F A
7= GnRHE| G gFo] AFguleted AlEFoA= 7]
Fol &4H7 GnRH 27 type 1 HU}= type 25
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g F7F A77F Bashvka AlsETh
ARA o7 E ATANES AUt AEFE
&gk AFelA GnRH +&A9] &35 & Al
o] 524 oAl Byt 7]l &Rl 1P3 B PKC
53 AZW A adE 714 o]l integrin p3
UE Z7te) olo] ulE FAK % ERK9] EHd3)
F3to] dofds T3 ol g A7 A
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