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Fig. 1 Effects of GnRH I and GnRHII on the expression
of type I GnRH receptor (GnRHR I') in JEG-3 cells
Real-time PCR analysis showing the mRNA levels of GnRHR [ in the
presence or absence of 100 nmol/L GnRH [ (a) or 100 nmol/L GnRH II
(b) in JEG-3 cells. Value for the level of the GnRHR | mRNA was
normalized to the corresponding GAPDH level, and the relative level at
each time point was standardized to that at 0 h. The results derived from
at least three independent experiments are statistically analyzed by

ANOVA and represented as the column graph. * P < 0.05, ys. 0 h group.
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Fig. 2 Knock-down of GnRH receptor I (GnRHR I )
by siRNA in JEG-3 cells

(a) A typical result of Western blotting for GnRHR [ in JEG-3 cells
(control) and JEG-3 cells transiently transfected with scramble siRNA or
GnRHR [ siRNA. (b) Statistical analysis by ANOVA for the Western
blotting according to three independent experiments. The density of
GnRHR [ was normalized to the corresponding density of actin, and the
relative density was standardized to that of the control group. * P < 0.05,
vs. control. 7: Control; 2: Scramble siRNA; 3: GanRHR | siRNA.

scramble siRNA X 41 My 12 i 68 J1 % A 5 W,
GnRHR [ siRNA fig5¢ 4= BH i GnRH [ %} JEG-3 4
MU RE ST e AR, AH2% GnRH T )€ 4231
YE®AT B 5 my (& 3). %W, GnRH [ %} JEG-3
Y AR E ST AT 2@ L GnRHR T 5246 S11,
il GnRH IT (4E AN i8I GnRHR T 248475
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Fig. 3 Effects of GnRHR I siRNA on GnRH I and
II -induced invasiveness in JEG-3 cells
JEG-3 cells were transiently transfected with or without (control)
specific GnRHR [ siRNA or scramble siRNA. Transwell invasion assay
was performed in the cells treated with GnRH [ (100 nmol/L) or GnRH Il
(100 nmol/L). The results derived from at least three independent
experiments were standardized to the untreated group and statistically
analyzed by ANOVA. *P < 0.05, ps. bar a; **P < 0.05, ys. bar b; ***p <
0.05, vs. bar ¢. [J: Control; [@: Scramble siRNA; l: GnRH [ siRNA.
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Fig. 4 Involvement of ERK and JNK activity in GnRH I
and II -induced invasiveness in JEG-3 cells

JEG-3 cells were treated with 10 wmol/L PD98059 (PD) or SP600125
(SP) for 30 min, and then treated with 100 nmol/L GnRH I (G 1)
or 100 nmol/L GnRH Il (GII') for 24 h. Transwell invasion assay was
performed in these cells. The invasive index at each experimental group
was standardized to the untreated control. Data from at least three
independent experiments were statistically analyzed with ANOVA. *P <

0.05, ys. control; **P<0.05,ps. G [ ; ¥***P<0.05,vs. GII .
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Fig. 5 Involvement of ERK and JNK activity in GnRH I
and II -induced MMP-2 production in JEG-3 cells
JEG-3 cells were treated with 10 pmol/L PD98059 (PD) or SP600125
(SP) for 30 min, and then treated with 100 nmol/L GnRH [ (G [ ) or
100 nmol/L GnRHII (G I ) for 24 h. Production of MMP-2 in the cells
was detected by Western blotting. (a) A typical result of Western
blotting. (b) The density of MMP-2 was normalized by that of actin, and
the relative density at each experimental group was standardized to that
of the control group. Statistical analysis by ANOVA was performed
according to three independent experiments. *P < 0.05, ps. control ;

**P<0.05,0s. G ;***P<0.05,vs.GII.
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Grundker WSV ZH & B, GnRH I % 15 P4 5 40
i T B S5 AN P 4 B R O A G 2 1
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HE T4 8 2R R (MMP) 2 A5 40 i 4035k I 4 it
M FEES 1, 102 a0 AR e i e v i A
M. ARIERY, GnRH [ ! GnRH II 7€ J A 77
()35 3% J2 40 B vb AT S 250 5 MMP-2. MMP-9 FlI
TIMP-1 (RSN 2. FAT17E JEG-3 4 (A 5T i
7N, GnRH [ F1 GnRH [I ¥ A[ {3 MMP-2 )£k,
1M ERK 28 INK I 6 40 61 71 ) LL S 43 1 BH
GnRH [ #1 GnRH I f MMP-2 [ i1 . %9
ERK #1 JNK ¥ 335 2 5 1 W F GnRH i 15
MMP-2 [FEH, (HFII AT i AT AR 50 75
HiX—u ., X4 RiE$#oR, £ GnRH 12
FRE MBI R T, 64 MMP-2 BAAR A
Moy 25.

BN, AR TTAER N 83 5% 2 4 Ak 71 A58 73
JEG-3 4iifd, [#/W] GnRH [ F1 GnRH II {@ ik ERK F
INK 85 2% 16 336 o8 MIMIP-2 7534 5% 2 40 i vp () 36
ik, SR E AR, RIR, ABFE KIS
N, BEFEIZAN I GnRH T A1 GnRH IT i 5 40 g 4=
TS Re I AR RS2 AR NS, X PR AR
SR B PEAN TR SZAR T LD T B AN 7] 224 GnRH
LETEARAN U (A 2 1) g AT 5% 3.

2 % x M

1 Fink G. Gonadotropin secretion and its control. In: Knobil E, Neill



2009; 36 (3)

XERE: (BRI ERBUAER(GnRIDM AR ER L REMER JEG-3 RIFMHEAIET

*383-

JD, eds. The physiology of reproduction. New York: Raven Press,
1988. 1349~ 1377

Islami D, Chardonnens D, Campana A, et al. Comparison of the
effects of GnRH- | and GnRH- ]I on HCG synthesis and secretion
by first trimester trophoblast. Mol Hum Reprod, 2001, 7(1): 3~9
Kang S K, Tai C J, Nathwani P S, et al. Stimulation of mitogen-
activated protein kinase by gonadotropinreleasing hormone in
human granulosa-luteal cells. Endocrinology, 2001, 142(2): 671~
679

Chen A, Ganor Y, Rahimipour S, et al. The neuropeptides GnRH- I
and GnRH- [ are produced by human T cells and trigger laminin
receptor gene expression, adhesion, chemotaxis and homing to
specific organs. Nat Med, 2002, 8(12): 1421~ 1426

Kiesel L A, Rody A, Greb R R, et al. Clinical use of GnRH
analogues. Clin Endocrinol (Oxf), 2002, 56(5): 677~ 687

Shalev E, Leung P C. Gonadotropin-releasing hormone and
reproductive medicine. J Obstet Gynaecol Can, 2003, 25(2): 98 ~
113

Miyamoto K, Hasegawa Y, Nomura M, et al. Identification of the
second gonadotropin-releasing hormone in chicken hypothalamus:
evidence that gonadotropin secretion is probably controlled by two
distinct gonadotropinreleasing hormones in avian species. Proc Natl
Acad Sci USA, 1984, 81(12): 3874~ 3878

White R B, Eisen J A, Kasten T L, et al. Second form of
gonadotropin-releasing hormone in humans. Proc Natl Acad Sci
USA, 1998, 95(1): 305~ 309

Choi K C, Auersperg N, Leung P C. Expression and antiproliferative
effect of a second form of gonadotropin-releasing hormone in
normal and neoplastic ovarian surface epithelial cells. J Clin
Endocrinol Metab, 2001, 86(10): 5075~ 5078

Grundker C, Gunthert A R, Millar R P, e; al. Expression of
gonadotropin-releasing hormone [[ (GnRH- [ ) receptor in human
endometrial and ovarian cells and effects of GnRH- [ on tumor cell
proliferation. J Clin Endocrinol Metab, 2002, 87(3): 1427~ 1430
Aplin J. Implantation, trophoblast differentiation and haemochorial
placentation: mechanistic evidence in vivo and in wvitro. J Cell Sci,
1991, 99(4): 681~ 692

Benirschke K, Kaufmann P. Pathology of the human placenta 4th
edition. New York: Springer Verlag, 2000. 1337~ 1350

Van Lijnschoten G, Evers J, Menheere P, et al. Occult abortion: not
a major cause of infertility. Fertil Steril, 1994, 62(6): 1271~ 1273
Krebs C, Macara L, Leiser R, et al. Intrauterine growth restriction
with absent end-diastolic flow velocity in the umbilical artery is
associated with maldevelopment of the placental terminal villous
tree. Am J Obstet Gynecol, 1996, 175(6): 1534~ 1542

Khodr G S, Siler-Khodr T M. Placental luteinizing hormonereleasing
factor and its synthesis. Science, 1980, 207(4428): 315~ 317

Chou C S, Beristain A G, MacCalman C D, et al. Cellular
localization of gonadotropin-releasing hormone (GnRH) I and
GnRH Il in first-trimester human placenta and decidua. J Clin
Endocrinol Metab, 2004, 89(3): 1459~ 1466

Lin L S, Roberts V J, Yen S S. Expression of human

20

21

22

24

25

26

27

28

29

30

gonadotropin-releasing hormone receptor gene in the placenta and
its functional relationship to human chorionic gonadotropin
secretion. J Clin Endocrinol Metab, 1995, 80(2): 580~ 585

Cheng K W, Nathwani P S, Leung P C. Regulation of human
gonadotropin-releasing hormone receptor gene expression in
placental cells. Endocrinology, 2000, 141(7): 2340~ 2349

Chou C S, Zhu H, Shalev E, et al. The effects of gonadotropin-
releasing hormone (GnRH) | and GnRH [l on the urokinase-type
plasminogen activator/plasminogen activator inhibitor system in
human extravillous cytotrophoblasts in witro. J Clin Endocrinol
Metab, 2002, 87(12): 5594~ 5603

Chou C S, Zhu H, MacCalman C D, et al. Regulatory effects of
gonadotropin-releasing hormone (GnRH) I and GnRH I on the
levels of matrix metalloproteinase (MMP)-2, MMP-9, and tissue
inhibitor of metalloproteinases-1 in primary cultures of human
extravillous cytotrophoblasts. J Clin Endocrinol Metab, 2003, 88
(10): 4781~ 4790

Siler-Khodr T M, Khodr G S. Content of Luteinizing hormone
releasing factor in the human placenta. Am J Obstet Gynecol, 1978,
130(2): 216 ~219

Khodr G S, Siler-Khodr T M. Localization of luteinizing hormone
releasing factor (LRF) in the human placenta. Fertil Steril, 1978, 29
(5): 523~526

Siler-Khodr T M, Grayson M. Action of chicken [I GnRH on the
human placenta. J Clin Endocrinol Metab, 2001, 86(2): 804~ 810
Cheng C K, Leung P C. Molecular biology of gonadotropin-releasing
hormone (GnRH)- [ , GnRH- [l , and their receptors in humans.
Endocr Rev, 2005, 26(2): 283~ 306

Islami D, Bischof P, Chardonnens D. Possible interactions between
leptin, gonadotrophin-releasing hormone (GnRH- [ and Il ) and
human chorionic gonadotrophin (hCG). Eur J Obstet Gynecol
Reprod Biol, 2003, 110(2): 169~ 175

Chou C S, MacCalman C D, Leung P C. Differential effects of
gonadotropin-releasing hormone [ and II on the urokinase-type
plasminogen activator/plasminogen activator inhibitor system in
human decidual stromal cells in wvitro. J Clin Endocrinol Metab,
2003, 88(8): 3806~ 3815

Grundker C, Schlotawa L, Viereck V, et al. Antiproliferative effects
of the GnRH antagonist cetrorelix and of GnRH- ]I on human
endometrial and ovarian cancer cells are not mediated through the
GnRH type [ receptor. Eur J Endocrinol, 2004, 151(1): 141~ 149
Eicke N, Gunthert A R, Viereck V, et al. GnRH- I receptor-like
antigenicity in human placenta and in cancers of the human
reproductive organs. Eur J Endocrinol, 2005, 153(4): 605~ 612
Maiti K, Oh D Y, Moon J S, et al. Differential effects of
gonadotropin-releasing hormone (GnRH)- I and GnRH- Il on
prostate cancer cell signaling and death. J Clin Endocrinol Metab,
2005, 90(7): 4287~ 4298

Faurholm B, Millar R P, Katz A A. The genes encoding the type Il
gonadotropin- releasing hormone receptor and the ribonucleoprotein
RBMSA in humans overlap in two genomic loci. Genomics, 2001,
78(1~2): 15~ 18



e3840 EYUESEYYIRHRE Prog. Biochem. Biophys. 2009; 36 (3)

31 Neill J D. GnRH and GnRH receptor genes in the human genome. ovarian and placental cells. Mol Cell Endocrinol, 2000, 170(1~ 2):
Endocrinology, 2002, 143(3): 737~ 743 143~ 151

32 Naor Z, Benard O, Seger R. Activation of MAPK cascades by 34 Cheung L W, Leung P C, Wong A S. Gonadotropin-releasing
G-protein-coupled receptors: the case of gonadotropin-releasing hormone promotes ovarian cancer cell invasiveness through c-Jun
hormone receptor. Trends Endocrinol Metab, 2000, 11(3): 91~ 99 NH2-terminal kinase-mediated activation of matrix

33 Kang S K, Tai C J, Cheng K W, et al. Gonadotropin-releasing metalloproteinase (MMP)-2 and MMP-9. Cancer Res, 2006, 66(22):
hormone activates mitogen-activated protein kinase in human 10902~ 10910

Effects of Type I Gonadotropin-releasing Hormone (GnRH) and Typell
GnRH on Cell Invasion in Human Choriocarcinomal JEG-3 Cells

LIU Jing, WANG Yan-Ling”
(State Key Laboratory of Reproductive Biology, Institute of Zoology, The Chinese Academy of Sciences, Beijing 100101, China)

Abstract Mammalian gonadotropin-releasing hormone (termed GnRH [ ) is a decapeptide that plays key role in
the process of reproduction. In addition to its well-known endocrine function, it has become evident that GnRH [
and the second GnRH subtype (termed GnRH II ) are potentially important autocrine and/or paracrine regulators in
placental trophoblast cells. The effects of GnRH [ and GnRH [l on trophoblastic cell invasion were investigated in
human choriocarcinoma cell line (JEG-3) by the methods of invasion assay, RNA interference, Western blot and
Real-time PCR. The data revealed that exogenous native peptide of these two forms of GnRH significantly induced
the expression of type I GnRH receptor (GnRHR [ ) in JEG-3 cells. The specific siRNA for GanRHR [ was
capable of blocking the invasion-promoting effect of GnRH [ , but did not influence the effect of GnRH II . The
data suggested that the two hormones may be elicited by distinct receptors. Interference of the activities of ERK
and JNK was capable of attenuating GnRH [ and II -induced MMP-2 expression and trophoblast invasion,
indicating that activation of ERK and JNK are required in both GnRH [ and GnRH [I -mediated MMP-2
production and invasion-promoting effect in human trophoblastic cells.
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