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Objective: Granulocyte-macrophage colony-stimulating factor (GM-CSF) facilitates mammalian embryonic development and implantation.
However, its biological function after implantation is not elucidated. The aim of this study is to assess the changes of gene expression
by GM-CSF in human trophoblast obtained in early pregnancy.

Methods: Human trophoblast obtained in early pregnancy was cultured with or without GM-CSF. The difference of gene expression was eval-
uated with microarray and selected genes were reevaluated with real-time reverse transcription-polymerase chain reaction (RT-PCR).
Results: Microarray analysis revealed that the expressions of 468 genes were increased while those of 40 genes were decreased by GM-CSF.
These genes were evaluated according to the known biologic pathways. The regulation of actin cytoskeleton and focal adhesion pathways
were mostly influenced by GM-CSF. Annexin A2, thymosin-like 3, vimentin, myogenin, ACK1, and tensinl genes were selected for re-
al-time RT-PCR. The increased expressions of of vimentin and ACKI, and decreased expressions of tensinl were confirmed by real-time
RT-PCR.

Conclusion: GM-CSF activates focal adhesion pathway in human trophoblast by increasing the expression of vimentin and ACKI, and de-

creasing the expression of tensinl.

Key Words: Granulocyte-macrophage colony-stimulating factor, Trophoblast, Focal adhesion, Invasion

e e A Aadhs BFS AFC R 31o] basal laminas FaHgt

5 g (decidua)?] 7]&9 embeddingdl= IH o=

ZeyEct, Rty oA JEFAIETL e F = U]

ey glote] Fato] YAH I FAof BA| FollA A} D2t
A B 2010 9. 17 wo wmelt Buel Yo wstel wA-gol 23
g%ﬁ\ﬂg&ﬁ%@eu\ﬂ,aow (maternal—fetal circulation)S A3ttt o|y3st B35

- 905 -



IR S]] AlI533E A0, 2010

7] SlsiAle HA9 Hiol FEollA] Ao
A, AT Y ol Bofsh= oY 7H4] 2450l &
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45 85] Wolel WS 4] 1213t A48 3 3
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efukggol Al GM-CSFE] 2H8-2 de X w7k A9 gich
A Wi 24 ol Gr-CsFol Tat 7 A3}
£ 9141 Qa7lel Wt ehuke] erebAEOIN GM-CSF
o] mRNAS} E00] ZAEITHE AT mAje) P
H|ZO|ME GM-CSF2| mRNA7F EAf3H= Aok’ ®
GM-CSFE] 2 8A|% Atere] Jopua) o] 24t A
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oJel= AR} 2 7(annexinA2, myogenin) ¥ focal ad—

hesion®|| #ojsl= &%} 47l (thymosin like 3, vi—

mentin, ACKI, tensinl)®] mRNA T3S AgFHo=z
BAFO M GM-CST7} 24} kol o)A 9
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3 dfepole] 1/28 ASEA AR
(phase contrast microscope) 22 flask] H}E]
colony7+ wa YAEEAS SRIst e 8~10%
T vpe w29 1/2 ool A colony7t BAET serum
free Bio—AMF-20°2 WASPHA 2} GM—CSF 2
ng/ mLE A2|g F FOo=2 Uro] 2447 FeF S22} H
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2. Total RNA £& 2! RNA HHM

I

A RNAS] F+%& guanidium thiocyanate phenol

chloroform & YHE 285kt A7) Wie 289

o] A= Trizol (4 M guanidinium thiocyanate, 25

mM sodium citrate, 0,5% (wt/vol) N—laurosylsarco—
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sine, 0,1 M 2—mercaptoethanol) 1 mL=Z A| &3t H32E
wafsto] AollA 587 WSk, 200 mL chloro—
forme #H7}sho] 1527F 413l 4°ColA 14,000 rpm o=
3027+ el E skSith Glycogens H7Fsto] &35t
1l isopropyl alcoholS ETafo =z AH7IGH T 4°CoflA]
14,000 rpm O 2 A2 E]5lo] RNA HAEL o1 o
75% ethanol® A|A3}TH RNA JAEL F7] S0
2N F 2% alskn —10°CelH sk
225 total RNA 1 ugS agarose gelof| A7|49% &
Bioanalyzer (Agilent Technologies, Santa Clara, CA,
USA)E ©|-&5}o] RNA densityE S743F51ch Aoh= 285
ribosomal RNA®Q} 18S ribosomal RNAQ] peaks 71A]+=
efzol 2851889 WIS SHelel TASHAL

=3
l

3. Microarray £

AA)E RNA 11 uLE T7 Oligo (dT) primer 1 mL&e} &
TR T0°COIA] 108 2t WHSAZCT] 2 AolA A
3] T reverse transcription master mix 8 pLS A7}sk
Ak Ao S 42°Cofl A HEGAIRD 3 D290l A A
Ft} Second strand cDNA $HA1S 913l T7 Oligo (dA)
primer”} 3 3HE second strand synthesis master mix
80 UL H7ksto] E73E 3 16°Coll A ¥RS-A17] ¥ DNA
elution bufferS A7}8|4] DNA purification column
F3f AAIeE F double strand cDNAS A3it},

Table 1. Primers for real-time RT-PCR

S |
=

tjo

B

0%

2 cDNAX Cy3 dye (F2M) =, GM-CSF A2t
2 Cy5 dye (M) 2 EA|G F spin column o|-§-5}o]
A 3 ethanol® HZA|ZTE Human 44K twin oligo
chip (Agilent)o]] F4|%¥ ¢cRNA probeS Z3}5}0] 60°Coj|
A 16417 &<t hybridizationA]7]3L A&t A4]Ee]
71& o|-&35to] AXAIFLE AZXE chipS GenePix 4000B
(Axon Instruments, Downingtown, PA, USA) 7]7]&
o]-g3slo] Cy32t Cy59] fluorescent imagesS Z1Z} sca—
nningd}th ©]o] GenePix Pro 3.0 software (Axon

Instruments) & ©]-85}0] =45 fluorescence intensity
3 2710] ofu|AlE AR AL 4 7K A
%= H3MH(locally weighted scatterplot smoothing,
LOWESS)S- o]-&3}o] FHAIT 9] 71% 9] Intensity/loca—
tion—dependent normalization ol o3t &3} 3}
S AA." Cy3 signal 29} Cy5 signal =S| 2jo|2
log ratio® A¥ste] gQlsHirt,

4. Real—time reverse transcription—polymerase
chain reaction (RT-PCR) £

RNA A|&2E Superscript RT-PCR kit (Invitrogen,
Carlsbad, CA, USA)E o|-83}0] cDNAZ HAALSEATE
UM $1519] 600 ng RNA Al&E 12 uLe| ¥h3-&
H(1 mM Random Hexamer, Invitrogen)o] Z7}5}ko]
65°Col A 587t BE33H 5, Aol &AA 2sisiet. ¥

)

Gene name Oligo

ID or primer & probe GenBank accession no.

Glyceraldehyde-3-phosphatase dehydrogenase
(GAPDH)

Annexin A2 (ANXA2)

Tensinl (TNSI)

Vimentin (VIM)

Myogenin (myogenic factor 4) (MYOGQG)

Protein tyrosine phosphatase, non-receptor
type 2 (PTPN2)

Thymosin-like 3 (TMSL3)

Hs99999905 ml

Hs01561520_m1 NM_001002858.2

Hs00917032_ml1 NM_022648.4
Hs00958112_¢g1 NM_003380.2
Hs01072232_ml NM_002479.4
Hs00747429 mH NM 002828.2

Forward: NM 183049.2

5’-AGATGCAAAGAGGTTGGATCAAGTT-3’

Reverse:

5’-GCCTTCGTTGTCAGTAGTTCTTTGA-3’
Probe FAM: FAM-CTGTGCTGCCCCTTTC

RT-PCR: reverse transcription-polymerase chain reaction.
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Z15t Abefjol| 4] 8 uL RT-PCR mastermix (final concen—
trations/amounts: 0.5 mM each dNTP, 1XRT Buffer,
10 units RNase inhibitor, 4 units superscript reverse
transcriptase) S A7}8t 3 37°Co| 4] 60827 WEA| AT
ool 95°C 587 HhSalo] 2Nl EE BIHsislo]
cDNAE A|Z3s}3ict,

6714 GZAAke| o3t Tagman PCRE SLAN (LG Lif—
escience, Seoul, Korea)& ARE-5to] Ad¥sl3itt, PCR ®t
S-8-01.2 express qPCR supermix (Invitrogen)E ARE-5}
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Fig. 1. Diagram showing 28S and 18S peaks of each RNA
sample. The ratio of 28S (left peak) and 18S (right peak) was
calculated.

Table 2. Evaluation of mRNA quality by rRNA ratio in 6
matched samples

No. Sample rRNA .ratio
(28S/18S ribosomal)
1 Co 1.3
2 Cl 1.2
3 DO 0.4
4 D1 0.6
5 EO 1.9
6 El 1.8
7 FO 1.0
8 Fl1 1.8
9 GO 1.9
10 Gl 1.3
11 HO 1.8
12 H1 1.7

31, primer?} probe (Table 1)= Tagman gene expre—
ssion assay (Applied Biosystems, Foster City, CA,
USHIE olgslel A 200 nME Sl Wit
PCR £Z&2 50 C°ﬂ/\1 28, 95°C 108 ¥k 13] & 95°C
oA 152 Hhg- T 60°CollA] 1 Hhedh Fdw S4e
el o] T 408] HhEalo] Salsiolrt, Ct ghe
¥ RNA A& (Invitrogen)& 5

0]8-5}0] standard curve
£ AzRsto] Adigto = gtsto] A5,

5. &4 Az

) 2727} GM-CSF 2|2 7ko] 9Az} uhglef nmi
H|E A9l Mann Whitney U testE 835100 Fgf
0] 0,05 ofatd Ao SAEHA ez on| girkar A ost
ek
AT

4 1
1. RNA A|2o| MXA 501

AzolH 253 RNAS AYALS BAT A3 HA) 6
Mol Al& £ E, G, HE EA|H 37]19) A]E%= ribosomal
RNA9] density H]2<2 YEIH+= rRNA ratio (285/18S)
7F 2,00 A8t} EAo AER Almetar BrbE it
(Table 2, Fig, 1), o]3of #
RT-PCRE. o] A] 7o) Alzukoz Aashsict

3% microarray®} real—time

2. Microarray

o2 44 0007H94 fAE AN i 37pe) AR
A= 26,49870 Tt

FO| X}O|

Al i} | log ratio®= 8}o] 2uf o]/<] o]
Hol= {4 ]—w oo} Qe FAAL RGO R §)
= 2 t2a T v u S wf AdolA
JJr %*0401 W3 o g FEEIGIHFig, 2).
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Fig. 2. Photoimage of microarray chip. Green dots represent genes their expression was increased by GM-SCF. Red dots represent
genes their expression was decreased by GM-SCF. Linear plot of genes were found in sample E (A), G (B), and H (C).

GM-CSF: granulocyte-macrophage colony-stimulating factor.

Table 3. Function of genes up-regulated by GM-CSF in hu-
man trophoblast

Function n (%)
Unknown 233 (49.8)
Cell cycle

Protein synthesis

Cellular physiological process 42 (9.0)
Adhesion and cytoskeleton 7 (1.5)
Transcription 28 (6.0)
Signal transduction 12 (2.6)
Others 123 (26.3)
Total 468 (100.0)

GM-CSF: granulocyte-macrophage colony-stimulating factor.

Table 4. Function of genes down-regulated by GM-CSF in
human trophoblast

Function n (%)

Unknown 12 (30.0)
Chemokine activity 3 (7.5
Metalloendopeptidase activity 2 (5.0)
Protein binding 2 (5.0)
Others 21 (52.5)
Total 40 (100.0

GM-CSF: granulocyte-macrophage colony-stimulating factor.

A= 407071 AEE e, AE
33} Table 40f|4] 7|52 542 defsto] F7siSi.

AEE SRS AR p

athway©] T} H28F%

t} AESHA pathway— Kyoto Encyclopedia of Genes
(KEGG)2] HXelE(http://www, genome, jp/
5= 143709] pathway s

E35H4 pathwayol| X34 &

SAA7} e A path-

and Genomes (
kegg/pathway html)o| A A&
Garow Sgar, 2 4
AR % ZVE7I 2
wayw Tk 2,

Androgen and estrogen metabolism
Antigen processing and presentation
Cell adherent molecules

Cell communication
Cytokine—cytokine receptor interaction
ECM-receptor interaction

Focal adhesion

GAP junction

Regulation of actin cytoskeleton
Ribosome

TGF—-{ signaling

Tight junction

o] el B 7b4 SPYFHTIL, AFWTE, ok
SUF)) VAR BB pathwayol AE §44 0
opell a7} QRO T Aol IS gron &
A Aol o] £ AL 718 ATE
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Table 5. Selected 5 genes and their fold changes in mic-
roarray

Gene Fold change
Annexin A2 2.85
Thymosin-like 3 2.56
Vimentin 2.55
Myogenin (myogenic factor 4) 1.96
Tyrosine kinase, non-receptor 2 169
(ACK1, TNK2) ’
Tensinl 0.41
500 O Caontral

5 m GM-CSF
o
g 400
z
§ 300
2 200
% *
'3 A"

# i .

ACK1 MYOG  ANXAZ  TMSL3  TNSI

Fig. 3. Quantltanve analys1s of gene expressions by real time
RT-PCR in human trophoblasts after GM-CSF treatment. *P<0.05
by Mann Whitney U test. GAPDH: glyceraldehyde-3-phospha-
tase dehydrogenase, ACK1: Cdc42-associated kinase, VIM: vim-
entin, MYOG: myogenin ANXA2: annexin A2, TMSL3: thymo-
sin-like 3, TNSI: tensinl, PTPN2: protein tyrosine phosphatase,
non-receptor type 2, GM-CSF: granulocyte-macrophage colony-
stimulating factor.

3) Real-time PCRS 2|8t SFX} MH

e W] Holok ABSA pathwayd] O 3
A2 2315t 23} focal adhesion pathway2} actin cyto—
skeleton pathwayo] Z3tE S-AxS0] 71 Wol 18]

AL A=A ke o] FlE e, webA o5 A
AE | wral opagel chat Wk AR BAL S1o) A%
ol real-time RT-PCRS 4=35}9it}t o] pathwayo] 3%
e AL 5 370 AlmolA A dE o] ke
wists molm RAA AES] Hgolt ol THeislol
ol ATL B iAol bz 129 4T Asph wE
B 444 602 AEH0z AEsdT o % 57As

(annexin A2, thymosin—like 3, vimentin, myogenin

4
o]

[myogenic factor 4], tyrosine kinase, non—receptor 2)
GM-CSFo] o8| Z7He f+4AF] AL tensinl> ZHA
ZAA}o|th(Table 5).

3. Real—time PCR

Microarrayol 2715l 2.2 et $747) 5714 %
non—receptor tyrosine kinase 2%} vimentin real—
time RT-PCR A% fofgt 2718 Uehjoln
myogenin, annexin A2, thymosin-like 3+ 2|3t 2}0]
7F YERHA] 99kt Microarrayoll Al #4%| 319 tensinl
2 real-time PCRO\AE §9J5t 7+4AE el thFig,
3).

7R e o” %:l o] Aul= GM-CSF7} #jot
XeB L Aoz HuErh AF ]
AL GM—-CSF= :‘-EHH(blastocyst Eln= s il | e
7HA71H, " GM-CSF §-377} Aol BF= 7ol
FAo] AdE Mol oflz} YWHAEZ Yol(inner cell
mass) 9] FAE QI AL 4=0] k2 Y izt
AEl1 1 A glole] I7]|% ZrolA| 1 glo} APy W =
AH /‘(]b‘ }\]_U}-O] 57]:6]—]:]— 12 /\}31-4 x—“ﬂ*]% HHO]—J xﬂ
eufFatgol e 23 GM-CSFE 7IRE kool A
2luobo] Euj wergo] gojai Z7e
et ofejat Auke S ATAFSS] o8 tha Aol
SHA gRlE =T, Aejed D oajore]Alsol A oo
ek &) o A o) AR FlskA] SkAINE AlE
o AL Bt o A4S AYs] sl
GM-CSF7} vfjore] ¥ &iouf ufjole] ARt ofufYy
HES BENE YO RN YL Z7PAIITH:
7pAstkef AF Q] vjolS thAFCE microarray®}l real—
% AEe o A3 GM-CSFZ Hfolof A
Aoz S S7HAI7IAL o
of ofsff dAlEol F7Hd 7hsAdel Atk AMEE 85t
Aol = ol dA-e] AFAoA ZHfe] 3
771 GM-CSFO] 2Hgo] 27| dAle]
*1]3577};(] ojofAl=7kE ElskarAt skylh
Algtoll Al 2 o] % GM—CSF9 Byt o upA| o]
et 2Rg-o] ezl Zlo] A9 glov FEAFA= 2
AT g 53 Y9l JgtA|Ee] GM-CSFE Fols}
DNA B3] Z71elo, Aleih ol7}a) hpLe) s}
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Z7heth= ARdo] A Qi E GM—-CSF null mice
9] A= 2} T gjulol| A labrynthine®} junctional
zone®] FE7} wtEh= ARo] FHE QI o4k
AT vjso] AHIIAL GM-CSF7L Hte] B4}
go Z43 4TS B Aoleht F2o| Fkssiet

¥ 9104 GM-CSFe] 93} Wabh 912 Aoz Azt
F= E )9 AESHA pathway= actin cytoskeletonT}t
focal adhesion©]9Jt}, o] & 7= A& Arsakgo] 7}
sto] A= EAA olgfst] dle SHE th Actin
cytoskeleton®] H3h= A| 29| L5/ ¥ofste Fa3t
aaoltt Ar7t 254 7H o monomer$! actin fila—
ment7} A|3EEF HFE QHZOlA polymerizations &3
polarized filament@ HW3}3Fc} S 21 27}14] actin poly—
merizatione Z7[A]7|= S22 Ena/VASP family,
cofilin 5] A glow 11 ejoj|= A ZE o] &3t 4
oA acting 28sk= SH2 2%l AN 207447} |
Lo} N27} o]F3 1 actin polymerizationS A}
O] vFE QFEof| A dojubH actin filament7} Eolub=
For AlZ7} olFgitt, 53] Alxute] EAjsk= Rho
family2] G ©80| actin polymerizatione Z4dl= A
o= AZE T et E 27 o) Fdh= L W3k

71710 2= acto—myosin contraction= & 3= It} Acto—

(o] []Ol’

myosin contractione ¢|3jA+= myosin light chain?]
QUIel} Mool st 5] =ofli= myosin light
chain kinase7} 71 &g SFATF A|Z 9] o]Fo]l A= cal-
cium¥} F43H4 ROCK1Z}F ROCK29] 2Qa A= myosin
light chain®] Q1AL dojub7| = e} @A 7HA] 244k
3} iRt do A actin filament 9] 20| Hsto] 2
Aol 47} ololpon Az dtte] ZHE BARE: o
2] 7}A4| integrin, selectin, intercellular adhesion mole—
cule (ICAM), platelet—endothelial cell adhesion mole—
cule (PECAM), 18|31 ¥ 7}A] cadherin®| &&A Qich,
2 Lo AL actin cytoskeleton] 243} B &
Z] 2 annexin A22} myogening GM-CSFeof 23| W&
o] Z7}%]=4] real-time RT-PCRZ Fola}ict.
Annexin A2% annexin family®| €3k= Ca—regul—
ated membrane—bound protein®|t} Annexin A2 A3
of|A] Hl3zute] X9} actin filamentS 231 actin
filament 2] polymerization2 A&l ROCK®] &Jt Al

tjo

B

nx
o

3]

T2 £48}AL, E actin fiber?] localization< H3}
A (dispersing) Al 7b9] 22 Ukt B3z}
o},
Myogenin¥} MyoD+= -8 241101 MyoD fa—
milyo] 43k WA o) Qo] sk Aol
EQF FHA|EA o5 MyoD family®] e
cytoskeletono] 9J8f A=t d&A Qtt = actin
polymerization¥} stabilization-> serum response factor
(SRF)°]| ©Jgk MyoD family®] W#& Z7kA120eh " Pho-
spholipaseD activator?l arginine vasopressing —-3A|
3Lof FEoJ&}H actin polymerization®} myogenin 2H& 0]
FAlol Btk Hatw Qich ™ & AgolA] myogenin
2 AElgt o] G %= GM—CSF7} actin polymerization 5
7HAZ1AL 21 AIZ myogenin©] F7F5HH of= YAl7|ZE
ol Aol Haol Amrs] ZAaHe WA} Bl )
2 JoleRs 20 I3t Aol 3Act et real-time POR
A3} annexin A22} myogenin®| Z7}= ¢l Ao
et

FPAET} BEP] HAAE Agere) e 7
Zl(extracellular matrix, ECM) remodelling®| <249l
o] o] 34 Folli= focal adhesion©] WHEE]= 3HAJo] &
Q3}t} Focal adhesion integrini} proteoglycan©|
actin cytoskeleton¥} ZA3glslo] AL 7+e] ATHS: 0|2 =
AL Wt} o] I o= GTPase, kinase, phosphatase,
protease, lipase 5 oJ&] &40 2k8-0| I Q5}R|qt 714+
Z2Q3F @4 focal adhesion kinase (FAK)Z}al & 4=
itk ” Focal adhesion 1 9J%], A7), FAEA S
upe} ofg] 7HA| & FHEo] Zhssitt, A7 2t
%l focal adhesion®]] thel S5+ vi-p- wm|Eto] QJofutA]
Fof|A FAKZ} W& &m MMP-2 4 a5 integrini} colo—
calizationleH= AEqto] agjA Q™ B o=
focal adhesion¥} WHE EZZ thymosin—like 3,
vinentin, ACKl ¥ tensinlS thAto =2 X434t

Thymosin—like 3 THHA-& ©H4z}o] &)= t}=2 2|4k
Tl S thymosin B49} FUSHL 11 A8 $UT
A2 AZHE T Qo™ Thymosin bdt AlZYIA G
actin®] sequestratione U7 actin®] polynerization
< AAISHAE actin monomerE F7FA|IZITE webA S

7}=l depolymerized actin filament”} catenin—cadherin

A

s

actin
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complex ZAAAIA A|EZY motilitysS Z7FA|7Ithal &
HA itk 21} real-time PCR A& o A] thymosin—
like 3= W37} 913
& Aol A GM-CSFe o3l 7H §-518 S7FS UE
W cytoskeletonS vimentin®]$Ith Vimenting &7+
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