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Gene Expression Altered in Endometrium of Korean Cattle
with Endometritis

Dawon Kang*
Department of Physiology, College of Medicine and Institute of Health Sciences, Gyeongsang National University, Jinju 660-751, Korea

ABSTRACT

This study was carried out to examine gene expression altered in endometrium of Korean cattle (Hanwoo) with
endometritis using microarray. In this study, 4,560 differentially expressed genes (DEGs) were identified in the
endometrium of Hanwoo. Of 4,560 DEGs, 2,026 genes were up-regulated, while 2,536 genes were down-regulated in
endometritis. Of them, top 10 regulated genes were listed. Filamin A, pancreatic anionic trypsinogen, Rho GDP disso-
ciation inhibitor alpha, collagen type VI alpha 1, butyrate response factor 2, aggrecanses-2, annexin 14, aminopep-
tidease A, orphan transporter v7-3, and epithelial stromal interaction 1 were up-regula.ted while MHC class II antigen,
integrin-binding 51alopr0tem uterine milk protein precursor, down-regulated in colon cancer 1, glycoprotein 330,
dickkopf-1, cfh protein, Ca*-dependent secretion activator, UL16 binding protein 3, and proenkephalin were down-
regulated in the endometritis. Our results suggest that these genes could be useful biomarkers for diagnosis Hanwoo’s
endometritis.
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E4& vehll= 7‘41} ATE FasH thFolAof &
o gal fAlel Bag At glojA Apel =71,
EREYN e 'F’r?iz}%-‘q FoAdol R Cyc—
looxygenase 17} 2 (COX- 1/COX-2), tumor necrosis fac-
tor alpha (TNF alpha), inducible nitric oxide synthase
(iNOS), haptoglobin, interleukin 17} 6 (IL-1/IL-6)+= 2:9|
/l(})]/\17]oﬂ}\1 /%],3]61-7(421 .6__3_3]- 0:161—0 -61— BHU} o].l,]a}
g AR dF “H7H?<ﬂi/‘1 “%3 3t 2w 7
°E‘/\] IL-1, IL-2, hpopolysacchande (LPS)= prostaglan-
in (PG) Fzo of AkE F7HAIHE EJ—*E‘O] AT
(Leung S 2001; Kim %, 2005; Fischer &, 2006). ©||
& S-2xee A9 e g 9 X 72A AT
T3 ZJE—E— Aggct fFaxte oﬂ:lLE FgHo=w 3}
] FeliME ey FEZ I8 F Jde A7 e
gatedof sk, 1 WY T B AES T V)
%ol AZAQ vlo]AZofd|o|(microarray, chip)¥
A o] fxxke} EST (Expressed Sequence Tag)®l L&l
e B4 iR o g BMo] shsslng A W
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1, Ag e 22E phosphate buffered saline (PBS)
z Aﬂﬂﬂ F 05 Cmi‘:} obAl Mol 2l&atA 108 ©]%
K32l RNAlater (Qiagen GmbH, Hllden, Germany)©ll
271 4Tl A 12417F o] Rasigith FH]E AlFedA]
RNAlaterE AAstY ~80CE &7 A3 Al7pA Bist
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Total RNAF TRIzol (Invitrogen, Carlsbad, CA, USA)
7} RNeasy Mini kit (Qiagen GmbH, Hilden, Germany)
S ol g3l Az ¥ HAd wet FEHIG =
# (100 mg)& A% 5\_01] ‘:17]' e ”Eﬁi 2F2} "}“L
o W1 ouxﬂ;q/\e o7k Ho) 7bAA ERE o] 8}
o 7}—?‘7} 2 wj7hA] Zot nle °“iﬂz’*i A v
EHo 2& the, F32 100 mg? 1 ml] H]& = TRIzol
= 7}0}0:] ZAL 5“—7}3"(tappmg)4’} A EL7](V0rtex1ng)
01%5}"4 %@3] =t &d3] 52 N EE %4%0“
5E E F S8l E(ysate)o] EHALYA F& “HW]'X] —r
A8 E3A1712 0.5 ml chloroforme 747}0}0:1
1521 23S H 25CellA 2~387% F3U u}
12,000 xg, 4°CollA 15&7¢ %N—‘%Elo}fﬂ NEE
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propanol< 7<47 3t 5 £og t;‘; W EE0] 3 AL
A 1087 FA ST 1 AAF NS 12,000 =g 4CollA
1057 %]_},\:];‘fr'_—ﬂ 3 Azdo Wy a AAET FHEH

gk &

o}, ZAAEo 4Tl A o|n] XA #FE 75% ethanol (1
ml)g #risted 2 98 thE 4T, 7,500 xgll Al 5%
AAEEAT. AFAe W Jd2E 2d E}—%,
100 ule g(RNase-fr e water)S o] =oliL RLT
buffer 350 pl& A7iste] HsAl 2 42 v 250 ul
ethanols #7lsle] thA] AETh 42 AR 700 ul&
RNeasy Mini column(®]3} columnolzt $Hoz &
8,000 xgoll A 151 fAlEe stk Columng A2
2 ml FEE %7 500 pl RPE bufferE %7+t 5 8,000
xgoll A 1527 A2 231, thA] 500 pl1e] RPE buff-
erg columndl 2o} 8,000 xgollA] 283+ A3t

Column< /‘HET 2ml FEZ 3 5 Hd S22 18
7t ARS8 T columne o] A= 15 ml REZ

%7 RNA #3aart Sl = 30 ula ol 8,000 xgell
A 180 AR total RNAS Z"r%'}‘”ﬁ‘r. =4
ANRE B Felfow siFslel 2t 22 A R
st HF RNA FE7F 1 pg/ul olde] =5 sk
Total RNA® " A %% NanoDrop(NanoDrop Tech-
nologies, W1lmmgton, USA)# Experion(Biorad, Hercu-
les, USA)S AM&3te] &1ttt

cRNA &4 & FH

BEaRT A2 2% total RNAE HA7|FE3 &
Azl AS AFEth Total RNA 5 pgs 02 ml
PCR 2o ¥ 349 2 ul9| poly-A RNASH 2 119]
50 uM Woligomer% Yo & RNA Edaxrl sle

k3
B2 889 12 plE @Fo FRE &rEe s A
XIDW Mol H 5% A= HA 1214(spm-down) PCR
g o]gste] FHE 70TA 1023t WA &

Lo A 587F 28] 3 M A|H 5x First-strand reaction
mix 4 ul, 01 M DTT 2 1, 10 mM dNTP mix 1 plE
drrete] FEE 7}a¥°f'a 7HaA A A& o PCR
Aol X 2CTE 287 ¥-EAIZT FEo Superscript
II RT (Invitrogen, Carlsbad CA, USA)E 1 ul H7}bshdd
2°TAM 1A 6 ¥-gA F AFel ¥o 283 43
a1, WEES HAHAA RNA EllZsrt gle = 91 ul,
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5xsecond-strand reaction mix 30 ul, 10 mM dNTP mix
3 ul, E. coli DNA ligase 1 ul, E. coli DNA polyme-
rase 14 ul 2 E. coli RNase H 1 plE #H7istgich A
7} & REE &=to g JPEAl A HEES AT
H 5% A% HHAAA PCR ZA A 16CT= 247 ¢
uk-$-A17) 1, T4 DNA polymerase 2 uls ¥o] 523+ A
ke A At §ke 3 05 M EDTA 10 plE #7shed]
cDNA AAl #H4E& F38s3ich cDNA binding buffer
600 p1(=4)E double-strand cDNA §do] 0] Ql=
Fro 7 H 3% B¢ J"se] & AL o,
FollA 500 nle] AEE F3t ¢DNA Cleanup column
of Y& ¥ 1% 5k 12,000 xg= AHEHSL Fob
= AR 262 plE BYF Yo AYFelA o
DNA Cleanup columng MZE 15 ml FEE 7|3l
cDNA %% buffer 14 pl& %ol 1% ¢ 2o ¥
)3 Zof 12,000 xgoll A 13 B¢ QA EHFAT FH
2 A7]9% F DNAY F& A3 in vitro trans-
cription(IVT)sl] A1-8-3}5ith. Labeling® 13 total RNA
5 ngo] AHE-F%1t}h (DNAT biotin-labeled CTP$F UTP
ZA3ko) A GeneChip IVT Labeling Kit (Affymetrix)2
o] &5} MAFE AT Biotin®] ZEE RNAEZ 35}
A8l template cDNA 11 ul, RNase-free water, 10x
IVT labeling buffer 4 ul, IVT-labeling NTP mix 12 pl
9 [VT-labeling enzyme mix 4 plZ HF &% 40 ple
w0} g3 FH AAAIA PCR FAoNA 37C, 16213F
SOk A we F A4 8L AH RNAG
& HAZ7}F A260/280 HIE, 1.9~2.1 Ato]7t =W A9
g st RNAY AA ARE Eelsiyich

o olo

ofo|320{g0| A

BA F, FA¥ cRNA 10~15 pge Fragmentation
buffer(Affymetrix)el] ]3] 3594 200 bp7h= EHAIZ
t}, YHEo|Z cRNA, Fragmentation buffer, RNase-free
waterZ 0.2 ml PCR tubedl] o] PCR A|o|lA AT=
3587 WAl & Dol Yol A3tk EHE RNAE

ol A

o

2,
>
i3
r_gu
(g

g} 209

etrix, Inc,
CA, USA)E 7M1 AzAR A9 #7dE& whet 45T
A 16417 EoF 23 WH-S(hybridization) S Al7]13L, A&
(25T), GeneChip Fluidics Station 450°14] non-stringent
wash bufferS 7M1 A% ¥ 50TlA stringent wash
buffer2 THA] AASIT ofd|o](array)E-2 streptavi-
din-phycoerythrin complex® 7H<|3 443t3L Gene-
Chip Operating Software(Affymetrix, CA, USA)Z 7=
2 %A3t] GeneChip scanner 3000(Affymetrix)& ©]-&
ate] st 4 HHE AT

GeneChip® Bovine Genome Array Chips{Affym

2 o

B4 2 259 AsUHdH e ssA
Aol A& T2 Aol A 28 o] F
Al (differentially expressed genes: DEG)E bo ar
Z Abgale] Adsigith dizatel vl A ofdle
A A& up)/8Hdown) 2HHE 145 DEGE A
aqick AA #E 4560709 FAA 5 2,026709] F%
A7} AFNggel s eekela, 2534709 FAATT A
a8tk F7A 4 2(Gene ontology) AE. 42 &
A BETH AVHE ARG HOBN AJR/EE
ZAHE FHx F 39 200709 FHAE 2]
BINGO (biological network gene ontology)E ©]-8-3t
EAH oz 35k fA2 EAE 2F5S FAAS
20078} FAA F AgWHRAA Fsste a7 +A
Apo} Hadhe 510 KA fAA EX AEE 7HA
I AT 2 FHEHEFE biological process, molecular
function ¥ cellular component?t Atk Apa =g ol A
ZAHE 2 s F 2 dFME A 22 R
A2t 10082 =82 YetK(Table 1, 2).

AFg Bk ol A filamin A(ABP280), pancreatic anionic
trypsinogen(PRSS2), Rho GDP dissociation inhibitor(Rho
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Table 1. Top 10 genes up-regulated in endometrium of Korean native cow with endometritis

Filamin A, alpha (actin binding protein 280, ABP280) XM_614269 81
Pancreatic anionic trypsinogen (PRSS52) NM_174690 7.9
Rho GDP dissociation inhibitor (GDI) alpha NM_176650 7.2
Similar to collagen, type VI, alpha 1 (COL6A1) XM_588755 7.1
Butyrate response factor 2 (ZFP36L2) XM_001251996 6.8
A d.isintegrin-like and metalloprotease (reprolysin type) with thrombospondin type 1 M 589193 64
motif, 5 (aggrecanase-2, ADAMTSS5) =

Similar to Annexin A10 (Annexin-14) XM _581595 63
Glutamyl aminopeptidase (aminopeptidase A) NM_001038027 6.1
Homolog of rat orphan transporter v7-3 (NTT73) NM_181023 6.1
Epithelial stromal interaction 1 (breast) (EPSTil) XM_866098 6.1
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Table 2. Top 10 genes down-regulated in endometrium of Korean native cow with endometritis

Gene title Accession Fold 5

number change (2°)
MHC class I antigen (BLA-DQB) NM_001034668 -71
Integrin-binding sialoprotein (bone sialoprotein, bone sialoprotein II, IBSP) NM_174084 —638
Uterine milk protein precursor (UTMP) NM_174797 —638
Similar to down-regulated in colon cancer 1, transcript variant 2 (LOC511430), mRNA XM_865756 —6.8
(Sé;rlx;ﬂcirpr::eiiovssg(()i)exzsg;tgsol)lpoprotem receptor-related protein 2 precursor (Megalin} XR_028042 —67
Similar to Dickkopf-1 (hdkk-1) XM_580572 —6.2
Similar to Cfh protein XM_864225 -57
Ca2+-dependent secretion activator (CAPS) NM_001076020 —-55
Similar to UL16 binding protein (ULBP) 3 XM_587883 —54
Proenkephalin (PENK) NM_174141 —-54

GDI) alpha, collagen type VI alpha 1(COL6A1), buty- A EA A A2 GDI alphats T 54 #HEE o

rate response factor 2(ZFP36L2), aggrecanses-2, annexin
14, aminopeptidease A, orphan transporter v7-3(NTT73)
2 epithelial stromal interaction 1(EPSTil)& Z@-&°] 2°
u} o4} Z718k%ial, MHC class 11 antigen(BLA-DQB),
integrin-binding siaprotein(BSP), uterine milk protein
precursor(UTMP), down-regulated in colon cancer 1,
glycoprotein  330(gp330), dickkopf-1(hdkk-1), cfh pro-
tein, Ca2+-dependent secretion activator(CAPS), UL16
binding protein 3(ULBP) % proenkephalin(PENK)- 27
) o] Zradgich ZeHeYs WS o]8ek i
o] WslE 4w R SkS |, actin binding protein®] %
FHo| AT F7tske A FABSATHANA).

o &

B dA7e 399 ALl HstEE
upo] A Zoj o] WA o] g3t AR Aol
FollA wdo] fosiA F7rEAY A" A
o= FAZA 1 715el HE] WA UA &
Ago] e EgH ik 2 dFoME AgWe
A SRR B go] 20 ol Frlshe frHAtet as)
B FAAE A9 WA Feke FAAE T fila-
min-Ax AZge] 28 de A FAHEE FAS)
= g Ay vhdolr) ol AFU Cat FE Wt
phospholipase C/inositol 14,5-trisphosphatecl] ] 2]E4
ol Az g A BAste 3R dHA U=Hi(Rey
%, 2005), AZUTgelA ol2igh AW A7 FAxte) T
Y2 Bt PRSS2E T ARAoRNE HIshE o
g ShWitt 5, 2006). 7| REJA Y EYAS SR
294 AZUREY 2 45 Jg4E A5 o F
A A AHgH T ok g el A PRSS29] F 7t
= Az o3 fxd Aoz AzhErt Rho GTPased

R

rlo
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o JFe FAL, AEF7|e Fuglel AZ AL
Z7kN ZATHReimer 5, 2007). Rho GDI alphai® Rho &
WA gy F71E 2Este] 379 o] F(migration)
¢} wek(development)S 33 thishizaki &, 2006).
B AFolx AZUutdelr] Rho GDIY F7he A9
z2 9 Bajo] J3S £ oz AZ4Erh COL6AlS
1A% 83 A (fibrosis) FTAAE ARG H AL
ol th(Lebensztejn 5, 2006). ZFP36L2E AFANA F4H
2 z7] e F8% 942 Aoz 4#A
tHRamos 5, 2004). 231 F%¥ A FAARE 2 49
7 ps3 A&H AE Abgel #eEtE Zlo] BuHIY
(Jackson %, 2006). Aggrecanase2¥ A= WA HA3
Held el gehe gld #3724 (Gendron
% 2007) ADAMTD (adamalysin with thrombospondin
type 1 motifs)?] &3} metalloproteinases©®]t}. Metal-
loprotease= Th¥ah A% 118 A} ol o8] 2
A oK AAA Gz #HEe] glow, Hjd
AR Ael= B4 oz AzhEo] $ItHOhnishi 5,
2005). 3], metalloproteinases-2¢} 92 Az ol A 2
s, v Aol de A A me-
talloproteinases-29F 99] X7} 7HA3H%lthSoboleva -5,
2006). Annexin-142 oA G MEFA LHO
Z7tetda, 4 254 el Rho GDR% 27
89tk 53] Annexin-149) ZAE AT Ee] Aol
2 =) g Aol A3 SriLopez-Pedrera -5,
2006). Aminopeptidase A% oligopeptide®] o}7|=7] 2%
Bl AbAel opmlicat V|5 AEHo g JheEafshe A
9| & A(ectoenzyme) 2] ttolthSong &, 1994). NTT73
2 Sakata 5(1999)°] bovine retina library®] 27232
XY Zzsigisd, o A A8 75 &
A A th NTI732 Na'/Cl7-2&4 ABAEEd -+
% AR 2§ F9 shubolx, HEzAI g3 AFelA
ohu] Al Fpol] BolFte ARALEAE AMshHE o

=]
[S] ey
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ol AMS 43t Farmer 5, 2000; Broer &, 2006).
EPSTil2 #&d(invasive) oA F7ksksitt. EP-
STile Z%A|Ee} ~EZvl(stromal) AlEol| 24 2H&
gich o] fodxte] e o] &I} Holo FaF 9
g & zloz dAiteti(Nielsen 5, 2002). 123 FH
EPSTil& A4 &9 F%(systemic lupus erythe-
matosus, SLE) $Hx}e] AN Fof|A F7ts& AL &9l
1A cH(Ishii 5, 2005). -9 AFHHGAA F7HE 10
Mo RS 27838 A, Algdels S7Hd
o= 71EY a7 e 28 F gd 28y 2
FollA A AR Bl Az 23, T2, AP R Y
of #HY FAASe) BT AT JA) ML
AE B Fe Zo|BE V|Ee] AT At &
3 Hyd drdue 28 5 gk
F 22 AYAd EFA(major histocompatibility com-
plex, MHCO):= T BZ el o3 Q14 He Fe =23 &
A2 AR 1ER oyl fAAE XFsL e
Akt FHA ot} FxrHoR F e 55 +3
o] MHC 27} $=tl(class I, class 1), MHC class II
e 2 AR dAANAREEAAE, FAG A
I, B AFE)elA LAY, AE W o]U(endocytosis)E
A2y e PE = AR, CD4' T AEC
olg) lalEo] HALES et A miAA BEL
F2 AZ U R A, 718F el o8 vest
v Ao gdeA UthE §, 2004). ATHIAAA
MHC class 1T @99 7t 2glztdo] CD4'e) 248
BT} CD8™e ol o3t ¥k og P AL AA}
ghe} BSPE i, obd, AER 2 A3dE d da¥
e FEo] giE AN FRs ddshE ulotal
A ggulgolt). BSPE <134 FE|ag A} WEA
I B3E ARHor F3AvE 1A% #AE A5l
Ag3tel FEgE 712 AtE 7R HGordon T,
2007). ™E ¢F(growth plate, epiphyseal cartilage)®]
HIAA A= BSPY] A5 metalloproteinases®] A4S
B3 thiZhang &, 2007). UTMP< TZAEEY 24
aloll e AFHeA F2 FH S serine protease
AAA 2Ee BH iz, 27| del M EF o]
= Yeld=di(Khatib 5, 2007), 21E9 2 4H7 7]
FozE wid 2 oA, FHEY JE 4 =%,
aels 2A W AAE dAstd, £ 53 28 (mi-
togen)oll &3 BZF9] F2& AAstT, AT WF7
S A Fo AR AR JAvk A 3
e fabe e 988 Itk UTMP mRNAE 237
Z 2157 Wy Fola @AstA S A,
oAy Ete) HEE xdskey #oE

AL FEEE 4 Ak AFHEE A colon cancer
AA ke AR FAHAT 2z AXZY ol$]
A(endocytic) 8 gp330 o] TFe] A EAA
APl on B3|, AAEe] AYAE I =EHE
Aa)E BH7)1% EHoA wEE XY oldE TA
o] A o, AAAFE 2HsE HAo2 Hudnt
(Piccard 5, 2007). A3 oAl 2ol A gp330] Hd
& AFZW oyl ] o BulE 2L AR VY

drh Dkk-1 A Li5EHZAX DNA &9 +
L QAR Zgohe TAATGHAY p53e] ISR
E(transcriptional target)o]th. p53 ¥ e] F7H= DNA
o] &40 7 RE 3EE £33, $AdE 2 E(androgen)
of 93] dkk-12 AE APEE Fdta oz T/ &

oA Atk AgAldlE dald g7 ey
At dwgo] Aatkeed], ol AE AT
Aol g gwmAoe] AT F oS A Zrh CAPSE
MAWERA AEe o] vlAZA AMEey 2EF
4] 2~ 3 (dense-core vesicle)e] Z& 9JE4 ol Fast
THSpeese T, 2007). ULBPE AHre] CMV 32, UL16
o) 2759 MHC class I #&d 229 Fo| IFolrt.
ULBPE ZEUA ol oa) vIvstA Zdsin, a4l
M F(natural killer cells)?] 54& FAgctn L&A 9l
t}. PENKE o}A-fAH (opioid) FAAEM < 21737
2 AZUER AN FRgEA s 53], 7]Hel
E3}she Bt vlolE 1t % (embryonic mesenchymal
tissues)oll A Z&go] EJrh FA AT 218 T
82 A3 FYTHRosen 5, 1995). Fer#d PENK
p539] @ P Aol wkgsle] HE AME =
2e3 Ao BRaEI UrthMcTavish &, 2007).

A FAA Aol g Wk 2EEe §4
E %ok opg} A2 FHxEY WsE 2 A7
zZApste) olE fHxY] Uy WEE dwd sF
A APREF T 583 fExte] Aol e,
o] AAE FAAES 49 2-EEE 20009 F
AR 285 o] AEe Abd, 4 2 45
#dEo] ez B dAF ARE F &83ithd 7
Wotde e f10 We] 2 g E osfstet =
ool € Ao® AZEY. a8 E A7 2 Ay
Wede) glolx 83 WER E(biomarken)E 2T
=%ol & Alolth
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