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ABSTRACT

Follicular cystic ovary (FCO) is one of the major causes of reproductive failure in cattle. Genetic alterations affect
the function of diverse cells and/or tissues, which could be present in cystic ovaries. A microarray analysis was
performed to screen differential gene expressions in follicular cystic follicles of cattle. In this study, we hypothesized
that follicular cysts may be induced by changes in ion- and transporter-related gene expression. Microarray data
showed that fibrinogen-gamma (FGG) and low density lipoprotein receptor-related protein 8 (LRP8) were up-regulated,
while choline transporter-like protein 4 (SLC44A4), very long-chain acyl-CoA synthetase homolog 2 (SLC27A5),
annexin 8 (ANXAS), and aquaporin 4 were down-regulated in follicular cystic follicles. A semi-quantitative RT-PCR
was carried out to validate DEGs altered in follicular cystic follicles. Of six DEGs, three DEGs (FGG, SLC44A4,
and aquaporin 4) showed a positive correlation between microarray and semi-quantitative PCR data. We focused on
FGG, among three DEGs, which was highly up-regulated in follicular cystic follicles. The FGG mRNA was up-
regulated by 8.4-fold and by 1.7-fold in the bovine follicular cystic follicles as judged by microarray and RT-PCR
analysis, respectively. However, there was no significant changes in the expression level of FGG protein in both folli-
cular cystic follicles and granulosa cells isolated from follicular cystic follicles by Western blot analysis. Although
this study does not reveal a positive correlation between the mRNA and protein level, FGG appears to be an important
biomarker in the discrimination of follicular cyst from normal ovary,
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N B E& Wg8AZE 4 92vi(Hauptmann 5, 2002; Osterberg &
2006), GEFE JA A HEE AYY 5 AL Ao
5o WY Fol 2 F dadES 4 57 }91 73 o AT A7lA 29 daed IRAL JE A-SHMESY
EHE 7L s F 2 F9 sho]tiChoe 5, 2006). ‘d2 S5t G Atoldl R Wstrt A2 A tHLingenfelter
FES dad] o 73 93] oy ”27} P4 > 2008).
B, 109 ©14 A7 25 mm °]3e] M@ Ex e dxst & T ATAAE ol & FEA Fo wsr g2y 1
A&THLucy F, 1992). dadEe GRS PAGFoE % o259 HIE sl YRHEES 2T 5 UL A
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< GHASE B4 A e d28 B 248 5l
A2k mRNASH T 282z gelstgo

= EE5Y2ERE 3550
L dae AE glel
phosphate buffered saline (PBS)E A& 3t & A &317 28] o]
%} -3 9] RNAlater (Qiagen GmbH, Hilden, Germany)°l &7}
4T A 12417 o] Btk EHE Al S9lA RNAlater
Z AAT T -80TE &7 RNA ¥4 43F A7kA] B33t
ok @ BAE das AL A pBSel @7t 48 A7)
A LRtk GG FE TEAUA H5E dhY Hejst
X Bysa 238 IAs FEIEHChoe 5, 2008).

2. HEENZE T

18G FAHE <l 23 10 ml FA71Z 37 5~10 mm9
24 dE e} 25 mm ol GEGEA G dxN-g 7zt
4 A 70 gm filterE 0183t GAE A AT
1087k 800xg & A4 F2)ste] 454 A ASIATh NHe-Tris
22=A)(Sigma, St Louis, MO, USA) 10 mlZ ¥ #3183t
F 587 800xg 2 AAEEE AFNS A WS 33
HHEsle] 7 EE 93 @ A AAZAHChae 5, 2009). ¥
fE ZPEZHEE RNA ¥ gl BN A85 At

3. Djo|2Z0{3|0] £4
GATYH UE P 242 P2 RNAS 239 &

Table 1. Bovine-specific primer sequences used for RT-PCR

cRNAE #Ast3 A3 3, EXH cRNA 10~15 pg2 ¥
A 89 (fragmentation buffer, Affymetrix Inc, CA, USA)2.2
35 bpol Al 200 bp7hA] EHAIZTE THEC}R] cRNA, ¥4
9 2 RNA #3] Z47) gl Z(RNase free water)S 0.2 ml
PCR tubed] Y3 94TeA 3587 ¥h3-2 FEsich 24
¥ cRNAE GeneChip® Bovine Genome Array Chips(Affyme-
trix)& °]&38te AEAL] HAE o) we} APS AP
t}. @ ol(array)E- streptavidin-phycoerythrin complex& 7}
AT PHE ¥ GeneChip Operating Software(Affymetrix, CA,
USA)Z =& Z7 34 GeneChip scanner 3000(Affymetrix)
£ ol&3ty 2ty U AEdg B vlolAz oY
o] 49 A #AFL MY nlo] 2ol 231 Hagency of
Affymetrix Gene Chip, Seoul, South Korea).

4. HEH AX™MSEEAFTEEIS(ORT-PCR)

Total RNAE TRlzol(invitrogen, Carlsbad, CA, USA)S At
S3to] FAH GEFES Bolk v Y E TP U
X FY 2Ho2HE F2HA FE € total RNAE Super-
script preamplification system(Invitrogen)¥} oligo(dT)& ©]&
3t ¢DNAZ 3= Th FA4E cDNAE &(bovine)ol] 57
o g ZL-3h primerg ©]&3te FTE3HAHTable 1). 5
EAEE A71MQ £4E F3td FdstAch 7 KA
mRNA #3#F2 glyceraldehyde 3-phosphate dehydrogenase
(GAPDH)S] &z oz - vx #Asgch

5. AAEES 24 (Western Blot Analysis)
ax ot YA AToA a9 g TEE §Ad)
A5ty dzdEst 48 AA3Ath AEE D-PBSE A2

Gene symbol GenBank accession Nos.

Primer sequences (5°~3")

Expected size (bp)

Sense: CATTGGTGGAGATGCTGGAG

FGG NM_173911 Antisense: TTCCATGTGGCCCAAATAA 276
Lres NM_001097565 Ao CACGGAGATOGTCTIOTTGE 510
SLCsAd NM_ 001083442 Amtsanse: GGACATQTAGTAGGGCCGGT 248
sLC27AS NM_001034567 Amtsnse: CACGTOCTOGTACAGECTCT 553
AN NM_176241 Ao GANTCCTOTCCAGGTAGECG 22
Aquaporin 4 NM_181003 Sense: TTCCCTAAAATACATGCAAGA 491

Antisense: TAATTCATGGAAATCAACCAC
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% 1.5 ml FEo &3] &A(lysis buffer; RIPA buffer, Cell sig-
naling technology, Danvers, MA, USA)S o] ¥4 351tk
FAE ZAES 4°CellA 3087 videt F 13,000 rpm (16,609xg,
Micro 17TR, Hanil, Korea)o]A] 4 CollA 3087 Q22 A1A
oh QAR F AEAE A2 1.5 ml FEE &7 Bradford
protein assay(Bio-Rad, Hercules, CA, USA) Aj¢F& o]&-3}q]
AEstch gk 9E 50 pugd 7 Lo Wi 8% SDS-
PAGEY A 7194 39 polyvinylidene fluoride(PVDF) mem-
brane(0.45 xm, Millipore, Bedford, MA, USA)l A7 |GEH ¢
WA-S 27, blocking £%(5% fat-free milk and 0.05% Tween
20 in TBS), 13} 3}A|(Anti-fibrinogen 7, Santa Cruz Biotech-
nology, Inc., CA, USA), 23} | (Anti-goat IgG-HRP, Sigma,
St Louis, MO, USA)E At 2 A&t = ¢4l A enhanced
chemiluminescence(ECL Plus kitELPIS, Taejeon, Korea)E ©|
£-3te] AR4AYd 9EE SFAN T IYENE FA8 Y
th Z iAol WEEE Boacting] LEEOR JY . ¥l

248t

6. AN B4 W d YgX9| Xe

AY Aol FASE £42 Student's rtestE 183k
A7 fA4E HAFALP<0.05), AASE Hd+R
AR BAS .
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ol& % E9] olF FolZ 25 mm o] & YFA U
7h AT S g Aolghe 7HE el vlola R el o] #4
€ AAstd GEEEAY dEAA WEEHE FHJE F 9
< % aFAe 28E fAAE AEsT 7 ool o) W
85 54 ANdifferentially expressed genes; DEGYE ]1] ]
T fA%Z 2F8el(log2’=1) Fa AT 25 mm o] 49}
ZAA 1,852709) FAAE AASALH, T F 9347E F
7HE 91870 E 2T ol B FEA e #AY FAA
= Sk fRARN9347N) F 857M, 918709 & KAz F

35708 SRR EEJTE DEG & dEYEAAM FE8A|
A WstE = AR} fibrinogen gamma polypeptide(FGG, 8.4
7B, low density lipoprotein receptor-related protein 8(LRPS,
8.081 371, choline transporter-like protein 4(SLC44A4, 4.6}
72, very long-chain acyl-CoA synthetase homolog 2(SLC
27AS5, 449 7)), annexin 8(ANXAS, 64 74 % aquapo-
rin 4(7¥ )& A3 tH(Table 2). Aol v)a) G g
ojgolell A Z7Hup) A a(down)dhe ol ¥ FiA AH &

AAE FAA £42(Gene ontology) BE A& Ealod A
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Table 2. lon- and transport-related genes regulated in follicular
cystic follicles

GenBank Fold
Gene name (Gene symbol) accession Nos. change
Fibrinogen, gamma
NM_173911 +8.4
polypeptide (FGG) -
Low density lipoprotein re- XM_585204;
ceptor-related protein 8 XM_865091; +8.0
(LRPB) XM_874961
Aquaporin 4 NM_181003 -7.0
Annexin A8 (ANXAR) NM_174241 -6.0
Choline transporter-like pro-
NM_001083442. -4,
tein 4 (SLC44A4) 00108 ! 4.6
Very long-chain acyl-CoA
synthetase-related protein NM_001103273.1 -44

(SLC27A5)

7 5% e v(www.godatabase.org), & FAAES A4 7
& F72 ol AYES T 4 AUtk FGGS LRP8ES T4
ol &xzte] Afe] #H3 53], LRPEE & &/del 3o
gl Aquaporin 45 B AEEAM F43 I8 9 dx
P BAAste Ao 4o AUvh ANXASS ZF o]
2 AA A Ago] FHaigit). SLC44A49} SLC2TASE ©l2 4
FEA ¢ B dE AR EFEHY oFF FEs EA14
e dEA AA Fok

H5lE 20|E= DEGS HE

& DEG 670 g AFH q4dxANEE
mRNA 28 W3E A539) vloja
Zojdlo) BAolA Z718h= DEG 27M(FGGS LRPY)S} 7ha
8l DEG 47J(SLC44A4, SLC27AS5, ANXA8 ¥ aquaporind)
£ A% dANSTEL 9y 5 o A 2
%, "to]ZZeoo] A} FUSIA FGGE HEFEA B
A1 mRNA @80l 73.5+13.5% 5718t 5 3, SLC44A4%} aquapo-
ring HEYES FEANA 27} 69.0+10.0%, 36.7+7.6% i
89 thn=5, p<0.05, Fig. 1AS} 1B). 713 £ W3lE B9 FGG
of dial FrHARl oY) 3y 9 dx Ay diidy T2
k=

-
>
I
olo
o
fiu

3. HRARe B wE

1A gdEAU EAste dFady F2E 33k
5~10 mmo GEAAM AFHE FEAF 25 mm ]G] GE
A AHE AN HHadY FEE ST A9, 4
7} 44.5+1.3 mg/d1$} 53.6+7.8 mg/dlE BYTh f-AAS 24y
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Fig. 1. Expression and validation of fibrinogen in follicular cystic
follicles. (A) RT-PCR products for FGG, LRP, SLC44A4,
and SLC27A5 from bovine follicles. Their mRNA expression
levels were normalized to that of GAPDH. Normal and cyst
represent normal follicles and follicular cystic follicles. (B)
Expression level of FGG, LRP, SLC44A4, and SLC 27A5
derived from normal and follicular cystic follicles. Each bar
represents meantSD of five experiments. The asterisks in-
dicate a significant difference from the control value ob-
tained for normal follicles (p<0.05). (C) Western blot ana-
lysis of fibrinogen in bovine follicular cystic follicles. N and
C represent normal and follicular cystic follicles. (D) The
bar graph shows normalized protein levels of fibrinogen
in follicular cystic follicles. The expression levels were
normalized to [S-actin. Each bar represents mean+SD of
five experiments.

st AT YHE ¥ TN dfrade $E7F F9
o2 A Jetdtin=7, p<0.05). o1 L& HslE o
A FEAA FAdsAeh dfad @Y 2HL AA G2 E

A2y

ez AAEATh Fig. 1CoA BoFE= vie} 7o)

I GxdEAd GEAM EdEE A4 BE 7 A
ot Fdg 2d vt oid o 2 FYE Bk ofd Y
AoME F7HE od AMAAM e ZAE Btk 4 /HAE
Fate] £ HEld A3, dEGEAY dxAA HAR4ad @
W] ok W e AT F fUthp>0.05, Fig. 1D).
“ae dEZRE AYEZAEE Bastd deidy 2y
o5 g WstE AEAEATh A G2 AHFATAAME
A9 mRNASH @ o] FZEJUA T G FEA
GEZRE I5E FHSZAEANAME HRLYS mRNA F
do] dA3] ol gelo] o#fIrhFig. 2A). T THL &
AR weae gy g4A GASJAT AMAne} zpo] 7t 9l
o el vis] BAHLE FoJF o]E HolA] Astthp>
0.05, Fig. 2B9} Fig. 2C).
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Fig. 2. Expression of fibrinogen in granulosa cells isolated from
bovine follicles. (A) RT-PCR products for FGG in granu-
losa cells isolated from normal and follicular cystic follicles.
The mRNA expression level was normalized to that of
GAPDH (B) Fibrinogen protein expression in granulosa
cells. The expression levels were normalized to (-actin.
(C) The bar graph shows nommalized protein levels of fibrino-
gen in granulosa cells isolated from normal and follicular
cystic follicles. Each bar represents mean+SD of three
experiments.
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