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Histological Change of Uterus Endometrium and Expression of the Eggshell-related
Genes according to Hen Age
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ABSTRACT The eggshell is an intricate and highly ordered structure composed of multiple layers and a calcified matrix. The
eggshell is formed at the uterine segment of the chicken oviduct. In this study, histological changes in the uterine endometrium
and the expression of the eggshell-related genes were investigated according to hen age. We analyzed the expression of eggshell
protein-related genes, such as OCX-32, OCX-36, OC-17, OC-116, and eggshell-ion-related genes, such as CABL-1, SPPI,
SCNNIG, ATP2A2, CA2, and CALMI. In chicken uterine endometrium, histological deformation, fibrosis, atrophy and
elimination of micro-villi were found with increasing hen age. The concentration of blood-ion components did not significantly
change with age. The amount of telomeric DNA in uterine endometrial cells decreased with increasing hen age. The expression
of most of the eggshell-related genes changed significantly with increasing hen age. The expression of some ovo-proteins,
which play a role in eggshell formation, increased with increasing hen age; however, there were no significant correlations
among eggshell protein genes. Eggshell ion-related genes, such as ATP2A2, SCNNI1G, CA2, and CALMI, were closely related
to each other. The OCX-32 and OCX-36 genes were closely related to some of the eggshell ion genes. Eggshell protein-related
genes, such as the OCX-32, OCX-36 genes and ion-related genes such as CALB-1, ATP2A2, SCNNI1G, CA2, CALMI, affected
eggshell formation, mutually or independently. This study shows that, uterine although endometrial cell damage occurs with
increasing hen age, normal eggshells can be formed in old hens. This suggests that eggshell protein-and eggshell ion-related

genes also control the homeostasis of eggshell formation.
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Eo| Aol dojdtiHuntley and Holder, 1978; Ariyadi et
al., 2012). ?zte] 7432 95%2] calcium carbonate9} 5%2]
F7IEAR © gk Bgvtor Hzsn uwdl © v
2133} 20| th(Romanoff, 1949; Tyler, 1969). Yu¥t& o &
2t 672 Fo = FAE I, 7P QEEole dEkE
APH 02 Ae i o7 93 Thto] e ARE ¢
& zte] A3)glof| o Sk(Tyler, 1969; Pooley, 1979).
T 22 A a1 ofyel, JUgH
A 9 ke AR 2 Tkl Rl ol

FS ®ETtKRoland, 1979; Hill et al,, 1980; Peebles and
Brake, 1987; Williams, 1992; Suk and Park, 2001; Samli et al.,
2005; Akyurek and Okur, 2009; Jin et al., 2011; Roberts et
al., 2013; Lee et al., 2016). 32} A2 #Azte] 7} Ak
Al FAFAAEY T FEe AR HolA e Tzt
4L o] dial 28] | FHgahet], R o= Ca”,
Na', Vit D, PTH®} gonadal hormone 5°] WA a}lA gt
U g4 ik o] 2tiAl 3 Ca¥'olsd §-A= CABLI,
ATP2A3, TRPV6 50|, Na" & F22 SCNNIA, B, G %
SLCSAL 3 50] 38§32 2eld gon, trte] A3
sloll= Vit D 2 Ca*" 9] tiARE} PTH, 1.25 dihydroxyvitamin
D; 2 calcitonin 5-°] #odgtthar H 13kar 9ltkSoares, 1984
Bar et al., 1999; Dacke, 2000; Ingleton, 2002; Silverman, 2003;
Huang et al., 2006; Ramasamy, 2006; Talmage and Mobley,
2008; Bar, 2009). ‘2ol A3]sl= Ca*'o] @347t o] o
AP =9} WAger o] e, Ca¥' e AF W W2 (egg
shell gland)ol|A] 4] =0 W2t FAJof] Hofsht, BE
<> 3w 2E]a AR e ' o] T Bar, 2008). %7 &
St AT ER] FH| P E SV Ca¥'Y FEE St
Al7]a1, we] =4 3 g3} 7HollA estrogen-dependent-plasma-
Ca-binding protein FE|Z EAIAA Aldst= <t v$
=2 FEE A KGriffin, 1992; Walzem, 1996; Davis,
1997; Dacke, 2000; Bar, 2008). %Z}-& o2t oz}
0CX-32, OCX-36, OC-17, OC-116, Osteopontin 5] Tl
A2 FAEH, o] F OCX-32+ uterine specific protein
= dzfe] M358t 5l o) fzhd stoll 483tk 0CX-369] 7
T, Ao A et s gl 2 dzte] A3 lef] o] &
%31, OC-1162 F2h BT d = A 120~200 kDa2| sulfate
proteoglycan ©-& ovoglycan®]2til: 3ttt dAj o & hulz
of gt x4 £ 9 SNPe| A7t Ede] zgE 3 gl
TH(Horvat-Gordon et al., 2008; Uemoto et al., 2009; Bardet et

al., 2010; Gautron et al., 2011; Cordeiro et al., 2013).
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AR Sk 24413 AT 24 E ST (Model
Microrn STP 120, Thermo Fisher Scientific, Walldorf, Germany)
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Histostar, Thermo Fisher Scientific, Walldorf, Germany)Z ©|
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Telomere 3 2} #& f7d2) Od £42F 919
titative real-time polymerase chain reaction(qRT-PCR)= A]3}
stk o2 Sl MAE AP AP S o838l QlAamp”
RNA Blood Mini Kit(Qiagen GmbH, Hilden, Germany)Z=
RNAE F%3¢ &, cDNAE 331t} Real-time PCRE 9]
3t primer A2 primer-dimer’} B4FA] EEF Sk, refer-
ence gene(18S RNA) E telomere, Wz} A #A A=
B2 A ALZ St Table 1). Quantitative-PCR-2 real-

Table 1. The primers of telomere and eggshell related genes for the qRT-PCR

Genes Primer Sequence (5’~3’) Size (bp) Tm (C)
Forword GGCGGCTTTGGTGACTCTAG
18s RNA 148 60
Reverse ATCGAACCCTGATTCCCCGT
Tel Forword CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT 2% 60
elomere -
Reverse GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT
Forword AGAAGAGGACCACAGATTTTACGAA
0OCX-32 101 60
Reverse GATGGTCATGGGCAATATTTCC
Forword TTGCAGTGCCATCCCTGTTC
0OCX-36 200 60
Reverse CGGTCTGAATGATGGCATCG
Forword CGTTCTGCCGCCGTTGGG
0OC-17 96 60
Reverse CCCGCGACGCGTTGAGGA
Forword CCAGCTCTGAAGAAAAATACGACC
OC-116 117 60
Reverse TTGGCTTCTTGCTAGGAATGTCAG
Forword CCCCTTGGTGGTCAGTAAAT
CALBI1 213 60
Reverse CCCCAAGTGGGTATAGTTCG
Forword CCAGCTCTGAAGAAAAATACGACC
SPP1 200 60
Reverse TTGGCTCTTGCTAGGAATGTCAG
Forword TGGGACAAAGGCAGAAAATC
SCNNIG 141 60
Reverse GCCGAAGTTGGACAGAAGGA
Forword GCAGATTGCATATCTTTTGTGCTG
ATP2A2 200 60
Reverse CATTTCTTTCCTGCCACACTCC
CA Forword ATCGTCAACAACGGGCACTCCTTC 101 60
Reverse TGCACCAACCTGTAGACTCCATCC
Forword AAAGAGAATGTACTGGAGAGGCAGG
CALMI1 146 60
Reverse CCATGAGTGAACGACAGATAGATGG
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time PCR machine(Model LC480, Roche, Mannheim, Germany)
< o]8€3Fo] cDNA 5 pL(10 ng/uL), primer(5 pmol/uL) Z+2}
0.5uL, SYBR Green(Roche, GmbH, Mannheim, Germany) 10
uL, ddH0 5 pLE g°] #% volume©] 20 pL7} H=5 319
oh W& 95T 5% APt HE WA+,
95C 102 WA, 60T 302 AT, 72T 1023t A &<
403 WHEsPHA Fegsta, AAIRE 3% BUE S Tm
Zkel 272 LightCycler® 480 software v1.5(Roche Diagnostics,
GmbH, Mannheim, Germany)& ©]-83te] ¥4, 2+ &

AR A A A 7S Livak and Schmittgen(2001)°©]
AAE 2724 o 7 B3It Telomere 2 Wzt o
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Q1 2 “0gkE AABHTh
3. SHEA
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o] A B4 SAS A7 ]ﬂ(SAS Institute Inc., Cary, NC,
USA)2] ANOVA-one way procedureE ©]-8-3lc] A F
A gk 3o frede Asta, 7F A A 3 Hatgke]
H 3= Tukey "2 AT Ao w2 g4
FRAL EAGE o] FRIAE S BAIT1A19] Correlation
Procedure® ©] 83t FHATE 43k, ol Fod&
A stk
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Table 2. Concentration of ion components in chicken blood
according to hen age

A Ton

(&1

& Na* K clr Ca**
30w 151.0+£1.79 3434035 1182+2.14  22.1+2.61
60 w  151.943.09 3.58+0.38 116.5+2.88 22.5+2.63

The values are meantstandard deviations.
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Fig. 1. Microscopical morphology of uterus endometrium tissue
according to hen age
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Fig. 2. The relative amount of telomeric DNA in chicken
uterus cells according to hen age. The values are 2~ “““ which
indicates the fold change in gene expression relative to the
control. *® Values with different superscripts significantly differ
(P<0.05).
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Fig. 3. The relative expression values of eggshell protein genes
in chicken uterus cells according to hen age. The values are
27%%% which indicates the fold change in gene expression
relative to the control. *® Values with different superscripts
significantly differ (P<0.05).
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Fig. 4. The relative expression values of eggshell related ion genes in chicken uterus cells according to hen age.
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Table 3. The correlation coefficients among eggshell protein
genes

0CX-32 0C-17 0C-116
r 029888 027399  -0.09769
0CX-36
P 0.166 03432 0.7092
r 0.56296 0.13195
0CX-32
) 0.0567 0.6674
r -0.01555
0C-17
P 0.9579

r: correlation coefficient. p: p-value.

(Fig. 1). Hlgo] AR dol& 543 Az}, 3073 ol Bl
6050l A Ee] Hol7} felF oz sl ol 30
o] 79 Alxe] Fpo] sl Aol A o] Fo A

ﬁDA E‘E‘g# 3431 *,j‘}_éﬂ o]z} g2 b, 60 4

THMohammadpour et al., 2012). A}
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2009). Agel AN Tl P2 WAeE

o] o]Fslo] wzte] Rr|A gl HojFtER of
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$H) 5o 83
A whe dvlo] B vzt Bl frAse] U
P BAF A3, AN L) dAmeloje] BEP
/1% RAAZAN dsled w5} B B2
[ex]
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(Cho et al., 2005; Sohn and Subramani, 2014) Wb #4E
ARES] TS B 23, 3 B /Al
OC-177 OC-116 B &zt o] /791 SPP12 AFet oA
A 71dl BEo] e Ao g YERtt) Ovocleidin-17(0C-17)
L C-type2] lectin-like proteinC 2 Fz} F7]&3}o]| 9o
calcium carbonate] 3 2H-& A ste] Wz}t Zko] s w
bk TRAIA 7ol EbebA] AEehe AR &
##] 2tHReyes-Grajeda et al., 2004). Ovocleidin-116(0OC-116)
< A9 dermatan sulfate proteoglycan .2 25/ 44H A=
M oA HHE = Ao dHA 9 2 (Horvat-Gordon et
al., 2008), AbgollA] Hzte] F7]dstel] Hojsin, dh& ¢
Aehe Akt A 7)7bo)] @& 3itkar dch(Hincke et al., 1999).
SPP1(osteopontin)< ~Hd T AZ 27 9 I {FA &
& tiatell gt sl 419] osteopontin- W <} Hz}e] 7]
AT 73Sl SAlste ddRA, g Wl 2ol
oW whilF o] G EE A=st] 2bg WEle] 7|AA 3%

A3, 53

1

Table 4. The correlation coefficients among eggshell ion related genes

SPP-1 ATP2A2 SCNNIG CA2 CALMI
r 0.44363 0.36885 0.39635 0.28457 0.18184
CALB-1
p 0.0976 0.0912 0.0612 02112 0418
r 031034 0.292 0.3694 0.28403
SPP-1
p 0.2603 0.2725 0.1754 0.3049
r 0.90819 0.85622 0.70677
ATP2A2
) <0.0001 <0.0001 <0.0001
r 0.82915 0.70178
SCNNIG
) <0.0001 0.0001
r 0.74067
CA2
) <0.0001

r: correlation coefficient. p: p-value.
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Table 5. The correlation coefficients between eggshell protein genes and ion related genes

25

CALB-1 SPP-1 ATP2A2 SCNN1G CA2 CALMI
r 0.66821 0.44312 0.77159 0.76126 0.59548 0.44808
0CX-36
P 0.0004 0.0856 <0.0001 <0.0001 0.0017 0.0217
r 0.03841 -0.04394 0.82308 0.57831 0.96743 0.71107
0CX-32
p 0.8759 0.8867 <0.0001 0.006 <0.0001 0.0001
r -0.1778 0.43421 0.32794 0.40676 0.5309 0.2738
0C-17
p 0.954 0.1208 0.2524 0.1489 0.0508 0.3435
r 0.07577 0.33617 —-0.02445 —-0.2653 0.08198 —-0.12854
OC-116
p 0.7803 0.203 0.9284 0.2873 0.7628 0.6352

r: correlation coefficient. p: p-value.

o

33K Pines et al., 1994; Lavelin et al., 2002; Hincke
et al., 2008; Jeong et al., 2012). W2}A 1078 2] 4%, v
& AZ|R ARES 8R4 27] wiiEe] OC-17, OC-116 3 SPP1
frzte] o] Holx] e Fa & 7 vk 2 il
T 0CX-36 frAzel Wz} o] &3+ ATP2A2, SCNNIG,
CA2 A= Aol S71stel met fFxate] W&ol
oH oz F7IEIATE OCX-36 FEIF & P4l #dst
= TR QRO nAERRH AT BHodlTe 9%
< 3k, Alie] 95 98 B<t lipopolysaccharide(LPS)<}
lipoteichoic acid(LTA)2} Z23ste] W54 v EAE 5
kA7 9&-E 3(Cordeiro et al., 2013). OCX-36 2 OCX-
36 fr= Heol=v A3 WY vhg 24752 7,
0CX-36 fri= HEle| = AP Fe] A A ez 28
FtHKovacs-Nolan et al., 2014). EZf-Fol|A AZA = AE
Ul Ca* F&o] S FAlshetl A4 Vs she &
7|HO 2, ATP2A2E AFZA|E] AXA|oA Ca o] &<
o]l ol dTH(Briesemeister et al., 2010). 2FEA Q] Ca*
ATPase(ATP2Al, 2, 3)= AlEA W 442 Cases &
A= Ca” Fe Fhe 4TL ok Z o= ATP2A2
o] AF v& A7l Hla] ApgelA rh EE . Sl
SCNN1GE Na' channel 24 Ca®** m3to| #oJste} Na* )
o] Al &9 ©9(SCNNIA, 1B, 1G)E W3 2 7]E} A7)
of Hla] gl Hoh TR a1, 53] A Al E
oA Na' & -] Bojal= Aoz delA ThJoncheére
et al., 2012). Carbonic anhydrases II(CA2)= AFgA| Eol|A]
HCO; & 34ske 9&< It 2 AHAE o] F= HCOs
AFAe A2 AZ2E BEse Y COlA FEfistH,

carbonic anhydrases(CAs)= AFgA| o2 FH|5= HCO;
o tiate] CO9l Fujztg-S )l =, CA29] F8 d&2
wzte] B2 A A Al A cA2el <& AAE
HCO; &= W7 3432 flall AbgA| ez FH] e thFlemstrom
and Allen, 2005; Jonchére et al., 2012).

Wzt el g fAxp = g A3 A 0CX-
32, OCX-36, OC-17 2 OC-116 kel % =
ERA] e3tth OCX-32% Abs 5ol4 whilld 2 dzte] 7
7143} gl o5 ZpA sl z2hgato] o olEAe] HYS
Yola= ek ob, 2t FA A 713l 2H8-3tH Gautron
et al.,, 2001). OC-172] 7= AF3F i} o], Wz}t A
Al7]el calcium carbonate?] =5 ZAdte] W23 two] o
gFeta qbek Z7]ol @it A-&-gth(Reyes- Grajeda et
al., 2004). &k OCX-329F OC-17 2 OCX-36 FHA =
T AR A 713t A P A 93 mAe fAAk
2 AR, G @A ] YA R 2k AL
BRItk 7}t A o] 2/HAE 1F AETACA ATP2A2,
SCNNIG, CA2, CALMI1 37} 4ozt =& o] J4#s
golslitt. ATP2A2E AFSAHIE W 2FEA oA Ca®t o]
9] o), = FA 2 3ol 7]edstal, SCNNIGE Na'
channel 24 Ca*9}o] w3t 2 2 W] Nathalel] #ods)
H, CA2= A Al 24 HCOs & @dste] d2te] 77
Az}ol] B3t} FHH, calmodulin(CALM)S Ca*'e] F8
A TEEA Ca¥ AEHH S Alofsla, Al/dsHE-
ShrAl- A2 A Sl AT EER HESEES 243
THSun et al., 2001; Roberson et al., 2005). o]} Zo] &N
ANA AgH Aozl Zgd} Fetae] o5 Axe] 3
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