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Effects of Lipopolysaccride-induced Stressor on the Expression of Stress-related Genes
in Two Breeds of Chickens

In Surk Jang, Sea Hwan Sohn and Yang Soo Moon'
Department of Animal Science and Biotechnology, Gyeongnam National University of Science and Technology, Jinju 660-758, Korea

ABSTRACT The objective of the present study was to determine the expression of genes associated with lipopolysaccharide
(LPS)-induced stressor in two breeds of chickens: the Korean native chicken (KNC) and the White Leghorn chicken (WLH).
Forty chickens per breed, aged 40 weeks, were randomly allotted to the control (CON, administered the saline vehicle) and LPS-
injected stress groups. Samples were collected at 0 and 48 h post-LPS injection, and total RNA was extracted from the chicken
livers for RNA microarray and quantitative real-time polymerase chain reaction (QRT-PCR) analyses. In response to LPS, 1,044
and 1,193 genes were upregulated, and 1,000 and 1,072 genes were downregulated in the KNC and WLH, respectively, using
a>2-fold cutoff change. A functional network analysis revealed that stress-related genes were downregulated in both KNC and
WLH after LPS infection. The results obtained from the qRT-PCR analysis of mRNA expression of heat shock 90 (HSP90),
3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR), activating transcription factor 4 (ATF4), sterol regulatory element-binding
protein 1 (SREBP1), and X-box binding protein 1 (XBP1) were confirmed by the results of the microarray analysis. There was a
significant difference in the expression of stress-associated genes between the control and LPS-injected KNC and WLH groups.
The gqRT-PCR analysis revealed that the stress-related HSP90a and HMGCR genes were downregulated in both LPS-injected
KNC and WLH groups. However, the HSP70 and HSP90B genes were upregulated only in the LPS-injected KNC group. The
results suggest that the mRNA expression of stress-related genes is differentially affected by LPS stimulation, and some of the
responses varied with the chicken breed. A better understanding of the LPS-induced infective stressors in chicken using the qRT-
PCR and RNA microarray analyses may contribute to improving animal welfare and husbandry practices.

(Key words: LPS infection, stress, microarray, gene expression, chicken)
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Table 1. The primer pairs used to analyze gene expression by real-time RT-PCR and size of products

Genes Primer Sequence (5°~3’) Size (bp) Tm (C)
Forward TCCTCTGCTTTGTATTTCTCTG
HSP70 145 60
Reverse ATGCTAATGGTATCCTGAACG
Forward GGAGAAGTTACCAAGCGATT
HSP90a 133 60
Reverse CAGAAGATGAAGAAGAGAAGAAGA
Forward GCAGGACAGTAGGTGAGT
HSP903 113 60
Reverse GAGGCAGAGCAAGATGAAG
Forward TCAGAGCGTAAGACCTAAC
HMGCR 84 60
Reverse TGTAGTAATGGCGAACCTAA
Forward AGTGGATGTTCTGGAAGGT
ATF4 76 60
Reverse CTCTTTCTCTGACTTGGTGAT
Forward TCTGCTGGATGCTGGTAG
XBP1 89 60
Reverse AGGTATGGTCAGTGTCAAGA
Forward GATGGTCGCAGTGGCTGT
SREBP1 97 60
Reverse GGCTCCCCGTAGACAAAGA
Forward TAGGATACACAGAGGACCAG
GAPDH 133 60
Reverse AACTCATTGTCATACCAGGAA
Forward CAGCAATGGGCAAGAAGA
RPL27 81 60
Reverse GCATCAGGTGGTTGTAGTT
Table 2. Total number of differentially expressed genes (DEG) in LPS infected chickens
Items Up-regulated gene number = Down-regulated gene number Total DEG Total expressed genes
Control vs. LPS (KNC) 1,044 1,000 2,044 32,773
Control vs. LPS (WLH) 1,193 1,072 2,265 32,773

*A 2.0 fold difference in gene expression was set at cutoff value.
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Table 3. Information on the expression of stress related-genes with up- and down-regulated genes in the liver using RNA microarray

in Korean native chicken and White Leghorn challenged to LPS

Accession no. Breed Genesymbol Gene function I;;)tigj c}l::rllze
Stress related genes

NM_ 001008458 KNC BRE Brain and reproductive organ-expressed (TNFRSF1A modulator) 1.73 3.31

NM 001031144 KNC CCDC98  Coiled-coil domain containing 98 1.30 2.46

XM 417715 KNC EYA3 Eyes absent homolog 3 (Drosophila) 1.11 2.16

NM_ 001030962 KNC MYD88  Mpyeloid differentiation primary response gene (88) 1.30 245

NM_ 204304 KNC PDCD4 Programmed cell death 4 (neoplastic transformation inhibitor) 1.38 2.60

NM 001030943 KNC RIPK2 Receptor-interacting serine-threonine kinase 2 3.16 8.96

NM 001011691 KNC TLR3 Toll-like receptor 3 1.81 3.51

NM 001010842 KNC HSP25 Heat shock protein 25 1.52 2.86

NM_ 001006685 KNC HSPA2 Heat shock 70kDa protein 2 1.01 2.02

NM 204289 KNC HSP90B1  Heat shock protein 90kDa beta (Grp94), member 1 - 1.66 3.16

NM 204485 KNC HMGCR  3-Hydroxy-3-methylglutaryl-Coenzyme A reductase -1.13 2.19

NM 001008458 WLH BRE Brain and reproductive organ-expressed (TNFRSF1A modulator) 1.78 3.44

NM 001030962  WLH MYD88  Myeloid differentiation primary response gene (88) 1.65 3.14

NM 204304 WLH PDCD4  Programmed cell death 4 (neoplastic transformation inhibitor) 1.27 2.36

NM 001030943 WLH RIPK2 Receptor-interacting serine-threonine kinase 2 3.79 13.83
NM 001011691  WLH TLR3 Toll-like receptor 3 1.86 3.62

NM_ 001010842  WLH HSP25 Heat shock protein 25 5.11 34.62
NM 001031430  WLH SYK Spleen tyrosine kinase -1.02 2.02

NM 204289 WLH  HSP90B1  Heat shock protein 90kDa beta (Grp94), member 1 -1.19 2.29

‘A 2.0-fold difference in gene expression was set as a cutoff value.
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3. Microarry?} gRT-PCR H|m24

Microarrayo| Al SEE A5 #3387 St A=
A AE2] microarray Ho]E] ¢} qRT-PCR Z¥#E H|wst
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E2 39| HJ=o Aol= UAAIR microarray2] 232} gRT-
PCRE] ZA#e} fAFe 78S Btk ohet ghaxje Al ]
SREBP19] 7%+ microarray$} qRT-PCRE] #-2]3} Ahdte

ADE Bt =g Aol A HSP90RS] 73 LPS A2
o W2 fold change”} 1.57°|A 5k, tZ279) 222 W3]
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go] 2ol 1912 (P>0.05), wekA] microarray2] 0.79 fold
change} 2 el zlolg AA LAY & gldct o
2 WLHo A HSP90B(0.85 vs. 2.93)2] 7% BA14 f-2lAdo]
Qe Aoz JeRKP<0.05), LPS Aol <J3] HSP0B <]
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Table 4. Comparison of microarray and real-time RT-PCR analyses of some selected genes (KNC-C vs KNC-LPS)

Real-time RT-PCR*

Microarray
Item Control 48 hr P-value™
Fold change ACE -AAc ACH 9-AAC

HSP90a 0.88 7.35+0.15 1 10.13+0.17 0.15 <.0001

Stress HSP90B 0.51 -0.27+0.52 1 -0.92+0.19 1.57 0.1145
related genes

HMGCR 0.46 5.69+0.34 1 6.641+0.26 0.52 0.0181

ATF4 0.89 5.51+0.35 1 7.22+0.43 0.31 0.0060

ER Stress XBPI 1.19 6.40+0.28 1 5.98+0.36 1.34 0.1881
related genes

SREBP1 0.93 8.984+0.26 1 8.3440.11 1.57 0.0169

*The values (means, n=5) are ACt, which is represented as the Ct of each target gene corrected by Ct of the control gene (RPL27).
The fold difference in the relative expression of the target gene was calculated as the 274,

#Student’s #test between ACt values (control vs. 48 hr) of real-time RT-PCR.

*Fold changes (KNC-LPS/KNC-C).

Table 5. Comparison of microarray and real-time RT-PCR analyses of some selected genes (WLH-C vs WLH-LPS)

Real-time RT-PCR*

Microarray

Item Control 48 hr P-value™

Fold change" ACH y-AAC ACH -G
HSP90a 0.79 8.4320.55 1 8.1540.13 122 04318
Stresgse;:lated HSP90B 0.85 ~0.3040.26 1 ~1.85+0.51 2.93 0.0093
HMGCR 0.63 4.93+0.73 1 6.47+0.68 0.34 0.0550
ATF4 0.85 5.8040.55 1 6.64+0.33 0.57 0.0904
rj;:ejt;fes XBP1 0.71 434023 1 6.89+0.27 0.17 0.0002
SREBP!I 0.63 8.1720.12 1 11.20£0.17 0.12 <0001

*The values (means, n=5) are ACt, which is represented as the Ct of each target gene corrected by Ct of the control gene (RPL27).
The fold difference in the relative expression of the target gene was calculated as the 2~ <,

#Student’s #-test between ACt values (control vs. 48 hr) of real-time RT-PCR.

"Fold changes (KNC-LPS/KNC-C)

nmlg 7Ha S Btk Al Alol Al HSP 90a2t = AR AR Hll Blgto olE fAAES] T
HMGCR®] #4 @& LpS 79 2E# 20 A5 &= Fo] A S7138 A3HAn et al, 2012)8 B 2EF 20|
AS HAFUT o3t Ao= RAW264.7 ATl A LPS o o W e ~Efzacld wat A}
el oJgk HMGCR®] -4} & 2] 7+4x(Kobori et al., o7} A& T UnT BAFIUh MEFFE] ~EHANER
2007)<} 5] macrophage A EF(MQ-NCSU)el| LPSE = Eg|2)oll- ATF4, XBP1, SREBP1-2 3lo] E#2&00A micro-

SA71H 2Eg 2 el o] Wdd $ QAR d ~Ed) array®} qRT-PCRO|A ¢} o] o5 FHAES] Tde] o
2% LPS A AlZoA olE FxEe] Eds AN A=s Ae A5tk 22y kAl e Aol A= ATF4RE
th= Ea(Miller and Qureshi, 1992)9} A3kt 18y microarray 2} qRT-PCROA] E5F 2 B3 & HG o, LPS

SAS DA I(LALAEY A) B2498 HMGCRZF HSP9O o ol&l dgkS x| GAKXBPI) 238 S7HSREBP)S}H
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S BT ER AEH A9 ATE HY slo|Ed 1
&2 LPSell oal &XA WAl dojub= unfolded protein
response(UPR) S A FA3IA] e Z o7 Ho|w a=a)
A AEY 2E o Ui o2 UPR A=
AAA Gl A Ao J3FS n|A £ 98-S HoFuh

r}o{ rr

4. st=ExlEhA|I2L sto|Er|aEolA Zedof| wE AR
A A7t FEXES| gRT-PCRE 0|26 &hal 1|l - 24
st Al Al o sho] EF L&l LPS A2 4841 & 31
22 #3lo] total RNAS F+Z&3lo] qRT-PCRS A A 6191 o
), 2E#| 2~ A% F1452] 4] Z 3= Table 60 AAE
viel 2} LPS Ae] & fxEe] i HSP700] KNC-
LPSel| 4], HSP90B7F WLH-LPSOl|A] =4 & =] ATHP<0.05).
HSP709] 7%, %3} LPS L0l t& A5 2-g gy} &
2] Q) 2 LH(P<0.05), HMGCR-2 5 &3t LPSol| 2]3t 2
28] gle Ao Hol HMGCR &l 23k 7+ 2b
k& ¢ gtk Al Aloll 4] HSP702 LPS X
2] Zof thxTrol] Hlate] oF 2.5u) oA} =L WEHS HYo
Ll WA g g B 0l oS JERIITE HSPYO
a= Al ANA LPSel 9fdl] W I s Helo
u, Sto| B 1EE tixT¢} 2lo] & HolA| ettt HSP9O
BE F FF EF LPS 7ol g3l =2 Id Fs B
LPSel] T3l A ¥kg-3h= viA frAte] 7hs S Bl
ol Al Al el ©lg HSP709] 52 a2, WAL
o A3} 2 A ~EF A (Beloor et al., 2010; Sohn

et al., 2012)9} 22 A aE Ho] FUARE, 2 Al ] HSP9O
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E ATE A AKNC) L WA E ZE(WLH)NA] i-
popolysaccharide(LPS) Y ~Ed 27| He] £530 ~E
g2 A RS EAd v A= P Bl - A}
1A+ AAEQTE FAIAE Uitz A Azt
LPS(H )& B4l Fodk & A1ZK0, 48 hr) 2 A =d
ZF R = HE 2F 2275 #5}aL, microarray 2 quantitative
RT-PCR(qRT-PCR) ¥4 33tk Aol w2 f-xxF &
o] S B, KNC(HZT)9F KNCol LPSE A 23t 2§
(KNC-LPS)E Hlugh A3, thx thn] 26 o] f-2d2ke]
o] 2713l At £ 1,04470, o] A g4
212 %Ft 1,0007# Atk WLH(H 275 WLH-LPS$} H] 1L
gk A, FrAte] wdo] Sk fAAke] e 1,19371,
18 ﬂx}/] £ 1,072709 ek LPS A elol| u}
Py E-9] microarray T& ol ~EZ|
T 35T A gasslen,
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Table 6. Effects of strain and LPS challenges on mRNA expression of stress-related genes in the liver using qRT-PCR in Korean native

chicken and White Leghorn

Treatment#
Significance (P-value)
KNC WLH Pooled
Item
Non-LPS LPS Non-LPS LPS SE Strain  LPS Interaction

ACt — 274%¢ ACt — 274%¢ ACt — 274aa ACt  274ac ®) © (S*L)
HSP70 7.72+0.22 1 6.39+0.39 2.51 6.77+0.82 1 9.51+0.31 0.15 0.20 0.01 0.04 0.0001
HSP90a 7.35+0.15 1 10.13+£0.17 0.15 8.43+0.55 1 8.15+0.13 1.22 0.14 0.0001 0.0004 0.002

HSP90B -0.27+0.52 1 -0.92+0.19 1.57 -0.30+0.26 1 —1.85+0.51 2.93 0.16 0.07 0.001 0.09

HMGCR  5.69+0.34 1 6.64+0.26 0.52 4.93+0.73 1 6.47+0.68  0.34 0.22 0.17 0.004 0.38

“The values (means, n=5) are ACt, which is represented as the Ct of each target gene corrected by Ct of the control gene (RPL27).
The fold difference in the relative expression of the target gene was calculated as the 2724,
The level of probability for statistical difference was considered at P<0.05.
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