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Intestine Ischemia/reperfusion Induces ER Stress and
Apoptosis in Miniature Pigs
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The miniature pig is a very suitable donor species in xenotransplantation of human organs. Intestine ischemia/
reperfusion (I/R) is associated with high morbidity and mortality. Endoplasmic reticulum (ER) stress and apoptosis has
been associated with the onset of diverse diseases. Thus, we examined the effect of intestine I/R on the expression of
ER stress and apotptosis related molecules. In the present study, I/R induced phosphorylation of protein kinase-like
endoplasmic reticulum kinase (PERK), IRE, and ATF-4. I/R also increased the expression of the proapoptotic transcription
factor CAAT/enhancer-binding protein homologous protein (CHOP). In addition, I/R decteased the expression of Bcl-2,
but increased the expression of Bax, cleaved PARP, and cleaved caspase-3. Moreover, I/R increased splicing form of
XBP-1 mRNA and the expression of caspase-6 and caspase-3 mRNA. In conclusion, intestine /R induced ER stress

and apoptosis in miniature pig.
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Reverse transcription and polymerase chain reaction
(RT-PCR)0f| 2|8t mRNA &3 w3 79

Z# RNAE TRI A9 (Molecular Research Center,
Cincinnati, OH, USA)& ©]-&-38le] F&3}ich. o HApgt
2 42TCoA 60%7 4 pg RNA 2 200 U murine
leukemia virus transcriptase (GIBCO BRL Life Technologies,
Gaithersburg, MD, USA)°] 373 20 WS AAsih
PCR T&2 5 plo] IAAPS AHE, Zzte] primer (10

[}
B0 Fuhg FR3Ne] HAL FEAT)

pmol), 1.25 U Taq polymerase (Promega, Madison, W1, USA)
R 1 mM dNTPE ©]-&38t3itt 95Tl 382 27] vf
% Fol, 95C (18), 55T (18) E 2T (1= 74
H 30 FF cydesS HAIBIG o™ 72TAA 1083 HF
extensionS A A|3IHA T PCR AHEE2 ethidium bromide
& &3 2% agarose gel 1 X TBE buffero] H719%
8tlct. §o| primer sets<> o]7] 427 cDNA AE25
E] AZHE 1t} caspase-3 mRNA: [5-GCTGCAAATCTCA-
GGGAGAC-3 (sense primer) [5-GGCAGGCCTGAATTA-
TGAAA-3 (antisense primer); XBP-1 mRNA: [5-TTACG-
GGAGAAAACTCACGGC-3] (sense primer) [5-GGGTCC-
AACTTGTCCAGAATGC-3] (antisense primer);, caspase-6
mRNA: [5-ACTGGCTTGTTCAAAGG-3] (sense primer)
5-CAGCGTGTAAACGGAG-3'] (antisense primer); GAPDH:
[5-ATTGCCCTCAACGACCACT-3"] (sense primer) 5-GGCC-
TCTCTCCTCCTCGC-3' (antisense primer).

Western immunoblotting
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= o83t 247 60 pgol sampleES 8% SDS-PAGE
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A28 A* 4] Enhanced Chemiluminescence (ECL) A]2FS
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Fig. 1. Effect of intestine ischemia/reperfusion injury on the
expression of ER stress related proteins in the miniature pigs.
Superior mesenteric artery of miniauture pigs were ligated with
hemostat forceps to induce ischemia/reperfusion injury (ischemia
30 min plus reperfusion 1 hr or ischmia 1hr plus reperfusion 1 hr,
respectively). Then jejunum of small intestine was sampled and
western immunoblotting was conducted as described in "Material
& Method'. B-actin was used as a control.
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Fig. 2. Effect of intestine ischemia/reperfusion injury on the
expression of apoptosis related proteins in the miniature pigs.
Superior mesenteric artery of miniauture pigs were ligated with
hemostat forceps to induce ischemia/reperfusion injury (ischemia
30 min plus reperfusion 1 hr or ischemia thr plus reperfusion 1 hr,
respectively). Then jejunum of small intestine was sampled and
western immunoblotting was conducted as described in 'Material
& Method'. B-actin was used as a control.
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Fig. 3. Effect of intestine ischemia/reperfusion injury on the
expression of ER stress and apoptosis related genes in the miniature
pigs. Superior mesenteric artery of miniauture pigs were ligated
with hemostat forceps to induce ischemia/reperfusion injury
(ischemia 30 min plus reperfusion 1 hr or ischmia 1 hr plus reper-
fusion 1 hr, respectively). Then jejunum of small intestine was
sampled and western immunoblotting was conducted as described
in 'Material & Method'. GAPDH was used as a control.

A BAE formo] F7FetE AR YERGT (Fig 2).
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ER stress®] Al 7}A] F4 ¥ %2 PERK, IRE-1 alpha, &
ATF6Z 42 Qith o] PERKE A4 oo 9)x)8t
type 1 transmembrane serine/threonine kinase® AE#H A A
gstoll Al Bip G2 2E 32 = o] eIF-2 alphal &4
3} AlA wkgo] #eldit} (Schroder & Kaufman, 2005).
¥ IRE1S XBP-1 mRNAS #38 (splicing)A| 7 &4 0)
Y& XBP-1 9HARE UdE ¢ JEF 3o} (Kaufiman
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Caspaset™ A|&E]Q] Tl ghe) Feld &ope
THEAE 2T 12717 €8A glew, o 7kl
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o] 27181t} Bel2: W EEE=olr} AlolEHE CE
EH8HA] RetES JAFGO 2N caspased] EAZE A
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S A& Yri 3T Men et al, 2010; Nakka et
al,, 2010). Grootjans 5 2010y 2% S /AAF =dof
A} Paneth A|XE9] APHALZ} ER stress #Hed ghulze] &
A8l FA7F YA st £ AT 2FHE A &
FiL itk 28R o2 A Y/AAF /349 ER stress
FE v 2 oapoptosis T FHE L] Wd o] FU13)
Rt olg$t Afe FF FaERe] g o)EFTAY
Ueld ¢ sl s1g/ARF S8 dojd F Sle
B Aghy Wglel dig MAe ATE Ao g
o] g},
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