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ABSTRACT

Xenotransplantation of pig islet regarded as a good alternative to allotransplantation. However, cellular death 
mediated by hypoxia-reoxygenation injury after transplantation disturb success of this technique. In the present study, 
we produce transgenic pig expressing human heme oxygenase 1 (HO1) genes to overcome cellular death for improving 
efficiency of islet xenotransplantation. Particularly, Korean miniature pig breed, Micro-Pig, was used in the present study. 
Somatic cell nuclear transfer (SCNT) technique was used to produce the HO1 transgenic pig. Six alive transgenic 
piglets were produced and all the transgenic pigs were founded to have transgene in their genomic DNA and the gene 
was expressed in all tested organs. Also, in vitro cultured fibroblasts derived from the HO1 transgenic pig showed 
low reactive oxygen species level, improved cell viability and reduced apoptosis level.
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INTRODUCTION

Nearly 200 million patients over the world were suffered 
from diabetes (Emamaullee et al., 2005). Hopefully, recent 
clinical outcomes show us that islet transplantation is an alter- 
native and ideal therapeutic approach for treatment of diabetes. 
However, number of islet donor is too smaller than patients 
who wait for transplant. And this shortage is the major limiting 
factor for successful islet allotransplantation. As an alternative 
of this human to human transplantation, xenotransplantation, 
using the pig as the source of islets, is regarded as a potential 
solution to this problem.

Recently, several reports show that more than 6 months sur- 
vival of pig islets transferred to nonhuman primates (Cardona 
et al., 2006; Hering et al., 2006). Though, these results were 
far much better than other xenotransplantation research trying 
to transplant kidney, heart or any other organs, it is still not 
sufficient to use this technique in clinical cases especially for 
young patients who need treatment for their whole lifetime. 
One of the most biggest obstacles for successful islet trans- 

plantation is necrosis and apoptosis of transplanted islets induced 
by oxidative stress and other insults. It was reported that even 
in optimal condition, approximately 60% of transplanted islets 
were undergone apoptosis or necrosis.

Heme oxygenase 1 (HO1) is the rate-limiting enzyme in the 
heme degradative pathway that catalyzes the oxidation of heme 
into biliverdin, carbon monoxide (CO), and free iron (Katori et 
al., 2002; Maines, 1997). Previous reports show that HO1 is 
induced by cellular stress and shows antioxidant, antiapoptotic, 
anti-inflammatory, and immune modulating effect (Petrache et 
al., 2000; Stocker, 1990; Willis et al., 1996). Therefore, over- 
expression of HO1 may reduces damage of islet cells and 
improve viability of transplanted islets. It has been shown that 
overexpression of HO1 improve the viability and function of 
cells or tissues in in vitro culture or in vivo transplantation 
(Chen et al., 2007; Laumonier et al., 2008; Zhen-Wei et al., 
2007). Transgenic animals expressing HO1 has been reported 
in rodents (Braudeau et al., 2003; Maines, 2002) as animal 
models. Recently, our group reported HO1 expressed White 
Yucatan miniature pig (Yeom et al., 2012).
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In this study, we produce Korean miniature pigs (Micro-Pig, 
Medi Kinetics) expressing human heme oxygenase 1 using 
somatic cell nuclear transfer technique. We used cytomegalo- 
virus (CMV) promoter for overexpression of HO1 gene in 
whole body, therefore, expression of HO1 in each major organ 
of transgenic piglets was examined. The function of introduced 
gene in cultured cells derived from transgenic piglet was also 
examined as a preliminary study for xenotransplantation.

MATERIALS AND METHODS

1. Chemicals
All chemicals were obtained from Sigma-Aldrich Corp. (St. 

Louis, MO, USA) unless otherwise stated.

2. Animal Care and Use
For surrogate, mixed breed pigs were used. For collecting 

donor cells for somatic cell nuclear transfer, Micro-Pig pur- 
chased from MediKinetics (Pyeongtaek, Korea) was used. 
Gyeonggido Veterinary Service was responsible for breeding 
of the pigs in accordance with the Guide for the Care and Use 
of Laboratory Animals at Gyeonggido Veterinary Service, Korean 
Government.

3. Preparation of Porcine Fibroblasts
Ear tissue was obtained from miniature pigs. The tissue was 

washed three times in Ca2+— and Mg2+— free DPBS (Invitro- 
gen, Carlsbad, CA, USA) and minced with a surgical blade. 
The minced tissues were dissociated in TrypLE Express (In- 
vitrogen) for 1 h at 37℃. Trypsinized cells were washed once 
in DPBS by centrifugation at 1,500 RPM for 2 min, and seeded 
onto 100-mm plastic culture dishes (Becton Dickinson, Lincoln 
Park, NJ, USA). Subsequently, cells were cultured for 8∼10 
days in Dulbecco's modified Eagle's /Nutrient Mixture F-12 
medium (DMEM/F12; Invitrogen) supplemented with 10% (v/v) 
FBS (Invitrogen), 1 mM Glutamax I (Invitrogen), 25 mM 
NaHCO3, 1% (v/v) minimal essential medium (MEM) non- 
essential amino acid solution (Invitrogen) and 1%(v/v) Antibiotic- 
Antimycotics at 39℃ in a humidified atmosphere of 5% CO2 
and 95% air. After removal of unattached clumps of cells or 
explants, attached cells were further cultured to confluence. 
The cells were subcultured (at intervals of 4∼6 days) by tryp- 
sinization for 1 min. Trypsinized cells were allocated to three 
new dishes for further passaging, or stored in liquid nitrogen 

at —196℃. The freezing medium consisted of 70% (v/v) 
DMEM/F12, 10% (v/v) dimethylsulfoxide and 20% (v/v) FBS. 

4. Establishment of Human HO1 Gene Expressing Porcine Fibroblast
The human HO1 cDNA fragment was amplified from the 

HO1 cDNA pHHO1 by PCR. The pHHO1 plasmid was su- 
pplied from Seoul National University Hospital and the PCR 
primers were forward; 5’-TTAAAAGCTTATGGAGCGTCC- 
GCAACCCGA-3’ and reverse; 5’-TTAATCTAGAAAGAAG- 
GCCTTCCACCGG-3’. Human HO1 gene was inserted into Nhe 
I and EcoR I sites of pcDNA3.1 (Invitrogen), a mammalian 
expression vector. The plasmid was linearized by Sca I and 
introduced into primary pig fibroblasts, using Lipofectamin 
2000 (Invitrogen). Transfected cells were cultured in the pre- 
sence of 1 mM G418 for 2 weeks. The colonies isolated by 
picking were amplified and frozen for somatic cell nuclear 
transfer.

5. Preparation of Recipient Oocytes
Ovaries were collected from a local slaughterhouse. Cumulus- 

oocyte complexes (COCs) aspirated from 3 to 6 mm diameter 
of follicles were cultured in tissue culture medium-199 (TCM- 
199, Invitrogen, Carlsbad, CA, USA), supplemented with 10 
ng/ml EGF, 0.57 mM cysteine, 0.91 mM sodium pyruvate, 5 
μg/ml insulin, 1%(v/v) Pen-Strep (Invitrogen), 1 mM of dibu- 
tyryl adenosine 3',5'-cyclic monophosphate (dbcAMP), 0.5 μ
g/ml follicular stimulating hormone (FSH), 0.5 μg/ml luteni- 
zing hormone (LH) and 10% porcine follicular fluid at 39℃
in a humidified atmosphere of 5% CO2. After culturing for 22 
h, COCs were washed then cultured again in medium without 
dbcAMP, FSH and LH. At 38 to 42 h of maturation culture, 
oocytes were freed from cumulus cells by repeated pipetting in 
0.1% hyaluronidase.

6. Somatic Cell Nuclear Transfer
For somatic cell nuclear transfer (SCNT), a micromanipula- 

tion system (NT-88, Nikon-Narishige, Japan) attached to an 
inverted microscope (TE-2000, Nikon Instrument Korea, Korea) 
was used. After maturation culture, cumulus-free oocytes were 
placed in porcine zygote medium (PZM)-5 (Suzuki et al., 2007) 
supplemented with 2.5 μg/ml cytochalasin D and 25 mM 
Hepes. The first polar body and adjacent cytoplasm, presum- 
ably containing the metaphase-II chromosomes, were removed 
with beveled micro-pipette. Enucleation was confirmed by stai- 
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Table 1. Primer sets used for PCR and RT-PCR

Gene Primer sequence (5’-3’)
Annealing

temperature (℃)
PCR fragment

size (bp)
NCBI accession

number

HO11 F:ATGGAGCGTCCGCAACCCGACAG
R:TCACATGGCATAAAGCCCTACAG

62 867 X06985

ACTB2 F:CATCACCATCGGCAACGA
R:GTTGGCGTAGAGGTCCTTCCT

62 147 U07786

1 Homo sapiens heme oxygenase 1, 2 Sus scrofa actin beta.

ning with Hoechst 33342 (5 μg/ml) during manipulation. Single 
fibroblast donor cell with a smooth surface were selected under 
a microscope and transferred into the perivitelline space of 
enucleated oocytes. These couplets were placed in a pulsing 
medium for 1 min and transferred to a chamber consisting of 
two electrodes overlaid with pulsing medium. The pulsing 
medium was 0.26 M mannitol solution containing 0.5 mM 
HEPES, 0.1 mM CaCl2 and 0.1 mM MgSO4. Couplets were 
fused with a single 1.5 kV/cm DC pulse for 60 μsec using 
electro cell fusion generator (Nepagene LF101, Ichikawa, Chiba, 
Japan). Couplets were washed then incubated in PZM-5 for 1 
h. Fused couplets were selected under microscope and artificial 
activation was performed. Activation of fused oocytes was in- 
duced by cultured with 0.2 mM thimerosal for 10 min, washed 
then additional cultured with 8 mM dithiothreitol for 40 min. 
Thimerosal and dithiothreitol were diluted in PZM-5 medium 
supplemented with 2.5 μg/ml cytochalasin D and 2 mM 6- 
dimethylaminopurine.

7. Embryo Transfer and Pregnancy Diagnosis
SCNT embryos at 1 to 4 cell stages were loaded into a 

sterilized 0.25 ml straw (Minitüb, Germany) in a laboratory 
and kept in a portable incubator (Minitüb) during transportation 
and taken out just before transfer into recipient. An estrous- 
synchronized recipient was anesthesized and one oviduct was 
exposed by laparotomy. The embryo-loaded straw was put direct- 
ly into the oviduct of the recipient and embryos were injected. 
Recipients were checked for pregnancy by transabdominal ul- 
trasound examination on Day 30 after embryo transfer.

8. Polymerase Chain Reaction (PCR) and Reverse Transcription-PCR
Total genomic DNA was extracted using G-spin Genomic 

DNA Extraction Kit (iNtRON Biotechnology, Korea) follow 
supplier’s instruction. Total mRNA was extracted using easy- 

spin Total RNA Extraction Kit (iNtRON), and cDNA was 
synthesized using Maxime RT Premix (iNtRON) follow su- 
pplier’s instruction. The PCR amplification was carried out 
using Maxime PCR PreMix (i-StarTaq). Primer sets and anneal- 
ing temperature used in this study was summarized in Table 
1. Amplified PCR product was visualized under UV light on 
1.5% agarose gel in 1 × TAE buffer (iNtRON) containing 1 
μg/ml ethidium bromide. The intensity of each bad was scanned 
and quantified using ImageJ software (National Institutes of 
Health, Bethesda, MD, USA). Expression level of mRNA was 
represented as the ratio of gene to β-actin.

9. Treatment of Cell Inducing Reactive Oxygen Species or Apoptosis
To induce reactive oxygen species, fibroblasts were cultured 

with 0.01% hydrogen peroxide for 30 min. To induce apop- 
tosis fibroblasts were cultured with 10 μg/ml cycloheximide 
for 15 h.

10. Measurement of Reactive Oxygen Species
The level of reactive oxygen species (ROS) was examined 

using dichlorohydrofluorescein diacetate (DCHFDA). After 
treatment of hydrogen peroxide, fibroblasts were cultured with 
10 μM DCHFDA for 30 min. After incubation, single cells were 
harvested using TrypLE Express (Invitrogen). Level of ROS 
was analyzed by Flow Cytometry (FACSCalibur with Cell Quest 
software, Becton Dickinson, Rutherford, NJ) at 485 nm. For 
each sample, 10,000 events were recorded. In histogram, region 
was devided into 2 groups, R1 & R2, based on the highest peak 
value obtained from HO1 transgenic group (Fig. 4). Histogram 
plots were created and proportion of cells in each experimental 
regions was calculated using WinMDI software (Version 2.5, 
Joseph Trotter).

11. Measurement of Cell Viability
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Fig. 2. PCR analysis of human heme oxygenase 1 transgene integration in transgenic piglets. (a) genomic DNA analysis of transgenic 
piglets born from surrogate 55-1. Lane 1, 1kb marker, Lane 2; hHO1 expression vector, Lane 3-7; skin tissues from transgenic 
piglets; (b) genomic DNA analysis of transgenic piglets born from surrogate 44-2. Lane 1, 1kb marker; Lane 2, hHO1 expression 
vector; Lane 3, wild type pig skin tissue; Lane 4, transgenic pig skin tissue; Lane 5, wild type pig fibroblast; Lane 6, transgenic 
fibroblast (donor cells) used for pig cloning.

(a)

(b)

Fig. 1. Photograph of cloned transgenic piglet expressing human 
heme oxygenase 1. (a) born from surrogate 55-1, (b) born 
from surrogate 44-2.

After treatment of hydrogen peroxide, fibroblasts were addi- 
tionally cultured for 3 h then harvested using TrypLE Express 
(Invitrogen). Harvested cell were resuspended in DPBS then 
mixed with same amount of 0.4% tryphan blue. Total cell 
number and blue-stained cell (dead cells) number were counted 
using a hemocytometer (Marienfeld GmbH, Marienfeld, Ger- 
many) and viability of cells was calculated.

12. Measurement of Apoptosis
Apoptosis were analyzed using Vybrant Apoptosis Assay Kit 

#2 (Molecular Probes, Eugene, OR, USA) follow supplier’s 
instruction. Briefly, harvested cells including floating cells 
were stained with Alexa Fluor 488-annexin V conjugate then 
analyzed with flow cytometry (FACSCalibur with Cell Quest 
software, Becton Dickinson, Rutherford, NJ) at 488 nm. Pro- 
portion of apoptotic cells were calculated using WinMDI 
software (Version 2.5, Joseph Trotter).

13. Statistical Analysis
All data were subjected to one-way ANOVA followed by 

Tukey’s test using Prism software (Version 5.0, GraphPad Sof- 
ware, San Diego, CA, USA) to determine differences among 
experimental groups. Statistical significance was determined 
when the P value was less than 0.05.

RESULTS

1 Production of Human Heme Oxygenase 1 Transgenic Piglets
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Fig. 3. Expression of the human heme oxygenase 1 (HO1) transgene in various organs from transgenic cloned piglet (surrogate: 44-2). 
(a) Representative gel photograph after RT-PCR amplification. Lane 1, Heart; Lane 2, Lung; Lane3, Liver; Lane 4, Spleen; Lane 
5, Kidney; Lane 6, Pancreas; Lane 7, Gonad (Testis); Lane 8, Skin. (b) Expression level of the transgene in each organs normalized 
against actin beta (ACTB) expression.

Fig. 4. Flow cytometry histogram of induced reactive oxygen species (ROS) after treatment of hydrogen peroxide. R1, R2: Divided regions 
used for ROS analysis (See also Table 3) 2 regions were divided based on the highest peak value of HO1 group; Control: 
no treatment of hydrogen peroxide; HO1: human heme oxygenase 1 expressing fibroblast derived from transgenic piglet (surrogate: 
55-1); Normal: fibroblast derived from wild type piglet.

In total 893 SCNT embryos were transferred to 10 surrogate 
pigs. Among them 4 surrogates were detected as pregnancy. 
One pregnant (3-1) was terminated by cesarean section at 35 

d of gestation to obtain transgenic fetal fibroblast for further 
study. Among the other 3 pregnant, 2 surrogates (55-1 and 
44-2) delivered 6 live and 6 dead piglets, respectively (Fig. 1). 
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Detailed embryo transfer records were shown in Table 2.

2. Heme Oxygenase 1 Expression in Transgenic Piglets
All lively born transgenic piglets has HO1 gene in their 

genomic DNA (Fig. 2). Detailed HO1 expression levels in 
heart, lung, liver, spleen, kidney, pancreas, gonad, and skin 
were examined with tissues obtained from autopsied piglet. 
HO1 was expressed in all organ examined (Fig. 3a). Espe- 
cially, expression was well founded in tissues from heart and 
skin (Fig. 3b).

3. Antioxidant Effect of HO1 in Fibroblast derived from Transgenic 
Piglet

Treatment of hydrogen peroxide induces significantly higher 
level of ROS both in normal and HO1 transgenic fibroblasts 
compared to untreated control. However, level of ROS in nor- 
mal fibroblast shows significantly higher level. Detailed events 
recorded in each region were founded in Table 3. Cell viability 
after treatment of hydrogen peroxide treatment was also sig- 
nificantly reduced in both normal and HO1 transgenic fibroblast 
compared to untreated control group (Fig. 5, 86.2±1.0). Between 
normal and HO1 transgenic fibroblasts groups, HO1 groups 
show significantly higher viability than normal fibroblast group

Table 2. In vivo development of cloned HO1 transgenic embryos 
transferred to surrogates

Surrogate Embryos
(n) Pregnancy Delivery

(day of gestation)

 3-1 120 Yes 4 fetuses were retrieved
(35 d)

55-1 93 Yes 5 live & 3 dead piglets
(117 d)

 4-1 105 No -

25-4 86 Yes Abortion (75 d)

10-4 95 No -

13-3 89 + 28 
parthenote No -

44-2 58 + 20 
parthenote Yes 1 live & 3 dead piglets

(112 d)

30-2 73 No -

25-1 96 No -

 2-2 78 No -

Table 3. Level of reactive oxygen species induced by H2O2 
exposure in fibroblast derived from normal or heme 
oxygenase 1 transgenic piglets (surrogate: 55-1)

Regions in Histogram (Also see Fig. 4)

R1 R2

Control 81.6±1.0a 18.4±1.0a

Normal fibroblast 49.3±2.5b 50.7±2.5b

HO1 transgenic 34.9±2.1c 65.1±2.1c

a∼c different superscript represent significantly differences.

Fig. 5. Cell viability of fibroblasts derived from normal or heme 
oxygenase 1 transgenic piglet after treatment of hydrogen 
peroxide. Control: no treatment of hydrogen peroxide; HO1: 
human heme oxygenase 1 expressing fibroblast derived 
from transgenic piglet (surrogate: 55-1); Normal: fibroblast 
derived from wild type piglet. a∼c Different superscripts 
marked on top of bars in graph means significantly di- 
fferences.

(71.7±1.1% vs. 65.7±1.6%, respectively).

4. Antiapoptotic Effect of HO1 in Fibroblast derived from Transgenic 
Piglet

Fig. 6 shows that treatment of cycloheximide induces signi- 
ficantly higher level of apoptosis in normal fibroblasts compared 
to untreated control cells (10.0±0.5% vs. 4.5±0.2%). However, 
there is no significantly difference of proportion of apoptotic 
cells was found between untreated control cells and cyclohexi- 
mide treated HO1 transgenic cells (4.3±0.6%).

DISCUSSION
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Fig. 6. Proportion of apoptotic cells after treatment of cyclohexi- 
mide (10 μg/ml for 15 h) in fibroblasts derived from normal 
or heme oxygenase 1 transgenic piglet. Control: no treat- 
ment of hydrogen peroxide; HO1: human heme oxygenase 
1 expressing fibroblast derived from transgenic piglet (sur- 
rogate: 55-1); Normal: fibroblast derived from wild type 
piglet. a,b Different superscripts marked on top of bars in 
graph means significantly differences.

Within the pancreas, islets are richly oxygenated by a glo- 
merulus-like microvasculature that forms an intra-islet portal 
system. However, during islet isolation, this vasculature is 
completely disrupted and hypoxia was occur in islets. This 
hypoxic state is continues during in vitro culture and even 
after transplantation, accordingly, oxygen tension and blood 
perfusion remain lower for at least 1 month.

Hypoxia-reoxygenation is a complex process that generates 
a high level of ROS. ROS can alter most type of cellular 
molecules and also damaging cell membranes. Especially, is- 
lets appear to be more vulnerable to this oxidative injury than 
other tissues because they express low level of antioxidant 
enzymes (Tiedge et al., 1997). In addition, it was well known 
that ROS were also activate a number of signaling pathways 
involved in apoptosis. Therefore, we hypothesized that transge- 
nic expression of antioxidative gene or antiapoptotic gene will 
reduce islets damage from ROS induced by hypoxia-reperfusion 
during transplantation. Several studies that improve islet graft 
function by overexpression of antioxidant gene (Lepore et al., 
2004; Mysore et al., 2005), or antiapoptotic gene (Emamaullee 
et al., 2005), encourage us to produce transgenic animals for 
xenotransplantation of islets.

HO1 is known as ubiquitous stress protein shows both anti- 
oxidant and antiapoptotic effect. Initially, HO1 degrade heme 
into biliverdin, CO and iron. Biliverdin is subsequently reduced 

into bilirubin, a powerful antioxidant. Also, iron upregulates 
the expression of ferritin which also protect cells from ROS 
mediated injuries (Balla et al., 1992). On the other hand, pro- 
duction of CO, an anti-inflammatory molecule, reduces apoptosis 
by blocking pro-inflammatory cytokines (Pileggi et al., 2001). 
Therefore, we choose HO1 as an ideal molecule for xenotrans- 
plantation of islets.

To produce genetic modified pigs, we used transfection, 
somatic cell nuclear transfer and embryo transfer technique. As 
reviewed previously, this protocol is more rapid and relatively 
inexpensive procedure compared to traditional method for trans- 
genic animals using microinjection and breeding. In present 
study, we produce 6 live piglets from 786 cloned embryos 
reconstructed with porcine fibroblast transfected with human 
HO1 gene. In PCR result, all piglets have human HO1 gene 
in their own genome. Piglet delivered from surrogate 44-2 was 
dead 10 days after born due to bacterial and fungal infection. 
However, no congenital disorder was detected in gross findings 
during autopsy and micro-pathological findings. Tissue samples 
from major organs of transgenic pig were obtained during 
autopsy and further used for RT-PCR analysis. In RT-PCR 
result, human HO1 gene was well expressed in all tested organs. 
Especially, expression of HO1 is relatively high in heart and 
skin. In pancreas, HO1 gene was also well expressed, therefore, 
we hope that our transgenic pigs improve efficiency of islet 
xenotransplantation.

Function of human HO1 gene in transgenic piglets was also 
examined. As a preliminary study for islet transplantation, we 
analyzed the effect of human HO1 gene in fibroblasts derived 
from transgenic piglets. As we hypothesized, to improve islet 
xenotransplantation, antioxidant effect and/or antiapoptotic effect 
of transfected human HO1 should be confirmed in transgenic 
piglets. To examine antioxidative effect of HO1, we treat hydro- 
gen peroxide, a powerful member of ROS family, on fibroblasts 
derived from both normal pig and human HO1 transgenic pig. 
As expected, in HO1 expressing cells, level of induced ROS 
in cells were significantly lower than normal cell group (Table 
3 and Fig. 4). Accumulation of ROS induces both necrosis and 
apoptosis. Consequently, high level of ROS in normal cells 
group resulted in low viability compared to HO1 transgenic cells 
group after treatment of hydrogen peroxide (Fig. 5). Therefore, 
expression of HO1 in transgenic pig will protect cellular 
injuries mediated by oxidative damage in xenotransplantation.

In addition to oxidative damage, apoptotic cellular death after 
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transplantation is also mediated by inflammation induced cyto- 
kines. Therefore, antiapoptotic effect of HO1 transgenic cells 
also evaluated. In present study, we treat cycloheximide on 
porcine fibroblasts to induce apoptosis. Cycloheximide is known 
as to induce overexpression of several pro-apoptotic genes in- 
cluding c-myc, c-fos, c-jun, and p53. These pro-apoptotic genes 
contribute significantly in transducing the apoptotic signal. After 
15 h treatment of cycloheximide, proportion of apoptotic cells 
was significantly higher compared to non-treated control. How- 
ever, in HO1 transegnic cells, proportion of apoptosis after 
treatment of cycloheximide is similar to untreated-control cells 
(Fig. 6). Therefore, present study shows that expression of HO1 
is effectively reduce apoptosis signal in transgenic animal. We 
expect that this effect also very helpful for xenotransplantation.

One of superior properties of xenotransplantation over allo- 
transplantation is simplicity for genetic modification. Benefits 
from HO1 transgenic pigs, such as antioxidant and antiapoptic 
effect as shown above, is hardly obtained in allotransplantation. 
We planned further in vivo xenotransplantation study using our 
transgenic pigs and hope that our pigs also show same antioxi- 
dant and antiapoptotic effect after transplantation. However, one 
of possible problems is expression level of HO1 in islet cells. 
Fig. 3 show that mRNA expression level of HO1 in pancreas 
was less than half of HO1 expression in skin. Fibroblast, used 
in present study, was originated from skin, therefore, effect of 
transgenic HO1 possibly reduced in islet cells in pancreas. After 
few months, our transgenic piglets grow up to proper age, we 
can clarify this by analyze pancreatic tissues obtained from the 
pigs.

In conclusion, 6 healthy Micro-Pig miniature pigs expre- 
ssing human HO1 was born. Transgenes were well expressed 
in all organs tested. Fibroblasts obtained from transgenic piglets 
show antioxidant and antiapoptotic effect in vitro.
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