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Study on recent status of development of genetically modified animals developed not for
food purposes

Osamu Nakajima®, Hiroshi Akiyama and Reiko Teshima

Genetically modified (GM) animals can be classified into two groups, those developed for food purposes and
those developed not for food purposes. We investigated the recent status of development of GM animals developed
not for food purposes. Among the GM animals developed not for food purposes, GM fish, chickens, and pigs were
selected because many articles have been published on these organisms. Relevant articles published between 2008
and 2011 were surveyed using PubMed and transgenic fish, chicken, or pig as keywords. Then, studies on organisms
that could potentially contaminate the food chain with products from these GM animals were selected and analyzed.

Fifteen articles on GM fish were found. These articles were classified into four categories: bioreactor (n=4),
resistance to microorganisms (n=6), resistance to environmental stresses (n=1), and detection of chemicals (n=4).
Zebrafish were used in 8 of the articles. Six, three, and three articles were reported from Taiwan, Canada and China.

Seven articles on GM chickens were found. These articles were classified into two categories: bioreactor (n=5),
and resistance to pathogens (n=2). Two articles were reported from Japan and Korea, each.

As for GM pigs, 43 articles were found. These articles were classified into three categories: xenotransplantation
(n=36), bioreactor (n=6), and environmental cleanup (n=1). Nineteen, seven, six, and five articles were reported
from USA, Germany, Korea and Taiwan, respectively.

Understanding the recent development of GM animals produced not for food purpose is important for assuring the

safety of food.

Keywords: GM fish and animal, food chain, bioreactor, xenotransplantation, resistance to microorganisms
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Table 1 Summary of GM fish developed not for food purposes
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Categories Kinds of fish xpresse recom. {rant profeins Nations Years References
(Function)
tilapia humanized insulin Canada 2008 1
) tilapia humanized insulin Canada 2010 2
Bioreactors — } .. R
tilapia humanized tilapia insulin Canada 2011 3
zebrafish tilapia insulin-like growth factors-1, 2 Taiwan 2011 4
zebrafish tilapia hepcidin2-3 Taiwan 2010 5
zebrafish epinecidin-1 Taiwan 2010 6
Resistance to zebrafish bovine lactoferricin Taiwan 2010 7
microorganisms zebrafish tilapia hepcidinl-5, shrimp chelonianin Taiwan 2011 8
rare minnow rare minnow Mx-like protein China 2009 9
microalgae bovine lactoferricin-DsRed fusion protein Taiwan 2009 10
Resistance to
Vit illa h lobi ist; to 1
environmental zebrafish fhreoscita emogvo in (resistance to low China 2011 11
concentration of oxygen)
stresses
medaka GFP (detection of estrogen) Japan 2008 12
hori in-GFP fusi tei
medaka ¢ orlogemn. sion profetn Bangladesh 2008 13
Detection of (detection of estrogen)
chemicals lucif _GFP fusi tei
Jebrafish uciferase G fusion protein USA 2008 14
(detection of mercury)
zebrafish GFP (detection of estrogen) China 2010 15

Abbreviation: Discosoma sp. red fluorescent protein (DsRed), green fluorescent protein (GFP)
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Table 2 Summary of GM chickens developed not for food purposes
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Categories Products / Characteristics Nations Years References
h granulocyte-colony stimulating factor Korea 2008 16
h erythropoietin Japan 2008 17
Bioreactor h follicle-stimulating hormone Israel 2009 18
h erythropoietin / Fc Japan 2010 19
h erythropoietin Korea 2010 20
o di ush Iutinin. . .
Newcastle disease v1@s emagg utinin nfeuramlnldase protein USA 2008 21
) (resistance against the virus)
Resistance to pathogens — — -
shRNA inhibiting avian influenza virus polymerase UK 2011 2
(suppression of influenza transmission)

Abbreviation: human (h), small hairpin RNA (shRNA)
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Table 3 Summary of GM pigs developed not for food purposes (Xenotransplantation)

Kinds of GM pigs (Experiments) Nations Years References
GT-KO, hCD46 (transpl. of hearts to primates) USA 2008 23
GT-KO, hDAF (transpl. of organs to baboons) USA 2008 24
(sposar f PRMCs & PAECs o humanor baboon s usa | 200 s
HLA-DR15+ (transpl. of skin to mice) Taiwan 2008 26
HLA-DR15+ (transpl. of skin to mice) Taiwan 2008 27
HT (characterization of cartilage) USA 2008 28
hDAF (exposure of PAECs to human sera) Taiwan 2008 29
PERV-specific shRNA (knockdown of PERV expression) Germany 2008 30
hA20 (examination of PAECs & hearts) Germany 2009 31
hCD59/hDAF/h thrombomodulin Germany 2009 32
porcine CTLA4-Ig, GT-KO/porcine CTLA4-Ig USA 2009 33
GT-KO, GT-KO/hCD46 (transpl. of islets to monkeys) USA 2009 34
si RNA against gag and pol PERV genes USA 2009 35
hDAF, GT-KO (transpl. of kidneys and hearts) USA 2009 36
multi-transgenic (examination of PERV expression) Germany 2009 37
HLA-E/human beta 2-microglobulin (examination of lymphoblasts and endothelial cells) Germany 2009 38
hCD55, hCD59, hCD46 (exposure of skins to baboon sera) Spain 2010 39
GT-KO, hCD46 (examination of PBMCs) USA 2010 40
hCD59 Korea 2010 41
hHO1/hCD39/hCD73 Italy 2010 42

hDAF (+) ,hDAF (+) /hHO-1 (+) ,hDAF (+) /hHO-1 (—) .

(exposure of PAECs to monkey sera) Taiwan 2010 3
GT-KO, GT-KO/hCD46 (transpl. of kidneys to baboons) USA 2010 44
GT-KO/hCD46 (transpl. of hearts to baboons) Germany 2010 45
GT-KO, GT-KO/hCD46 (transpl. of livers to baboons) USA 2010 46
GT-KO (exposure of liver cells to human or baboon sera) USA 2010 47
GT-KO, hCD46, hTFPI (exposure of PAECs to baboon sera) USA 2010 48
GT-KO, GT-KO/hCD46 (transpl. of livers to baboons) USA 2010 49
GT-KO/hCD46 (transpl. of livers to baboons) USA 2011 50
GT-KO, hCD55, hCD59, hCD39, hHT (transpl. of kidneys to baboons) France 2011 51
hCD46 (transpl. of hearts to baboons) Germany 2011 52
GT-KO, GT-KO/hCD46 (examinaton of mesenchymal stromal cells) USA 2011 53
Soluble h tumor necrosis factor- a receptor 1-Fc Korea 2011 54
hCD47 (transpl. of B-lymphoma cells to mice) Unknown 2011 55
GT-KO (perfusion of lungs with human blood) USA 2011 56
Unknown (exposure of fibroblasts to sera or plasma from humans or baboons) Spain 2011 57
hDAF, hTFPI-hCD4 fusion protein Korea 2011 58

Abbreviations: al, 3-galactosyltransferase knock out (GT-KO), human (h), complement regulatory (CD), decay acceleration factor
(DAF), H-transferase (HT), human leukocyte antigen (HLA), porcine endogenous retroviruse (PERV), cytotoxic T lymphocyte-associated
antigen (CTLA), heme-oxygenase (HO), tissue factor pathway inhibitor (TFPI), porcine aortic endotherial cell (PAEC), peripheral blood

mononuclear cell (PBMC), transplantation (transpl.)
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Table 4 Summary of GM pigs developed not for food purposes (Bioreactor, Environmental cleanup)

Categories Products (Experiments) Nations Years References
h factor IX (pharmacokinetics in rats) Taiwan 2008 59
h granulocyte-macrophage colony stimulating factor Korea 2008 60
. h factor IX (analysis of N-glycan) USA 2008 61
Bioreactor
h von Willebrand factor Korea 2009 62
h erythropoietin Korea 2009 63
h lysozyme China 2011 64
Environmental cleanup Phytase (analysis of manure) USA 2008 65

Abbreviation: human (h)

Table 5 Summary of GM fish, chickens and pigs developed not
for food purposes

Nations GM animals developed not for food purposes

fish chicken pig Total
USA 1 1 19 o
France 1 )
Germany 7 p
Spain 5 5
Taiwan 6 5 0
Korea 2 6 3
Italy 1 I
China 3 ) 1
Canada 3 3
Bangladesh 1 I
Japan 1 2 3
Israel 1 .
UK 1 .
Unknown 1 .
Total 15 7 23 o5
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