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SUMMARY

I. Title

Molecular analysis of abnormal Implantation and placenta in cloned bovine and mouse

II. Purpose and Necessity of the Research

Somatic cell nuclear transfer (SCNT) has been used to clone several mammalian
species including sheep, cattle, goats, pigs, rabbits, mice, horses, mules, and cats. Several
adult somatic cell types, including mammary gland cells, oviduct epithelial cells , cumulus
cells, mural granulosa cells, muscle cells, uterine epithelial cells, and fibroblasts were
used to produce these clones. However, the overall efficiency for this technique remains
low because only limited proportions (0.5-5%) of the reconstructed embryos could
develop full-term. Optimization of the SCNT procedures would, presumably, directly
improve cloning efficacy for production of transgenic animals and other purposes. With
the development of gene targeting and cloning technologies by nuclear transfer (NT)
from cultured somatic cells, they have been applied to express some foreign proteins in
transgenic animals. One of the more promising approaches to the large-scale production
of recombinant proteins has been the secretion of proteins into the milk of transgenic
mammals. One very promising approach to increasing the efficiency of creating a herd of
animal bioreactors with improved recombinant protein expression is through nuclear
transfer technology.

With the advent of transgenic technology, the production of valuable human
therapeutic proteins in animals was proposed as a high—quantity, low-cost alternative to

the use of chemical synthesis, or microbial and mammalian cell culture expression
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systems. There is predicted to be a worldwide shortage of production capacity in the
next few years, as a result of the increasing number of human-protein therapeutics
under development. Many pharmaceutical proteins are currently produced in microbial
fermentors because they can be grown easily at any scale, but bacteria and yeasts
cannot perform the posttranslational modifications that are required for the full biological
activity of some human therapeutic proteins. Many potential therapeutic proteins require
specific posttranslational glycosylation modifications that occur in vivo for their activity.
Mammalian cell bioreactors can perform complex posttranslational modifications but are
expensive, both in set up and running costs. In addition to the absolute requirement for
specific glycosylations for the function of some therapeutic proteins, proteins that are
normally glycosylated might have shorter half-lives in the blood and could be antigenic
or immunogenic if not correctly modified. Most research and development has been
focused on protein production in milk or eggs, although blood, urine and seminal plasma
are also being considered as routes for the expression and collection of pharmaceutical
proteins.

A wvariety of human proteins have been expressed in the milk of several species of
animals, including insulin-like growth factor 1 in rabbits, al-antitrypsin in sheep,
antithrombin III in goats, a-lactalbumin in cows and protein C in pigs. Although the
concept of transgenic animal bioreactors has been under development for nearly 20 years,
the first advanced clinical trials are only now underway. The enzyme n-glucosidase from
the milk of transgenic rabbits has been successfully used for the treatment of Pompe's
disease in infants. Several biotechnology companies are developing protein therapeutics
produced in milk. GTC Biotherapeutics, Inc. (http://www.transgenics.com) is at the most
advanced stage of product development, with recombinant antithrombin III undergoing
review for market authorisation in Europe for the treatment of hereditary antithrombin
deficiency. Recombinant C1 inhibitor for the treatment of hereditary angioedema, produced
in transgenic rabbit milk, is in phase II and III clinical trials by Pharming Group N.V.

(http://www.pharming.com).



Tissue plasminogen activator (t-PA) is a 70 kDa serine protease which plays a
central role in the fibrinolytic system to disrupt life threatening clots that can form in
the vasculature. Currently, t-PA is the “gold standard” of thrombolytic therapy, and is
primarily used in the treatment of acute myocardial infarction.

Goat has a value as a important agricultural animal to provide meat, wool
and fur and a laboratory aniamal in the field of medicine and basic sciences.
However, the biotechniques such as transgenesis and nuclear transplantation in
goat 1s not well established yet for application to improvement of economic trait
or experimental purpose. Present obstacle for the utility of transgenic technology
in rabbit is the low efficiency of transgenic cloned goat production resulted in
improper conditions of gene transfer and unsettled procedures for embryo
manipulation. The increase in efficiency of transgenic cloned rabbit production
would allow to apply transgenic technique to animal biotechnolgy industry.

This project was designed to develop the efficient system of transgenic cloned
goat production by establishment of nuclear transfer and huamn tPA gene fused
to [i-caisein promoter as transgenes for this study. As this project progresses,
techniques for the production of transgenic cloned goats will be established and
efficiency of transgenic goat production will be improved to provide transgenic

technology for biotechology industry and other applied research fields.

III. The contents of the Research

The goal of this research is to establish transgenic cloning system in dairy goats.

To achieve this goal, the contents of this project are as follows;

1. Development of expression vectors for dairy goats and production of transgenic
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cloned embryo
1) Establishment of IVM and IVF of goat oocytes
@D Oocyte production of Korean native goat ovaries derived from slaughter
house
@ Establishment of IVM of Korean native goat oocytes
@ Establishment of IVF of Korean native goat oocytes
@ Freezing storage of goat semen for the IVF
2) Cloning of human tPA gene and mammary gland-specific promoter sequences
D Cloning of human tPA gene from human fetal lung cell lines
@ Cloning of goat [i-casein promoter sequence
@ Construction of knock-in vector using goat E-casein promoter sequence
3) Development of tPA-expression vector for the production of transgenic cloned
goats
D Construction of pCX-EGFP-Neo' for the analysis of transgene experssion
in somatic cells and cloned embryos
@ Construction of -casein promoter—-tPA trangene
4) Transfection of expression vector into goat fetal fibroblast cells
(D Establishment of goat fetal fibroblast cell lines
@ Transfection of pCX-EGFP-neo and [i-casein promoter-tPA trangene into
fetal fibroblast cells
@ Selection and analysis of cells containing transgenes.
@ Production and analysis of transgenic mice containing [-casein
promoter-tPA trangene
5) DNA microinjection of transgene into goat zygotes
(D DNA microinjection of f-casein promoter—-tPA transgene into goat zygotes

@ Transfer of the microinjected embryos into recipients

2. Development of nuclear transfer and embryo transfer technologies in dairy goat

- xii -



1) Establishment of efficient nuclear transfer methods in dairy goat
(D Establishment of proper IVM methods for goat oocytes
@ Establishment of activation methods for goat oocytes
@ Establishment of fusion condition for reconstituted embryo
@ Analysis of GFP expression in reconstituted embryos
2) Development of efficient embryo transfer methods for transgenic cloned
embryos
(D Establishment of synchronization method for goat recipients
@ Analysis of estrus and ovulation in synchronized recipients
3) Production of cloned and transgenic dairy goats
(D Establishment of in vitro culture conditions for the reconstituted embryos
@ Analysis of tansgene integration in reconstituted embryos
@ Transfer of reconstituted embryos into oviducts of recipients
4) Establishment of cooperative technological system for the production of
transgenic cloned animals
(D Management of cloned offsprings during the delivery

@ Analysis of problems for the low efficiency of cloning procedures

IV. Research Results

To establish efficient somatic nuclear transfer technology for dairy goat,
construction of transgenes, transfection into goat fetal fibroblast cells, production
of reconstituted embryos and transfer of reconstituted embryos into recipients were
performed in this study. Finally one coned dairy goats was produced using Korean

native goat oocyte with dairy goat fetal fibroblast cells. Results of this study are

as follows;
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1. Transgene and expression vectors for dairy goat

1) Cloning of human tPA gene from human fetal lung cell lines by RT-PCR
Human tPA c¢cDNA was cloned by RT-PCR with mRNA of human fetal lung
cell line.

2) Cloning of goat [i—casein promoter sequence
Goat [(-casein promoter sequence (3 kb) was cloned by PCR with Saanen
genomic DNA and confirmed by sequencing.

3) Cloning of 5’ and 3’ flanking sequences of goat [i-casein promoter region for
knock-in vector construction
Primers deduced from previously reported goat [f—casein promoter sequence
and exon 1 sequence were used for cloning of 5'flanking region and primers
from exon 3 and exon 7 were used for cloning of 3’ flanking region. PCR
with genomic DNA was used for clonging these flanking regions.

4) Construction of trangene for transgenic goat
Firstly to analyze integration expression of foreing gene in cell and
embryo, pCX-EGFP was linked with Neo" gene. Secondly human tPA
cDNA was ligated to pBCl(goat fi—casein promoter) for the transgenic mouse
and goat production. Thirdly using 5 promoter flanking DNA and 3’ exon
flanking DNA, knock-in vector was constructed with tPA cDNA.

5) Establishment of goat fetal fibroblast cell lines
Saanen fetal fibroblast cells were established using day 50 fetuses, sexed by
PCR and stored in ligid nitrogen.

2. Establishment of IVM and IVF of goat oocytes

1) Establishment of IVM of Korean native goat oocytes
Korean native goat ovaries delevered from slaughter house were used for
oocyte source of nuclear transfer of dairy goat cells. For IVM of Korean

native goat oocytes. TCM199 containing 10% FBS, 5 ug/ml FSH, 10 ug/ml
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LH and 10 ug/ml estrogen was used.
2) Establishment of IVF of Korean native goat oocytes
Matued oocytes were fertilized with capacitated goat sperm and then cultured
in vitro. About 50% of fertilzed embryos developed to morula/balstocyst stage.
4) Freezing storage of goat semen for the IVF
For continuous supply of goat semen, good quality of semen in fall season
were collected and frozen.
3. Establishment of efficient nuclear transfer methods in dairy goat
1) Establishment of activation methods for goat oocytes
Activation condition was established by performing experiments of
parthenogenetic development.
2) Establishment of fusion condition for reconstituted embryo
Fusion condition and donor cell cycle were tested following reconstituted
embryos.
3) Analysis of GFP expression in reconstituted embryos
pCX-EGFP gene were transfected into fetal firobalst cells and fetal fibroblast
cells expressing GFP were selected. Subsequently those cells were used for
nuclear transfer. Reconstituted embryos were analyzed for the expression of
GFP.
4. Production of trangenic mice containing human tPA gene
1) Production and analysis of trangenic mice containing human tPA gene
Transgenic mice (5 lines) were produced by microinjection of [-casein
promoter—-tPA transgene into zygotes. F; and F: female transgenic mice were
bred to obtein milk following parturition.
2) Analysis of trangenic mice
Western blot analysis was carried out to detect secretion of human tPA protein
in the transgenic milk using anti—tPA antibody. Milligram level of human tPA

protein per one liter milk was secreted from transgenic mammary gland.
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5. Transfection of transgene into fetal fibroblast cells
1) Transfection of EGFP gene into fetal fibroblast cells
pCX-EGFP-Neo' gene was transfected into goat fetal fibroblast cells and
neomyci selection was carried out to select cells containing pCX-EGFP-Neo
gene
2) Transfection of EGFP gene into fetal fibroblast cells
[-caseinpromoter—human tPA c¢DNA transgene and PGC-Neo' gene were
co—transfected into goat fetal fibroblast cells and cells containing transgene
was selected through neomycin resistance.
6. Development of efficient embryo transfer methods for transgenic cloned embryos
1) Establishment of synchronization method for goat recipients
For the synchronization of recipients, CIDR and PGFa-treatment experiment
was performed to establish appropriate synchronization method.
2) Analysis of estrus and ovulation in synchronized recipients
Following synchronization, recipients were analyzed to examine occurrence of
estrus and ovulation.
7. Production of cloned and transgenic dairy goats
1) Establishment of in vitro culture conditions for the reconstituted embryos
Following nuclear transfer of fetal fibroblast cells into Korean native goat
oocytes, development of reconstituted embryos in vitro was evaluated. About
20% of those embryos developed upto morula/blastocyst stage.
2) Analysis of tansgene integration in reconstituted embryos
Following nuclear transfer of fetal fibroblast cells containing EGFP gene and
tPA gene into oocytes, reconstituted embryos was analyzed to detect
transgene integration.
3) Transfer of reconstituted embryos into oviducts of recipients
Reconstituted embryos were surgically transferred into oviducts of

synchronized recipients. Following transfer, ultrasound-pregnancy test was
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carried out at day 50.

4) Production of cloned dairy goat
One cloned fetus was successfully produced by nuclear transfer of dairy goat
fetal fibroblast cells into Korean native goat oocytes and embryo transfer into
CIDR-induced recipient.

5) Analysis of genotype of cloned goat
Genotype of cloned goat was analyzed by PCR single stranded polymorphism
of goat major histocompatibility complex class II DRB gene locus. The
genotype of cloned goat was matched to original fetal fibroblast cell.

6) Transfer of reconstituted embryos with cells containing [i-caseinpromoter—human
tPA cDNA transgene into synchronized recipients
A total of 422 reconstituted embryos containing [i-caseinpromoter—human tPA
transgene were transferred into oviducts of 25 synchronized recipients.
Eleven recipients were identified not to be pregnant and nine recipients

were not delivered. Others are waiting to term.

V. Implementation and Application

These experiments showed that successful nuclear transfer techniques was
established and foreign gene could be incorporated into goats through nuclear
transfer of fetal fibroblast cells transfected with trangene. These results will be
applied to the improvement of bioreactor system using dairy goats and efficient
production of valuable pharmaceuticals into the mammary glands of transgenic
goats. Also, a variety of genetic modifications can be possible such as gene
knock-in and knock-out for the very elegant gene regulation in transgenic

animals. More production and further study of transgenic goats will potentiate to
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try their commercialization into animal biotechnology industry.
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btk o4 sAg de e i 8

= Aguy HFEL [1E AL Aol 2% xylazine® lidocaineE o3t
+ s

sheie.
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A3AE Ad7E% H 1 F

L e rdx 9e e 75
A) F&fAA 2 FHAANE Fo] Z2RYH 224

AL AZ ALEEH mrte] wuwld ookl tPA FAAE T&HS= human

O

fetal lung celll ] mRNAE &3} RT-PCRel 28] cDNAE T-vectorol] &2
skt RT-PCRA &5 FAZ3 Wl o AzS &olatA &t7] fdl 5 Eel& xho
I, 3 #oll& Sal I AlgE A Ao]EE H7tste] ¢F 1.7kbe] tPA cDNAE THEo] =2
9 39t 249 3 WEE sequencing analysisE F3ste], RaE FHx gz

vla selstitt (19 1),

N

B) AtoldlF 4t B-casein Z2EYH 24

FAAEANA BEolHog WS Fslr] 3, F40A B =& f-casein -
Azte] ZR2RYE o] &ttt AotwlFe] Fdl A genomic DNA F%E3to] PCR<
53| f-casein ZEEHE FTE3}9(2kb) T-Vectord]l F249 sttt F243F wH

= QU d BAS =38 B9 sequenceet HlnL et 1 Ax E7hd] o7

rlr
Ho
r>~
=
bl
2
o

[
o,
L
o
t
e
et
ol
k1
Bfil

w3l goat fi-casein promoter region®l
St we 2EAAL EAstd, Rud FuEAL 2Ase] oldd 2AARES

screening ¥ 4 AT (1H2).
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61
121
181
241
301
361
421
481
o041
601
661
721
781
341
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741

Xho I - 54 atggatg
caatgaagag agggctctge tgtgtgctge tgctgtgtgg agcagtcttc gtttcgecca
gccaggaaat ccatgcccga ttcagaagag gagccagatc ttaccaagtg atctgcagag
atgaaaaaac gcagatgata taccagcaac atcagtcatg gctgcgccct gtgctcagaa
gcaaccgggt ggaatattge tggtgcaaca gtggcagggce acagtgccac tcagtgectg
tcaaaagttg cagcgagcca aggtgtttca acgggggcac ctgccagecag gcecctgtact
tctcagattt cgtgtgccag tgcecccgaag gatttgetgg gaagtgctgt gaaatagata
ccagggccac gtgctacgag gaccagggca tcagctacag gggcacgtgg agcacagcegg
agagtggcgce cgagtgcacc aactggaaca gcagcgcegtt ggeccagaag ccctacageg
ggcggaggcec agacgcecatc aggctgggcece tggggaacca caactactge agaaacccag
atcgagactc aaagccctgg tgctacgtct ttaaggeggg gaagtacage tcagagttct
gcagcacccee tgectgetet gagggaaaca gtgactgeta ctttgggaat gggtcagect
accgtggcac gcacagcectc accgagtecgg gtgectectg cctececgtgg aattccatga
tcctgatagg caaggtttac acagcacaga accccagtge ccaggceactg ggectgggea
aacataatta ctgccggaat cctgatgggg atgccaagcece ctggtgcecac gtgetgaaga
accgcaggct gacgtgggag tactgtgatg tgccctcetg ctccacctge ggectgagac
agtacagcca gcctcagttt cgcatcaaag gagggctctt cgecgacatc gcecteccace
cctggcaggce tgccatettt geccaagcaca ggaggtcgee cggagagegg ttectgtgeg
ggggcatact catcagctcc tgctggatte tctctgeecge ccactgettc caggagaggt
ttccgeecca ccacctgacg gtgatcttgg gcagaacata ccgggtggte cctggegagg
aggagcagaa atttgaagtc gaaaaataca ttgtccataa ggaattcgat gatgacactt
acgacaatga cattgcgctg ctgcagctga aatcggattc gtcccgetgt geccaggaga
gcagcgtggt ccgceactgtg tgcecttceee cggeggacct gecagetgecg gactggacgg
agtgtgagct ctccggctac ggcaagcatg aggcecttgte tectttctat tcggagegge
tgaaggaggc tcatgtcaga ctgtacccat ccagccgctg cacatcacaa catttactta
acagaacagt caccgacaac atgctgtgtg ctggagacac tcggagcecgge gggcecccagg
caaacttgca cgacgcctge cagggcgatt cgggaggcecce cctggtgtgt ctgaacgatg
gccgceatgac tttggtgggce atcatcaget ggggectggg ctgtggacag aaggatgtce
cgggtgtgta caccaaggtt accaactacc tagactggat tcgtgacaac atgcgaccgt
ga - Sall

a9 1. 2293 tPA FARY] 47144
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-340

Xatatttctg ttgtgtatta gaatttaccc caagatctca aagacccact gaatactaaa gagacctcat
tgtgg a ataatttggg gactgggcca aaacttccgt gcatcccage caagacctgt agctactgga

caatttcatt tcctttatca gactgtgagt tattcctgtt aaaatgctcc ccagaatttc tggggacaga

aaaataggaa gaattc ctaatcatg cagatttcta ggaattcaaa tccactgttg gttttatttc
aaaccacaaa attagcatgc cattaaatac tatatataaa cagccactaa atcagatcatt -1

29 2. Goat f-casein AR} ddZA F9 EH(-340 7 -1). F2A= =22
5 dH, 2EEY o ¥ I XL TcAUER , ,
STAT, OCT, TATA g E Yedt.

C) 4t%¥ p-casein knock-in & ¥Wg F5& 93 5° 2 3 flanking region

254

5° flanking regione 7)o H ¥ [f-casein ZTEFE S e 1 B¢ =Zdlon
£ 47} 5-gcg gee geg gta atg aat aga tga age-3', 5'-ctc gag gct ctc gat tee tgt
gaa tgg-3" 22 A&, §-4% Saanen £ genomic DNAGIA 214 LR-PCR %
23k 32kbE T-vectorel F=4 3tk

3'~flanking region®] ZA-$-ol& A& 3 4, 5 6, 75 E3A 7] Ysl, A& 33
ol 7 F9lo sdel= ZetolHE ZtZt 5-get age agg aag aac tca atg tag

tcg-3’, 5'-gaa ttc aga ctt aca aga ata ggg aag-3'S A F3te] Yo} e WHog
42kbE 24 sttt F29 ¥ WEE= sequencing analysisE @8], Hale

SRR EE R EAE D
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2. 3248 #4%8 99 75

A) JHAFAAR =Y A8 9% GFP ©#3&8 9 g pCX-EGFP-neo T+&

A Ate] =Y % WHAFE Setow g4 AT F U=F GFP
st pCX-EGFP #Efe] AA AN A& golstA st7] 918 Neo”
A8l pCX-EGFP-neo WE (¢F 74kb)E FE33AtE o] WHE EE AX 9 actin
AF-9oll A activation = 7] Wl F7He] Aol glo] oAt wAS
ATHTH 3).

Sall1)
L
bl CMNUIE enlimces

T e v, chiken bela-schin pramsaben

K‘\.
Ll __FeoRl1719)
pLa EGHPnes FOFE clikk
7381 b
RN 2451
b
L Rabdal bl a-glotn poke &
50, onl ’
Y r
i, H,{\ P
e EWAD i .-':,_-""mjgggp
~ i
BammiHl{5178) Rl:'n_—_:—E:nH:l
Bamiarsod ]
T pencinpasni

19 3. pCX-EGFP-neo ¥E map
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B) #4FF B-casein knock—in € 7]¥ ¥Wg += (15kb)

4+ genomic B-casein DNAE o] &3] A fAAAzgHA o] oy
THY FE&THAE genomic B-casein AR F-9lol ] AlA o] &3 - JEF
knock-in & 7|3 WY F53ATE (719 4).
P E1 E2 E3 E4 E5 E6 E7
HindIll Notl Xhol
T ti € : :
argeting vector Xbal Hindlll EcoRlI
gol

1 Internal probe

23¥ 4. Goat [p-casein Knock-in vectord 7/1EFZ AMYE=E. go 1
Interested DNA for insertion

S29E FAYY 5° 2 3 flanking regions 9 #FHA7E =E A A ET
Adto] goldl=® Neo @A} TK F1AE ztal 9= pL3-PNT vectorel] 44

3to] goat [i-casein Knock-in vector® +&38}tt (28 5). WEe] 5 A &

(

¢

I Neo 2kl AIAE #8] Neo 4 &2 £l Lox P& Adste] Azt
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1% 5. Goat B-casein knock-in ¥E 2] map

C) A tPA7} AF)E goat B-casein knock-in tPA W& +& (16.7kb)
AF7] goat B-casein knock-in 7] WE|, F24H Al tPA ¢cDNA 1,7kb

£ Xho 13} Sal 1 AREA 9 Aolol Aeiste] A=F el F8714 PAS

rgH o2 WdA3= goat B-casein knock-in tPA WEE 53t
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D) A& tPA7F AYE 1A 598 pBC1-tPA #E = (22.7kb)

AFEdE WEE fFAA¥A Tdaggo] Evha 4 INVITROGENC] A
6)

=
A8k pBC-1 WE S o] &3l th (L H

IVS1 = IVST P IVSH
B S R

¥ 6. pBC-1 #E 9 A=

AZH1.70)E sk

do

471 pBC-1 WME 9] Xho [ ¥Hol, 2% A tPA

ul A5 pBC1-tPA el S TE 53,
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E) FAtE BlotAE R AEF Y

29 7. ALANE HEF AN 0L R 9 Hop

HE " Hole 474 A WAZS AAS F AAESIL trypsin A 25
primary Ejo} AIZE whEo] ARy g ElE Fetsta 4R E St Alxd
AEZE ZH7F SG101, SG201= WHetslar, 71912 Ay 742 ofF o8 54E By

o (¥ 8).
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(SG101) 40% fibroblast-like 60% epithelial-like cells  (SG201) 100% fibroblast-like cells

a9 8. SG1017 SG201¢] wigd A E9 A

F) 8d3 "ol AIXF A 3H(Sexing)

SG1017 SG2019] sexings 13l W3 22 Fd#9 primerg Alx3t9 PCR
ST
(goat SRY gene) 146bp :
1 ctcgtgaacg aagacgaaag gtggctctag agaatcccaa attgcaaaac tcagagatca
61 gcaagcagct gggatacgag tggaaaaggc ttacagatgc tgaaaagcgce ccattctttg

121 aggaggcaca gagactacta gctata

primer : gsry(f) AGG TGG CTC TAG AGA ATC CC (20mer)
gsry(r) TAT AGC TAG TAG TCT CTG TG (20mer)

(goat testis—specific Y-encoded protein (TSPY) gene) 181bp :
1 gagaagacag tggaggagca gtgccaggaa agrcctggag gcccgattga rcttccggea
61 ctagatgtga tgcaggcact ggtgacyctg caagtggatg tgagctgtga gcatgagcaa
121 aactkcaggg cctacgtttg gttgatgtgc aagaaccats agaggaggaa gcgtgacttg
181 g
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primer : gtspy(f) GAG AAG ACA GTG GAG GAG CA (20mer)
gtspy(r) ATG GTT CTT GCA CAT CAA CCA AAC G (25mer)

PCR sexing A% SG101 &7, SG201< FH o2 AgstAthi (19 9).

e

[SRY] [TSPY]
F M 201 101 F M 201 101

2% 9. SG101, SG201 Al¥ DNASY PCR Z#. F, M& Aold F4t%¥ ¢, A
o] A %A A DNAE F=3 A.

3. Y dAAZE Jled &Y

A) g b ol 8 Al2" S

R

=(@35Y), 956784), 7=0971149), A=12729)2 A da T HA ol

_38_



S 24727TN T A T AL
e FYd Tl GFFAEZE 18 ol BoldE 3E AEsEa, sl
TCM-199¢] 10% FBS, 5ug/ml FSH, 10ug/ml

27X 3 Al gs sl s #ES SA7 & Kol AS Asd dAR

—
fas
—
o

=
1SS
2

o
&
N
N
i)
k
Jfu
o
£
0o
W~
!

Ak 1 As GEde H5 FE e A AT UTA/dR), IEH
of 7bg ekt G/ g, e H5E Al H%5Ee ARE g molA
GAUTHE 1, 79 10, whebA] o el il Aulsh e 4 WolxA
W e WAE B Adel FASTW el W] AAA Aol mol 9

Lt

{1

L AAE E5FAA AT GXF9 e H5&

A4 das 1ol dxdsd  dxd/dd: IS A&5E
= 3~ 5%) 110 410 3,7 71.7%
q4F (6 ~ 8%) 108 337 3.1 70.0%
7 (9 ~ 119) 62 292 4.7 73.3%
AL (12 ~ 29) 292 1207 4.1 72.7%
Total 572 2246 3.9 72.2%




X (FTAZ AAS A
39 10. 253 d2dAM Add dx @ A4

B) vd= dET AgHds & fidries] &Y

jud)

u]/né 1)z 9] /\-15}

il A Tt o

3z Jokoll TCM-199] 10% FBS, 5 ug/ml FSH, 10 ug/ml
LH, 10 ug/ml Eo7} H == s}o] 38.5C, 5% COy; Z7oA 24 ~ 27A7F A<k
S S, AEsEo] H oF 72% A= G5t 2y Asuffde] ddky

o= ARgateE AR streptomycing H7FsHH AsEo] oA o2 (p<0.01) A

53] b2 AN s &S BA ko, streptomycin F7HA] FEFS Lo

nz olg aysle] Ao alYAl wlddel streptomycing A ASE Aol F2 A}
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X 2. FH9E GXTY A FA FAAY IF

A2 g2d 5 A% & (% + SEM)
Control 84 73.8 £+ 7.2°
Penicillin 88 69.1 £ 11.1°

Streptomycin 84 425 + 8.3°
Gentamycin 84 71.3 + 10.1°
Pen + Strep 82 45.7 + 85

S PEe A gsr] Aol B2E A ofs HAd wARIIS wo] A
Yz o] FolAt A Ay A% AP AU E AHE o8 WAH
7] 8 R EE 199 ol A W AXEA Hol gouk, B/ Aol A el
oA Age sHsael kop Aleld A7kl W& 98] PGFuo FolHnE
At h

FAF FAF AT BE AolUE A W AY@Th 1 F 25E Aoy AA of
31 92 Aol PGF2ash PMSGE EAl0] FAHg & 1194 Alold s AAsw, o
£ 2% 1A Ao AASEA PMSGE SA0] FAGAT. 4% 25 Aoy

% u

WAstel AAFNE

il

2
Y
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I~
l
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1
i)
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=
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ZAbsE7] flste]l v FrEA e tE A A S o] &5te] FHEIES st

(7} 34 de Tris Aminomethane, Citric Acid, LactoseZ 7| E 02 20%2] Egg
volk®} 5% Glycerolo] ¥ =% 3}9 T},

(W) g N4 anhydrous glucoseo 10%9] cow skimmed-milk (X" 1% ©]shHE
Mol AzF F, oF 1583 B AxsAar, AFEAC 5% Glycerols E§Halo] Al
dol o] &tk

A E S Zhzre] g A oA S AEo] gle AoE 1a A ste] Wi
N(4T) 2417 Et AR & FE A Eo] 23 H s Ho =z 3o A HHd] HY
= AFHT "I 4TdA AYS stdlen, Hd F AAELE S demolA
2738 AAG s HA ALl A AT F
el 37C water batholl Al 13#3F ¥o] <l & HFEAAEA 7] (CASA)E ] &3t

of A %, AAe £FA 5L YA

2
)
5
8
@
[aN
3
=
|
>~
Rl
ofo
ol
ol
2
o
£
2
an)
ol
X
2
iea

E5 HAdo B2 R FARE F 4y 24

S COREL: (h 49
5= (10%ml) 104 45
L84 (%) 33.06 96.29
£% (um/s) 32.01 89.87
AY &% (um/s) 9.05 60.74
A4 28.25 67.57
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=

=
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29 11 BAe 243 AAE BADA SAVAS YL GRS

a8 AAd o}F e AAE AAY (E 7, 19 12 AGe FAT e 29l

FRUE 2 F, 30% rhake] MEdel Yews wel dAstdrh

R 7 AAZE ol 88 FAY oA §F& R TEE

No.(%) couplets No.(%6) couplets o0y oo,

3L A 2=
FA =S produced fused

Abattoir

. 135 112(54) 58(28) 44(21)
derived

* Four— to eight embryos. Includes both high- and low-quality embryos.
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(A8 ZH) (Fol 2 =he] Te)

39 12. AAIEE o83 Ho| Y& Az T

C) GFP 23d ¥WE < pCX-EGFP-neo? 792 AX L FAHTqA LHEQ

¢

e FAAE =4 VAT FASI FHolAgS Alxdctr] S, AdATE
T3¢ pCX-EGFP-neo WE ] W15 wpg-20] Axe} npp-2 S Tho] A5
dete], GFP 275 AT

pCX-EGFP-neo WEZE v} fibroblast Al¥o°l| lipofectamineS ©]-&3}¢]

transfection § GFP 2@ H& B vh(1d 13).

I3 13. pCX-EGFP-neo 7} =4 " A X
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D) pCX-EGFP-neo7} =4 & #F44% A AXF &

23

}th. pCX-EGFP-neo “E

3

A

Sk
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}_

Folsoz A

fife)

A% Y

stol 14

, neomycing ©] &

5
T

3to]  transfectiondt

°l-&

transfected cellS

lipofectamine

el

)
E

1 s ARE st

17] 1%

5|

&
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5. FAAMAFFA A3 FAAGLYF FAS A7« &4

Y FAAE =g mAF

T-53F pBC1-tPA¥E & 2ok

FHxke] Az R E PCRZ &

of DNAZ mAFYE F

T dolAE Azt fdl, AT
ghell W A5} (microinjection) st il ¥l 3 5 tPA
Floh(ES, 17 15). & 60 whele] Ak zygote
g9a 48 AR F 9

70.09%(42/60), 72 A7t $-°] morularell A= 58.3% (35/60)= 7431

cleavage stage°l A+

. EE?} \lt} 5

TAHSZREH genomic DNAE F%3F ¥ PCREZ tPA FHAE 7HA 1 A=7E

AAbetd=tl oF 25.0%9 FEHdEES HERAATGE 8).

¥ 8. Ak zygoted] microinjection ¥ vjdEE % FAA(ES

No. embryos
DNA o
microinjected

No. embryos surviving (%) PCR-positive

embryos (%)

4- or 8-cell Morula

pBC1-tPA 60

42 (70.0) 35 (58.3) 15 (25.0)
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M P N 9 10 11 12 13 14 15 16

a3 15. tPA =¢ dZ2ASSFATY PCR £4. M: molecular marker, P: positive
comntrol, N: negative control, 1-16: microinjected embryo DNA

6. 2484879 A} 2 /3R =4 3T A

A) FAAZAF AT

1 2P =ol] 53 f-caseinpomotertPA DNAE ©]83te AF 1-cell embryo?]
pronucleus® microinjectiondte] el Fo] o] 714 T glojyd Aj7)E oF 3F Fo| A
7 %4 95 = &g} proteinase K& digenstiond}] genomic DNAS F%3F t}& o]
A A2 specific primerg ©] &3l 4 PCRZ At tPA primersZ2& [
—casein promoter 30 0region® ZFE tPA cDNAS 5 B 9= E33F= 2F 580 bp
band’t T&akqivh & AlA founder FAHAEAH = T 5 vhejz 2ntkE] o] ¢ 3
nhel o] Aol FAMFAARJN AR AT Ao mEe ol FHAANYAE
4% FVB €3 avAlA Fig Aigeln Azt Aitse] gdd A2 oF 20-50%7
219 Froll desE Aoz yehg gddoz o2 fuxrt A 4aE Ak A
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S FAT F MR 9). ANE Fie AAsd =9zl

F
Western blottingol] <38 (PA wuld W A o] Ag S AAS

X 9. pBC1-tPA transgene®] ZFZAEAAF A4t 2 transmission rate

Lo No. of No. of Transmission
Transgenic line .
progeny Transgenic F rate (%)
1 17 6 35.3
2 10 5 50.0
3 16 3 18.8
4 17 9 52.9
Total 60 23 38.3

pBC1-tPAF A =4 AFHAE FA35}7] 98] A8 primerZ+% forward primer
+ bovine fi-casein promoter regiono|A oligomerE A #®3} 3L reverse primerZ i
human tPA°lA oligomerE A3ttt PCR cycle?] &7 denaturation: 94T, 1%
30%, annealing: 56C, 1%, extension: 72T, 2% 2% F 35 cycle2 A A3t} PCR
% Gel electrophoresis®] 2]3] HFAHAINARE st positive controlE &
original plasmidZ ©]-83}% 1 negative controlZ+ A4 FVBZ genomic DNAZ Al
Skt 19 1ol Aol 2ol FAHMEAF Al71E9] DNAE screeningdt 23 7 A
2 © 2 non-specific bandE YEF I e} positive controlZF 72 ¢F 580 bp<]
bandE YWEtW L = FAARAAE AT + AJAHTH 16).
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29 16. tPA dZ2ASFAFHE PCR £4. M: molecular marker, P: positive
comntrol, N: negative control, 1-10: F; A}7] DNA

pBC1-tPA%] 7% Xhol-Sac I digestion®] &3] 2 cute] ¥ 1.3 kb band”} 4}
A =31 genomic DNAE double digenstion A7l thg #A719d% & PP-PA
probe®. 2 hybridization A7l ZA¥} 5upgle| A E5F 13 kb.7} detection ¥ TH1H
17). o]l AFAaA7E AF AMA o AZE copy numberd A= founder &2 HA3HAYFH

linedl 1 - 50 copy9 tPA FdA7F A&E Aoz eyt

lcp 10cp 50cp N 1 2 3 4 5

Y 17. tPAEZAAE AFH e Southern blot £4]. 1cp, 104], 50cp: 1-50 copy
positive control, N: negative control, 1-5: & A3AF DNA
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B) Cell line transfectiond] &3 FAAESY HMEF F+=

pBC1-tPAYE 2 5-E [-caseinpomoter tPA DNAE FE3F9]  pPGC-neo™ H £}
SkA f-AF9F  fetal fibroblast Al 39l lipofectamine® FuGENE6E o] &3}¢]

transfection ¥, G418 medium< ©]-&3to] 1447t wishy =2ty colony cell

AdsidT. Aue AEE PCRS o) tPA A ARATE BAT & o4
o AgEH/] A BARE FATHLY 18). 1 A% ATWAN EQE PA 7
A dgdon 4E A2 Hel @ 5 vk BE 10 o7l PA FAA =g

<

cell lines T3kl HAFA o] &3st7] fal FAAAAE A8t 25 A4

Q1 karyptypes 7F oz 1A

I3 18. tPA-E9 52+ fetal fibroblast cell®] PCR ¥#4]. M: molecular marker,
P: positive comntrol, N: negative control, 1-8: G418-resistant colony

DNA
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8 Aol 4 FAABFAA A4
A) Fol¥% L FAABFARY A9 NI FH2A FY

A o7 tPARFAATF EdE fAFd fetal fibroblast cell S ©]8-3te] Al el 4tk
n A gholl ol gk 5 A A gdEI A9 TEeds A, 1 2
I AMELS] A7 EFES 684% 2 el oA = 30%E 7IFsH] V)& K
g AHI 2 Aol gle Ao® UERTHGE 10).

ol A g AAg FATY Ao dEsES A= 71EY AFY medium$!
TCM-1997 Al = 78 G1-G2 medium(Vitrolife Co.) ¥l g ol A wjgst A} A4
w71 7b A o wie g Zb7F 13% 2 22% 2 A G1-G2 medium®] A A o] -8 3
o2 vy HAlFAS FATS s GI-G2 mediume] B A¥ o=

S HP<0.05, & 11).

2 EBA ool A QulYA GI-G2 medium only, MEF(mouse
embryonic fibroblast), GEF(goat embryonic fibroblast), GOEC(goat oviduct
epithelial cell)s® MEE ol&sto] TEujdstd S wf ol e Ao widd&s

ZAbk el GOEC7E 30%<] a7t Be &S 7156 /Mg w2 o= yehyt
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X 10. tPA AR =dd FAF fetal fibroblast cellE ©o]-&3F 52 do]Algr

o %8 % THE

No nuclear No.(%) couplets No.(%) couplets No.(%)
trnasferred produced fused developed*
Abattoi
aror 250 215 (86.0) 171 (68.4) 75(30.0)
derived

* Four— to eight embryos following 48 hour culture.

£ 11. o) Fatd HAl AT Adujgede] wE ajdads

No. of cloned Cultured oocytes
Medium embryos No. of cleaved No. of morula
examined (%) (%)
TCM-199 100 62 (62.0) 13 (13.0°
G1-G2 medium 100 65 (65.0) 22 (22.0)*

3 )Means in the same column with different superscript are different (P<0.05)
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E 12. A% FolA @] Fuigd wE A9 wpded

No. of cloned Cultured oocytes
coculture cells embryos No. of cleaved No. of morula
examined (%) (%)
Medium only 60 36 (60.0) 15 (25.0)®
MEF 60 33 (55.0) 13 (21.6)%
GEF 60 35 (60.0) 16 (26.6)®
GOEC 60 40 (66.6) 18 (30.0)*

3 Means in the same column with different superscript are different (P<0.05)

a8 20. tPA FAA7F =" FAFY fetal fibroblast cellE ©]€3 F4% 3
o] & (A)9) PCR #X(B). M: molecular marker, P: positive
comntrol, N: negative control, 1-6: E#|+3d & DNA
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£ 13 04 23573 Tl e THFES

B F 75t WY IAEF TAREE
b 199 BA9H 1265 94.4%(1195)
b 119 AAY 35 0%
(th) PGFz. + 11¥ #X 12% 100%(12%)
56%F (P1A2]) 85.7%(48%)

U 20% d B
() il 20% PCFza+ 119 AR o ) 100%(145)

c) Yol4 FAFJEFATY o4

[-caseinpromoter—tPA DNAZE  ©]83}¢] transfection?| 1 A fetal fibroblast
cell& 7FAIaL A ket mlgggke] dolal s AAIg & A s7stE R T
of o]Aate] sttt AAZEA 39572 ¢ embryosE 127FE] 9] tiE]Re] o] A5t x

I Ao = 3F7F dAF Ao r AR 2Rk ks Vsl ot A7

p s

oo

Bukal =] ¢kl DNA microinjectiono] 93l & 56mtE] S o)A ste] 2 F9
5o o]Aste] o]F 1 wig|7F dAlste] AEHE AASFATHEE 14). Blold Aj7)
H Aol A FZOoRZHEE genomic DNAE F&3}o] PCR AAtF oy @A &

AHAA Fdeh. e =REZE Bold Eal AbgeM = FEAEFAEG] Tt H AL

it

0]
AN
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E 14 FEASEA FsHEY &S

No. of cloned No. of No. of No. of No. of

Treatment embryos . pregnant  piglets transgenic
transferred recipients recipients born piglets
Nuclear transfer 295 12 3 0 0
Microinjection 56 2 1 2 0

9. BAFAE B2k

A fetal fibroblast cells A eiAtg mlFA el o)A S AAg & CIDRE ©]
g3to] WA F7IstE FAY g R d#e oA AdS stk F 1979 o
g 2o F 324 wlg]l9] NT embryosE ©]23to] A4l 504740 239 ddoz=
2 #FEdon 1 ntert BdAem E4kskdv (£ 15, 1% 21).
g R AM = B A<

Hole Butd £4¢ 3¢ 4 glo] x7)
A, vhA o4 A@e Aol B QAvIzre] obA ol )
o]
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E 15 4% AFAEE AuAFeAel Holy F FHT o4 F RUAE
No. pregnant
preg No. offspring

Experi t no* No. Recipients No. embr

xperiment no* No. Recipients 0. embryos (day 50)

1 5 74 2 0

2 4 78 1 0

3 5 77 2 1
4* 5 85 3 -
Total 19 324 8 1

* Waiting for parturitiuon
1218 AA}

10. BAIFATEY 4
Aol Eet B AFAEe] A M XA genomic

2 X389t polymerase chain  reaction

o] 2o ALEHH  FAES
DNAS =FZstel  #AA9  AAE
single-strand conformation polymorphism (PCR-SSCP) WH & o] 83+t goat

major histocompatibility complex (MHC) class II DRB gene(Amills et al.,, 1995)& %
A5t aLA} primersE A #Eke] oF 286 bp fragmentE 23 Th (ACB0445: 5

-TATCCCGTCTCTGCAGCACATTTC-3 " ; ACB0446: 5" -~ATCGCCGCTGCACAC
TGAAACTC-3 )& ol43to] ZEafgity. g 20049 2ol HAl fade #4
S B

Z+¥ & donor cell®l FAFF fetal fibloblasts® Z2 patterng UEFH o

3 o) >~
Fod 5 99t

=

o

e}
R ]

_61_



a9 21, ol FAL AT FA FiE A, v F & &Y B,
FA @4, C-D, BEA/FAYE No 15

a3y 22. A% major histocompatibility complex (MHC) class II DRB gene®]
PCR-SSCP ¥4 Z 3. lanes 1, ear cells of Korean Native Goat,
lanes 2, donor Fetal fibroblast cells, lane 3, ear cells of clone;

lanes 4 - 5, ear cells of recipient does.
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E 16 F4% HAoLAZE ARAFeAel Holy F 5 o] ¥ PuES

. .. No. pregnant No.

Experiment no No. Recipients No. embryos .
(day 50) parturition

1 5 88 2 0

2 5 79 2 0

3 5 76 2 0

4 5 89 2 0

5" 5 90 3 -

Total 25 422 11 -

* Waiting for parturitiuon
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e
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ol
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0%
>

H BATFAgTSs o
2 E [k o] Al BAFAES AAe AT Al&se] tPAR A 7S transfection

FAEE Fol kel melwe] olHst AP FATAL.

>
N
Jo

NS
>
(7
o
Jo

L f4%8 44 9E9 75 (FHE: 100%)

Human fetal lung cellel 4] mRNAE FZ3}o] RT-PCRel 93] tPA cDNAE
=24 53

O AollE F4F% f-casein TERE F2Y

AFoldlE 9] genomic DNA %3] PCRE %3l [fi-casein TEREHES FZ 3|0
(3kb) =24 33

O 2+ B-casein knock-in & WE 352 93 5° 2 3 flanking region

224

5 flanking region< 7] X119 fi-casein TEXRE S o 1 19 Zalo|y
& A&ste], genomic DNACIA 2% LR-PCR SHAA =249 331,
3'~flanking region® 7 $-ol& & 33 ALk 7 Ko e ZEolHE A
Astol e WO R 42kbE FEY AT
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B) 448 F4%4E Ny 75 (B 100%)

O A =9 gdS 9% GFP 2d ¥ pCX-EGFP-neo 73

ol
il

ofefFdzte] =Y R FEAFE 7 AU 5 AEF GFP A4S ©d

= pCX-EGFP ®WEo] Neo” A 49)ste] pCX-EGFP-neo WE (¢F 7.4kb)E

O §2+%F -casein knock-in & 713 WE 7% (15kb)
FEAaAe] A Hd 2EE 9fs] Bocasein A9 homologous
recombination 2 F %% 5 B 3 flanking region %Y 3] knock-in¥
T U= HWHE stk

O Al tPA7F A9 goat i-casein knock-in tPA ®E F= (16.7kb)

T=% goat fi-casein knock-in 7] & ®WEo] FEYH AlE tPA cDNA A *
gt 3to] goat fi-casein knock-in tPA WEHE T3t

O A tPAZF 4FSle WAl 918 pBC1-tPA ®E 5 (22.7kb)

v A48 WH = INVITROGENO A Al#tele= pBC-1 WEHE o] &3t Abe
tPA A5 A9 s pBC1-tPA WlEHE 533t

C) fatd dotdE 2 AEF e (FA = 100%)
O #FFo] T FRZ9 7 AXF g (RoldlF 294 ¢A)
G T2 A4S dollo] primary AAIEE WHEo] FARE Fch
0 509 ®lo} AEF 7 (AohdlFE A 2 )
A4 oF 50dAE ACA AGAN FER HotE A E5to] HotmNE Eof
AEFE 753950 PCR o8] Jua s AA59)
2. TAY dAAZE 7€ Y (BAHE: 100%)
A) A At o] g AlzsE] BH (S %D 100%)
O B&% wao o]gr%e] &
dAE kg Hor SRy EA EEFA A Fdih dAao FESES
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3. 32AERAY ALY 2 AR =4 FAZS A4 (100%)

4.

@) ﬁ_caseinpromoter_tPA DNA% O] %6—}'0:] ﬁé ;é] XL.%]'}Q ﬁ }\g }\\l'
[i-caseinpromoter—tPA F 1-cell embryo®] pronucleus® microinjectiondlte] % 5

e GAABAA S Aretart

B) Cell line transfection®l] 93t FARE=Y AEF 7= (GAZ: 100%)
O [f-caseinpromoter—tPA DNAS} pPGC-neo®E 9} &7 4+ H

transfection ¥, G418 medium< ©]-&3}o] Al A¥S ME= PCRE %

L
o
Jo
L
=
=]
=2

Sl (PA A4Sl ARGTE BAG F FolBom Ags] s BANE o

At

o

O pBCl-tPAMEZE 4 AT 1 A5 (microinjection)dtaL vl &3

1z
o
Q
(@}
)
@]
S,
o
-
Z,
>
i

A

o4 2 FAARSARE o4 (100%)



medium¢l  TCM-1993F A= 71Ed G1-G2 medium(Vitrolife Co.)oll A 4] w2
Halo] BAFAY FASS Yslde G1-G2 mediume] O A3 AL #ols)

At

O tPA FAAF EUE AMEE o §3te] oYy WE F PCR £

£
o

O tPA DNAZE transfectionA] 71 4% fetal fibroblast cellS ©]&3le] A2

el vpel o4& ANF F HE/ISE Recipients] wrhe] o] =

@A7HA 4220hel o] BA| 5 25vhel o) recipientel o 4ste] =&t A
A

A) BAfAEES A2 24 (E4 = 100%)

O ol o]  AMRSIAT  FAYE  AFopAEer EAFAES A EA
genomic DNAZE =%3%}9] polymerase chain reaction single-strand
conformation polymorphism (PCR-SSCP) X¥HS o] &3 3+=d goat major
histocompatibility complex (MHC) class II DRB gene & &<913}3%} primers
£ A#ste] F32E AAE AAEA

O BAfFreke F4A4ELS donor celldl 4%k fetal fibloblasts®} 22

patterng UEFUo] hAE BAl fAkal

tlo

S = I~
A& 4 AT

d
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B) dAd8AF ] BAEA (G % 100%)
O Fy 3 Fy &2l AR AR ¥E v § 24 1

T A fFHdoZHH
FAZIZ FYste] 55 339 Western blotting= A Al 3% th.
O anti—-tPA antibody blottingS A A3+ A3} tPA wil o] {-FoA L&

d= Aoz sl
CEA R FAAR fAde A4 7 29 (100%)

A) BA AR B dE A fAbge AL 2o we] (B = 100%)

O At fetal fibroblast cellS A#AYF m]F=A ol o] A sto] F 1979 o
g 2o F 324 vlEle] NT embryosE ©|4stsle AdS 33t 1 vzl &
Al dS AAEskd T

O tPA DNAZE transfectionAl 71 f4t%F fetal fibroblast cellS ©]-§-3Fo] Aj )4t
&l e ol S AATEA 422vtE] o] FAHMSFEA TG TS 257 9

recipientol] ©] 2] &} o}
2 A7 Aol E A el FozA dd9
7Verdo]l ol Alold AXA7|ZEe] @S 98 PGF20e FoladE xS

FAF FAF 4T BT AoldE A W] YT 1 F 25 & Ateld AA

o] =AY 9 Aol PGF2a¢t PMSGE &Alol FAS o] By WAF7|7F 2 |

O Aujrale] wbdow ARgsHE FAAL streptomycing H7FEE A%
3]
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Anti-thrombin I

ar—anti-trypsin

a-glucosidase

(rhATIO) (rhAAT) (haGLU)
Specise Goat(B-casein) Sheep(BLG) Rabbit(WAP)
Therapeutic Acquired ATII Cystic fibrosis - Glycogen storage
application deficiency Aerosol delivery Disease Type I
Expression(g/L) 14 15 8
Annual need(kg) 75 5,000 20

Development Status

Company

Phase III clinical
trials

Genzyme Transgenics

(Framingham, MA)

Phase II clinical
trials

PPL Therapeutics
(Edinburgh, Scotland)

Phase I /I clinical
trials

Pharming Healthcare
Products (Leiden, The
Netherlands)
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