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E O 1980 FRICE oA YR YRBERVE VOSBIETHIEZ KBE2SEONDL IS0 ko7 L
PL, TOEEYATIIINSDOFNVE Y PSOABEEWEICET T 5 IIZRAE»D 5, MEIE, B
WA b 08 VXV ERBETE v, INETIZ, BR, i, BE, = M) amEL L2EEY
AT AW SNTE LD, AW EOAE BT IR S 2, BHIEE, 7 AT 2=y 7 (Tg)
REOFITHIZ e b OAEIEEYE % 5 S5 EEY AT LADNEH ENTWwb, 2006 F£12 EAEM (FRIHEE

HUFEMT) B Tg Y FoHAA»oEce b7y Fhary EVM AR TROOERNE LR L, 2
DEFEY AT AL, KRPUHBITREFEHIH 200, [$REOEBERENBALTL AT EATEE

s

X—TJ—R: I UATV L IRE, MMy o0 Y,

R 3E i
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1. U & I

1980 4E 12, #HfnT DNA &Y (v A) O HEH
OHBICIEAT S HED 2L, HRkBEETZHEEL
NV THRBEGLIENTEL NI VAT 2=y 7 Hifly
(Transgenic technology) #FiZE&N7ze T, bT v
AV =y JEMICE o THERS NI REHDO T VA
Trx=v 7y (Uitk Tg LRERR) BYWAS, Aies, BRaE, 3
¥ ORFIIBUZEGRENIROERICKE CERLTE
720 DWW, 1985 4FE 12 HAMMER 5% 7% Tg & O1E
HIZHMO T L7zZ &0, VT YAV =4 7%
RECIBH LT, FHEOEMENSGE, KEEEY (A, 3L,
E, IR E) MROwZE, S50, RExHELT L
IRES: FEY e NMEMEEWBEOEE S AT A (ONA F
VT8 =) ORSER BRI OBETFUET Y D
%% &% Big L72Wge i hamict o s, g ¢k
TIZE LD TgREMEM SN TE, TeREDISHIZ
Eg L-(‘ ci’ i@fu:% < @f{ﬁéﬁé%@&”ﬁ&m,ﬂ,ﬁ) ‘Z]ijﬁ_:ﬁ:%%é ﬂ
TWADTHRIAZ 2,

AEETIE, TgREDHI L, e VEAAWE 2 EEIED
NAFYT 78— LCOFMBIZHET 2% EHLoB
Kb WIS HOBE - BEZIZOWTHNT 5,

2. HFEEEMEOFROES

U, b MERIFOWGHRIC T S ORElEA, SHh L7z A
YA RSN, 72, BEAIVE Y (GH) OBEIZIE,

v FORTEE2SHBLZLOPFHENRTWZ, Z0
fiizd, b ~oImEs Sl - RS- % < OEEEE
WIEAMEEA & L TAHEN TS, LAL, b0
WEOIZEALE, MERICHEICL2EEIN TR
B, & bOIMmE R NSk OEH % R 5 I IE RIS
Whdy, FEFICEMTH L, T2, KEMELE (=1 X
TANWARLHETIANVALRE) OFROMELH L, &2
A%, 1980 RN EE T T A SN2 &
12D, ey R) yERERBECERE - MILTEL L)
W7ol BIEETIRBERBEE IO M ¥ R 1) ¥ 3%
AL TWA, 20k, v b GH bR G TR TEET
HZ LTI, WRSEICHH SN TWwWD, F72, D,
T ORERLEON EE BIICY YA S L7z GH
DR ENT 2D, T F (7 2 HERIRINE o J5 K 9
) OFEREPKREGMEE o2 BHDH 5, BIEIE, K
BEEfmEL LBV AT LI E W ek Y GH 23S
L5 L) ko,

3. Bl FEMmARMzF AL 4B EEMED

BABEED T L

A YA R GHIEMS VS ETHHD, 1 FLAED
N OAEIEEY R, BIET 0O OBFIRIHE £ 256
(post-translational modification : BlER % 154) % 2F T
MO THIIGEZFHOWE L %5, b, KIEHENTIE,
Z R EDY T =y b ORIERLHEE O & OEk
WG RS I LN TER VG, S5, AHEEY
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Hix, %, 32— F¥5EETH 5T 7 2 ViR
th (FLvrarsargs yEdrarar 2 v) ELTE
WEN, FORICKHEOTOLY V7 ERTINEEFEOW
BAEESIND, FFBRBHICIE, FEHoMmoMmIZ,
- HIWAKRF L, SSHEE, U VB R EORIEAH D
F7GWES YT EIZY T FNVRTF FOBREDPLET
Hbo TNHLOHHNSL, My T ETHLA R ¥
RGHTE2d, KIFEAmEE L 2 HoWE 214
LFETINE, FRAORBZELEENH 5.

t FOEFEEYE Y KGR CAESEL T AT LD
B s, KBRS OR: 4 Wi E2EE L T 5 EEY A
TARBHETAMERINE TITHIMIITbTE 7
(Table 1, Table 2)o

AL, KRIBWORRERAY LR 2D, v M &R
BICEBAEW THLZ NS, #3780 7Takwy v

FHMFEEN, T8 R0 R RBICHEETE LY
Wdb, LPL, ZTarty &L 7878805

SSHEEGEIBILT AR W20, ¥ 87 BowmiktE
EREN TV, FD20, [T A LD MMEFRTEY YR
7 a—FIPE, ES5CRTANVAT I F oDk

FELZ T & %\,

DEI, RBEMBEZEEETAEREY AT ANHEESR
TWb, BIETHEEZ NNF2 07 4 VRSO ZNT & —L
L CREMEICEE GBETFEAN) S THRAWHE 4K
ERDLYAT L, BoNy VSV ETHHD, 2
NETEELHMHEENTETVS, LaL, TOHEICD
BODPORADD 5, BT, Mz NFa2uT7 4 V2AE R
HHRICE A (&G 25612, Mz 7 4 VADH L
Wil NS S 5 F OB o3 & ki S 2 R T U e
SRV 2 iE N H b Tz, REMBEIESY V82 Y
WCHE 2 NS 2R3 7% (, T —HFBD & > 737 HIL B
FRE LT, b MRS O A EICIZEH T & v,

—7, WWEEIEETHIEREY AT LY X, EETOE
ADPHBIES TH Y, WHENGZHE;IZEAER L, B
b MEBOBWC EBREICLELRBRESEEL N
THE - B sNTwb, LAL, TOYATLRL ME
G E O AFEICHAT 5121, RIEVRERDH 5, Kl
Wik, BN & FEE IS & v oS B O kb R R
SRS BRED D S 0, T2, 7 22=v bORkEES
BETLL00, BWMIEORKICHESE 2N 280 057%

Table 1. Comparison of the different production systems of recombinant proteins®
. Insect cells + Animal Transgenic Transgenic
Bacteria Yeasts . .

baculovirus cultured cells plants animals
Practical productivity ++ ++ + + ++ F4++
Investment cost +H+++ +++++ ++ + +4+4+ o+
Production cost ++++ +++++ ++ + +++ o+
Time for the first production +++++ +++++ +++ +++++ ++++ +++
Collection +++++ +++++ +++++ +4++++ +++++ ++++
Purification +4++ +++ +++ +++ +++ +++
Post-translational modifications + ++ +++ ++++ +++ ++++
Glycosylation + ++ +++ ++++ ++ ++++
Stability of products +4++++ +4+4+++ +++ +++ +4++ +4+++
Pathogenic contamination e+t +++++ +++++ ++++ +++++ ++++
Patent potency ++++ +++ +++ ++ +4++ +++
Marketing of products ++++ +++ +++ +++++ + 4+

* Cited in part from the paper by HOUNDEBINE®

Table 2. Protein synthesis and post-translational modification of recombinant proteins produced by different systems”

Protein Glycosylation
: - - - Xylole
synthesis Galactose Fucose Mannose N-acecylcoline | Cyaric acid
Bacteria O X X X X X X
Yeasts O O X X O X x
Insect cells O O O O O X X
Plants O O O O O X O
Animals O O O O O O X

* Cited in part from the paper by HOUNDEBINE®

O : possible, X : not possible
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Ve F72, HMITAREI NG § Sy IR Y T OVER R I
v, INHOREEH FRE LT, #ifilacies
B HESH OB 59 % TR O MR B (LT % T he 123
AT LD O SN TEY, SHROMEESEFIN S,
ECAT, HMWEMBETAY AT AT, &%, #At
BEFOTUE—F — KA L THIRZ 7 VX7 BHES
FEFICITR S A5, N0 b4 28R Cim s e %
NTWL7a 77 —BICIDHIRZ Y 37 BRGHRES
Lz, it - R L v, Fo, MW e Mok
LCHELZGENCOER 2 A2F 0 — A2 E&ATY
5o LWL, MEFoTH, MWEHEELTHEEY AT
LADFRKOF I, BT L) KBEBLA 7 720
Mz & N B R EBICARETELETHDL, T2, fil
Wit PREWICEGET ZREMAEYE L ALET T,
Mz & 2y BRESCH FORETCEMFESTE, &
S0C1E, MM METONY 2 A BTT LI EICLY
PVENZIS U CHIR R & v X HOFEEDTTRETH 5.
T, W zEFEesrEEIATLIE, EMOAMELT
FIHL W NaRREOFEE A (T V77 V0T 7
HEND AT ETHAEFEY AT LADEEL NV TEHTE SR
Twhe T, BEE (TATXRT) b HEOBEEE
BEETHEY bk SN TWwWE, —JF, #Mift 2
BEICHEE SN AEI2IE, e M LTT LAV T Y
ERBWEY BN ESELR—NDDH DL, TORHE LT,
Y% RN (B 135) TR, MlhRko v 4
WAHRNY & — & LTI S8 5 53 hiifse S
NTWb, FE, MWEHEE T2 HETHEE 2 FONE
DEFEIZHIY LT b, SEMEY 2 & O/ EA 2517
ELTLLIUE, #Ifz s N2 EOREEEY AT L EL
TORNRPINETE 5,
INBOEEICHS, b MR S B S B
fa, HRCTF v £ =— ZANA RS —JEOMIE A, ST S
72 CHO (Chinese Hamster Ovary) figss, HHWE %

HEESELEIELT, TO204EM, EK<AHENTE
7o CHOMBBZfEE & T HEHEY AT 2 DOHRAKDOF AHIZL,
B O AR CTHEB S N A EHEEYE & RS9 725
REIEM 2 R 2RI SEL T LD TED
ZEThH, LoL, ZOFFEIILFHEEHY, 5850
BENOREHOA MBS LT LIREETHRNWI ETH L. E72,
NN TORMIRZ & X BOAEER L, & 51213,
B OREFTM I E L2 00, BRI A M E L,
ZOFMIIEIRADLD %,

4. BMEBEETHIEES X T L

D okk AW, B a FIH L2AEE Y AT 4
WZIEE L OMENRH B, THET, Mh™?, iEp?,
FRA B, A 3 OfREY, BRoYd (§) o
) USRI IC WSS FEPRE I N TV S, FRIC
KEWX, e MERUHAETH L7290, ¥ 30 HORR
BIBEHIAT IR CTEL I EThH L, Thbb, X%
fEEE LTCHHTIUE, v P TER SN A A &
[FERE 22 W % ik o A h TREAETE S (Table 3)o
B O M I3 S 5 kL, Mz sy s ok
FERSL WAL, B EAOEREEICEEET S S
EVRAD LN T WD, T2, WS HkT 5 A
WIFEROHIOMED D Y, BB RENE L 05
HEIC D HMTM 2 E R H b, 22T, EABBMERTOT 1
E—F — & LTI TREMNICEILT 28R 2 fIHIT
X, Te@osT P IcHHMEY s LN TE
5o B, REOFLHHICHHWE % 5 S8 548 A
i‘A @Eﬁ%iﬁﬁ?‘?qj(, l%ﬁi?';i0)ﬁ‘-,’ff‘\55'{24‘26‘28'35'52'62'64) ﬁ;‘ﬁﬁ%
RKEINTWD, TgEWOILIRE A RWEEEDTET L L
THHT LY A7 20F 51, 1) BWEEEI SO,
2) BEFEMEOFMBICHNERDOEZEN VR TT T,
3) FUNRTEOBMARGBHi O TaY Y v ST
&%.4) b MUIZHET 2HER (24 X7 1)V AR

Table 3. Human proteins secreted in milk of transgenic farm animals after 1990*

Proteins Species where produced Gene promoter Researchers
Interleukin-2 Rabbit Rabbit f - casein Buhler et al, 1990”
a - antitrypsin Ovine Ovine f -lactalbumin Wright et al, 1991%"
Tissue plasminogen activator Goat Ovine £ -lactalbumin Ebert et al, 1991%
Lactoferrin Cattlle Bovine asi-casein Krimpenfort et al, 1991
Activated protein C Pig Mouse whey acidic protein Velander et al, 19927
IGF-I* Rabbit Bovine asi- casein Wolf et al. 1997
a -lactalbumin Pig Bovine a -lactalbumin Bleck et al, 1998%
Factor VI *** Ovine Ovine f -lactalbumin Niemann et al, 1999°"
Lysostaphin Cattle Ovine f -lactalbumin Wall et al, 20057
Lysozyme Goat Bovine asi-casein Maga et al, 2006
IGF-1 Pig Bovine a -lactalbumin Wheeler et al, 20065

* Cited from the paper by NIEMANN and KUES®, ** Insulin-like growth factor-I, *** Blood coagulating factor VI
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Table 4. Comparison of the time required to obtain proteins in different transgenic species”

Rabbit Pig Sheep Goat Cattle
Age at sexual maturity (months) 5 6 8 8 15
Gestation time (months) 1 4 5 5 9
Time between gene transfer and first lactation 7 16 18 18 33
Number of offspring 8 10 1-2 1-2 1
Annual milk yield (liters) 15 300 500 800 8000
Recombinant protein per female per year (kg) 0.02 15 25 4 40

* Cited from the paper by HOUNDEBINE®

FETIANZ) REOEEY L GEETE S, 2hET M
O MAEBEEWE * FAEAFEOL TR I oW S e 5 2
EICHEIILTCwD (Table 4)o L22L, KEZZNAFY
Ty = LTHMT 25T, ERPE S E L, BT
HY, FEREEPENPL R EOBERTEEDT A PHEL A
HZEEEZEELTBLEND L, ZIIIIERS LY FIL,
REB AT ES T, ZHRThh, HRAZRIHE
ML, FTH o BEETHEZ S 87 HeshR & (&
SNBZENL, TREITEIL, AHYFEY HN, 4
Ty =L LTHHENTVS, L2L, vHEFofHY
Mib %<, T FREEENEGL, ZRThHY, TUF
YOG R, v b EBOREERAD OB T
Hbo 7HE, THFIRDEEEI AT LRV E LT
L720OOTANPECD, FLEIE SV, SNBIH LI
I, AEEEUME A REICEESIELIONCRLEL TV
A, THERT I ORI & 2 HOREE ORI
PHIFECE R WEEEY 255 5,

EZAT, RILFEFT, Tg=7 bV OERHEMIZIE
IR TH o720 EZAHD, LUFIANVAENY & —
ELTIRICE S S8 2 HEYY s h, $612, =
7 M) oaE M 2 S 5L £ RetE & Feofiie (PGC :
Pluripotent germ cell) 2B 372 & H 5, EAEK
TELVYFIANAHMARLR, TNEXRZF—L LT
PGCIZEA (EH) L, 2w THFAF5=7 b )ERT 2
FED T, Tg=7 M) ZIENESIMFERTED L)1
ol =7 M) DOPGCIZHEIETAEAT L HEIZLD
JIHTE /) 70 —F VIR EEESE DL LTI L
TBY, PGCOMAIZLD =7 M) ANOEETEADE
F UL, Sk, BRY S BEIATER S S Y
AT ANEN L TEE LCRBET 2 UREYND 5.

5. KENODERETTFEAE
INFTIER SN TgREDOITEALIL, #HIZT
DNA % ZHINORIAZICHEMENT 2 HED 2L 50T
Hbo MW, TeREXMELT 20D FECTE LME—D
FEL, ZHEINOFIZIZ 5T DNA % BAMEA T 5 H
THoleh, ZOHFEIZED TegBWorEHsh=I3E A%
KOl 05 ~ 3% TH b, TORFEE LiFH720I12L »

FIANVAENRT § — | BEIE AR 2SR5 S
NCTwib, $72, BMETDNA ERT&2 R L, Kbz
FG04Y & B I3 BER RS (ICST ¢ Intracytoplasmic sperm
injection) "3~ % J5 3%, 38 A #(n T % ESHIAY (Embryonic
stem cell : PEVEEMAL) 1CEA (MY A7 72 av)
L, ¥278 (7 A) OFEREHL T Tg 8% 1F
M2 HE"DH 5. ESHlERET 2 KL, cnET
HOESHBIE~ 7 ATL 2L ENTWARWED, REH
WIEFI T & v, B, ESHIEAS~ w7 A LAt o Byl
TV TE2W2OHRBIEITHTHL, 5B, TOMDOH)
Y <l ES B (Embryonic-like stem cell)? 1 £
LNTWAED, F X T8 CHIBME~TLT 5 58)) % #¥F
PARAAAVAR S¥ <25 v/ N LAV

&AM, 1996 4FELAREIZZKFE S BRI L 724 g o %
T EERTRINCBME L C, 70—Vl xERT 5012
RO Lo 2 e s, HMOBRET % Ml PGC™ 12
BA(MFYRA7x27vary) L, &6IHRMBEZRRHIC
L) ru— R EERS 2 55EY CRENO#EETE
AW E o7z T OB L 5 7 1 — ik
OFEEEIZ LY, ESHIEAB L SN TV ARnwRZIZB W
TOLHNIEEIET %/ v 27 77 b (gene targeting) ™ 4 2%
ZEDMRE L o T BInTFEAROMKMNE & L TlE, fia
A ORI S A ST E 7205, — IR Rk
FHESFH SN TV D, ZOMIZE, Bifkh» SR 72
S RER A <2 Bz i A AR b MU ST b, 20
BRI L 28T/ v 2 7w ML, & O
TR A E T L 7 %Y ORIISHZEICATT R e TE & L
THHSINL TS, —J, M2 T7T7 /94 VA% RS
F— e LTRSS, HWO#EMLST 2 7R T8k
V2T L Ic i SR B HED b SN Tw b,
COFEE, FERBEFOREBIC L 28 EENDORE
BT H5H 2D 5

6. BANEETDFER EFMRREM

TgEHW THMOBEF 2 HHSE L2011, AR
fEFHICTaE—%— TN H— A VALAY—,
A v ha v, BEEHRE 2 & 0 DNA #ix ke 2 & 29
PRETHH, D)L, FUTHICHNMEZ TR S
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Tol2iE, Ay v ElEfeT (hEA VTR E)
OTUE—F=DFHENTE, TNFETOEDNS,
FUBRCH MO @ AT % T I BRI 7 & O R4 2
MICHBE®D121E, TO0E—8—2850KERT A XD
5 {8l DNA F8I % 38 A GE G T ICHALLEDOH 5 2 & A
LI o 720, F 72, DNA BAMIEAIC & % #ifn T
AFETIE, i E DNA IZE A ERF OHMA F N5 AT
HECHDHIO, WL > CTEEABMLETORBED L L,
BB Do THIFFIRNGESH L, 22T, HEA#ME
T 045 T DNA W3R A GBI BEFR 7 < 3B AEIE T DI B
2ELOI, TV VNRY ¥ — P GEABET * Y
BENTHEASELIR7 5 —) OFAPIE SN TS,
FUIR CHIB A RSB 2 BETO 7 e E— 7 — %2
L72ETH, Tg B HAOEBRERIGEENAOND
BEhd b, IE, BEYAAOTUE-Y —TiL, &
ANHEAZT %2 FUR O A THMFFRMICEH S &5 2 LA W
THHIERRLTWD, BABETFVIMRTIHEAT 572
%, Mo T I LRIz 5 S hiz7zo
Thbo FFE, v AAFMESY v X7 Hiltfnt (WAP)
DTAE—F —%MAAAE N GH ZFITHHIZ0WEES
FEEP T, Tg~ v AOHIZIMERO GHIEERE L, R~
HAERTIIAPBEIN TS, F/2, e b)) A0R
IF raFUthic g L7z Tg 5% Tk, HEoEH
WRICHEN D o7z, O, MMBFFRMICEHET 285
FlZoWT, TaE—% —#HEr &, £ 5 M6 #HH
B MLAADIEY | EAEIET & R R 7 & OB
FrRMBHSELIEPNETH LI ENHHL 2, 22
T, HO#EIET% YAC (Yeast artificial chromosome)
WCHLARAT, REIEATLUENED SN T WD, B
DX A, iz Img/ml ML E O E <& A g »
GIEINTuhne, BELMIFIHETHLEEZLNTWY
Do —F, AT & v X7 B A EIEICAR TR
LLThH, &ETOMM L & v X7 BAOFESE OIS
TERVEVI)FEVH D, FHE, Tg ¥ TOIINTFITH
WEELZE Ty FATYE VLI, BARROZFNIZHAR
VT VB E B O o 2R R ST w D BRI,
Tg 74 ¥ oz s s/ bCl A ey —
W2, YTOVEA TSI N T o7z, & 51,
Tg=7 M)OIHE»BME LT 70— F VHiRIZid
VT NVEBEELEIN TR 2H]EY U d D,
ZOXO RWEIE, EENTORENIE DT, FEE
DEHENOMFHNANLHE S 20, FERER CHO Mg % 15 312
H 1 05T & B O I 53 2 B 5 T % RIS
AT DL, BES OO L3R STz & O™
HbH, 512, B/ 7ua—FVHEEZIATER S &5
72Tl N=F7tF LN ay 3 vEETF2REEICEA -
BB LIZL), PUROBERMEESHEE S, bk
OB EMRZ S0 2 DICHY™ LTwb, —7, Juikic
B2 73— A0RAIPAEOMBEERR Z5EmD 5%,
T/, VT IVEALE N PiRIL, Fe-FerN Lt 7% — (4

a7 UFDO Fe BT BBy vy ])
IR 2 BT T S, IRENCOFELHD L 2

ENRHS N TN D B RG T 2 & A TR O IR AN R 1%
ROy 7T VB L FHERT A 28D, HBEHIERY S
WHEZEVPRHENT VWD, 2D RS, b LAIMEZ
B/ 70— FVHEIC T T VEREAINT 28, HHNIET
I—ADBREEPTEIL, PIRERIS % FHE TS 2 helk
Wb o PUKDOBAEN 2 VE I AT AAL L 72 IEH55 AT % A i
T5IETHD, M THRS TIPS 7 IVER
ET7A—AERNTBY, EHEAELHHET A2 H L
TWZ e IFERTRETH D,

EECTHILZ Y VXV HEe GRS DGE, ¥ 308
DE R EORESE, FRIZHIR Y v /37 B b G %
Boy s Blc7utey v SN BBTR AEE
73 BRECHIFALTD Y N7 BOYW R y—H VR F
MEa g FAMBICBWCTIERICEI EE2 2 EPEETH
bho BN TUT A Cx Tg< 7 ADFIT P IZGMW &8
AHFgEt ik, e N 7u T4 v CHEIETEA Tg <Y A
Z, LT T = ¥ (furin @ {GE L WY 287 B TR
2 AW NGO H L EW IR S5 T a sy Loy
B IEEE) B2 AL Tg <~ A SR &4,
FiTg v A0 HHF»rbme A BE 2 Fo7-7u 7
LY CHELNRTVD, ZOFEREE, EEOEET
ALY, FURTHIR 2 & 37 B ORMREBEH L T4
(RS ZEDNRETH L EERL T D,

7. HARICHBSEBMEBA 2 INNTED T DM
DFA

RENHELTEEAL TeXREOFAITHITHAIBZ ¥ >~
IS Gy S D BRI LT HAR OB B R AR
% EAROEHIREE# [0] | X4 2 WF7E5059 2347 b Tw
5o BETEAILYFITHOREME D, WHLT LT
75 DR R R S LY fThbhTwb, T2
FREFAT S e FLHFLT 2 T OME 3 2K
M ESEL0C, STy, VISF—LA )Y
A5 T 4 v OB YU A Fr oW E & 3L 1w S
& LW BfThbTwb (Table 3)o <7 AFLitHIC
T FIANAKTEE 70— F VR E DS
AFOT AN AERZ CHEEHFTCNDY, F72, 44
WD -7 a7 reEELRY, ThbbLE
fZF% /v 7 7% b L7234 e SN CTw b,

8. SHROFEELEE

DNA BfEAEIZ L) Tg ZKBEPEL S TR, 20
BAEIZDHY), HALREHNTELL D TgREMEH SN T
&7zo ZOBK, FHRBEBES, LyFoA LAY +5
YARY O FEERNAY, AT X2 L7 —E%9 25 H
L7z B BN HE SN LI, TgH
WMOVER R —BES L o TE . WA N4 )T 2
F—L LTCHHETAY AT LAOMBEPH#ERLTETW S,
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INFToLIsr, REZEHMEDONAF )T 25—k
LCHRIHT 2 Z &R LT, FRICEYF oMz
KELBEIGEZ o T v, FFE, TgRENEGIHE
T LB, 2O HARFIZILET 2 et 130
TRV, F7:, IARSIETERSNIZYWEDIZE A LR
RHEABICERZE L RIZT RS, ZNFETIZ, N
AF)T = LT, vHE, ¥YF vy TIOF
MESFIH SN T WD, YHFEFH LY AT AT,
EWBKg OFERWEDOEENTRETH S, 72, Tg¥
FrFHLIEEY AT L0841, £HIZESNSE b
TryFAUCE VI /EIE, A FAOIE» SN &
WL 5 & EZ 6N TW5h, f&ilt, b MIjEEEFE KA
T (hFIX) OO0 HEEES N, ZORTFOXRIE XM
KRB ORRKE 2%, B#EETIEXEOEIIFET S
L2, 3TN~ ANOBETIARB 2 5IET 5, 2
T, BEITe Mol S L 72 hFIX Al ozl
B ZFEFIC E D FSEZ VW5 2%, Mg A ISR A L
oI A X ANV ARFRT AV ATHRDOERIZE S ENRT
B, 1HLRWEHOAIT I WS ELEEY AT 4
DFFENFEZN D,

& Z AT, CFTR (Cystic fibrosis transmembrane
conductance regulator : ZERIVERRAERE O B KWE)" 27
VAT H AT 78 —EY Ok sy v BiE, BokiET
HY, FLTHOREGEROBELIGEH SN THwA720, Th
5O - FEPES TRV, BHEDOE 2 A, Fitdrs
Mz T X BT AN LR, ehe
NOWHEIZKIG L7722 TRE S D 2152V O0BURT
Hbo T, AMTOERWEOEERIZIZ, Aitdhody
UISTERGELTIROSVIEAL VPR T, &
Bk, WA VEBIETE /v TN LEREEREEET
LEAMWERMEY AT LEZEZDLENDHDH )0 THFR

TENET ) & AN DS, T OGEIR T v
BHROBERH Y, TV I v #EBTE /v o777 MLy
SO DPEHRENT WS, IR E 2 SRz & 2o
TEEHET ALY AT A% RIREBMAEY O RN 2
EDHBIES TH DD, 4tk WEEE &H L&Vt
RY N EEBL OO OEMPULETH L, 56
2o MR & 287 Bt d 2 £ TI2IE, FNH0%
7 b N HEALTR, PR Z T T3 5 2
LA TCEETH D, ZOMEIE, MRy 7 g
2, BRAOZFNE B o -6, FRICHE RS R 5
WETHDL, Bz, v N7 ryF A0 M (ATryn)
o EOIIT I oW SRRy Tk, 2 5TV T
Vit N-7tFV=2—u3 E: NANA & N-7)a
—a2—u3I Y NGNA) s Twiz, b M2k
NANA Bl AT B 728, FEBROEBE SR T
HO, L, MG LEHEIE, REENREITER
T ATRRELD B, COMICARLE R Ny ~
N7 BEEHIZOED ST, ATryn (Z4FICAFILE 3R %
FlERR T &R, 2006 4E1C TgEIW CHEESE 2R
e L TR T LT EMEA (European Medicines
Evaluation Agency @ FRMEFEGFEAT) 2L VBTSN
72o D D\WT, 2009 2K E D FDA (Food and Drug
Administration : fHESEGF) PRI Z OYHE % E3E
e LCRI L7z, ThboFEFEIL, EMEA »#lifz 4
YRTENARKOYE LB LR LD, BRI
MPOEWFRN L ETH LT — AN 7 — A TR 5
CEERBLTEBY, NMATr /0T —HEEFEICE S
THEELRA v —=Vbhot. B, TgRE2NNAF)
T —bTHE MEERROAEES AT LA%EE LTV
WEIMZ DOOH LAY (Table 5), EMRICL L L, Tw
TRk, Mz ERGOBEL, EESZINS 2 EET LR

Table 5. Some of the biomedicines under study produced in milk of transgenic animals that are currently in

commercial development*

Proteins Company Animals g/l Glycosilation Development
ATryn GTC Goat 3 <NANA, >NGNA EMEA approved (2006)
US approved (2009)

Inhibitor C1 Pharming Rabbit 8 <NANA Phase 1T
Fibrinogen Pharming Rabbit ? ? Clinical
Malaria antigen GTC Goat ? No Clinical
Anti-CD137 GTC Goat ? ? Clinical
Albumin GTC Goat ? No Clinical

a - antitrypsin GTC Goat ? ? Clinical
RotavirusVP2/VP6 BPT Rabbit 0.5 No Preclinical
Blood factor BPT Rabbit 3 <NANA Preclinical
TNAP AM Pharma Rabbit <0.1 ? Preclinical

* Cited from the paper by NJEMANN AND KUES*

TNAP, alkaline phosphatase; GTC, Genzyme Transgenic, USA; EMEA, European Agency for the Evaluation of Medical Products
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Abstract

Human insulin and growth hormone were prepared in recombinant bacteria in the early 1980s, and
used by patients. However, this production system was limited for the human proteins other than
these proteins by the fact that bacteria cannot synthesize complex proteins which must be matured by
post-translational modification to be biologically active. The different systems to produce recombinant
pharmaceutical proteins have been implemented using yeasts, plants, insects or chickens as a source
of recombinant proteins. However, they have advantages and limits, respectively. Transgenic animals
offer particularly attractive system to produce recombinant proteins. Milk of transgenic farm animals
is presently the most established system to produce biomedicines. In 2006, EAEM (European Agency
of Evaluation Medicines) approved marketing of the first recombinant medicine, human antithronbin
Il , derived from the milk of transgenic goats. Although this production system has not yet been fully
achieved and is still being improved, the number of companies involved in the production of biomedicines
is expected to increase.
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