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Strategies to Optimize the Expression of Mammary Gland Bioreactor
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Abstract: Mammary gland bioreactor refers to the technology of importing foreign genes into animal genomes which express specifically

in animal mammary gland, and using the function of synthesizing and secreting proteins of mammary glands to obtain recombinant proteins in the

milk. Mammary gland bioreactor is regarded as a technological innovation for the production of medicinal protein and nutritional protein in the

bio-pharmaceutical industry due to its advantages of high expression, low cost and synthesized protein being close to natural proteins in structure.

However, due to the random integration of foreign genes and unstable expression of recombinant proteins, its application is largely limited. Based

on the current development status of mammary gland bioreactor, this paper reviewed the optimization strategies of mammary gland bioreactor

from three perspectives: using gene editing technology, screening suitable foreign gene integration sites and improving the regulatory sequence

of exogenous proteins, so as to provide theoretical reference for improving the expression of recombinant protein produced by mammary gland

bioreactor
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Table 1 Example of recombinant protein production by mammary gland bioreactor

RN WiFh N I / 4F 225 30k
Recombinant protein Species Expression content / (pg * mL™") Time/Year References
TR Lysozym W54 Bovine 3100 2016 [5]
AFLH T Human lactoferrin IES Capra hircus 3200 2015 [6]
N ILIE FIER T HSA W52 Bovine 2500 2016 [7]
PP G AAT Z8°F Ovis aries 650 2000 [8]
T NLFH R 1, Leporidae 15.2-630 2016 [9]
Recombinant human plasminogen activator

HEIMLAF VIITFVIIL JINER Mus musculus 1 000-4 000 2015 [10]
BEIM AT IX FIX ¥ Sus 100-400 2008 [11]
PRETAAEAE LR EPO 115 Capra hircus AARIE Not reported 2002 [12]
A C1 #3417 Human C1 inhibitor # Leporidae FARE Not reported 2003 [13]
NFRPE a- HIA 0 JINER Mus musculus 15 1996 [14]
Human acid alpha-glucosidase

LA i A R A 2 I IR T GM-CSK JNER Mus musculus 200-4 600 1997 [15]
T AP Recombinant human antithrombin L2 Capra hircus KA Not reported 1998 [16]
AR #47H Human urokinase JINER Mus musculus 1 000-2 000 1990 [17]
Jo 2 AR AE R T -1 1GF-1 1 Leporidae 1000 1992 [18]
il 1 BB AR A . A S INER SR A fL it 1WI2F Capra hircus 100.14 + 5.09, 279.10 + 5.38 2018 [19]
CuZn-SOD, EC-SOD

YR % FSHa . FSHP LWI2E Capra hircus 0.28. 0.30 2021 [20]
J5 B B N- CTRIERS T . L 5- F5 Hc T 42F Ovis aries FKARIE Not reported 2017 [21]
M AANAT, ASMT

HIFEITEIE S Glucocerebrosidase 112 Capra hircus 1111 = 8.1 2015 [22]
AZE € Human protein C ¥ Sus 100-1 000 1994 [23]
PR EANAET 1 H/A PD-1 antibody JINE Mus musculus 80.52 = 0.82 2020 [24]
T EEARAR IR Butyrylcholinesterase 113 Capra hircus 1 000-5 000 2008 [25]
K% Growth hormone T Leporidae 10 2012 [26]
JE )5 Collagen JINEL Mus musculus 200 2000 [27]
Pt CD20 BAFFELIA Anti-CD20 mAB I Mus musculus 17 2008 [28]

Note: HSA : Human serum albumin ; AAT : antitrypsin ; EPO: hemopoietin ; GM-CSF : granulocyte macrophage colony stimulating factor ; IGF-1

: insulin-like growth

factor-1;CuZn-SOD: copper/zine superoxide dismutase ; EC-SOD : extracellular superoxide dismutase; AANAT: aryl alkylamine N-acetyltransferase ; ASMT: acetyl 5-serotonin

methyliransferase
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Table 2 Common target sites for livestock

FIHML S YrFh FEIED FEH b A A [R] / 4F: S5 3CHR
Target site Species Transgenes Gene editing technology Time/Year Referencet
Rosa26 Z8°F Ovis aries turboGFP CRISPR/Cas9 2016 [42]
¥ Sus tdTomato TALENs 2014 [43]
*- Bovine FUARDLAAR DG E i M s 1 1 CRISPR/Cas9 2021 [44]
NRAMP1
B-casein *F- Bovine NIETHEAR I A RN 2 CRISPR/Cas9 2015 [45]
Human fibroblast growth factor 2
H2F Ovis aries FFHLCHEN N- LB LB 5- Rk CRISPR/Cas9 2017 [21]
FSLFE RS AANAT, ASMT
W54 Bovine BRI Lysostaphin ZFNickases 2013 [46]
BLG H32F Bovine A IE A F HSA TALENs 2016 [7]
113 Capra hircus N o- FLIFHHE FH Human o -whey protein Homologous recombination 2019 [41]
lIES Capra hircus NFLAE T Human lactoferrin CRISPR/Cas9 2017 [47]
lIES Capra hircus NFLARHE T Human lactoferrin CRISPR/Cas9 2020 [39]
Collal Y32 Ovis aries U IR AAT Homologous recombination 2000 [8]
AAVSI II3E Capra hircus — FeAbAAR T -B1 TGF-betal TALENs 2014 [48]
HII % Sus LOIOEEN GFP CRISPR/Cas9 2015 [49]

Note : NRAMP1 : natural resistance-associated macrophage protein 1 ; TGF-beta 1 : transforming growth factor-beta 1 5 GFP : green fluorescent protein
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Table 3 Regulatory sequences of exogenous proteins
Fer P B KIEFGE %k
Type Name Transgene Expression system Reference
N B-lactoglobulin promoter VTR LRI A P v [75]
Promoter Lysozyme Goat mammary gland bioreactor
aS1-casein promoter iR EAET 1 Fiik IINERFL IR AR P S [24]
PD-1 antibody Mouse mammary gland hioreactor
CMV promoter SR L PH VI INERFLARAE P O [10]
FVIII Mouse mammary gland bioreactor
T CMV enhancer NFLgER A FLIR A S NS [76]
Enhancer Human lactoferrin Goat mammary gland bioreactor
CMV enhancer NFLBREA NRFLIR A RS [77]
Human lactoferrin Mouse mammary gland bioreactor
W& T B-casein intron T INERFUBRAE R SN [78]
Intron Lysozyme Mouse mammary gland bioreactor
SV40 intron Al E S Hh [ LB L4 [79]
EPO CHO cell
H %1 B-lactoglobulin insulator T TR it FFUIRA Y N [80]
Insulator Lysozyme Porcine mammary gland bioreactor
c¢HS4 insulator INIRASEHE A ZLIAE W SON £ [81]
HSA Cattle mammary gland hioreactor
tDNA insulator B BRI w6 B O L 40 i [82]
Monoclonal antibody CHO cell
MAR MAR X-29 BRI AR (LR € B L A4 [83]
eGFP CHO cell
Chicken lysozyme MAR BRI G r £ RO LA [84]
IsG CHO cell
IFN-B MAR PRLTAMMIAE R . T R T Hh G BT LA [85]
EPO, HGF CHO cell
B-globin MAR AIEYE TGF-TT 52 4 Hh s RO LA [86]
sThetaRIT CHO cell
TOPI MAR LR O T o L A [87]
eGFP CHO cell
DHFR intron MAR BRI (O M H L 20N [88]
eGFP CHO cell
MAR6 B LS OVl {E| Hh e BB S0 [88]
eGFP CHO cell
UCOE UCOE LEFIEN O LB L [89]
GFP CHO cell
STAR STAR7 FE R 6 B L4 [90]
Monoclonal antibody CHO cell
STAR67 LN TIREN Hh G LR LA [90]
Monoclonal antibody CHO cell
STAR40 I UBTR I PR i Hh G BB LA [91]
SEAP CHO cell

Note : HGF : hepatocyte growth factor; sThetaRII : soluble TGF-beta type II receptor; SEAP : secreted alkaline phosphatase
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