CON /R R R SBAIBNERENSEENESRENTTLRE
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn March 25, 2017, 33(3): 436-455
DOI: 10.13345/j.cjb.160431 ©2017 Chin J Biotech, All rights reserved

. R PR 4 -

wA, FOlW, T, sHiflk
200241
, 2017, 33(3): 436-455.

Yang LF, Yin JL, Wang MY, et al. Research progress of mammalian synthetic biology in biomedical field. Chin J Biotech,
2017, 33(3): 436-455.

s £l s

i E: BROCRAMFIXRTIFHALHK, ERiE+F, ZABREFTEFTIZOMABE. SREDY
FRANILRZFEMR G A, @A TRt, REARKR, AT @R EDERIT e, N2 A T
BAARIR. FEAE AN B R IAL A BIRANB R, RAFA R AW F AR A NE R A R AT . AT B sl
Fshdh o A F ARG ST 7 B R, NIRRT SR R AREFE TRAEG TR
A KB B T kw7 6 M IR XA B RIS A A B AT R . e 3T A AR AR A R 16 RS T 64 R A
Al & Fe PR HAT R

 ARAEYE, ARKK, LARSEHF, @b

Research progress of mammalian synthetic biology in
biomedical field
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Abstract:  Although still in its infant stage, synthetic biology has achieved remarkable development and progress during
the past decade. Synthetic biology applies engineering principles to design and construct gene circuits uploaded into living
cells or organisms to perform novel or improved functions, and it has been widely used in many fields. In this review, we
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describe the recent advances of mammalian synthetic biology for the treatment of diseases. We introduce common tools and
design principles of synthetic gene circuits, and then we demonstrate open-loop gene circuits induced by different trigger
molecules used in disease diagnosis and close-loop gene circuits used for biomedical applications. Finally, we discuss the

perspectives and potential challenges of synthetic biology for clinical applications.

Keywords: synthetic biology, synthetic gene circuits, gene-based therapy, cell-based therapy

[1-2]

1.1 EHRKF BTN
DNA RNA

[3-4]

[6]

[7-8]
[9]
[10]
[11]
ON  OFF
1 HERELIDERENTFERNSEN
RS Ao O
DNA DNA
(  Viral

protein 16 VP16 )
DNA

@ 010-64807509 P{ cjb@im.ac.cn



438

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech March 25,2017 Vol.33 No.3

[12-14] (

Kruppel-associated box KRAB )

DNA
[15]( 1A)
[16]
Escherichia coli
TetR
DNA
[17]
[18-19]
[20] [21-22] [23-25]
DNA
(Zinc-fingerproteins
ZF)

(Transcription activator-like effectors TALEs)

CRISPR (Clustered regular interspaced short
palindromic repeats)/Cas9 (CRISPR-associated
protein) DNA

DNA

Cys2-His2

http://journals.im.ac.cn/cjben

TALEs 33-35
DNA [26-27]
[28-34]
CRISPR/Cas9 Watson-Crick
Cas9 20
RNA (sgRNA)
sgRNA
DNA
(Double-stranded breaks DSBs)
DNA
(Non-homologous end-joining NHEJ)
(Homologous directed repair
HDR) dCas9 (Dead Cas9)
DNA
dCas9
CRISPR/Cas9
1) dCas9
(VP16),353¢
VP16 VP64°7* NF-«B

p652°1 VPR (VP64-P65-Rta)*”! SunTag!*"
p300*¥  DNA
sgRNA
MS2
MS2-VP64*T MS2-p65-HSF1*7!

Tetl P41 2)

CRISPR/Cas9 dCas9
KRAB!*#]
LSD15%

sgRNA

DNMT3al%3!

(53]



439

R F/HINIERENFEEMEZTEIHA T E

CRISPR/Cas9 MiRNA
Cas9 [54] Cas9 39]
ZNF TALEN CRISPR RNA
miRNA
CRISPR/ Cas9 T [65]
PD-1 [66]
[67-68]
[55]( 1A) [69] ( 1B)
1.2 EEKFEIEINGE mRNA
RNA (Riboswitch) 2002 [70]
RNA Riboswitch
RNA DNA
RNA
[71]
microRNAs (miRNA) RNA
mRNA
RNA [56] [72]
miRNA
[57-58]
miRNA RNA 73761 RNA
[77-78]
3 (Untranslated regions UTRs)
(Nonstandard
miRNA amino acids nsAAs)
1 79 nsAAs
nsAAs
[80-82]

[60-61]
(Hematopoietic stem cells HSCs)
HSC

HSC

[62-63]

[64]

® 010-64807509

1.3 ESBRAKTERMEIEFER KT RITIRE

K cjb@im.ac.cn



440

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech March 25,2017 Vol.33 No.3

G (G-protein-coupled
receptors GPCRs)

GPCRs

(Receptors activated solely by

synthetic ligands RASSL)
GPCR
(53] GPCRs
[84]

(Designer
receptor exclusively activated by designer drugs

DREADD)

GPCRs
GPCRs®”

(8] DREADDs
[87]

http://journals.im.ac.cn/cjben

[88-89]

GPCRs

FK506 (FK506 binding protein
FKBP12)
AP1903 FKBP12
T
T
[90-93]
(Chimeric antigen
receptor CAR)

FKBP (FK506

binding protein) FRB (FKBP-rapamycin binding

domain) CAR
CAR-T B 10)
FKBP  FRB
(Intein) 3]
Cry2/CIB1 [39:96] UVR8/UVRS
7 PIF6/PhyB

[98]



R F/HINIERENFEEMEZTEIHA T E 441

e 7 1 (B) HRNA transcript:
: EDs: \ ¥ Open reading frame

Activator #F  Repressor R B —— _AAA

& |\ e —
: '\ :,ul'.'.‘.‘. ..............................................................
: . % 1@ f: i .
- OFF glﬁ 2 P 5 ¢ Exogenous proteing
- system  UJJJPun> - —  [JJP=>—(GO \ Vi e MRIVA2 v ~ ©Molecules

R
R OB i TS2
. oN ORI i O H
system B >UIIIH(GOD —— (I U S —
:DBDS - (©
Rl g J """"" i
Predetermined transduction through
TALEN dCas9 or Cas9 ; } 2 eell response : — engineered receptors :
and downstream
f o response elements

1 ATHEHASNMSHERERNTE

Fig. 1 Synthetic biology tools used to build synthetic gene circuits in mammalian cells. (A) Transcriptional

regulation. A DNA-binding domain (DBD) of prokaryotic trigger-inducible transcriptional regulator can be fused to a

specific effector domain (ED), such as a transcriptional activator (A) or a transcriptional repressor (R) to activate or

repress transgene expression. Similarly, programmable transcriptional regulators, such as catalytically inactive Cas9%*,
dCas9, ZF or TALE, can be fused to a specific effector domain (ED) to control the expression of a gene of interest. (B)
Translational regulation. Small noncoding RNAs including miRNA scan recruit endogenous protein complexes to the

complementary RNA transcripts to degrade transcripts and block translation. Synthetic small-molecule- and

protein-responsive RNA regulators can control transgene expression when placed in the 5'or 3'UTR of transcripts. (C)

Customized cell signalling and post-translational regulation. Signal transduction can be rewired through engineered

receptors containing an altered ligand-binding domain, a receptor intracellular signalling domain and the downstream

transcriptional elements. Exogenous gene control of post-translational events can be achieved through ligand-induced

dimerization of effector proteins fused to the target proteins to induce cell apoptosis. Abbreviations: Pcons

constitutive promoter; P,;, minimal promoter; GOI, gene of interest.
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Fig. 2 Synthetic open-loop gene circuits. (A) An antihypertensive drug controlled gene circuit for the treatment of
the metabolic syndrome!'”
(cTAAR1) and triggers the endogenous cAMP-dependent PKA signalling pathway to induce the expression of the
chimeric hormone protein GLP-1-Fc-Leptin from a cAMP response element-containing promoter. (B) Blue-light
responsive gene circuit for the treatment of diabetes!'**. Upon blue-light illumination, the ectopically expressed
G-protein-coupled receptor (GPCR) melanopsin is activated, and then sequentially triggers the endogenous
NFAT-dependent signalling pathway to induce the expression of glucagon-like peptide-1 (GLP-1) from an NFAT
response element-containing promoter, which can restore blood-glucose homeostasis. (C) Microwave controlled gene

. Guanabenz binds to its chimeric G-protein-coupled trace-amine-associated receptor

circuit for the treatment of diabetes!'*). The iron storage protein ferritin forms a naturally occurring paramagnetic
iron nanoparticle. Upon microwave illumination, TRPV1 channel is opened by heating of the iron core triggering the
endogenous NFAT-dependent signalling pathway to initiate the expression of pro-insulin from an NFAT response
element-containing promoter, and lowered blood glucose in diabetic mice. (D) Magnetic controlled gene circuit for
correcting neurodegenerative diseases''**. Magnetically sensitive actuator “Magneto”, containing the cation channel
TRPV4 and the paramagnetic protein ferritin, under magnet field illumination, magneto is activated to trigger the
endogenous NFAT-dependent signalling pathway and then control neuron motors in zebra fish and mice.
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Fig. 3 Synthetic closed-loop gene circuits. (A) A synthetic closed-loop gene circuit for the treatment of gout!"*!. An
uric acid sensor HucR-KRAB consisting of the urate repressor HucR from Deinococcus radiodurans and the
trans-silencing domain Krueppel-associated box (KRAB), can detect urate levels. At physiological levels of urate,
HucR-KRAB binds to its synthetic promoter (Pp,.03) to repress the expression of the secretion-engineered urate
oxidase (smUox). At pathological levels of urate, HucR-KRAB dissociates from hucO8 and triggers the expression of
smUox, leading to lower the blood-urate levels. Co-expression of the transgenic human uric transporter (URAT1)
facilitates the import of urate in the cells. (B) A synthetic closed-loop gene circuit for the treatment of obesity!'*").
Lipid-sensing receptor (LSR) combining the phloretin-triggered repressor (TtgR) and the ligand-binding domain of
human peroxisome proliferator-associated receptor alpha (PPARa), can detect fatty acids levels. In the absence of
fatty acids, LSR binds to TtgR-specific operator-containing promoter (Prer) where PPARo recruits endogenous
co-repressors to suppress the appetite-suppressing peptide hormone pramlintide. In the presence of fatty acids,
PPARa releases co-repressors and recruits co-activators to induce pramlintide expression, which can reduce food
consumption, blood lipid levels, and body weight. (C) A synthetic closed-loop gene circuit for the treatment of
Graves’ disease!'*. The synthetic thyroid hormone-sensing receptor (TSR), consisting of the DNA-binding domain
of Gal4 and the ligand-binding domain of the thyroid hormone receptor (TR) can detect thyroid hormone levels. In
the absence of the thyroid hormones T3 and T4, TSR binds to the Gal4-specific operator-containing promoter (Pgar4)
to inhibit gene expression. In the presence of the thyroid hormones T3 and T4, TSR releases co-repressors and
recruits co-activators to induce the expression of a thyroid-stimulating hormone receptor antagonist (TSHA) to
decrease thyroid hormone levels. (D) A synthetic closed-loop gene circuit for the treatment of psoriasis'*". Tumour
necrosis factor (TNF) binds to its cognate receptor triggering the NF-«xB signalling pathway to induce the expression
of a subunit of human IL22 receptor (hIL22RA). In the presence of IL22, hIL22R A heterodimerizes with endogenous
human IL10 receptor § subunit (hIL10RB) to initiate JAK/STAT signalling cascade to induce the expression of IL4
and IL10, which can suppress the ongoing inflammation and restore the skin’s morphology.
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