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Cell type classifying by synthetic gene circuits
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Abstract: Synthetic biology is an arising interdiscipline combining traditional biology and engineering, aiming at
integrating biological components into gene circuits and delivering them into cells, enabling them to process
information and perform certain function. Recently, gene therapy for diseases has developed rapidly. The
engineering nature of genetic circuits has made it possible to intervene diseases with more spatiotemporal precision,
giving gene circuits broad applications in gene therapy. Accurate intervention benefits from the integration of
multiple input signals and the identification of specific types of cells, such as oncolytic viruses that specifically
recognize cancer cells and kill them. Diseases are often accompanied by changes in a variety of regulatory networks
within cells. So, it is crucial to extract key signal molecules from these cells as inputs for gene circuits. This paper
reviews gene circuit cell classifiers that sense different signal inputs in mammalian cells, providing new ideas for
modular integration of signal inputs and the design of gene circuits in the future.
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Promoter2 & Bl 5 BE [r] Lacl[fJsgRNA, - 2 #5G JiF M I sgRNASE ) 22 54 S840 7 Lacl () BE Fl, #H55Cas9m 1, PHIIEE 1 Lacl
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£ [ B 4 N MS2 Fil NF-xB 3@ J5, %% 3% 7E MS2
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Kennedy %5 5 I $2& H 7 25 (1 5 0 7R B % 1) 4
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Y HARE AAFTERS, ERE-S PR P Bk (R AE
fEH, ¥ TEVp i % TCS i, TEVp iR %] TCS 3
DI, B S BOE 1, XA RBOE TR DA
0 H B BE R 2L (B 4B) .

Cell death

Stop condon

RIS A& IS

7T (EXT)BAHEERAEMRNAZ Sh, H bR FRIE G S AR T . (B)ZET MNP & A LA . 2 B rE A7

W, e S MM A STA RN A B, S TEVpRL B TCSHIE, TCSAABIY), ATFHRREINEA, Bkt & ARk,
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15 26 1A ) NF-xB #ll B-catenin [ & [X 28 B%, 45 57
VEHL S S T 4 A T2 CRIPSR A3 300 A1 410 1
PRl R %5, HAS[E sgRNA X N Ff 8 55 9 5 A [,
ER] e At AT D3 0 2H 5 AN R 1) sgRNA SEIR T 2 Fj Uk BE
PR ER N B AR A o Grd i R e . P53 B
5 HSF1 f)5 CRISPR i R GE 4L A [F]— H HUEE A,
WA P53 AHSF1 8 F A AE R H A3 R 4 RE
15, SEHL T NOR #4, CRISPR <[ RNA 48
R IR, A LASEILE A i s, AHOCH)
W AR IR B TR N R .

14 AfpREREES KN

VAR, e B NGB YT FH S 57 1 R R IR,
Forp R R — &7 LLAR B R T B 5 A N BE . RS 9T
JRASZAK T 4 (chimeric antigen receptor-T cell, CAR-T)
A e — Rl B 3205 R R A ok BB P
(single-chain variable fragment, scFv) 5 75 Ji5 [X 43 1
MG S R X AR, HAEBEHDK) T 4,
I J5 ) T 40 P AR A bR L IR S 44 5 IX A e
AT RIRI PR SE AU, Ry E s 7
w0 SR RINE, IR B AT R 5 P IR 4t i R 5 B
BRI, TSN AE 5 5 3 X ISR B0
A LA S T 40 P 0 me BT R £95 ME fg B5Y. CAR-T
J7E BAREIRIR E IS — @ K T 2R, (H—
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LG fieb T 24 i sfe /> 5 4D 3 T e B T M B B vk
W HOATiZ AR A — KBk . HEfe & s —
SU T 7E E I B A 2 1 scFv 45 74 35 s B AN [F] &
THIATC R (A ZR B R A AN T 4 e 7 Y A 2 (2%,
1 Zah %5 Y %11 OR 1245 CAR B8R 7 B k40
fu$iJi CD19 8% CD20 WiFf 7 FAric ¥, kb 797
5 B Ho 2 B TR

Notch #2& 7 — o] DLZEAT T ARk s I AE 5 5%
5 T H. Notch % 1A 5 I Delta fic {4 45 & 1 75 K &
1 7K AR T Notch i P 7 si 1 15 &5 i 3alade A A% 9 R
P BE PR L S 34 1, Noteh [N 1E S 5 S 5880 g
ANEC AR X 38R 7] 347 T R4k . Morsut 25 © %4t 7
N L4 i Notch (synotch), & B 5 i H B V) [X 42k,
FEAE PR A1 G5 40 DX 3805 e g B AA, R P X380 H
R SBOE . IX AP N & B Notch £ %14 Jim a] LA
e MR AR NPT AR L, B SRS S
W FIFRRRE . BT R PR A IE 5 L
WAAE— K RIFRIE, B3 REPUR M ki
SO AE RN, MNTHT XS I i Rg 4 2Rt i A - X 1%
A, ASE A R Notch B RUFHIIEAS P, LA
BT bt B A AND 248 D) g 1) 2k DR 28 B 4 15
SRS AR, B R A AR S R S TR S).

2 RERHEZRFE

21 HEREEHTFRIALMART

RS R 350 TR A R TR ST P AN
AU e ACA AR S R O 5 el R A R
VER 7985l ,  HR R AR £ TR R R Bl
TR R PERIC SR 7, X FiRe R R AR 2l R
e SRAR 5 A i A A Y R S DR oK BT
AT IS AE TR 53 28 i) LA JE A3 B e AL % 5
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pTet: SR T, ETARPUIRRIEH FE3): UAS: LFEGETS]: VP64: Hugik, VP16 HINURATAY. RF
224 5 el 40 Jf 25 TG 0 R I IS FEAE I A BE T B VP 64-GALSE S 30E T im fn i R A R Ik .
[E5 HsynotchZHRLFIANDIZ EREE
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RIEBF, EXFEL T, N TRt E s+,
SE Tl BN B 53¢ DR 1 7K S f R e i ) — s
TETT

T, T UARARE R R BT, 9 W s A
SR S = Foi ke ) 1) 7NN 1) AV SN2 e 1 %2
ot U AT B S FIE RN B A,
s 7T (TFRE) B FES 7 3 MU =2 1]
AL PLRCEATR B TF ()R E K 3G ERIE - J7
NGB RER M 3 30 7 stk 77 Rk, R% TE
A S B 1 SRR R A 2R R SR B 1.
Roberts 25 " 38 b 22 7K 1% 43 W A SCHR Y2 98 5 72 T 7E
gl M b R IE AR R, AR R A E B
JIEAS B IX B EE R 37 X & 4L 1) TFRE, #'&
BB HLZESE 5% N\ TATA HE (TATA box) bJiF, %
JE BT SCHE,  FF kDN 0 O B T 45 e 4
MO S M 8 B o T — e = A I S B
77, R AT R 48 (massively parallel
reporter assays, MPRA), WX}t & K& R 377
B 1 SC 12 A T 0 e Jl A T i s

I 55 % 3 2 e U s U FR A AT A W ik R
AR 1 PSS B 7 45 R A e 52 e 2 R 3R IE AT
MR TE R B 1 AT RE A i ST B AR T W .
Angelici 2 " KB, 1F BT 5 TF A
55 (A Bl [ 1 T B 7T BLJE R AND ], i 28 TF
e h R B EGE 745 &85 TATA box
(1% S g i 2 S YRt S B 1 e DA Y R AR
(P58 55, f84E& TF Z (8] AND [ ] AR gE, fih
AT BT R R 2 7 2R 88 S0 1 415328 . Smith
2 U@ o % K N T e A HEAT &R 40t 1 sk
RI, JE8hFiEPEFEE AR TFRE (13 DI UE .«
{H—28 TFRE 75 £V il K5 e 4510 5 B E B BLAE
H, e B e s sh Fis i U KRR Bl
FAEAL R A 0 o B AU AN R U B TFRE™Y,
Uk, Brown %5 PV 3R HY T % 5w IR A B AN BUR
TFRE K&z, @ 7T B3t

H AT O & — S 70 2 30F A 8104 2 B2
A% /IR 5 ) 150 2 g gt 0 A R ok 3L A4 A AR R O B
TR . AR BE A =l B O a0 Sz JL il
M7 (CHIP-seq). YLt rl i Ge (s HLAE
SRR, mTLLUE X TFRE 44 HEdRT2
PEANHLAS 22 2] & 7 L B U M B A ) B 1 450 5 B R
I Z MR FR, H a2 7R PR 518
o nHh, NTERESUR LA TP 4% (GAN)
NI A AR R HOR K R R s, (E 34

RV, LSRR ARG B BN LR A
BT BP0,
22 HRAIBRMMNES S FeE

W] 7L, 2590 700 24 o s ] 2 8% 4 24 48 80 T %o S [) 4
WRIRAS IR BRI TR 5K, 4 0 R 40 PROIR S W ot 2% b
I FARCYREL SRk . AT N o AR IE Ak 244
ZMEFE, WIHHREER LR, hEEARNE S
SR, W ARRILRZR IR 7 KA — KR TT
o GIPESRAE AR AR AE KB I IE R A, 5Tt Jk
K] 45 B S i) 45 5 55 TR ZH DNA 5845 (it 2 it 5 A7 1R K
(1 Bk i 1% . CRISPR % 4t nf LA Jil DNA J¥ 41, {H
R T AT IR A VIR B E SR e B, LR ER
TR A% 33 2 R AT A HE . Mircetic 25 ®7 A
P53 AR J5 e s T e I AR A T TR 4R I R AR
RIS . IR A B 7T TN EEFE EE 1 (zine
finger, ZF)-TF 204, WA~ ZF ¥EH) H #% DNA 5
BLAHAT 1Y) DNA 7 %1 3 43 31l 3% B2 % 5% A T 1) DNA
SE G UM S BOE IR . RA 4 H bR DNA P I R
i, PN ZF-TF & 4 fe s & 2 DNA FHEHN
B IRA T BT IRE U 6 B R e S R sl R R I
G55, S DNA JP 41 [, AT X 23 H R
0BRGN o X RIS IR TF S 2 1 5
ERREM KRB —ER&E, KRR DNA &
BLAEARM A 22N DL, o 35k BRI 4 5 R AR PR R R
T EXHE T RAT O3, 7R E IR
[FI, mRNA 7>F6 = Wi IhEe, Mg R4 2 5k
K2R % TR VE AN . DA B FUAE AR MR EAZ AR
rh R B B 4 SO SEBIL T mRNA &S0 ™, HHAE
FLAZ AR A 1 B B A REE
23 RGEEEIT

I FH £ RIS DR 28 6 AT 200 P 23 AR T A TR R
FEAS S FAE RN, T L N\ 7E 20 R A
RIEAFET M, XWFRAREGER ., ERRIE
NgE 75 T L R 2 2A I [R] 28  1) HEAf  RDE B
TE 38 (XU 3h 7 7 v 3047 40 43 28 1 i 8
Morel £ P 5 Y I B0 p i 70 5 S B S T 41
53 2 DR 240 o T) 2 08 P S IO 1k A7 E R S M S U MR 2
(B PRSP, R HH AE B (vl 80 e e 1 R R (R 4
P& S BRI o R, DA BT IR 2 R AR
[, BEPR 2% 40 548 v] LAt SR (5 B T,
N LW K8 52 BlitES, Hr2iReHE
. AIATRUE S EERHMERFE. &
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