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Construction and Analysis of CreERT2 Knock-in Mouse for Genetic
Labling of Isl1* Cardiac Progenitor Cells by CRISPR/Cas9 Technology
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('School of Life Sciences and Technology, Tongji University, Shanghai 200092, China;*Department of Physical Education,
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Abstract Cardiomyocytes in adult mammals retain a limited ability to proliferate in response to specific
stimuli, but little is known about the origin of proliferating cells. LIM-homeodomain transcription factor islet-
1(Isl1)-expressing cells are used to study the optimal endogenous progenitor cells in cardiac regeneration. Using the
CRISPR/Cas9 genomic editing technology, we constructed Isl1-CreERT2 knock-in mouse model which harboringan
CreERT?2 cassette down steam of the /s// promoter. We crossed Isl1-CreERT2 males with Rosa26-loxP-neo-loxP-
LacZ transgenic reporter mice (Rosa26-lacZ”) and analyzed Isl1™ positive cells by X-Gal staining. The results
showed that Tamoxifen-Inducible Cre/loxP recombination, as depicted by blue cells, existed in heart sinoatrial
node, cardiac ganglia, the aortic arch and pulmonary roots in adult mice. Isl1 expression profile was corresponding
with previous research. By this work, we established Isl1-CreERT2 knock-in mouse model successfully, and the

model provides a useful tool for tracing cardiac progenitor cells in cardiac regeneration. This study will be helpful
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for understanding and treating cardiovascular diseases, clinical medicine and sports rehabilitation medicine.
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Table 1 The oligonucleotide sequences of vector construct primers and gene identification primers

CIE R

Primer name

TR TS
Oligonucleotide sequence

Isl1-5arm F: 5'-TCG ACG GTA TCG ATA AGC TAA CCC ATT TCT TTT GGG TCT-3'
Isl1-Sarm R: 5'-GGA GCC CAT GGT GGC ATC TGT AAG AGG GAG TAA TG-3'
Isl1-3arm F: 5'-ATG GGA GAC ATG GGC GAT C-3'
Isl1-3arm R: 5'-TAG AAC TAG TGG ATC CTC TGA AAT GAA AAT AAA TGC A-3'
CreERT2 F: 5'-GCC ACC ATG GGC TCC AAT TT-3'
CreERT2 R: 5'-GCC CAT GTC TCC CAT TCC CCA GCA TGC CTG CTATT-3’
Is11-1d-f2(2.66) 5'-GTC GGG AGG AAA GGA ACC AA-3'
Isl1-id-r2 5'-GGA GCC CCC AAA ATA ATG TAA GT-3'
Genomic DNA ATG / Casf+ Guide RNA
T 4 Pg—a——a
-866 bp-—959 bp-
ATG

i B—a—E—8)

959 bp-.

-866 bp-
’ / L ATG ™,
m_ Vector
866 bp- -959 bp-
Is11-id-2(2.66) | ATG
— bly
yA [l 2 ; 3 4 5 4
Recombinant DNA Isll-id-r2

E1 CRISPR/Cas9/" SHICre ERT2E FE G\ 55 1% &

Fig.1 Construction of CRISPR/Cas9 mediated CreERT2 gene knock-in process

GAG TA4 GAG AT4A AGG AAG AGA GGT GCC CCG AGC CGT GCG AGT CCG CCG CIG CTG
CTG CGC CTC CGC TCT GCC A4C TCC GCC GGC ITA AAT CGG ACT CCC AGA TCT GCG
AGG GCG CGG CGC AGC CGG GCA GCT GIT TCC CCC AGT TIT GGC A4AC CCC GGG GGC
CACTATITG CCA CCT AGC CAC AGC ACC AGCATC CTC TCT GTG GGC TAT ICA CCA ATT

GTC C44 CCA CCA TIT CAC TGT GGA CAT TAC TCC CIC TT4 CAG ATA TGG GAG ACA

TGG GCG ATC CAC CAA AAA

E2 Isl1-001-exonl FF{E 2

Fig.2 Isl1-001-exonl sequence information

Rosa26-lacZ'/)> i 1 i g 77 B AR R i e Ay
AR EFRM. P/ REFREER21~22 °C).
Ho2e S YEISPF B W) s N, BB 12 ho't 5 116
W, B H/NR A B bR ORI . A1)
YSIU 5 S 3RAT g 7 B A SO SRR B
YAE R 5 &P 2 B S JACUC) K Hik ik, TACUC S
20140003

1.2 A%

1.2.1 CRISPR/Cas9% &%t  ¥fkozak-CreERT2-
BGHpolyA & i 4fi A 2 Is11 ) 5% 5 A 1s11-001 1)
exon] 1) Bl 5 L U5 47 15 ATG 2 Hil (emsenbl (1] /37 41 5
ENSMUSG00000042258). £t *{1s11-001#exon1 i1

GuideRNAMT 15, Zexon /¥ #7145 B W B 2(RHMA A 1B
PEIX, MHAAA GuideRNALT 15, T RIS 1),
122 ABEFA&KKME DN RERLUN R,
i 1 51 1sl1-5arm-F. Isll-5arm-R, PCRY™ 44 H1 5"
1 F 51 #1s11-3arm-F . Isl1-3arm-R, PCR™ 184 3",
[A] If 47 14 A Btkozak-CreERT2-BGHpolyA(5 14
CreERT2-FF1CreERT2-R). pL451-cc/ii #i i 1] Hind
LRI BamH DY, (0113 000 bp4k ity 55"« kozak-
CreERT2-BGHpolyA. 3"iPU J Bt 47 In-Fusion X IV
(f# FH TaKaRa A #] fJIn-fusion HD Cloning kit). 313
AR5 A8 Sal TRINot TRV, 1154 000 bpllsll-
5'arm-kozak-CreERT2-BGHpolyA-3'arm /i Bt, H T
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£2(2.66)MIsl1-id-r2. HHEERISAL v 3714 12 600 bpgc
7 CEFAE 2 El4 600 bp 2ty (HE DT N FH ), S5
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HEAT34MIGER; 65 °CZEfH110 min, PCRYK R 2 ILNEB
DL . 1% bl e I rEL UK i 1 i (P14 600 bpak
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BRI I AL ) IR 4 ZARNA, [ 3% 5% Jlic DNA, #4755k
I & SEPCREZM . 5147414, Cre-F: 5'-AGC GAT
GGA TTT CCG TCT CTG-3', Cre-R: 5'-AGC TTG
CAT GAT CTC CGG TAT TGA A-3; Isl1-F: 5'-GCC
CGC TCT AAG GTG TAC CAC ATC-3, Isl1-R: 5'-

TCA TGA TGC TGC GTT TCT TGT CCT T-3'; N
B-actin-F: 5-GGC TGT ATT CCC CTC CAT CG-3',
B-actin-R: 5-CCA GTT GGT AAC AAT GCC ATG
T-5"c § A4 : 94 °CHIAL 3 min; 94 °CAE 30 s,
60°CiB k30 s, 72°CZE 120 s, 35N #r. PCR™ 4
FH2% T bl 5 e H VA N (120 'V, 20 min) .
12.7 lacZ# &, RAMAFmiinh s F
95 25 2 25 S HR(6,9], FH BT B 5 DK il 1 A B
I3 2R 20 mg/kg, 8)H] 13 1s11-CreERT(KI)/Rosa26-
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SR JE BN BRI

UKV AR A AR B2 iS4k 58 /N B, 58 FHPBSHR
TRV 20003, AR5 T4 CCTVA 1114% 22 58 W 78 70 HE
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PBSIIYE3IR, FFK3~5 min. FEASBH 5 200 B B 0 kS
/K, — FR2RIE B, A A HE S AT O e R D R A
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2.1 FORR/DMREIRIBEESE

i I A2 BN O S IR M, B2 AR 03, PRAe
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24 PIVEANEL 6#. 10#: BHYE/NRL WT: BFAEZN R M: 1 Kb ladder
2#: negative; 6#,10#: positive; WT: wild type; M: fermentas 1 Kb ladder.

E3 FOR/NREFRZELEEE
Fig.3 Genotyping of F0-generation mice

@)
TIT GAG TA4A GAG ATA AGG AAG AGA GGT GCC CCG AGC CGT GCG AGT CCG CCG CTG
CTG CTG CGC CTC CGC TCT GCC AAC TCC GCC GGC TTA AAT CGG ACT CCC AGA TCT
GCGAGG GCG CGG CGCAGC CGG GCA GCT GITTCC CCCAGT ITTT GGC AAC CCC GGG
GGC CAC TAT TTG CCA CCT AGC CAC AGC ACC AGC ATC CTC TCT GTG GGC TAT
TCA CCA ATT GTC CAA CCA CCA TTT CAC TGT GGA CAT TAC TCC CTC TTA CAG ATG CCA
CCA TGG GCT CCA ATT TAC TGA CCG......

®)

TIT GAG T4A4 GAG AT4 AGG A4AG AGA GGT GCC CCG AGC CGT GCG AGT CCG CCG CT &
CTG CTG CGC CTC CGC ICT GCC A4AC TCC GCC GGC TTA AAT CGG ACT CCC AGATC T
GCG AGG GCG CGG CGC AGC CGG GCA GCT GITTCC CCCAGT TTT GGC AAC CCC G GG
GGC CAC TAT TTG CCA CCT AGC CAC AGC ACC AGC ATC CTC TCT GTG GGC TAT T CA4
CCA ATT GTC CA4 CCA CCA TTT CAC TGT GGA CAT TAC TCC CTC TTA CAG ATG CCA CCA

ARG Tk

TGG GCT CCAATT TAC TGA CCG......
Az 68N FPEE A B: 10/ B R 25 AL
A: the sequence of 6#; B: the sequence of 10#.

B4 1REUNRTE B RIsgRNARL S BN /B R R TT
Fig.4 The inserted and deleted mutation of the model mice at the sgRNA sites

23 5] IR 6#AT 104114 600 bp4<is il FE . I 4
B, Kozak-CreERT2-BGHpolyA A BEE sidfi N8I T Isl]
FEPR 4G 20 1 ATGZ T (A &, ARG N % B (1) )
I} Cas9s $EA7. st 1) ) 132 e A S 7 130 43 1 471 F e
9, 6N BRI T ASANRIE, 108/ B2 T 84Nl
W5 S B ACRMAR A LTSRS UTR, A Ay i 2k
JE A, RMAINA A K ozak P41, R RIZE A S IR %S 1)
2.2 Isl1-CreERT(KI)/Rosa26-lacZ'W 2 & /) &,
CreERT2F0IsI14B 4R 323% 7K T B9 &)

T K WlIs11-CreERT(KI)/Rosa26-lacZ X 4%
& /N B4 2 Cre ERT2 RIS 26 1 45 M0, ASHIF 5%
] HIRT-PCRAFN S ] 52 S PCRIT ¥, X/ il 4121
IR IER R IE AT T e . 45 R B, Isl-
CreERT(KI)/Rosa26-lacZ X 4% /IN i CreERT2 R Isl 1
OE. R, A B R B RS
HHNIIA A RIREEERIA, P& RIS TS A —3 (&
5)e
2.3 Isl1-CreERT2(KI)/Rosa26-lacZ X PH 1% /) B
DAEHR LacZ R B RALN 2K FE
231 WWEREEBORAAER MHZEEIRS
Jei /N B HE X -gal B G, 2o AR BT W 82, ] DL /b o
0 X -gal 4 (0 14 41 1 19 B A 23 A 100 JE pih 225
52 5 45 AT ) kAR 8, wiEle i, 15 CL R IE SCHR A

am

AR

RUAR A /N BRAE YL S5 100 I BEAT VKR D) A K%
[l 21 53 9% I, w] /DB X -gal G 16, [ 1 41 i 1) o 4443
AT O Bk S RISl BkAR (55, 4551
WEITHTR, 5 CH0E SCERAR AR [T
232 DREZT BRI ABZ B L FEER
AP AL E AR G5, v LD X -gal G ¢ BH M
AR A T 520545 DI sk
I B kAR £ 55 (1 8) o

3 itie
CRISPR/Cas9 7 4t it 4F- K s il 2 FH T 2 A4
(10 35 DR A1 i, RO b 303 T A 8 /D BRUAE P (R A
TREBAE 7= A T 3K, A SIS 5 R (R i
HIAE T EE S AL . FATT Y R AL SE (I DNAKE
VA% B0 S 5 R N S P T IsLRE R S 3 71
CreERT2H:SEIN/INBR,, B — FLACIL I 8 Cre ERT21H)
RIS NI IHFE R R IEAT R — B/ R R 1
JAX — T 5 1) J IR A G0 2 ik IR/ BRBE AR L RE B AL
HHTDNAFRA LR T A SO R . AT
FUIH L CRISPR/Cas9If) 5%, AEH &t CreERT2
SE PR BN RUISHBE D JE B 7 RiF. 2050 &
PCRIIF W, 7E1% /N B CreERT21) 24 15 A1 N Y5 1k Is 1
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- ~153bp - —153bp
M 1 2 3 45 6 7 8 M 12 3454678 910
©) (D)

0.0101

0.0084

0.0064

0.0044

0.0024

Relative Is/] expression level

S o‘z} @\’% S

Relative CreERT? expression level

O &
S SO
SRS F& S
FF e
o &

A WA N RO NLCreERT2RIA % B 45 . M: DNA marker; 1~2: JIHEXT L 3~5: DL ZB-Actindik; 6~8: O ILCreERT241L . B: XA A5 /)
SO UL ik S 2 45 . M: DNA marker; 1~3: BITEXTIR; 4~6: N IEBkilslI ik, 7~9: OUsIIIE; 10: O ULN B B-actindeik . C: XEE /N
IsUTAES AR EA P ) SEIN S8 SPCRIETA S o D: AR /Nl Cre ERT2AE %521 43T 1A SE IR 5 1 PCR AL

A: identification of CreERT?2 expression in double heterozygous mice myocardial tissue. M: DNA marker; 1~2: negative control; 3~5: internal control
[f-Actin of cardiac cDNA; 6~8: CreERT?2 of cardiac cDNA. B: identification of Is// expression in double heterozygous mice myocardial tissue. M: DNA
Marker; 1~3: negative control; 4~6: Is// of hypothalamus cDNA; 7~9: Isll of cardiac cDNA; 10: internal control f-actin of cardiac cDNA. C: Isl]
expression profile of double heterozygous mice. D: CreERT2 expression profile of double heterozygous mice.

5 Isl1-CreERT(KI)/Rosa26-lacZ & /)[R LHER F Cre ERT2F0 1Ty 3235 7K
Fig.5 Expression of Is/1 and CreERT2 in Isl1-CreERT(KI)/Rosa26-lacZ" double heterozygous mice

A BRI o3 A TR ZE 1Y B: AR RRIEOR, BHYEAN A T CoERRZR 5 Co BRI 53 A 152 55 45, D BHAPEAN L 53 A1 Il 30 KA o
CG: /DIEMEZE S PU: i)k SAN: L IE 52554 .
A labeled X-gal" cells in the cardiac ganglion; B: enlarged part of A. labeled X-gal® cells in the cardiac ganglion; C: labeled X-gal” cells in the sinoatrial
node; D: labeled X-gal” cells in the pulmonary artery. CG: cardiac ganglion; PU: pulmonary artery; SAN: sinoatrial node.
El6 Isl1-CreERT(KI)/Rosa26-lacZ W H& /RO BEX-gal B 45 R
Fig.6 Stereoscope Results of Double heterozygous adult mice heart X-gal staining
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-“ y quj"v s :
RS

VRS AN

Ar BITEA N A T LSRR, A SZGE; B: BN M43 A7 T O AR S, RS He; Co BUPEANI A TRy, 5235 D: BN J3Ai Tl 3l ik
W, . AO: EFK; CG: LIFIIZ Y, PU: iz k.
A: labeled X-gal” cells in the indicates aorta without counterstaining; B: labeled X-gal” cells in the cardiac ganglion without counterstaining; C: labeled
X-gal” cells in the cardiac ganglion with counterstaining; D: labeled X-gal” cells in the pulmonary artery with counterstaining. AO: aorta; CG: cardiac
ganglion; PA: pulmonary artery.
El7 Is11-CreERT(KI)/Rosa26-lacZ A& B/ NR D AEX-gal R BIKEYI R RERER
Fig.7 Frozen sections of Isl1-CreERT(KI)/Rosa26-lacZ" double heterozygous adult mice heart X-gal staining

KA/ B IEX-gal B (5 AT V)T 4 0. A FHPEAR R 23 A T IR 2R 5 B: B PEAN L0 A T =S ; C: B ﬁfﬁiﬂﬂﬁﬁﬁ?iﬁm,
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Paraffin results of double heterozygous adult mice heart. A: labeled X-gal” cells in the cardiac ganglion; B: labeled X-gal” cell in the indicates aorta; C:

labeled X-gal” cells in the sinoatrial node; D: labeled X-gal” cells in the pulmonary artery. CG: cardiac ganglion; AO: aorta; SAN: sinoatrial node; PU:
pulmonary artery.
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Fig.8 Paraffin results of double heterozygous adult mice heart X-gal staining
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