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WE  BARY LL CRISPR/Cas9 FARMER Rosa26 s hSCARB2 BERTERBNNEAFRT S, REENEMKRE
B, MEEWROBESE, SHERIFIEREN DRERIFM, NZIEEERIERSHEXHR PN AR EM
iR, 7% EEL 8 A nSCARB2 KI /NEFANTFAR/NES 10 R, MHESSF, REFHIKM, &0 18 TNMKREERIER
5 15 mmiEEKER, HRASIEROUBE., XAMIER  RECRUEFIBREREBNESR. &R hSCARB2 KI
INRET 18 TMRAEBIERELEIER (P>0.05) ; 15 ARIERDEE/NEHASER (ALB) BETIEH
(P<0.05) . 5SFE£TNEMEL, rSC4RB2 KI NEBEHMAELEE (WBC) MHEBHEEEE (Lymph) R
(P<0.05) , M4I&®A (HGB) iRKEF® (P<0.01) ; £HXIBIRHPBEREE (AST) K (P<0.01) , AEF
(CREA) F& (P<0.01) , SELE (TBIL) . SBTE (TBA) RAKRKEERTE (LDH1) A&
(P<0.05) . MALVBERODELBEES (P>0.05) . 4518 hSCARB2 ERERBINNG MK RFHEXIEIRINE
M, LARBERAETNS IEHEHAR X M ISRRAIEMER, WEMORBAEINGETB RN, ZERERRS
BE, TARERSEMHBAR. BREITEN RIVESHYHERMTT SRS YT & SEMEUESIE.
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Phenotypic characterization of hematological, biochemical, and cardiac parameters
in Rosa26-targeted ASCARB?2 knock-in mice

HUANG Zhen, SHEN Hong, YE Yousong, LI Zheli, LONG Weihu, LIU Miao, WANG Zi’ou, JIANG Bowei, FAN Shengtao™,
HUANG Zhanggiong®™

(Institute of Medical Biology, Chinese Academy of Medical Sciences, Kunming 650031, China)

Abstract Objective Using CRISPR/Cas9 technology-generated Rosa26 locus hSCARB2 gene targeted knock-in mice as the
research subjects, this study systematically measured their blood physiological parameters, serum biochemical indices, and
electrocardiographic parameters, and analyzed the effects of sex and genotype on these indicators, so as to provide baseline
data for the application of this model in enterovirus-related research. Methods Venous blood was collected from 8-week-old
hSCARB2 knock-in (KI) mice (n=10) and wild-type littermates (n=10), with equal numbers of males and females, to measure
18 hematological and 15 serum biochemical parameters. Electrocardiograms were recorded at the same time point.
Independent-samples t-tests were used to compare sex and genotype-related differences. Results No significant sex differences
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were observed in the hematological parameters (P>0.05). Among the 15 biochemical parameters, only serum albumin was
slightly higher in male than female hSCARB2 KI mice (P<0.05). Compared with wild-type mice, h\SCARB2 KI mice exhibited
lower white blood cell and lymphocyte counts (P<0.05), higher hemoglobin concentrations (P<0.01), lower aspartate
aminotransferase levels (P<0.01), and higher serum creatinine (P<0.01), total bilirubin, total bile acid, and lactate
dehydrogenase-1 levels (all P<0.05). Electrocardiographic parameters and heart rate did not differ significantly between
genotypes (P>0.05). Conclusions Targeted Kl of hSCARB2 at the Rosa26 locus did not cause significant organ damage in
mice, resulting only in modest changes in hematological parameters and biochemical markers related to in lipid metabolism
and renal excretion, without affecting baseline cardiac electrophysiological function. These findings indicate that this model
has a stable physiological phenotype and may provide a reliable experimental platform for mechanistic studies of enterovirus
pathogenesis, vaccine evaluation, and antiviral drug screening.

Key words  4#SCARB?2 KI mice; transgenic mouse model; physiology; biochemistry

NIBTE R34k B 25 7t 2 Chuman scavenger receptor class B member 2, hSCARB2) & —3J iz %k
KT ZMANMMEREEEA, S5 REE . BT R4 RS E B AT RN, ek
FLIESZ, hSCARB2 MiEHid A 41 6 A (coxsackievirus A6, CVA6) . Wpi&Jis A 41 10 Y
(coxsackievirus A10, CVA10) 5% Fp A\ JW7id i 5 1) G B SL RS2 4k, 7E W B8R0 WP 5 N2 18 40
f i FE R P P e EE 28, CVAB. CVAL0 24k i i s 71 & (enterovirus 71, EV71) FlfiziE i
B A4 16 B (coxsackievirus Al6, CVAL6) J&5lid JLE T2 Ui 3 ER AR, B S 808 B k&6
P AZ A, BT R RS R OIS E BN, EEE A5 RO Ol D) R v 4 EE,
EEBORALE . 15 3 5 B R 18 T B A RriR N e B 114871,

FeDRAE A N VR AL Zh P55 28 2 0 50 3 B 18 A EAE . 0 8 B S BUR LT ) EEAE T A . Rosa26
P75 R AT s AN YR S R fa e . T Ho ARk, 2N R R N TR AL N /N BRI 48 B A s 89
CRISPR/Cas9 M gm i AW IE K, AFEAEME Rosa26 7 £ i€ sl N\ /) B BLER At 1 i s mT ¢
4 AR T B0 AR [ A AT I8 i CRISPR/Cas9 #5 A i Ih #4 & Rosa26 A7 i i 5 it A hSCARB2 & [X] (1)
NEAL N BAREL, 0120 RIZ/DN R TG CVALG Il — @R E RO, o~ HAE g iE s 5
FH W 7T R B A B N A e

SR1MT, FFH CRISPR/Cas9 #)7# Rosa26 117 s hSCARB2 & i i N /N BRI 28 S8 WA JL 3 ik A= B 28 7R )
AR A=, Wiatabr S DhEe. O UUBE A O JIE 1 AR 23 T 58 45 2 5002 VP A% 25 RUE 1 3 P
RIS IEHR . A A% O AE 12181, g hSCARB2 ZE I 7E Rosa26 7 A5 A E AR /) BRI A A= FR
B, AHRFFELL CRISPR/Cas9 B ARMIE A hSCARB2 H K mi A /N BRONHE 7 X R, LA A5 Y 5 57
ERUNERONXTIR, RGN /N BRA ML B S FEE Shae . O WUEGE TS A O B B AZ O FB b o 18I 25
A VFAE hSCARB2 K /) B A B 1t 5 R AR e M, NG 82JF . hSCARB2 ik [F 7E s B /X AL MLl o
JUE 45 Th e 1A 4% JoAH o0 25 W) VEAN S s O AE A, AR AR AR R EE (1) SIS B AR A R B A A SCHE S [RIRE
R 1 3 93 F AH 8 N IRAL SRR AL 1) b Ak A f R B AR R 2 SR AR

1 MRFTSE

1.1 CXennY)p

8 JE it hSCARB2 KI C57BL/6 /N AIEF 4= 7 C57BL/6 /MR &% 10 R, MEMER, ¥~ SPF 4%, 1&
FLE N 19.6141.54 g Al 19.8740.97 g, PR/ B3 el R [ R 22 R A B R 2 AR W At 9T B A
[SCXK(#H)K2022-0002], — [ 4 7% T [E B& 22 R} 5 B 5 2% AL W0 22 0t 78 BT 25400 2 A PE VP o0 B B 2R 455
[SYXK()K2022-0006]. /N IAZFRIAEE: 12 h/12 h B/, IR 20~26 °C, 1B/ 40%~70%. AHF
FU T A T IR M B W Sk BR AR RE P 3 4 b [ B e R} 5 B R AR A A 0 O R A B & L 4 i
(DWSP20240344) , FF7E 250 F2 A M A% 1846 3R JEI, 45 T3 N R PF .
1.2 FEAFISNEE

WO AR BE 4R AR BT R R . 2R M-3D BRI (GC027) . B A I R 43 BT A ¥ I 7
(GC028) . H{H EZ & (GCO31) . HHEKIBELM (F8'5: GC030) M B IRIIIG I sh ¥ = I7
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B A AR AR Rl A isFs B G0 . 2 IHZ0 3R (total bilirubin, TBIL) W& ifl& (575
G4363zD) . H#EMHZFE (direct bilirubin, DBIL) M@kl & (H25: G4364ZD) . LR i A [H]
T.B§ C(lactate dehydrogenase isoenzymes, LDHL1) 5 ik#& (1%%5: G4351ZD) W H I TR 4E /R
ERE AR AT HERE L% HEF (alanine aminotransferase, ALT) JIE k7 & (K5
S03030) . RARMA KN (aspartate aminotransferase, AST) Wl E & ($85: S03040) .
HEE (albumin, ALB) Ik & (25 . 03043) . Bl ME#EEREE (alkaline phosphatase, ALP) il
R (185 S03038) . y-AAEMAEFH A (gamma-glutamyltransferase, y-GT) Wl &l & (1%
5. S03031) . MfHVTER (total bile acid, TBA) WIEikf& (Fi5: 03074) . JRFE (UREA) HllE
WAl & (185 : S03036) . WLEF C(creatinine, CREA) M€ k7 & (85 : S03076) . JRFER Curic
acid, UA) WllE ki & (585 : S03035) . JLER¥EE (creatine kinase, CK) Mg ilifl& (525
S03024) . WLER e IH Tl (creatine kinase-MB, CK-MB) €k & (15 : S03023) . FFRAL
2B (lactate dehydrogenase, LDH) il ikfl& (15: S03034) 40 H IR T kLA Ay Bl 22 B 406 IR
NEl FEbE (B9 R510-22) W EHIRYITI EiR A8 A f RHEK i A IR A 7 .

i % BC-2800vet & 1] 4= H 2h ML A M 7 A (e ED ;AL Edr Rl Chemray240 4 H 81 4E 467
i C(HED s BIOPAC MP160 % FAEFR AR (EED ¢ U5 8 PE/REE G R E m ol A R B O bl
(EE[E) ; AW EIL TC20tm H AL A Mt %e a8 (EED
1.3 WA
1.3.1 /IMNEEBEWIERNE

NREER 12 h, WA ESR S )G, S REEICRAE 20 uL frEk (FikET: EDTA-K2) , 0.5 mL
APt 7 2 i & M . R G5 BC-2800Vet 5 H 4 H 2 My 48 B 2 B AR I B B H0E0 8 1 40
¥ H (white blood cell count, WBC) . kE4ifig %t H (lymphocyte count, Lymph) & 7 4tk
(lymphocyte percentage, Lymph%) . ¥ Z40M8%(H (monocyte count, Mon) A 4Lt (monocyte
percentage, Mon%) . Fi4ifig% H (granulocyte count, Gran) A F 4rtt (granulocyte percentage,
Gran%) . ZL4H/%H (red blood cell count, RBC) . ML A C(hemoglobin, HGB) . L4 &
(hematocrit, HCT) . P4 40/faAF! (mean corpuscular volume, MCV) . “F¥Z MMl 4% [ &
& (mean corpuscular hemoglobin, MCH) ¥ & (mean corpuscular hemoglobin concentration,
MCHC) . ZL40 87> A1 58 £ Cred cell distribution width, RDW) . Ifil/ME %t H (platelet count,
PLT) . “F¥if/Mz&F (mean platelet volume, MPV) . Ifil/NR % i % (platelet distribution
width, PDW) . Ifiil/NiJEA Cplateletcrit, PCT) & 18 MLy A= # e br . KR IIFE A4 i B 52
Chemray240 4= 3044k 4 B4l 52 ALT. AST. TBIL. DBIL. ALB. ALP. y-GT. TBA. UREA.
CREA. UA. CK. CK-MB. LDH. LDH1 Jtif 15 iy A= b 4545 -

1.3.2 NEOBENE

¥ H BIOPAC MP160 % S/ i FAX K il & ECG100C AW Hf k#% 5 AcgKnowledge 5.0 #ff:
WxRDROBEE. DNREER 12 h, REREFR T, DRE 2%7JE R ARKEE, 1.5%~2.0% 7 8 5t
Yede, fEMEE T 37 cCEIEMI G CLERF AT . VUM RS 75% B 35 000 78 Rk, #i N B2 N &t
M, d SR AE I S 11 CHETIR R A, AR IEN, GEBCAZE B OB EES.
14 St EEE

IR IEH GraphPad Prism 8.0.2 BAF#EAT IR G it o0t . P A T E ST U8 ifE 2 (X
+s) Fono. HAAILE CEFEARE MR A . hSCARB2 KI /N 5B AR/NRIE]D) KM t £
5. DL P<0.05 NZERA ST E L.
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2.1 HBIEIRNES

X} 8 JE i hSCARB2 KI /INER 1) 18 T ifil iy A8 B == 48 bR db A7 14 i JR) L, g5 R EoR, Frffebei 2
SR G T E  (P>0.05) . 8 J&# ) hSCARB2 KI /NR 5B AR /NRAE HGB fetr LA F R %27
(P<0.01) , BLJ WBC F1 Lymph fgkx, BB ZER (P<0.05) . HAAHIBIRNERB LG ER X
(WFE D .

1 8JH I AR MEHIhSCARB2 K/ BRUANET A2 B/ R ML A FR AR b
Table 1 Blood physiological indicators of ZSCARB2 KI mice of different genders and wild-type mice at 8 weeks of age

hSCARB2 KI /MR, 7 A= /N R,
Ti S YE 1718
iH hSCARB2 KI mice (n=10) >
[tem Reference range

Wild-type mice (n=10)

3 (=3 Q (=5) 39 (=10
HAf Ty (10%10) .
WBC/ (10%L) 8.06+2.41 8.22+0.74 8.14+1.68 9.63£0.71 0.8~10.6
LN 5y (10'2/1)
RBC/ (1012/L) 9.40+0.15 9.59+0.18 9.49£0.19 9.37+0.73 6.5-11.5
MAEF/ (gL .
HGB/ (glL) 149.40+3.85 151.80+2.95 150.6043.47 142.50+4.38 110~165
ZLAN MR AR/ %
+ + ~
HCT/, 46.22+1.28 47.52+1.61 46.87+1.53 44.97+4.80 3555
SER A A R FY/EL
MOV 49.26+1.46 49.56+0.93 49.41£1.16 48.69+1.06 41-55
SZ A é - 4\E
ILAMIN AR B 2 i pg 15.82+0.23 15.78+0.11 15.80+0.17 14.96+1.89 13~18
MCH/pg
BT AR/ (g/L)
MCHC (g/L) 322.80+10.64 319.40+7.30 321.10+8.79 318.80+26.11 300~360
ZLYI IR 53 AT T8 /%
RDW/% 16.620.97 16.50+0.57 16.56+0.75 17.16£2.25 12~19
/MR #/ (109/1)
PLT/ (109/L) 505.60+150.54  553.004329.00  529.30+242.49 647.40£200.12 400~1 600
T34 I /MR AR R/
Voo 5.2040.26 5.04£0.21 5.13£0.24 5.4320.69 4.0~6.2
/NI 5347 B8 FE /%
PO/ 16.10+0.19 16.020.29 16.06+0.24 16.460.53 12.0~17.5
I REFY Y%
= 2 + "
PO 0.260.07 0.28+0.17 0.2740.12 0.3320.09 0.100~0.780
QR THEY (1090) .
+ -+ + + ~|
Lymph/ (10%L) 6.06+1.60 6.40£0.69 6.23=1.18 7.4240.79 0.6~8.9
N é w4 0,
B 75 th/% 75,7244 48 78.06+2.23 76.89+3.56 76.65+3.60 40~92
Lymph/%
BRI (1090)
Mon/ (10%L) 0.26+0.09 0.22+0.08 0.24+0.08 0.25+0.05 0.04~1.40
4 pa
BRI % 3.40+0.58 2.94+0.80 3.1740.70 2.89+0.53 0.9~18
Mon/%
RNy (10970
Gran/ (109L) 1.74£0.78 1.58+0.16 1.66+0.54 1.890.38 0.23~3.60
o
REANR E13 He/% 20.88+4.32 19.0042.51 19.94£3.47 20.46£3.53 6.5-50.0
Gran/%

E: BEFAERPRAMN, "P<0.05, "P<0.01.
Note. Compared with wild-type mice, * P<0.05, " * P<0.01.

22 HHEIRNESER

RN E M 15 Wi yE A e b, AR 8 R hSCARB2 KI /M ALB HAFERFHEERF
(P<0.05) , HAREMBEMZESARAGSIMYE L (P>0.05) . 8 A#% hSCARB2 KI /)N i F1HF A= 7 /)
FR7E AST Ml CREA #fi FEH & ZE%% (P<0.01) , P& TBIL. TBA fl LDH1l, fEffi—E%ERH
(P<0.05) , HRAMERESABRAR IR, Wk 2~%K 4.
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Table 2 Biochemical indicators of serum liver function in ASCARB2 KI mice of different genders and wild-type mice at 8 weeks of age

hSCARB2 KI /NER
_ hSCARB2 KI mice R TLNER
JFDhRefadn 47/ - IR
Liver function indicators (n=10)
Wild-type mice (n=10)

3 (n=5) Q (n=5) 329 n=10)

BN AG/(U/L)
+ + 34+10. 648,
ALTAU/L) 34.96+10.60 29.72+11.18 32.34+10.64 32.64+8.64

BB E g (U/L) W
AST/ (UIL) 48.81+12.50 50.19+21.27 49.50+16.46 69.2343.88

MABZ R/ (umol/L) .
+
TBIL/(umol/L) 29.57+15.48 23.81+12.72 26.69+13.70 17.24+3.55

H%Egiﬁgﬁgm 11.08£1.95  9.9240.79  10.50+1.53 9.1621.60
iﬁ;‘éﬁﬁ? 34.5441.80 32.38£0.50° 33.46:1.69  33.69:0.88
W'ﬁ%ﬁiﬁg/ D) 146.09435.79149.80£29.54147.95531.00  130.08+15.26
"’@ﬁfﬂ%ﬁﬁ?ﬁ; (UL) 230:1.86  4.65:4.52  3.48+3.48 1.39£0.05

T SHEME ARSCARB2 KI/NRAHLL, 7P<0.05; SEFARUNRAHLL, "P<0.05, "P<0.01.
Note. Compared with male hASCARB2 K1 mice, * P<0.05. Compared with wild-type mice, * P<0.05, " " P<0.01.
3 B ANIFHETINSCARB2 KI/NRR . NS A= BN R 1) 1775 5 Th Ak A b Fi b

Table 3 Biochemical indicators of serum renal function in ASCARB2 KI mice of different genders and wild-type mice at 8 weeks of age

. hSCARB2 KI /M B LE TN
1z =g =y
N lﬁlﬂfb*ﬁ*’g, . hSCARB2 K1 mice (n=10)
enat function Indicators 3 (n=5) Q (n=5) 39 (n=10) Wild-type mice (1=10)
JRZ/ (mmol/L)
URBAS o 12.31%1.71 12.23+1.89 12.27+1.70 11.71£1.27
WLRF/ (pamol/L) 23.70+7.13 26.51+3.35 25.1145.46™ 16.62+3.52

CREA/ (pmol/L)
JR/ (pmol/L)
UA/ (umol/L) 129.39+46.42 147.45+23.34 138.42+35.92 111.18+28.61
W SEARUNRALE, TP<0.01.
Note. Compared with wild-type mice, ** P<0.01.
K4 8RR AN A HINSCARB2 K/ ERF1EF A= 4/ R A I 375 o LB 2E AL 48 AR

Table 4 Biochemical indicators of serum myocardial enzymes in ASCARB2 KI mice of different genders and wild-type mice at 8 weeks of age

hSCARB2 K1 /MR,
hSCARB2 K1 mice

N
LU BPA TN R
Myocardial enzyme spectrum (n=10)
Wild-type mice (n=10)
& (n=5) Q (n=5) 42 (n=10)
BHEEEM/ (UL .
AST/ (U/L) 48.81£12.50 50.19+21.27 49.50+16.46 69.2343.88
W/ (U/L)
CK/ (U/L) 201.31+£91.06 151.75+41.81 176.53+£71.72 163.31+£32.75
Wik mE =) B/ (U/L)
CK-MB/ (U/L) 113.87+21.74 110.68+16.59 112.28+18.31 102.30+17.40
FLERM B/ (U/L)
LDH/ (U/L) 337.35+£57.91 313.18+81.42 325.26+67.82 392.28+71.14
FLER I g R TRg 1/ (U/L) 1391742311 110.45222.00 19031493 67 127 08025 62

LDH1/ (U/L)

B 5EARVNEAMLE, "P<0.05, TP<0.01.
Note. Compared with wild-type mice, * P<0.05, " P<0.01.
23 LEBEIERER
i BIOPAC MP 160 £ SAEH LA 8 FlY hSCARB2 Kl /N (n=8) F1 [ & % B A4 B4/ R
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(n=8) , WEHEXY, #HTOoHEEIERE SN GRER, WHPNRMOHEEE PR ERA 2, P
. QRS WL T WWES. HIUNF kRiERLHEZS, LE 1. #2811 o0 &R,
hSCARB2 K1 /NI PO R 5 ARUNRALL, ZR L4155 (P>0.05) , W% 5.

A mv B mvV
2.00 2.00
1.00 1.00
0.00 0.00
-1.00 -1.00
-2.00 -2.00
0.000 0.200 0.400 0.600 0.000 0.200 0.400 0.600
I} [R]/s i TR/
Time /s Time /s

VE: A: 8 Ak hSCARB2 KI /NRACE ML HEE; B: 8 AW E AR /MR O HEE,

18 J&# hSCARB2 KI /) FFINET A 74 /)N B 11 00 H ]
Note. A, Representative electrocardiograms of 8-week-old hSCARB2 KI mice. B, Electrocardiogram of 8-week-old wild-type mice.

Figure 1 Electrocardiograms of 8-week-old ASCARB2 KI mice and wild-type mice

#5 8JAUYhSCARB2 KI/) FUFIEF AT/ R 0o

Table 5 Heart rate of 8-week-old ASCARB2 KI mice and wild-type mice
253 0F/ (K/min)
Groups Heart rate/(bpm)

hSCARB2 KI /IR, (n=8)

hSCARB2 KI mice (n=8)

AN (n=8)
Wild-type mice (n=8)

449.50+181.06

394.15+£155.98

3 Tig

TR AR B R A A2 VP A 22 RS AR B P A 8 AR BRI 6 Al 2 4. iERE hSCARB2 KI /NERAE 18 T If
WA LY TR EEES, R\IZHATE 8 FRK, MmkdBiEiszmasmi ), X558 &3
ST R T4 (ESc) AR M@ R26-hSCARB2 /N T IWF 98 485 3 — %, HwF 5t R ke & 30 8 J& i
WMERE/N B 2 AR BRIRAR E B B ZE R . HE—250% hSCARB2 KI /N SEFAERUNR LI, 45 K2 Hd6hr
T EMEZER, OF RBC. M/MRSE AWM KT 5 EZ OB EHEFEERZ, hSCARB2
Kl /N WBC Al Lymph BEMK T B 24E RN (P<0.05) , 1 HGB B & T B AA/NR (P<0.01) .
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VMK UREA EEZE N, OUERGHEE (AST. LDHL) 75 A8 H A R g 76 Fl 2021, [
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