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ABSTRACT Objective: To improve the method of isolation of LSECs. Methods: The mouse primary liver sinusoidal endothelial
cells were isolated by a series of methods, such as lavage of mouse liver in situ, digestion and making single cell suspension, differential
centrifugation, density gradient centrifugation and magnetic activated cell sorting. Then the isolated liver sinusoidal endothelial cells were
identified by flow cytometry, cell endocytosis staining and cell ultrastructure observation with electron microscopy. Results: The average
yield and Viability of LSECs was respectively 5.6 10° per mouse and 96 %; the flow cytometry results showed that the VEGFR3
positive rate of isolated liver sinusoidal endothelial cells was 95.8 %, the VEGFR2+CD31+ double positive rate of LSECs was 93.7 %.
The isolated LSECs could phagocytose FITC-FSA and Dil-Ac-LDL efficiently. The characteristic fenestrate and sieve plate of LSECs
could be observed after 24 hours'cultivation in electron microscopy. Conclusions: The isolation method summarized in this article could
steadily and efficiently obtain mouse primary LSECs.
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I H B 15 %-20 %, o FEIEE S B 40 Mg gk B 19 50 %LL B,
LSECs RYZH VRS FEERIAE - 0 ISR T A1 19 % L (Fenes-
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1.1 SEIezhH

6-8 JEJ WY BF AR MEPE CSTBL/6 /N, AT 20 ¢ ey, I F 565
PUAZ PR R 2 S syl iRlFR T SPF R
1.2 SR

AL 53 BIAR G - /N B CD146 (LSEC) fit % 1 Bk (Miltenyi 24
] :130-092-007 ) . MS Columns (Miltenyi 2\ 7] : 130-042-201) ,
gentleMACSTM C tubes(Miltenyi /3 &] : 130-096-334 )  OptiPrep
Ay BT (AXIS-SHIELD PoC AS /37 : 1114542) ECM B33k
=4 (Sciencell 23 7] :1001) HBSS 22 vfi i  (Hyclone 2\ 7w :
SH30030.02) . DMEM H55#3£ (Hyclone /A &) : SH30022.01) . IV
e JE O (Sigma 2y F) :C5138) .DNase-I (Roche 24 #] :
10-104-159-001) ,100 wm ZAfEHHE M (BD 23] :352360)

240 5 7 AR OG : B Wy K (Sigma 23 W] :HZB0368 ) Dl #5ict
CRAAR 2% BE fR B (Solarbio 23 ] : H7970) \VEGFR3 i {4&
(R&D system 7\ 7] : AF734) . PE-VEGFR2 #i{& (Biosciences 7%
) :561052) FITC-CD31 #i {4 (Biosciences 2\ f] :558738) .
Alexa Fluor® 488 Fric I i1l 2% ¢ Pt (Invitrogen 2\ 7]
A-11055),

FITC-FSA il 45 : 4% BSA FlfE/REMANA 0.2M GRIRER 2%
MR (pH=10)10 mL o, fiff — 35 (Y 29K B2 435124 10 mg/mL Al
10 %(w/iv), EZAE M 3 KI5, 1] PBS #EA7#E T, 4 6 h B —
UC,ILHEAT 3 U, BUB AR A PRSP HBMk B . 161531
i FSA 5 FITC i A 0.5M iR A4 v (pH=9.0)10 mL
o AR AN 5 mg/mL Fi 2.5 mg/mL, 7 4 C 4
TNEEEAERT 10 h, ] PBS BEATIENT, £ 6 h B, 3L 3 K,
B AR N WA PR I T TR B, p PR AF T -20 CUKAf
#wH
1.3 {428 &

FACScalibur 3 20201 (BD A F] ) .gentleMACSTM 4> [
Bl ZH L4 P 25 (Miltenyi 23R ) AR IR & 2 25 .0 HL (Eppendorf 24
Al) A% FR46 (Thermo 24 ] ) (OIYMPUS X71 {8 & AH 2 / 5%
Jt 445 (Olympus 23 7] ) \S-3400N 494 H1 4% (Hitachi 23 5] ) |
FC500 jit 40 1A% (Beckman A ] ) .

14 FEZEZE MR

PBS ZZ il : (4 M A= 402A H) : GO002 ) 5 /)N BRUFFIERE TV AL
9 gNaCl +0.416 g KC1 + 2.1 g NaHCO; + 1.08 g Glucose + 4.8 g
Hepes + 0.58 g EDTA, il % 8 F 7K 2 1000 mL,0.22 wm /NELR
W igE 4 CHAE, /ANERFTFIERE T B9 g NaCl+0.416 g KC1 +
2.1 g NaHCO; + 1.08 g Glucose + 4.8 g Hepes + 0.222 g CaCl,+
0.4065 g MgCl,-6H,0 /il 25 257K & 1000 mL,0.22 pm /MERS
WEJE 4 CORAF, TR IV B i Jit il 28 29 E 0.5
mg/mL, 5 ¥k Buffer:0.5 %BSA +0.58 g/L EDTA T 1000 mL
PBS H1,5M NaOH il pH % 7.2-7.4,0.22 wm /N 3233y 5 4
‘CHRAF. OptiPrep % BEAREE 73 Bk : OptiPrep TAEH(40 %) : 2
mL OptiPrep™ + 1 mL DMEM,; 11.5 % iodixanol (w/v):1 mL Op-
tiPrep T{E® + 3 mL DMEM;17.6 %iodixanol (w/v):1.76 mL
OptiPrep TE +2.24 mL DMEM.

L5 FESE
151 NBEABENEMEESBMSEENMARE RN &
LSECs /3 i /MRS & 12 h, B SEgAl 3-4 K/, 37
CHARTHHET R A FFEEWR B, F 75 %O BEH T/ N RUE S,
JRIETESS 1 % UL HE 24 40 me/kg JRRIBE, TGH T IR AE TP H 4T
FERE I , BB AR 1K T K, ISR 30G 41k AT
etk 5 , (R B T 1fk DAME RV R o 37 CREH
A VEVE 10 min {1 JFIESE 4250 €, 35 7 mL/min, 2 f5 [ 37 “Ci
W B VEYE 10 min, SEEEAAE , PBETESE RS /N0 RRTT T
JIFRE, SIBRIHSE, #8 2 SARETM B 1 100 peg/mL DNase I
RYZERE C & CAE TAHL AR A A% 30 s, B
T CHERT 37 CHEEIRIK 20 min, FE4MEbE1 C A
fii 2k Buffer 6-8 mL Z¢ 1k Ak, # ZHZ15T MM 100 pm FLAE 1
ARG X P, LA BRATE A LU e, WA B A T R
1.52 {RIREOEXRBRATHEE g0 B E A SRR
B B0 AIL, 50% g B0 3 min ATTIEATA0ME, Wk B, &
SR 2-3 W, UUTE AT LA I 2 A B O ik it — 2B Ak AR
FRATEE A2, VA b 2 2 A S oA e A A e
1.5.3 LSECs Hy3%155155%  OptiPrep NIEZLH MR L
B E A IR S AN A _E L 350% g B5.0 7 min, 5 LT,
FEANREUIHE . AIDTIE ] 17.6 %% BERRRE /v I W B, 720k
SPIG/NC MR 15 mL g0 R8I 11.5 %% BERREE
B, R AETR i L2 2 mL DMEM 85 55358, 56 B 7 242
1400% g 25,05 20 min, YKEE 17.6 %5 11.5 % RERE R4S 25 h
(]2 B4 ], Horh e & LSECs 1 Kupffer 4R, KriscHE 319
AR 5 AT DMEM SRR A, WATIRST,350% gi
> 7 ming 573 W A0METTYE I REER buffer 8 1 1K, 350% g &0
Ve

SRR ER /% (Magnetic Activated Cell Sorting, MACS )
FA#EER Buffer 90 pL S EAHMITTIE, MIA 10 wL CD146-LSEC
REBRYUIR, WATIRA), T4 CHOEME 30 min, 3 mL BTk
Buffer JE4Hfifg,350% g #5.0 5 min, 3% BIE(EE 2 %K), 4 MS
MR RE T 28 1, L) 0.5 mL fiEk Buffer #hik MS 4 138, il
AWEEE Buffer | mL 2400, F SR A MR R 2 MS #Ep, 1F
MAEEIRIHSESS , PR 0.5 mL #ETk Buffer JIIA MS H:1, )
MS Kl #E ek Buffer, BT MS 4, #2315 mL 2L04
NG ZE G T AR B A B 350% g B0 5 min, 3
¥, i PBS SRR 2 Y, RIS/ LSECs,,

YA BEIE S K™ i 43T R R 43 B 00 4 iR R TR A1 )5 T 100
pL SIEBUMCH 0.4 % B rigia i Ll 1 LIRA RN R 11
Bob , AR E AR TSR, TR A QI CR B (A 50 I
AL S, BNE 2R, AHOAR SR H TR0 e B
AT

LSECs $55% . #48fif 5 2545 81 LSECs FI 3% il ECGS
FpAER R ECM 53 d 8, Bofh T4 s etk h (Wb B2 ]
PRET— R DL B A IR AN M35 S5 4k) , 75 37 'C .5 %CO, iy fE
RIGFAE TP TR SR, 4-5 h S5 S RIVRT UG R 0 I B I 4 4
WA I 2 PR A G RE (Y BB AEAN N, 22 )5 B 2 Rl — 1K
154 @i E s B LSECs HE T (&
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0.5 %JIG4- E + 0.1 % Z AN PBS 2 ), 3 i U
fIA 1% 10° DL B4R, o ¥ VEGFR3 L) 1:100 (R EELL
BIRRRE T rh, JEXT LSECs #4777k b 44 £% 30 min, 1200
rpm B5.0 5 min BE 3 WK, BRI Alexa Fluor® 488 Frid
PG HCILESO B (1:200) X 4H M 470K 44 £5 30 min,
1200 rpm Z.0> 5 min ¥ 3 Y5 LA ; o ¥ FITC-CD31 #i
A \PE-VEGFR2 $i{& LA 1:100 FYHRE LB R T =0 4 , It
% LSECs #:47 vk _[- 445 30 min, 1200 rppm 5.0 5 min Y& 3 X
J& BRI

1.5.5 HBNEINEELEE  HriE By LSECs (RSN R BE
LG, ¥ &4 FITC-FSA (100 pg/mL) I Dil-Ac-LDL (20
pg/mL) ) ECM Bi3E2E T 37°C A ke iy & 4 30 min,
PBS VEI&AIHL 2 YR, 4 % PFA [ 5% 40 10 min, PBS ¥ 1 1%,
PBS 2% 1 YU 5l 5 4% F Wi 2Z LSECs %t FITC-FSA 1 Di-
I-Ac-LDL [ BERE L

156 MEFLEBEME  FHrif s 20 LSECs /& A I
i ECGS i £ ECM Kis ik dm g, A Tafs I,

Day 1

B 1#% 1d 5 5d 5 LSECs 7

FRANMG BE DL , 7 KRG 9 5L PBS Bk 1-2 1k, A 2 %I
€ 12 h, J5H 2 %4kmab 3 1 h,PBS vk, BEEEZEEMIK,
HMDS (NHIEZRER) T4, m¥ESE. MR ET
S-3400N AR APl FLIEAS

2 &R

2.1 EREERSEERN

FE 6 KIS, LSECs M A8 (961 2)% 747,
PR (5,62 1.6)% 107 o KWK LSECs 7E4it i
TP LT LU A SR 2
22 FFmENRAMRERSARES

B 733 (1) LSECs 7 ECM Higp3k i 2y 4-5 h )5, K
RIS R AT I RE | 1 K5 AR R BT TR, AT LA
GRIIE BB S —. g% 5 RGN IHHIE , R R Ar (7
D)o JEARATSE N S 4N (R Sh 77 R rh JCHE A 42, 3 - i)
ZAHE 10 K.

Fig.1 Morphology of sinusoidal endothelial cell after cultured for 1d and 5d

23 HERMELEE

W 2 i, AR 20 i 45 R /R B 43 25 L ) LSECs
VEGFR3 4215 ) 95.8 %, VEGFR2-+CD3 1+ X 1 41 fitd FH
PEFRIRF] 93.7 %, FHAS> B LSECs 7E2li& 1 ml LA &2 505
R ZL,
2.4 MM EINEEEELER

FITC-FSA Fil Dil-Ac-LDL &% LSECs % Wfg 71 1) F B
Z—, 53L& FITC-FSA i Dil-Ac-LDL 1 35 52 50 &
LSECs £ 30 min 5, 31876 RHEE T WE & BTk 1 i
LSECs fEMg 45 27 FITC-FSA il Dil-Ac-LDL([& 3).
25 MAEFLBEER

PR F g T | KI5 LSECs HfomSsHy, T WL H;
PR B FLAN TR (7] 4).
3 e

LSECs 2 FF kAR S R A0 MR P i R 9 — BEAN L, Sy
U IS 0 B SR . e BB AS R, R I
LSECs 5k M5 1 P 5 40—, A FARBALHR A Of
HAA R K A0 53] . LSECs [/ BT A A4% 0 45 17 .
LSECs i izt /8 A1 I 5 111 3 S V42 11 ¢ - 2 67 3K 1 559 490 R 11
Feik, AT 5 0 94 5 ML 7 A0 0055 K 91 14 H (), KLF2 (Krup-
pel-like factor 2 ) Jit—7f I 5 P B A3 S F 5 S 1R 7, R 5 26 B0
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Fig.2 Results of flow cytometry

FITC-FSA

Dil-Ac-LDL

B 4 mpnErLBERA
Fig.4 SEM picture of cell fenestrate

B3 M ENRLERER
Fig.3 Results of cell endocytosis staining

PRI 0 T ASH . LSECs (1 FLES M e M Bl g 25
P, PAE T LSECs S AN MAGEZ 5 e (9 1L BBt 2 — . LSECs

LSECs i 1 /8% 52 55 Y1) 77 {9 K /I 1 I 42 KLF2 (19 3R 3K, M
KLF2 g fie #t— A fL % (Nitric Oxide, NO) & LB &F 5K IR 1
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FME LAY E RN 50-150 nm A%, HALAR K/ K g FLE B 78
JHE R A AS ) X 35 224 -t 2 AS [ 0, 6 1 A B4R A4, LSECs
S5 B B A A A A5 0 P Y 45 S A ML R 8 1E % 70 I 1l 5
Hish, Al A% E A% <200 nm AY L5 2 1 QIR RS .28
Yo FLBEBURL 5 7 MSM b 14 (Exosomes ) 5B BE 12 JITUFI] i
i LSECs (1Ml 45 Gk 33k Disse [B]2, M8 AT-40 gk HSCs
SIS E ) 2 0 F5E . LSECs HiA e AR I 7 ik o e %
TRAYAH ISR — , [F]AT, LSECs HA R 5 AV B Al 5 4 , il

1B A LT AN IR 12, 28 MUY SR A I 20 B LU B B R o4
BAnAnM e - AR S 04RO 3, TR LSECs XA A A 1K 1E
FINREM N B 240, LAk £ F (Endocytosis ) 75 I — 26 1]
BEPESTT8/INF 5, T E L I A A T 2 e 3R
) —LEHIERSZ AR P, 0 S S5 A3 IR AR TR 4R T A0 M 1 5l 5 T
o MIVAEMIIR RN, 25 2UEN B B0 I8 N R AR A2
KA PR B AR T F O A5 PR A R ) O TR B
FEHL G AE S b R EB A, AT, Ding
2 LR AEHRAE T LSECs SR 1 25 3l R F- X T A A v
HEE X, B LSECs /74 () HGF \Wnt2a S¢ R4 AR < R
SRR 5 T AN S FE AN TT 2 AL, 7 DI BRAS [5] B 1)
i, LSECs WL AE A% i A5 8 5 4% Angpnt2 [ TGF-B &5 7 13
TR 58 AU 75 T 30T 400 R 3 9 R I 4 A 30 PN B Al R g
[E] G401 T A 08 1 P 5 2t R v, LSECs £E 381475 30 A
W B AN TR) (9 4 AR, 43 3 i R - 4E (Pro-re-
generative ) FI{IE 44k {k. ( Pro-fibrotic ) (%) Ifil 45 (A 55, KG # r5
FERERE R SRR, XA AR TR B A T TR m f it 1
PSR YES,

Rifigs AT 1% LSECs (AW 556, 138 m 2l
TR LSECs tiz i UM RS 24T 135 10 B AR £, Sesy
i F Y LSECs 7355 5 B M VAT B0 (Centrifu -gal Elutria-
tion ) Fl2E W REL R RTINS I S I h s i A5 59
i n WL LSECs , {H 2 IAE A ELAKH T b 5 (A8 3 25015
B MELAE Ko niy FH 5 101 S5 3 BR AR T (8 FE A J8 , (HARMEAS 3]
Rl LSECs, A &9 E A AR5 4L o 3 T4k W
ZHX R S LSECs bR &80, AR RA IG5y
1#H; AR (Fluorescence Activated Cell Sorting, FACS ) Al 50 B2 Bk
4y %4 AR (Magnetic Activated Cell Sorting, MACS) [ &% J& , A
IR F 73 AR &%t LSECs #4770, BAR 4 MU f5
BARTVANTES OO 25 5 RE, . (AANGRAS (RIS & 0 40 g
4l 455 LSECs WY MEE ik, | IZ Bl HI T° LSECs 45k
HIWFE .

SR, ALk B RTS8 A4 2 LSECs /34778 HH 24 1 PR Xk
g, EBR AR R A R 5 2% Fr A5 3 1) LSECs
FE—ERRERY 22 5%, 10 H A ATE X LSECs 45 5 i R 1 by
G AR KA, X BEHR R LSECs 4TI 5% 1Y 45 — 1 At
MR T IRME. BUTE LA AR LSECs 43 B 7 ik R 24U 4T
0 KRR AR S 04 I AN M 23 B 75 (FACS )50 Sl ek 73
P (MACS). JiCAHE /3 BB AR F 2R TR A 4 AL, (HA7
FEANRR TR S TG — AT 25 A B DA BiUs .
PEREIR TR AR RAL AT , 318 BT A5 4% P s, HL (8

PR, S TR LSS N B3 Tk o AR SO P T L 22 B
VRIS 1 2524 E A B B9 0015 70 B 1) 5 % LSECs Al Kupffer
AN HE AR, SRS T T e e BR 23 eV | T8 2o 087 7 R S R
BRHTIR CD146 3 LSECs Ml Kupffer 4y, #4575 74 i
AIAT, B3R LSECs 4l i, WMy, HEue £,
METT IR EEAAR LN LA o ARFEHIIAT A Ak
R FRWERE ST, FATAT LA AR AL I ) — S84 11 3 7 402
Ferric i E HE A A2 F  (Formaldehyde- treated Serum
Albumin, FSA) i o 51 £ AR 3 B2 i 2 F1 (acLDL) P94
X2 LSECs JEATILME R, Al HX i 26 737 A AR R RE )
0 SR (SEM)WLEE LSECs 21 1 B L AN e 25 44 2>
Mo T E AL LSECs sy, [Nttt 2 LSECs %52 1) B
o o MARANNE TR IbREW X LSECs #EAT%5E . HETHIT
UETE LSECs By7-ThraliAy 282 N B AL BT AT AR, A7 4k
JE LA IRPEBOARAE , B S — Bk B R S AR S T T
LSECs %, L5 TARDHISS & siF R T AT R 7€
%40 Ding 2 %) VEGFR3+ CD34- VEGFR2+ VE-Cadherin+
FactorVIII+ CD45- 4£ 5 LSECs fy#5 & 4 , LalorB14: D) CD31+
Lyvel+ L-SIGN+ Stabilin-1+ CD34- Prox-1- /& LSECs ffrik
Yo ASCh T2 N B AN R iR A5 ) VEGFR3 \VEGFR2
PAK: CD31 %73 # i #9 LSECs HEA Tt AR A I , 45 5% 7 FH
PERIGTE 93 %L b $&7n o7 nl A, it LSECs 204 .
25 PR AR SCR /N BURF I 552 4 3 185 46 58 D Rk
Fase , T fREE , I 505 R IORCR o 73 B 3431 LSECs ¥kt
% WEVELF AR AN B AL T, R ARR I N A D RE
HARFFAEER N B AR RS, SAFSE LSECs fEATIIE
AN A B B DL T AR R PR A BRI BEE T 56l
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