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Abstract

Objective: To isolate and identify lymphatic endothelial progenitor cells (LEPCs) from bone mar-
row cells of C57BL/6 mice by cytokine induction and adhesion. Methods: The adherent cells of
mouse bone marrow were obtained by adherent technique for 24 hours. After they proliferated
and fused to 80%~90%, the adherent cells were digested with Tryple Express enzyme for 1
minute, the digested cells were removed, and the remaining cells continued to be cultured. When
they were fused to 80%~90% again, they were passaged at 1:2, and the surface specific markers of
the third generation cells were detected by flow cytometry. The experiment of lymphatic differen-
tiation was carried out and the cells were identified. Results: The LEPCs we obtained can form a
typical microtubule-like structure after induction in vitro, and can form a typical “pebble”-like cell
morphology after many passages, and its surface specific markers were: CD34, CD113 double pos-
itive rate: 87.17% * 1.77%, CD113, VEGFR-3 double positive rate: 85.17% * 1.65%. The double
positive rate of CD34 and VEGFR-3 was 83.77% * 0.42%, which was consistent with the reports
about LEPCs in related literature. Conclusion: High purity LEPCs can be obtained by cytokine in-
duction and adhesion.
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1. 5|15

KHILSK, KA TIAMEARE R LB EAKMERETRT, —HENEFHRAANE, HE—
AN SRR, E LI IR s RSB TE BB K R AR A Rk 30% [1]. LR A S R K )
ARERBECARFT AR, FREMMEAKMEIAIRER, Wk, JE. BWAESEEYE /N, SyisH
WINRE, HXPHRFRASAE s H B~ E AR, X TAE. FKEERMA ANF I RE DL R I SR FIA 28 K &R
AR SRR 2] i B B SRR A AR I IR 2 R AR BE AT AL, X TR R U2 R M
FERE L AR G R BR[3]. H RN IR LR ARG bk K a7 R AL R MFEARIGIT4]. BE
XOF bR B AR AR R R T AL RN b B A R AL FROR AN HIE 2, AR EEL /K P 2 805 )96 97 AN T BR T DA
MR STIRIT T ARIGYT o (EREVa T bk B A8 AR U — /NMEAE A B2 00 S 2 6 T4l B )9 73 5]

PN T 2 FIAS [R1 S 2L R A0 P A FH SR (I 2 I 5 bk B I 28 R e s, A0 R 78 T4 P 2 4
J{L(ECs)FH N Bz tHAHAfL(EPC) [6]-[12]. TR B AR EL & AN R, — M AIE RS, H—A A
AR AL[13] [14]. X Seybh U ) Rz AL 40 M 3208 0k B R S Ve AR A B8 0 1 A A R Ik L 9 B2 4
J[13]-[19].

H AT HEEL LEPCs & I A7 V4G . S8 FERO R B 00 e Bk 2 Bk T sRAm B R 43 ik v 45 [18] [19]
[20] [21], 1H B3R 5336 735, DIOAEIERRAE BB FRMERE & AR 9 R i, HLACHT Rl BT &
K R ) PR 2500 LA B AR PR A 55 5 1 iR AE M 4 195, s At PR, AT PR T R o T DL FR—Fh
G TTHREPERR S LEPCs B V13 WO B, FRAT S50 20 A B A FH 22 BT Ut B vk SR 4 5 2 s )
MSCs F1 EPCs [22], [F] 35 H bir 457 FH It B v 1% 4 i IR S0 mT RE SR B =y 46 LEPCs.
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2. MBI 55%
2.1 M

R EREH SR 4~6 AW C57BL/6 /NER, MEMEAPR, TWSE T VAR ) A ARF IR A, ShiEH
WE5: SCXK (&%) 2019-0010. (AIFRIAEEESR: LM RLF. E 22°C, 8 RANEEE B EERM b,
Al AR 96 B 2 R L SR RS (Leica, fEE), MmA40MILBD, EE). -1
i FBS (Gilbco, 3 [H), LG-DMEM %% (Gilbco, 32 [F]), PBS (Hy-Clone, 3 [F), EGM-2MV %5773 (Lonza,
1), rh-VEGF-C (PeproTech, 3£[H), H#& & . HE% K (Solarbio, Hv[E), [ FBEH LM (0.25%) A7
EDTA FIfy41 (Solarbio, H# [H), Tryple Express (Gilbco, 35 [H), B &7 (BD, 3£ [H), #i/) i, FITC-VEGFR-3.
PE-CD133. PE-cy7-CD34 (eBioscience, ZE[H), AMffiiis=I0L. ¥iF=t. HiF2f(Coning, 3EH), 15 ml.
50 ml 0% (Coning, ).

22. A&

2.2.1. LEPCs RY$REN 5 3%

1) ¥ 1 HIERAREE ) C57BL/6 /N B BLESALSE, 7% IR IR I 7 5 7,

2) W/NRETHEEEN, LW NARER, RFeEkR RS RERmIRAR, I
s RERIET PBS

3) K FHIKE . BEEERE S —HEGN, AT 1%5 . 85 R PBS IR ZifH ik
T, EBE#Pm, LA 10% FBS [ LG-DMEM 5753 (FR N MSCs 56 455 75 5 K B Be Al 458 4 vb i

4) REWAT, #& AR, JEHEB SR 25 em? (R FRI(T25 REFRM) M, TN E N
37°C. CO, MR 5%15 F2 46 N 1S %

5) 1535 24 h J5, $RECKISEERA, LAE.C2F4% 140 mm. 1500 r/min, 250 5 205k, 18 6% LEPCs
B IR (ED s EGM-2MV Hi ) Rh-VEGF 424 Rh-VEGF-C, ¥ % A 50 ng/miy it B TR 3% 2% LIRS
DN R, IONTISE AR B I T25 Be i, RRAMEH 7P, TRONRRFRAE N RS 37

6) 72 /NI S — I, R LI B 4 A R 7R A 80%~90% , f#iH Tryple Express Bl At 1 74t
ff F LEPCs 3577 56 f% g 15 72 58 = 13 ILLBIHH T b4k, BRRNRTIM, eaRarikgil, Wik
EVEW, MG LEPCs B 373E, 4ksisa,

7) FEJEAX LEPCs 458 42 78 76 i FR TH A 80%~90%H , PBS ZEyi byt 4iiu 2 vk, {8 FERg 1L 4 4
B, LEPCs KiFRIE4Z il R 7728 = 13 IR T L&k ik, &b 5 R as i 7R R H,
FHAM RS R ) PR A, B0, EEJE, 1% 12 R T O AWK T25 BIRmM, 4kaEs%,
R 3 = ARG MBS 5E 2 80%~90% il & B FEAT N — AL IR RIS R o

2.2.2. LEPCs KyRE#RICIIR

1) B BRI S8 =A% LEPCs, R 5 %5 78 o5 15 77 1 1 80%~90%H , i 2E (1 B 14.3#2(0.25%)
e EDTA RIFYLLMAA0M 4 735, FlRlg 7R 2k = 13 ML plE T & bilfh, BRBEHRFM, £k
JEASE R 45 1 e 55 SRR TE P P 400 6 ) 26 S b ) T 7 B A L, ol BB A Py 4 i DA 00 2142 140 mim,
1500 r/min, B0 5 35h;

2) LB BiEW, PBS HE FIRELOIERE, THVEANA 2 36, (] PBS W] 5 SR A0, ATt AL
VARG T 1 % 10° AN mLs

3) /A% 1 mlEP &N, M 100 uL;

4) ¥4 LEPCs MIZE9 etk Hi/MR FITC-VEGFR-3. PE-CD133. PE-cy7-CD34, #%{# Ff i il 137 &
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PR A

SBIIIN—ANZEF YL EP B, Hl R 7O Ye s

5) PRk IR =ANu PR FIE IO — ARG A EP B, il =2 e et e s

6) AUt R IRA

7) RAREG, ACUKFE MBI IRKIE IR I, PBS Bk ARbric Lrggifk, £/ 500 puL PB H
%2 EP B NI

8) AR R AR I RIETE L o

2.2.3. LEPCs HYTHRELE

1) 7£ 96 FLAR A%H 50 pL L, A HFRAGEER S, HOS A KIAR S8 =X LEPCs, 7 HI85E 28 i
FEFRIHAR 80%~90%0, Z:fREEFREE, PBS Mk, RER I 1L 15(0.25%) A & EDTA FIBYZLiH AL 4H il 4
Oy, TN R TR = 13 I LLEIEEAT Bk, RFE G EIM, &b S AR AR e 1 SR
TS A 8 e SR ) T AR B A, S AL R 40 DL 5042 140 mm 1500 r/min, 5500 5 4

2) LBr LiEW, i PBS IEDRAIM 2 K

3) EGM-2MV #5353 4 i\ 100 ng/ml Rh-VEGF-C (fRiFR MR 75 S 15 95 3E) , A i 15 S 1% R 5605
LEPCs il Jis 5 40 i = 5

4) 1% 1 x 10*NFLANIRE FE A TR b, BRIAT R R, 40 518 hh;

5) WiEE NS BEE L, R,

2.3. GHESR

] SPSS 26.0 Zit*EHAFUEATEE /00T, LEPCs RIMARCYIPT & B 2> O THR BERL, TR BRI
P & bRAEZE (X £ ) R0, KIGETIRES 3 K.

3. R
3.1. LEPCs pR 7SR

JEA LEPCs AL S 2 HE, TTRICAKRIE AR ZILE, BEAE—, MBI SONRIEAHERE, il
ARRICANL, 6~7 d AT 7E o 80%~900%635 TR IR AR, 22 A% AR 40 LI 7310 itk L 7Y B 4
WARIUA “HEAR” o WA 1.

(@) (b)

Figure 1. Morphological changes of LEPCs observed under microscope: (a) On the 9th day of pri-
mary culture, LEPCs was fusiform and polygonal, with uneven morphology and cell colonies; (b)
The fourth generation LEPCs differentiated into “paving stone”-like changes
B 1 BMHETYE LEPCs ST : (a) RIKE 9 X LEPCs XS AKRE R ZOR, F
BARE—, AINMEBET%; (b) 5 4K LEPCs 5Ly “HiEEA” #HE
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B

3.2. MALHPAARKN LEPCs RN FREIRICY

LEPCs ¥ ik CD34.CD133 1 VEGFR-3, VEGFR-3, CD133 % [{1#(85.17% + 1.65%); VEGFR-3,
CD34 PHZ(83.77% + 0.42%); CD133, CD34 MPHA(87.17% + 1.77%), & LEPCs fit. WKl 2.

10" 54Q1 Q2 106 +4Q5 Q6 1064 Q9 Q10
5.19 8522 3594 833 38.00 86.0
109 3 5
L10°4 4 107
; 8 8
210 S 10¢+ Q 10%3
7 10° 4 % B
27 210 210
104 2 = =
] 2] 2 -
L jos ' Q3 10408 Q7 103012 Q11
10?3552 4.05 10 8.36 2.44 101 1370 028
102 10*  10°  10¢ 10> 10* 10 108 102 10° 10* 10° 10° 107
FITC-VEGFR-3 FITC-VEGFR-3 PE-CD133

Figure 2. Logistics identification of LEPCs surface markers
2. LEPCs REFMCHIRREE

3.3. LEPCs UThEEEELER

=4 LEPCs fERFE B R F S T TR A IR R v AU R I 45 1. 2~4 /NI 5 40 0B 3 22
Frhit, 6~8 /NATANMFF MRS, HARME:, BRRULTIEIEFEgE R, 10~12 WM AEAE R AMT, 24
AN A B R G RTE O, R R R . WA 3.

Figure 3. Differentiation of LEPCs into tubes
3. LEPCs HIRE N L EE

4. i

2003 4F Salven P 25 \ 55— R43 B3 4 LEPCs [23], lgarashi Y 25 &3 LEPCs 253 VEGF-C ¥ 55 1] %
IR bR LA Prox-1 Al LYVE-1 [24]. AEBRIEHL T, SN L 1) EPCs £k /b, 104 0.01% [25] [26]
[27], RIAESE BEH Y MSCs Fil EPCs & & N 7e /& H365E /555 [28], ATRTHHSLIGIE, MSCs 5
LEPCs. VEPCs A7 “F4ufusi” . FULIRAPEHIEM: LEPCs 5 EPCs MIAEMRF A ML 4L,
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A5 R FH /) R R A R dE AT UK B2 P R AE 40 AR

Z Uit K Y VEGF-C 5 VEGFR-3 454 J5 K A IR 1[23] [28] [29] [30]. 4G FHlEANFARAH STk
k1B [18] [19] [20] [21], FAI1T fiE%] VEGF-C A il LEPCs [M3E5E K /v ft., ARSI % EGM-2MV ks
FRHEN rh-VEGF N rh-VEGF-C DU 24 /N 5 MG BELT MY, {2k LEPCs 3958 . F¥ascit Mg, MSCs X}
Tryple Express F§&Us%, 1 LEPCs X Tryple Express USR5 22, Wont B B BESH B3 A Tryple Express
MEHAL, EBREBIRAH MSCs, LLiE—B 4T3 LEPCs.

H AT HEHL LEPCs & F I 7 V2 600G . B FERAIE B85 002 S e Bk 7 B9 T xR iR ik v 25 18] [19]
[20] [21], 1H _FSR o0 773, DR HAPAEBRAE BB, BOARMEBE w5y L FR 20 R S5 RN, I HACHT B BT & |
N (] PR B0 LA BARIR R AR 55 5 3 4B M 4 105, st PR s e, AT PR 7 R A o B AR —Fh
GF ATERAE PR SRS LEPCs 17 VAR M B L, PRAY S8 2FL w390 005 P 2 o Ut R vk SR B A P 2 o 1)
MSCs 1l EPCs [22], 7l ZHHk Wi o FF Uk B v K2 240 P IR - SR B0F T R SR B = 44 % LEPCs.

TR 7t P VEPCs 5 CD34". CD133*. VEGFR-3*ff] EPCs i fE R bR &M ikt
[ A1 AE ) Th RE ST AN, FF CD34%. CD133". VEGFR-3* 4 il fiv 4 yibk (2 4 Bz 448 1 (lymphatic endothelial
progenitor cells, LEPCs), JfiE#] VEGF-C/VEGFR-3 il #1555 LEPCs [r ikt P B2 41 i 2 FL ATk L AR
F[18] [24]. PRI AR 5206 SR P AS I 4 D 22 THi bR ic ¥ CD34. CD133. VEGFR-3, 7135 R F 4T i 7
fhszat, WEARL, LLIGIUE T340 /2 75 /& LEPCs.

ARSI iR JEAR LEPCs 4iIEAS 2 4%, W RIUNKRIE R Z 1A, AR —, WIS B
WORE, JEILAKARTEYIM, 6~7 d 4T 78 5 80%~90%: 55 MR AR, 22 YABAR G 4 ML 3Z i 70 AL itk £
WAL, BRIRIA “HIEEACIRY o MRIEAH OSSR IR, AN BRI AS S 5E o A s IE A 40
LEPCs.

A S8 A5 FH G B9 K VEGF-C RIl3 3R X LPECs, LEPCs i F it 240 B RAG I H % i bric ¥ VEGFR-3,
CD133 XUBH % (85.17% + 1.65%); VEGFR-3, CD34 XU [ %:(83.77% + 0.42%); CD133, CD34 X{FH=(87.17%
+1.77%); %4 LPECs Wi 15 SR 953615 S5 9%, 2~4 /NI 5 AU Z 748 I R4, 6~8 /N 4B U SR 4,
FAHERE, UM S SRS, 10~12 /TR S oy LR, 24 /NBE R AT S SR Ok, AR SR
SRR, DA A A M ARG D 45 R R o A e, B T 45 21 4l FE = ) LEPCs.

ASZIG R G BEVR K AN IR i35 S 3R B LEPCs, AR T8N 2 WA AR A i 55 vk, AR
SRERAN M () 7 20 SR U FEAR G (a7 50, mT ARk, PR iEFeRd, X4 mEae e, HEE
YR AL R TOV S A v E AR DG, AEAE— I RIRYE, A o 1)

5. &g

LRI T 5 B T SRHURIAURE ) LEPCs,  ELRT FURSME IRIE REGEH, 45 8 RA19c%0
20 J5 S/ RO S K ISR (A Py 5288, DS DA 2 T A S AT R IR E /K P v 77 SR A3 4 B R AR 4R
EHEIWMB

B 1) 7o 2 I 5 9 B2 P R AEL 4 A B4 FH 1 SE BG4 78 (No. ZZZC201830A).
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