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[EHH] BRSio, N EABZKERAMEIK U7 =EMERNEEKEF C (VEGF-C) I AME
AR (HLECs) BRI R I 220 K VE N Hlo

[757%] RBAREREKRE (BFF : KE) (0. 25. 50. 100. 200 mg-L*) Sio, #I3E U937 AR
[EATIE] (12, 24. 48h). Western blotting %271l U937 4R A R VEGF-C 28 F 7K, ELISA A0 I4R
fE 5 B R VEGF-C B K, %1% VEGF-C B A RIAK TR SR Sio, RIEEK E AT 8],
WEEMIER EERIEANZHIZEFRE (CM)o HLECs D NFRMESTIRAA. cMXTERZA. cm &k
IB2H, VEGF-C R IEH, cv RMELA R A sio, RIBEI cv &b B, VEGF-C A EBARAERER
E 5000ng- L YA VEGF-C EAE RIZAELIE, cM XTERAR A RLE sio, RIEBBIAMARIEHA
ERANIE, PAMSTIRAE A BT TR, HLECS IBTERE/ISEL0, cM MIBLA R A ATR S5 #R9 10%.
50% F1 100% A9 CM AN IBARRE , 1257 24, 48, 72h ; TEBRENFIE RS AE SIS IR R A
100% CM 2N EBRARRE, 53 BUEEFR 12h Fl 6 ho @I MTS SEASI HLECS 1858 AE /T, XIVRSERANER
B ET AL S MR TR M SRS R EE o

[4552] 5omg L 4AFALL, Sio, iREE A 50 mg-L?, RIEHAYIEIHA 24 h BY, VEGF-C & F 7K F7E U937
MMM R EERTYES (95174 (1.12+0.08) 1 (5464.00+231.21) ng-L'], BFEE 1
FEESIE] (24, 48. 72h) BYEEK, CMIREE#EA, HLECs BYIESEAE/I#ESR, 72 h BY 100% CM b IE
AR ARAEIGTERE D fRoR (2.0020.13) , SXRBABLERAEBRITFENX (P<0.05) ; 72hBY
VEGF-C 2MEB4H HLECs RV FEAE /7158 (1.6740.10) , SXTRAMLEFSEEHITFEENX (P<
0.05), CM &b B A 11 VEGF-C &b BB 4R A1 HLECS sE #B E AR LL [ (53.6424.74) %. (56.8245.72) %]
#m, SBARLEREELITFENX (P<0.05), CM A IBLHAF] VEGF-C 4 IELH I HLECs BY
BEIEEE (7.20£1.30. 8.20£1.64) FNEHTENE (32.60£5.13. 38.20£8.70) &1, S5XIHELHE
LkEREEHITFREN (P<0.05),

[£538] sio, ATRE@E T T A % E AN U937 P24 VEGF-C, MITI{Ei# HLECs BYIEFE. 3T
B EIREIF Ao
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Effect of VEGF-C production mediated by SiO, stimulated U937 cells on tubular structure
formation of human lymphatic endothelial cells ZHANG Jin-song?®, CUI Jie®, LI Xin-ying®, GUO
Ling-li*®, HAO Xiao-hui*®, WANG Hong-li®, LIU He-liang*® (a.School of Public Health b.Hebei Key
Laboratory of Organ Fibrosis, North China University of Science and Technology, Tangshan, Hebei
063210, China)

Abstract:

[Background] Our preliminary animal experiment results show that silica (SiO,) induces
significant lymphangiogenesis in rat lung tissues in early stage, which may be of great significance
in removing lung dust and alleviating the pathogenesis of silicosis. However, the specific
molecular mechanism of lymphangiogenesis has not been fully understood.

[Objective] This experiment explores the effect of SiO, stimulated human mononuclear
macrophages U937 producing vascular endothelial growth factor C (VEGF-C) on the tubular
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structure formation of human lymphatic endothelial cells (HLECs).

[Methods] U937 cells were stimulated with different concentrations of SiO, (0, 25, 50, 100, and 200 mg-L™) for different time (12, 24, and
48h). Western blotting and ELISA were used to detect the VEGF-C protein level in U937 cells and in cell culture supernatant respectively.
The combination of SiO, stimulation concentration and time generating the highest VEGF-C protein expression level was selected for
further experiment, and the cell culture supernatant was collected as conditioned medium (CM). HLECs were divided into four groups.
The CM treatment group was treated with CM stimulated by SiO,, the VEGF-C treatment group with a medium containing 5000ng-L* human
VEGF-C recombinant protein, the CM control group with cell culture supernatant without SiO, stimulation, and the negative control
group without any administration. The cell proliferation of HLECs was detected by MTS method after the cells were treated by 10%, 50%,
and 100% CM for 24, 48, and 72 h; the cell migration and tubular structure formation were detected by scratch test and matrigel tube
formation test after the cells were treated by 100% for 12 h and 6 h respectively.

[Results] The SiO, stimulation at 50 mg-L™ for 24 h produced the highest VEGF-C protein level in both U937 cells and cell culture
supernatant [(1.12+0.08) and (5464.00+231.21) ng-L™ respectively] compared with the 0 mg-L™ group. With time extension (24, 48, and 72 h),
the CM concentration was higher, and the proliferation of HLECs was enhanced. The 100% CM treatment group at 72 h had the highest
cell proliferation (2.00£0.13), the VEGF-C treatment group at 72 h also showed increased proliferation (1.67+0.10), and the differences
were significant compared with the control group (P<0.05). The migration area ratios of HLECs in the CM treatment group and the
VEGF-C treatment group [(53.64+4.74)% and (56.8215.72)% respectively] were increased compared with the control group (P<0.05). The
number of tubes (7.20£1.30, 8.20+1.64) and the number of tube branches (32.60+5.13, 38.20+8.70) of HLECs were increased in the CM
treatment group and the VEGF-C treatment group compared with the control group (P<0.001).

[Conclusion] SiO, may promote the proliferation, migration, and tubular structure formation of HLECs by stimulating human mononuclear
macrophages U937 to produce VEGF-C.

Keywords: silicosis; lymphangiogenesis; human mononuclear macrophage; lymphatic endothelial cell; vascular endothelial growth factor C
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123, AIRRAARTHATI Y SE I R AT, Z |k
(silica, Si0,) EFHIRY AN A BER R HAFME H IR %
WMEMEBE, SERABETENHEMEX , 8 F/AS
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EWThEE, (EHHEEEMIEINT, MERNEEKE
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FRFHEENRMEBEERET, ISHEHATFH
ERNEAM (lymphatic endothelial cells, LECs) =AM
ENREKEFZERILES, REKEBEER",
Itk , MBS A R EARY M B E £ AL 5 Sio, 1% 2 i B mE4H
B E 7= 4 VEGF-CYEFB F LECs BB X, RIFRE
1 sio, RIBIA 1z ERRZRRE K U937, IWERAREIE ST b
BRATHRIMNEF AMEREZRE (human lymphatic
endothelial cells, HLECs) , I ZRAMBAIZ A LFRFH
VEGF-C SR ELXT HLECs 1858, T R EREWH R

%1

Me, BR5UEY B S AR ER itk 2 E LE BBy 0 F Ao

1 MEl5RE=E
1.1 ##

HLECs (LB FREMER AT, FE) ; U374
i (PERZ RHEEARYREZ RmE, FE)
R AREIEFRE (endothelial cell medium, ECM) (Science
cell, £[F) ;164015775 (Gibco, E[EF) ;B4 1175 (Gibco,
E[E) ; #KE2ES (phorbol myristate acetate, PMA) (£
BESXEMEAREBRAE, HE) ; sio, (KER
0.5~10um) (Sigma, EE) ; VEGF-C %% 5o f&H{A (Affinity
Biosciences, E[E) ; A VEGF-C ELISA 115 & (BT &R
MERAZRERIEETAE, FE) ; AVEGFCEAE
H (Sino Biological, A[E) ; MTS [3-(4,5-dimethylthiazol-
2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium, inner salt] 4fEIEZ5E XIS (Promega, &
&) ; Matrigel EFE (Corning, EE),
1.2 /&
1.2.1 HREIETE U937 ARBMR KA ATR 2 ¥9 90% B9
1640 1 75 £ A 10% Ra 5 MM 7E #H 1 TE I 7. HLECs K
FA ECMIBFREHITEAIEF, 5 2 10 X9 TIE4HRE,
1.2.2 SO, RIF U937 4 Sio, FEAIAEE, BEXE
[E%& . U937 AR PMAIE S 48 h N A NGEERY &2
% ERAfE, RAKRE 0. 25, 50, 100, 200mg-L*
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B9 Sio, R3E, RIBATEIA 12, 24, 48ho

1.2.3 Western blotting 7% #& /1 U937 4 A #F VEGF-C &
HioA IR, HEEOGRINER, BR/GE
BR R BE K AR TMARAE A VEGF-C & A FRIX, LA B-actin
ERARZ,

1.2.4 ELISAER N U937 AR IS 7= B R VEGF-C &
HE#RA WRIBAFZWAR, KA EUSAETE 1M
U937 4RI A _EBR A VEGF-C IE B RIAKTE,
1.2.5 4157 E (conditioned medium, CM) il &
U937 HifE PMAIE S 48 h B A NGEE B9 Bp 1% E R 4 A
&, BREEFRE, FAPBSHIEMK, XAE S0,
ECM E RN BRI FFE (0.5% A4 M55) 1E5F. B8
[ZBYElfE, WEHAMIEFRRTBERE OV (BO+=RE
5.5cm) 3000r-min™, 4°CE ()5 min, WE EERIEN
CM, -80°CIRTEE Fo

1.2.6 HLECs%34E HLECs R ECM BFHREEZE 57101,
SR 44E - PAMEITERLE, cM TR, cv B4,
VEGF-C A I24H, cm AbIEZH R A sio, R 8L fE VEGF-C &R
KK FEREH U937 AT LB RIES, VEGF-C&
BARASRERE5000ng L YA VEGF-CEAHEH
By ECM B RIS FEE T, cMXTBAR AR EZ sio, K
BB 7R AR B E] B9 U937 AR I b BRI IF, [
MEXTEREA SR A EcM ERIEFEE F, AT MEY
790.5%, E{KEZFRAETE) 05450,

1.2.7 HLECsIEFERETIHUIN  HLECs 3EFTF 96 FLIR, &=
FLABEERE R (6~8) x10° 1, TFLION 100 L ECM 58
SIEFE, ARILEERE, ERIEFE ; CMAIEAMA
100 uL 7AF2 538893 519 10%. 50% F11 100% BY CM, VEGF-C
SOIBLH. cMXTERLR. BB XTERZH 93 BUA0 N 100 pL 48
MEYEAE (M 1.2.6) HITRIE, RETHFL. &
ARG 5 PNETFL, 1£37°C. 5% CO, K1 TIBFT 24, 48,
72h 5, BENFLFIAN 10 L MTSIRF, B 4ho X
BESIRUNE R ZEE (D), ME KK 490 nm, 48
1.2.8 HLECs T2 EE 00N 4ApRIEMHF e FLIR, =
FLAREE R (4~5) x10° 1, FHERLES, (LB
1000 L ¥R 2Bk EEH FFLIRXIIE. PBSRIE 4%
3R, HER T, SAMN 2 mL BN AEFRE
(3FN 1.2.6) #HITRIE, AT HPRAMIETA R M,
B 12h G, TEEERE THY IR XI5 4
FEMAREF (415), 1T Image J 1.52v iR i+ E 4T
BmEMLL, MRS K, KRBT EE1E5R, A

ERmEARLL = (OhiZAMEABEEIN -12h %A
M ARBEEETR) /0h1ZAMIEAREZEF x100%.
1.2.9 HLECs BAREMFZRLEE/IHOM Matrigel B BRAR
A°CE®RIZTA, 96 FLIREFLIN 50 pL Matrigel B R,
37°CR & 45min, RIBLK DA, BIAEIFEFTE
TR HLECs KEFHIZM T o6 7Lk, SFLAMREZENRN
1.5x10* P FHIZ 3 MNEFL, 37°CiEFR6hfa, TERER
TR 5 MENIALES (10 12) H1RER, {5 Image J 1.52v
D TEGPERNEREHRENE I HE,
1.3 FitFESH

SR SPSS 21.0 IR TH T 21, ZREIRE
BB A ETERRMBRERAE DT, WK
ELER SR A LSD #38, #2307KE 2=0.05,

2 %
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18R, FERIKRER SO, R 12, 48h /3,

MY SR AED RS omg L RELHAELL, VEGF-CE
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B 12h; 2 S0, R 24h 5 3 1 Si0, KB 48ho ** 1 5 0mgL?
RELRMLL, P<0.05,
1 RREKRE SiO, #i# 12, 24, 48 h [5 U937 4k
VEGF-C WERRAKFELEK
Figure 1 Changes of VEGF-C protein expressions in U937 cells
exposed to different concentrations of SiO, for 12, 24, and 48 h

www.jeom.org



#5455 J2 3k &% | Journal of Environmental and Occupational Medicine | 2020, 37(11) 1109

HEEN (P<0.05), ELUSAZER B TR, & sio, RIEAT|a]
7924h, FRE 7 50mgL*BY, VEGF-C 7E U937 4B il 15 7%
EBERPNEBEERS [(5464.00£231.21) ngL?],
S5omg Ll REHABELLEREERITFENX (P<0.05),
DB 2 ; 12h A 48 h LARV AR IS F= £ 7E R VEGF-C
EHEERK, SHZBEREAITFEN (P>0.05),

(AL IEFER EE 50 mg-L™ BY Si0, RIEk U937 4l 24 h
ErETFF EERIERN cM, BTFRESER,

6000

5000

4000

3000

VEGF-C/(ng-L?)

2000

1000

0 0 25 50 100 200

Psio,/ (Mg: L
DE] +* : 5omg L MREAMELL, P<0.05,
2 FREIRE SO, ®I# 24 h [5 U937 4RI F+ LB R
VEGF-C WEHRAKTFEE
Figure 2 Changes of VEGF-C protein expressions in U937 cell
culture supernatant exposed to different concentrations of SiO,
for 24h

2.2 HLECsg5EgE

WK 1T, EF48. 72h 5, M &L B H] VEGF-C
A0 IR ] RR 2 1E5R HLECs BYIETERE ST, FEE CM (AFR 03K
HYIE N, ZRAEIGTARE 771G 58, 100% CM LARIARARIETE
BEHER A, FILEEI209 5 F 100% CM R IRARA,

K1 FEFFEHECM BIEFIVEGF-C b IE 24, 48, T2h [
HLECs IZ5ERENIBIZ ML (n=3, Xts)
Table 1 Changes of the proliferation of HLECs exposed to different
volumefrac of CM and VEGF-C for 24, 48, and 72 h (n=3, xts)

- LbERBTIE] /h

24 48 72
BAMESTERZE 100.00 100.00 100.00
CM3FERZH 100.00 100.00 100.00
10% CM 93.3346.66 94.67+7.64 103.00£14.53
50% CM 107.33+15.57 116.00+12.49° 136.33+9.02™
100% CM 131.00+10.58"  140.33+17.62°  200.33+13.61"
VEGF-C 119.67+19.86 136.3348.96° 167.00+9.54°
F 435 10.57 48.42
P 0.027 0.001 0.001

[E] a : SERMEXTEBZA4ALL, P<0.05 ;b : 5 cMXTER4EALL, P<0.05 ;
c: 510% cM A IELAARLL, P<0.05 ; d : 550% cm A IRLEFELL,
P<0.05,

2.3 HLECsF#%gE

YRR ERETR, B 12h 5, 4 MHRYHLECS
MR TEmEmAR L A 28R (F=213.12, P<0.001). 5
FAMEXTERZA AN cM XT BRZAAE L, v b IR A 0 VEGF-C
R IBLAHLECs WA AR T B m AR L 3988 & 38 1N (P<
0.05) , ZRPA HLECs AMREAYTH5BE /11858, FAMEXTERAA
M emFERAZ BERSTAITFEEN (P=0.27). ILE 3.
=2

DE]A: &3oh;B: & IE12h, 1: PAMESTERLA ; 2 : CMXTERLE ; 3 ¢
CM IR ; 4 : VEGF-CRMEH, BEFXAN 12h/GHAMKESE
FREARIRL,

3 100% CM %3231 VEGF-C 2032 12 h [ HLECs T #% 88

T
Figure 3 Changes of the migration of HLECs exposed to
100% CM and VEGF-C for 12h

2.4 HLECs BR&EEMAZAEE

S ZAEREWERBERIT O A, 4 A
BERA2E (P<0.001) ; 100% CM ZhIBLHF] VEGF-C
WIBEFERNERRE. EPNNEEES TN
STBBLAFN CM XTBB4H (P<0.05) , FAMEXTEBLA AN CM X
BAZEERTARITFEEN (P=0.60). IE 4. %2,
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[F] A PRMSESTERAE ;B (CMITERLHE ;C (M AMIB4H ;D :VEGF-C RbIBA,
BREFAAEENER ; ABFEXIATANE DK,
4 100% CM % 32#1 VEGF-C &2 6 h f§ HLECs BEIK&51
ARV (L
Figure 4 Changes of the tubular structure formation of HLECs
exposed to 100% CM and VEGF-C for 6 h

#2 100% CM #1 VEGF-C & I2f5 HLECs X5 8E hFN ERE %K
ENESEHENT KT (n=5, xts)
Table 2 Changes of the migration and the number of tubes and
branches of HLECs exposed to 100% CM and VEGF-C (n=5, X+s)

31 SMIB 12h EAETRS siEeh

ERLL /% BREHE  EORNE
REMEXTERZE 6.84+2.98 0.60+0.55  10.2043.27
CM3FERLH 9.84+2.23 1.20+0.84 8.40%2.07
CM RbIE4H 53.64+4.74" 7.2041.30°  32.60£5.13"
VEGF-C ZhFE4H 56.8245.72" 8.20+1.64” 38.2048.70"
F 213.12 57.93 39.80
P <0.001 <0.001 <0.001
U] a : SAMSTERLAMELE, P<0.05 ;5 b 1 5 cMITERLAMELL, P<0.05,
3 Wig

B Bl Jos 2 — T 12 14 A 2B A8 E AN 347 14 B 18] FR £F
R, ZENEIERTEERE, BRIt TERH
AT AED, AkEAFENHIHRLAZTE, SIRA
LARIARCHYIIRBGIERE, W AT K AT RHARE M EE
SRR R HEEE(ER, HENIESE 7D
RIEHE Y, BT, LR @I AN
H—H BRI Bt 5 AR A 30 M B B A B RN 53 F L
JI0LE R KRAA sio, RIBATA B 2 MM EE LR
X A F VEGF-C HIER T LECs, BT {2 i# LECs I E
WREEMZRL, HTMEHFEMEER L,

ARETEH, B R F AR A B ARE L,
BE Sio, ¥ LTk, B L ME MR ER L, 7EHH
ERAEA DB AEN R ERFIRFLECEF, H
FREY R 4% A F VEGF AT RIEAMR AT BLE, 1
EMREBEERNEZEEARF Y, AMIZIRBIAA

VEGF-CEMBEERNREENNSEFZz—, HA
5(F LECsHMEARAREKREAFRAILES, (E#HM
BEER ", VEGF-CEWIIARHEEERE LT
FRA BBy, ol 2 A0 LE MARRE &8 Bk AP & TF 1< AU
BE Y, TARBRREAESHEHK M LEREF,
CD11b' EMEAAME M A K XIFMABXMKELRHE, @
i3 93 W VEGF-C/D R B M B E A A, MR AGENFHE
B 1), Yamashita & W B 5T %P8, CD68'/CCR7* i Bl
SRR ST 537 VEGF-C A] TE AR L AT BB B
FIt A LI E SR T Si0, 1T F A B 1% B4R a1k
U937 24 VEGF-C % HLECs B IREE M2 BRI 8201,
REMRINAIMEEERIEH/L NN E—FTE
Hpy (2. EAMBERR. BERD . MEF K
5|, BRI HINATEET ¥, TXTH
BEERNRZSHEHRTH, EiBIAS LECs KIETE.
TREEREMERETEX, Bl lERMMHBEE
R H =k g2 R 1o, ALk, ANHFTEid IR EE Sio,
YERERI U937 4BRBLEFF LB A TR IMEFR HLECs,
I EREEFr £ 7B R AU VEGF-C X HLECs 12 58, B &
BREWR R R, £5R %R, 50mg-L* B Si0, R
B U937 4hfE 24 h BYAREE A& AN 72 I8 B4R AEIE 7 £
B R B VEGF-CE AR KK ERFRSIEE, 7
REAR AR B LI, $3REMAESRHITESI
BESHRY RS, 50mg-L? Si0,, YEARYIE] 24h, BI{E
NIFESWERERIBF . FLb, & 50mg-L*BISi0, Bl
A U937 4HA0 24 h VRIS = LB RINERIZFIER
CM, 1B MR AR EMATI 72 #4089 CM XY HLECs 18 5E BE
BN, &I 100% CM RIZ HLECs BYARRIL FE BE 1 &
2R, FE TR ER KL IR 100% CMo A
T RIECM B VEGF-C R IEERNEM B ELERIER, &
KLWRASMFPERREREN A VEGF-CEALHE
HE A IB HLECs, 5 R&RA, SXTHRAMELL, 100%
CM QLA VEGF-C &b FE3Y BT 38 58 HLECs B9 ERB A E R
LR REES] (P<0.05) ; FAMEXTERZAA e XTERAAE
eI 2 BIER LA ITFEX (P>0.05) . Western
botting A1 ELISA 45 R & 7R, R 48 Sio, R B HI u937 4H
Mg EERMAIRIA—EEM VEGF-CEH, B3
HLECs B 58, TR M EEWH R EE DR = E RN,
KRR IERAR N ERENEREHRENE DR EE
43 Iz PR LECs BIREEMITZ AR BE /Do
EEMARKRPYMHBEAMBERNNLEEHAE
ETRMEE, HIELT MRME RS L ERR
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H2 A F VEGF-C H{ER T LECs, @3T8 # LECs FUIEFE.
TRMERGEFR, HMEEMEEER, AFE—
TES FREEBEL RHEAEME B &R E B iR
THIZEE 7 REM, B9 FHNHITERRLIERN
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