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JAG1 promotes migration, invasion, and adhesion of triple-negative breast cancer cells
by promoting angiogenesis
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Abstract: Objective To investigate the effect of JAG1 on the malignant phenotype of triple-negative breast cancer (TNBC) and
its role in angiogenesis in breast cancer microenvironment. Methods The expressions of Notch molecules were detected in
human TNBC 231 and 231B cells using RT-qPCR. Five female nude mice were inoculated with 231 cells and another 5 with
231B cells into the mammary fat pads, and 4-6 weeks later, the tumors were collected for immunohistochemical and
immunofluorescence tests. 231 cells and 231B cells were treated with recombinant JAG (rJAG) protein and DAPT, respectively,
and changes in their malignant phenotypes were assessed using CCK-8 assay, Hoechst 33258 staining, wound healing assay,
Transwell chamber assay and endothelial cell adhesion assay. Western blotting was used to detect the changes in the
expressions of proteins related with the malignant phenotypes of 231 and 231B cells. The effects of conditioned medium (CM)
derived from untreated 231 and 231 B cells, rJAGI1-treated 231 cells and DAPT-treated 231B cells on proliferation and tube
formation ability of cultured human umbilical vein endothelial cells (HUVECs) were evaluated using CCK-8 assay and tube-
forming assay. Results The expression of JAG1 was higher in 231B cells than in 231 cells (P<0.05). Tumor 231B showed higher
expression of VEGFA and CD31. Compared with 231-Blank group, the migration, invasion and adhesion of 231 cells in 231-
rJAG1 were significantly enhanced (P<0.05). Protein levels of Twistl and Snail increased (P<0.01), anti-apoptotic protein Bcl-2
increased (P<0.05), while DAPT inhibited the related phenomena and indicators of 231B. The 231-rJAG1-CM increased the cell
number and tubule number of HUVEC (P<0.05). Conclusion JAG1 may affect the malignant phenotype of TNBC and promote
angiogenesis in the tumor microenvironment.

Keywords: JAGI; triple-negative breast cancer; angiogenesis; vascular endothelial cell growth factor-A; tumor
microenvironment
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21 % 1 (rJAG1) Sz DAPT (MedChemExpress) ; ifi 2 Ifil
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1.2.1 #mfeszic MCF-10a iEHFUIR b Rz 40 F & F s
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(231-rJAG1);(3)231B %5 A X HE2H (231B-Blank) ; (4)
DAPT AN 231B4(231B-DAPT) . R4St shiR ATk
EFE R IR 24~48 h, I T AT RE LSS . IR k454l
FUIRE A A U F 3R R (CM) FH TR 22 A 5256 . LA
CM: B =1 1 I LU PR HUVEC 42 24~48 h
Jo TSR S B, A AR RS SR A AR AR S 4 s (1)
HUVEC BT IRZH (NC) 5 (2)231 %5 FA SR 3
AbFRZH (231-Blank-CM) ; (3)rJAG1 AL BR 231 (45 1F R
FEIEALPRZH (231-1JAG1-CM) ; (4)231B 25 [ 545 5+
FEALFZH (231B-Blank-CM) ; (5)DAPT AbFE 23 1B (4%
PEREFERALFEL (231B-DAPT-CM) .
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JAG2.DLL1 .DLL4 . VEGFA Hl GAPDH F{H X} 357K
-, A GAPDHAE NS, 51T 5 & 1.

1.2.4 Western blot 3440 231,23 1B UM 28 i Actin.,
JAG1,Twistl.Snail ,Cyclin-B1.Cyclin-E % Bcl-2 % &
Fik 231 FUIMERRF tTAG1 Ab3 24~48 h 123 1BIR4E
PEFUME AR H DAPT AbBE 24~48 h 5 , A4, (i
JH RIPA 2 5 PR HURA , IE0 ] BCA AR B
B35 pg FE LS 10%F SDS-PAGE 435 (90 V 30 min,
120 V 60 min) , 210 mA fEFE /KA S50 N8 H R ds
FIPVDF -, H 50 o/L i4- I3 AR 1 37 “CRRIR I
£ 2 h, 4 CHEMT —diH L, Actin, JAGI .
Twist1 .Snail .Cyclin-B1.Cyclin-E 2 Bel-2 B4
— PR B LA 1:1000 #i BE . TBST PEME 10 minx3 K,
A3 S HRP FRIC 4 1: 5000 5 B 114 1L F470 e 1G85,
HRP Fric i 1: 5000 5 B 19 1L =EHT /0 B 1gG, 37 “CHE
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Tab.1 Primer sequences for RT-PCR
Name Forward primer (5'—3") Reverse primer (5'—3")
JAGI AACTGGTACCGGTGCGAA TGATGCAAGATCTCCCTGAAAC
JAG2 AGGTGGAGACGGTTGTTACG TTGCACTGGTAGAGCACGTC
Notchl TCAGCGGGATCCACTGTGAG ACACAGGCAGGTGAACGAGTTG
Notch2 AAAAATGGGGCCAACCGAGAC AACTGGTACCGGTGCGAA
DLL1 GATGTGATGAGCAGCATGGA CCATGGAGACAGCCTGGATA
DLL4 GCCAACTATGCTTGTGAATGTCC CAGTAGGTGCCCGTGAATCC
VEGFA GGGCAGAATCATCACGAAGT TGGTGATGTTGGACTCCTCA
GAPDH GATTTGGTCGTATTGGGCGC TTCCCGTTCTCAGCCTTGAC

& 1 h, TBSTYHI 10 minx3 ¥, ECL &G s )41 1.
1.2.5 CCK-8 4 JAG1 #= DAPT %} TNBC 48 ftL3% 74
8% K 231 F1231B 4 fE A 96 FLAES 37 (3000/
fL), HH1231-rJAG1 41 A 50 ng/mL [ rJAG1,231B-
DAPT 41 Jin A 50 pumol/L 1Y) DAPT, & 411 ¥ 5 1~fL,
37 ‘CHR % 0.24.48.72 h )5 , 4L IA 10 uLCCK-8
R, 37 "CHEA Lh 5 ARG B 63 BE (Auso )
Hoechst 42 (@, 52546 JAG 1 #1 DAPT %} TNBC 4 i1/
T 24FLAREFL3x1041~23 1 F123 1 B4R, #524b
24 W5, A 4%Z2 5 [ 7E 15 min, PBS{E3 minx
2%, JIA 500 uL AL Hoechst 33258 YL{aiik , Y{f, 5 min,
PBSE3 minx2 WK, “EG i RUgaAN & W L 4R A% o
1.2.6 Wound healing 5% %4 JAG1 #= DAPT % TNBC
s A H v K231 F123 1B AL 2 6 FLA(3.0%
10°/4L) , F5 A0 MK il LA, {10 pL (AR Sk 3 T
FUBOS AR — 2% FiZk , PBS UE - 40 . FFLINA
2 mL AN Er LA 9 DMEM 3555385, HirP 231-rTAG 1 40
A 50 ng/mL [ rJAG1,231B-DAPT £ Jill A 50 pmol/L
B DAPT, ‘isBE FHA4£0.24 F148 h [l —{7 B HRIIE
ElR e FERPRA AR AR LU AR (0 hRPRTE
JE-24 h PR FEREE)/0 h WPJR 58 B2 A1 (0 h RIJR FERE -48 h
KPR S )/0 h PR e, bRl s B A AT
Brigs],

1.2.7 Transwell /s & 523540 JAG1 A DAPT *F TNBC
mppAz & e O TR 231 F1231B ZLARE AN
12281 B Transwell /NE A 24 fLHR, EZEINA1:10
TCMLIE R IR B0 L I 50 uL, Bl e 24 FLAkCE T
37 “CWFAR 1 ho JHRER IR TR At LS FOSUC3: 5 e
B, EEMA 200 uL & 3x 10 0B 2, FE A
500 pL % 10%IMT5 Y85 FR5E, 37 CIEFE R FR 24 h e B
% 4% B HEEF 5E 15 min, 0.05%45 5 25 YL (o al;
DAPILYL (%, 10 min, M5 i/ Nas E O 2, T
S B S i (485 b 2 e £ ) RN i fds (DA PT

) PSR ZER INE T T AR RRAL R

1.2.8 1 B 2@ BeLHE T SR B4 JAG 1 %+ 231 28 ik T 69
Foh 2412311231 BANNEAIH] GFPR ;YL , 24 hG
A1 90% L) A B A% Ut | GFP &R (6o e 1, s
rJAG1/DAPT 2540 24 h, 45 (A BN /L HUVEC
A 5 24 FLAR, 7 HUVEC K 2B 5, 1 1L 454
FUIRIE LR, A 3x10%4L 231 A1 231B i = ik 24
FUBR, Bt 5 24 LM B T 37 “CIEAR 1 h, PBSUEE R
EREZNAG , 2 BT T ERI 72 HUVEC R 1) 231
F123 1B FLIREE A0 M, W R4 B F Image J X0
T

1.2.9 FIRAR A BT pi, 52 Bl TNBC A ERIE A fn 6 4
AR 96 FLARMAIERTIE 50 nLAL, B 96 fLAR
BT 37 CHF4H 45 min, EERABHE{LHUVECS it H
231 F1231B (45 FR L B AL, inA 50 uL 3%10°
YA ZE b 96 FLHN , LA 37 “CIFFAR , 4~6 hE {88 i
5 PSRRI, J PRy ko 4 k.
1.2.10 SR 2l AL AN e 8 5 S S B kil i 88 VEGFA F11
CD31 ik MEVERLER 2> M 231 2H.(5 H, FUIRRE IR 5
231 4 1x 105 F231B 4 (5 H, FLIEIE 7 B 5t
231BAHML 1x1075) o 4~6 JEl 5 B IR DR AE T 4% %
R XA T A 2 T eEdifk
et , VEGFA F1 CD3 1 fifi H—HiA Bl LA 1: 200 i RE
LIRS P/ N SPIRF & Ui 45, (58
THEEIIEE VEGFA F1CD31 A AR . e sd sl
o XU TIKERY) R, 4% 22 R B 22 15 min, 50g/L
IEE IS 2 A 1 h, PBS 13 minx2 YK, 1: 200 F 1)
VEGFA 11 4 ‘CHFEF AR . POt HiElFE 1 h,
PBS 3 minx2 X, DAPI Y4 (%, 10 min, 0GR AE B i
BN SR Gt O FRIN TR IR H R . HE B kil
TNBC A AL, ARSI D IR S % 350 0 K HE YL f,
ARG G BB WET AR, I e
SR SE YRR R R B ge sl Y BRI R )i
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17, I RER A FEZ 5143 (2021-023 )4k E,
1.3 %ititr

F LRGSR 3 , FH GraphPad Prism 6 1
P8 TSI R B AR 22 30K , 24 H] L
BERFHEA R I 220007 , AAN 22 7R H Tukey K. LA
P<0.05 A5 BAGHEE X

i 3 Q-PCR 5L 56§ % Notch 15 53 1 AH 4> 7
(Notchl Notch2 . JAG1.JAG2 .DLL1 .DLL4) % ¥ ,231
LAY TAGT 634K T MCF-10a 1E % 7L b Kz 41 it
(P<0.05) , [A]i, 231B 4L A JAGT ik i T 231 (P<
0.05) FTMCF-10a(P<0.05) (51 1A) ,DLL1 B3R
FIIAG1—EL, PrognoScan i /5T IAG1 X FLARIER
BB O A % A A A % (DMFS) ML TG & kA A %

2 R (RFS). EIIAGI 7k iz s A A2
2.1 JAG1 5 TNBC #) B A2 Z Ao R B FUS AR % DMFS(E 1B)HIRFS(K1C).
B DMEFS-kaplan-meier plot :E:)%f;l:::gfz
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- _ - EE < S
& 3 MDA-MB-231-Bone £ <] Corrected P=0.022 570
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Z
o
5 —High n=32
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Notchl Notch2 JAGI ~ JAG2 DLLlI  DLL4 0 1000 2000 3000 4000 5000 6000
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Bl JAG1#£23 | B ERIE, FHFE5ARHUSHERE

Fig.1 JAGI is highly expressed in 231B cells and is associated with a poor prognosis of breast cancer pa-
tients. A: RT-qPCR results. B, C: PrognoScan database analysis of the effect of JAG1 expression on DMFS
(GSE2034) and RFS (GSE6532- GPL570). Ns: Not significant. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001

(MCF-10a vs 231, MCF-10a vs 231B).

2.2 Bhin FIER F AGA JAG] 49 23143 2 tm ek R ik
¥ 269 VEGFA#CD31

HE e AR ERUFFIEZE 2L, H2F 23 1B 4 A 2R B
231 FID R AR AL (K 2A) SR 1 PR
R AT AR NS BITE B, Sk b2 40 B A o AR L
SR RPEAL SIS A5 R R 23 1B [ L 231 [
FSIRH B VEGFA, H CD31 Fric i St £
(L sk in) (B12B) . Sgesd gL S [RIE R ]
23 1B MEa%E 23 1 IRd Rk B =5 VEGFA (1 2C)

2.3 JAGI i@ 4 4 =% TNBC 893 =&

WB SZHG 45 R, JAG] B 4185 (] DI 231
HIAG1 H H/KF-(P<0.01), 1T DAPT AJ LI 231B )
JAG1EEMFEIR(P<0.001,[K3A), Q-PCRELGZEFELM
DAPT 0] LI JAG 1 FIFEFFRAKF-(P<0.01, 1#13B)
CCK-8 S A5 R R , JAG 1 X 23 1 SR 200 el ey S 7
A BE (P>0.05) , 1T DAPT AL E 231B 41/ 72 h
Jo, Hd W R A2 3] T4 (P<0.05, 813C) . Western

Blot S5 231 123 1B HEFE A R, JAGL A
F20 231 (1) Cyclin-B1 Fl Cyclin-E 3k, 1fif DAPT 1] LA
5 Z M 231B Y Cyclin-B1 (P<0.0001) I Cyclin-E
(P<0.05) M E A (K 3D), Hoechst Jefazhi B /R
(J3E),231 4l Zsat TAG ACFE S A i T B T
A f B9 , 231 25 AR BRZH M H 7450 K 8.0+0.9 4
P rJAGT Ah PR ZH 41 L 08 T~ %% R 4.5+0.6 PAILET
rJAG1 ZbFRA s A R T80 25 BRI (P<0.05) o [F]
¥, DAPT-231B 4L A A I A T- %A 10.5+ 1.0 P/AREF,
231B 75 [ 6T B ZH B 4R M R T2 450R 4.0+0.9 /AL ET
DAPT 4b B 41 5525 A 21 8 T 00 3% 1 31 (P<0.01) .
Western blot 45 F [6] £ i/~ , 233 Al 450 rTAG1 Ab 3
J& , A EIE 23 1 4Rl TE T Bel-2 7K F-(P<0.05)
AHZ , DAPT AL H 231B 4 ffg I 2~ P& Hpr i - H
Bcl-2 i34 (P<0.05, 18 3F).,
2.4 JAG1 42t TNBC #9 i 45 13 2 R AL AL
VPRA A L2 R R (K14A) , 7ETJAGT AbFE 48 h
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2 TNBCBEHHI VEGFA F1CD31 &%
Fig.2 Protein expression of VEGFA and CD31 in TNBC tumors. A: HE staining of liver metastases
(Original magnification: x 400). B: Immunohistochemistry (x 200). Arrow: Expression of CD31. C:
Immunofluorescence and laser confocal microscopy (x200).

J .23 1 FUMMR AR AT RSS2 3 TR A (P<0.05),
AEEH85.95%, 1145 23125 FAXT RZHAA L , 48 h 5 231
25 AN BRAL Y A AR 58.52% . DAPT 4b#H231B
FLAMEANALS , 23 1B AR AR RE S22 T 0 B A
#i](P<0.05),48 h AT &% 4 36.62%, ANNDAPTHI231B
2% IR IR 3R % K 53.31%, {4 ] Transwell /N2
SZIGASIN tTAG 1 FTDAPT Xt TNBC A2 LR
FEALFE 24 h )5, rTAGT AbBRZH 231 LR AN 255 /N
FEICE A 62941, 1M1 23125 IR RZ 280 1 27014 5
[ £ F DAPT 43 231B 41t )5 , He 20 ad 19 4 i 4
(1544 A% T 23 1B X R 21 28 5 1 4l B 4% (397 4>)
(1 4B). Western blot SLKAGHI 231 #1231 B iFF {778
I A B, JAGHEHE T 231 4 Twist] F1 Snail (5
FIZIA, 11 DAPT AJ L5 200 23 1B Y Twist1 £ Snail
HIEE SR (E4C) . ARG R SCE0 20, DAPT 2

F(P<0.01) 4] T 23 1B 4HAEXT ML PR 240 Jf 1) R o
P, T TAGT 52380 T 231 FUARIEE A ARG BFH:
2.5 TNBC #) JAG1 i kAR i3k dn 8 4 5%,
GEPIA BB 1201 JAG1 5145 AE AT VEGFA
ARG, BB 8 IEARDG, 22 5 B g
X (P=8.9¢-16, K1 5A) . TEFLIME MM F& 57 304 2
24~48 hJ5 ,231B-DAPT-CM 4 1) HUVEC ) VEGFA
% 35 % 231B-Blank-CM 21 W i %2 2] T 41 i (P<
0.0001), 1M} 231-rJAG1-CM 2 i) HUVEC ) VEGFA &
K% 231-Blank-CM 4 () VEGFA &3k B & T & (P<
0.05,15B)., CCK-8MSCIuikl], ZLIHETJAG i 3%
ISAT{EHE HUVEC A N B2 4 38458 , DAPT ] A
Hhx—HZ (F5C) . 231B ARG FIEAYIL M4 A hiihE
JIWIR SR T 231 B AR 9 55 (P<0.05) , I H AT A gk
DAPTHII(E5D).
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3JAG1#IH TNBCHIBT
Fig.3 JAGI inhibits apoptosis of TNBC cells. A: Western blotting. B: RT-qPCR results. C: CCK8 assay. D: Western Blot
assay. E: Hoechst staining (x200). F: Western Blot assay. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 (231B-Blank vs 231B-
DAPT, 231-Blank vs 231-rJAG1).
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