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JAG1 affects monocytes-macrophages to reshape the pre-metastatic niche of triple-
negative breast cancer through LncRNA MALAT1 in exosomes
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Abstract: Objective To investigate the effect of JAG1 on the activities of monocytes-macrophages in pre-metastatic niche
(PMN) of triple-negative breast cancer (TNBC) and explore the possible regulatory mechanism. Methods JAG1 expression in
human TNBC MDA-MB-231 and MDA-MB-231B cells was detected using quantitative real-time PCR (qRT-PCR). Ten female
nude mice were inoculated with MDA-MB-231 cells (n=5) or MDA-MB-231B cells (n=5) in the mammary fat pad, and 6 weeks
later, the tumor tissues were collected for immunohistochemistry. Human monocytes THP-1 cells were treated with rhJAG1 or
conditioned media (CM) of TNBC MDA-MB-231 and MDA-MB-231B cells to assess the direct effect of JAG1 on monocytes and
its effect on monocytes in the PMN using monocyte-endothelial adhesion, Transwell assay, qRT-PCR and Western blotting.
Transmission electron microscopy and nanoparticle tracking analyses were used to identify the effect of JAG1 on exosome
release from the TNBC cells. MiRNAs interacting with IncRNA MALAT1 were identified by bioinformatics and validated
using qRT-PCR. Results Compared with MDA-MB-231 cells, the invasive strain MDA-MB-231B cells showed significantly
higher JAG1 expression and greater liver metastasis potential (P<0.01). Both direct treatment with rhJAGI and treatment with
the conditioned media promoted adhesion and migration and affected differentiation of the monocytes (P<0.05). Transmission
electron microscopy and nanoparticle tracking analysis showed that JAG1 strongly enhanced exosome secretion from MDA-
MB-231 cells (P<0.01) and increased MALAT1 content in the exosomes (P<0.0001). Five candidate miRNAs related to MALAT1
and JAG1 were identified by bioinformatics analysis, and miR-26a-5p was identified as a potential target of MALAT1 in
monocytes-macrophages in TMN (P<0.0001). Conclusion JAGI can promote exocrine secretion of TNBC and increase the
expression of MALAT1 to cause targeted downregulation of miR-26a-5p in monocytes-macrophages in the PMN, which in
turn increases JAGI expression in monocytes-macrophages to affect their adhesion, migration and osteoclast differentiation in
the PMN.

Keywords: JAGI; triple-negative breast cancer; monocytes-macrophages; exosomes; pre- metastatic niche; long non- coding
RNA MALAT1

- —IIMEFLEE (TNBC) 2 3L i B 2811y

i U 9T UL, FUH R4 AP AR AR bk
s/ I=HEUN ety (cste jcyj-msx — ol Rt 5 2,3 NAS H BT vy

{EB R AL S-SR A E-mail: xumengqi@stu.cqmu.edu.cn Z{mﬁﬁﬁ)ﬁ%ﬂ})ﬁ)ﬁ%ﬂﬁ#f)ﬁ © E B E HU'IDJ%{HJ?EX

TS 1,202 2 S, E-mail: tangmin@cqmu.edu.cn 1B k" (AXERALE I T TNBCAIR 23




+ 1526 -

J South Med Univ, 2023, 43(9): 1525-1535

http://www.j-smu.com

A0 PRI, B TNBC 445 3o 8 b Se4 41 I ZH
LRSS0 R BRI ] TNBC #4452 G2

WEFE R, IR R B (PMIN) JE B FLAR
FEAFIRIE AN RS R OCSHED IR ™ IR A NMA
VR B A IR A S ey A 5 32 Ak 4 =2 T g
P> I M A7 AR L 2 B SR R RO
B T A - W 2 2 IR TR 5 A 2 2
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AR FEVEF , NI E PMNTE A, (1 F TNBC #4645, 41
KMFFE A IGE . P, A5 b L L TNBC 41 i
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DR TNBC 2P B i U I A

1 #RFTE
1.1 fafef=shin
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BRI 50.2 pm i JE A (Millipore) ; /N T4 RNA

(siRNA) M HAETHRF GP-transfect-Mate (| W5 ¥ 3
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LAYV NR IgG R 1 h, i ECLEY et 4t
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AR ], ARHEAL IR 53R 5 40 : Control 4H : AN T
CM AL ;231-CM 41 - ffi FH 231 21 it 1 35 b B 5 23 1-
JAGI-CM 41 . f# FH JAG1 AbF 24 h 2 J5 119 231 41 |-
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29.0> 10 min, 2000 g #5.0> 20 min, 10 000 g 5.0 30 min.
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LIRS IR LA BRI EIR 10x 10 g
50> 70 min, HJCH PBS HL20TTE , FRAELC, 10%10%g,
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i, (1T Zeta R FREA AT B TAE ], SMIAMA
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FE SR AFRIFHINARE SRR R B AR Bk
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BENNEE THP-1 40 PN A 7 MAMASE IR 1

1.3.10 siRNA#:% 55 fFTHP-1 KEH IR/
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¥k a~6 h 5, BEHON & ML IS8 A 94, 24~96 h 5
W SR 40 ML AT R — 20 525 . siRNA-NC FlI siRNA-
MALAT1JFHI (£ 1),
1.3.11 A£415 & % 4 4 fii il Human Protein Atlas
(HPA) %t ¥ J% (https://www.proteinatlas.org) 1 1]
“Pathology” 1t , WT LA IR 73 #r 2 (1 B e AN [m] g vh
Ay % ik /K % . Kaplan-Meier Plotter (kmplot.com/
analysis)/&— 4T GEO, TCGA, EGA B A= 774>
ksl , A FH A ) “Breast RNA-seq #2381 =FA
PEFLIR P N RIA S B B AR Z M C R TE
Gene Expression Profiling Interactive Analysis(GEPIA)
i, R “Correlation Analysis BEH, 53/ i
PN FERF IR Z A AP E . ENCORI(http://starbase.
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rnainter.org/) §(E 72 T LU F0F98 RNAFHEAER . 7
ENCORI F# “miRNA- Target . 3t , 25 $8 5 MALAT1
HHEAEFHR miRNA, 78 RNAInter [ “Search"Fibk
S MALAT VAR EAEHIRY miRNA, IR G7E74>
RNA [ $4f& 2 (DIANA, EIMMo, miRanda, miRDB,
PicTar, PITA, TargetScan) " A T 1% , i 2 76 341~ M 3
AN B E RS JAG T Y miRNA A5 F AR
miRCancer (http://mircancer.ecu.edu/index.jsp) ¢ #i& J&
— MR AE S miIRNA SR . 28 A e IS AR A
REFRSCHR, 20 TH AR IR A DG miRNA LI K miRNA 7R
g vhr) ek 44 il i “Search miRCancer” FEd i
6 HH AE FL R TP IR SR A ) miRNAL R DL 15 3]
miRNA AR 1558 AR miRNA.,
1.4 it

AR B2 RN . BB TIRG T2
53HT K H GraphPad Prism 6 £, PHZH 14 LR
FH ks Z24H1R UBER HERINZ T 220007 LAP<0.05 )
ZESFAGI R o A SRR, B 31K

2 R
2.1 Notch £ #JEE /K JAG] 4 TNBC/Z £ 4F

TSR NS BRI T A 2 (HPA) 1 JAG
HEAFGRU T, 45 R 510 H ML, U
HAPIJAG EHFRII B ET = (E1A) . FE, 76
Kaplan-Meier Plotter £ %5 H , W5 JAG1 mRNA %55
5 TNBC 5 B R(0S) KR, 4 s, Bk
K JAG1 () TNBC % OS (IR TR £k JAG] &4
(P<0.05, 1B) , iX#&78 JAG1 {15 5 TNBC AN
KT8 PIAE, gRT-PCR fl Western blot f:{ll MDA -
MB-231 HIMDA-MB-231B F 1 JAG1 FiAIEM . 44



J South Med Univ, 2023, 43(9): 1525-1535

&1 5IMER

Tab.1 Sequences of the primers

RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGCCTA

RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTTGGTA

RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTACCA

RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATGGGA

RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTGCAC

Gene Primer sequence 5'-3'
GAPDH F: GATTTGGTCGTATTGGGCGC

R: TTCCCGTTCTCAGCCTTGAC
JAG1 F: AACTGGTACCGGTGCGAA

R: TGATGCAAGATCTCCCTGAAAC
ICAM-1 F: TTCCTCACCGTGTACTGGAC

R: CGAGAAGGAGTCGTTGCCAT
CCL2 F: TCCCAAAGAAGCTGTGATCTTCA

R: TTTGCTTGTCCAGGTGGTCC
RANKL F: CAACATATCGTTGGATCACAGCA

R: GACAGACTCACTTTATGGGAACC
PTHrP F: CATCAGCTACTGCATGACAAGG

R: GGTGGTTTTTGGTGTTGGGAG
TGEF-B F: GGCCAGATCCTGTCCAAGC

R: GTGGGTTTCCACCATTAGCAC
OPG F: GCGCTCGTGTTTCTGGACA

R: AGTATAGACACTCGTCACTGGTG
CD206 F: AGCCAACACCAGCTCCTC

R: AACGCTCGCGCATTGTC
MALATI F: GTTCTGATCCCGCTGCTATT

R: TCCTCAACACTCAGCCTTTATC
SNHG16 F: GAAGCGAGCTGAGAGGCTTT

R: GGGGAAACCATGGCATTCTG
siRNA-NC F: UUCUCCGAACGUGUCACGUTT

R: ACGUGACACGUUCGGAGAATT
siRNA-MALATI F: GGGCUUCUCUUAACAUUUATT

R: UAAAUGUUAAGAGAAGCCCTT
miR-26a-5p F: GCGCTTCAAGTAATCCAGGA

R: GCAGGGTCCGAGTATTCG
miR-124-3p F: TAAGGCACGCGGTGAATG

R: CAGTGCAGGGTCCGAGGTAT
miR-140-5p F: CAGTGGTTTTACCCTATGGTAG

R: TGGTGTCGTGGAGTCG
miR-448 F: GCAGGTTGCATATGTAGGA

R: CTCAACTGGTGTCGTGGA
miR-590-5p F: TGAAAGACGTGATGGCACAC

R: CTTCCATTTTGGGGTTTTTGG
ue6 F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT

F: Forward primer; R: Revise primer; RT: Reverse transcription.
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R 2281k MDA-MB-231B 41t JAG1 mRNA
FIEE (124 B ETHE (P<0.01, B 1C.D) . #BUE 7 LA
FEAALEE T R JAGT T AR 28/ MDA-MB-231B
5 MDA-MB-231 ZHHIRRAH < A 88 AR/ N 2
P25 (EE) 5 231B 4 IEFE RS 45 B, 1
UK (K 1F) . AN, s difb s  JAG FHE 1R
21k MDA-MB-231 JE v i v Az B g 4 b s
CD68 KL EWEZ (K 1G),
2.2 JAGUAR# Az R Fb I 1T A5, % v SE A% 2 L0
Ak

i3 GEPIA s et — AR S LI T JAGT &
K5 A AN AR & CD68 21k 22 IR ARG, 45 21 i
7~ JAG1 #ih 5 CD68 ik 2 BT 2 1EAH G (R=0.18,

P<0.05,&12A) . #—RHthIAG1 AbERAZANH,
ZLIAG] X YN 52 0 . Western blotting #6:{11] i
7~ thJAG1 AR FRERAZ RS SAAZ AR Jagged 1 2R Y
FR W ERN(E 2B) . RN S5 R JAGT
2 B 200 M 1 285 B i B 3 T R (P<0.05, 11 20)
qRT-PCR s 1F 5 A% 20 Jfd P4 26 B 537 ICAM- 1 /) 3%
ks BETE(P<0.01,K2D), #2771 : Transwell 28

7R, JAGT HARMLE AR B34 2 T0 A (P<0.05,
KI2E). qRT-PCR /s HAZARDCE LA T CCL2 mRNA
Fik i IR (P<0.0001, K 2F) . H43fk Ji 1 : qRT-
PCR Z5 5 7R, thJAG 1 AZbH BAAZ 20 A P e ek A
FRANKL(P<0.01) ,PTHrP(P<0.05) , TGF-B (P<0.05)
mRNA &Ik 8% B F-, BB 30§l B+ OPG (P<0.01)
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Fig.1 Triple-negative breast cancer (TNBC) with high expression of JAG1 show greater metastatic potential. A: Inmunohistochemistry of
JAG1 expression in normal and breast cancer tissues from HPA database. B: Analysis of TNBC patients' overall survival in relation to JAG1
expression. C: Expression of JAG1 in MDA-MB-231 and MDA-MB-231B cells detected by qRT-PCR. D: Expression of Jagged1 in MDA-MB-
231 and MDA-MB-231B cells detected by Western blotting. E: HE staining of TNBC tumor in situ. F: HE staining for liver metastases of
TNBC tumor. G: Immunohistochemistry of CD68 expression in TNBC tumor in situ. E, F, G: Scale bar=50 um. **P<0.01.

mRNA FEEN B2 FRE(E2G) .
2.3 JAG1 & 49 TNBC £ 3% J A AR 3k 45 2 0L 56
G A Ak Eo ) e

K F TNBC 4% 1435 9% 24845 TNBC H JAG1 X
PMN H U452 . 5331 231-CM, 231-JAG 1 -
CM,231B-CM, 231-DAPT-CM Zb B EAAZ 410 i M 34>
Jr T FEATREIN . Western blotting 1 gRT-PCR 4% 5% i
7~ DAPT 435 Noteh % AL K NICD Rk

(E13A),Notch i LI HEY 1 k080 (P<0.01, &
3B) o FhFN T : HAZ- N B RTS8 AT qRT-PCR 2551
7% ,231-JAG1-CM 40 (P<0.001) #1231B-CM £H (P<
0.01) FRAZ AN A BB & (1B 3C) AR 70 7 ICAM-1
F35 (P<0.05, K 3D) M 1t 231-CM 40 & 35 44 , 231-
DAPT-CM 41 SAZ AR RN A AH L 231-CM 40 1 3
W0 (P<0.05, 81 3C) ., 1E 875 1 : Transwell 525 il
qRT-PCR 45 Ht 7K , 231-JAG1-CM 4 (P<0.0001) FiI
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K JAGT X TNBC Zh 3 44 43 30 B4 52 1
BT HL S NTA  Western blot 1F3Z, 5 231-Exosome 2.
AH I, 231-JAG1-Exosome ZH A WA A 55 1 B 4 £

Fig.2 JAGI directly promotes adhesion, migration and osteoclast differentiation of
monocytes-macrophages. A: Correlation between JAGI expression and CD68
expression in breast cancer in GEPIA database. B: Expression of Jagged1 in THP-1
4 cells treated with thJAG1 detected by Western blotting. C: Effect of JAGI on the
number of adhesive monocytes measured by monocyte- endothelial adhesion test.
ot D: Expression of adhesive molecule ICAM-1 after JAGI treatment detected by qRT-

PCR. E: Number of migrated monocytes after JAG1 treatment detected by Transwell

assay. F: Expression of chemokine CCL2 after JAG1 treatment detected by gRT-PCR.
0- G: Expression of osteoclast-related molecules after JAGI treatment detected by qgRT-
PCR. C,E: Scale bar=100 um. *P<0.05, **P<0.01, ****P<0.0001.
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Fig.3 Conditioned medium of TNBC with increased JAG1 promotes adhesion and migration of monocytes and affects
differentiation of macrophages. A: Expression of NICD in MDA-MB- 231 and MDA-MB-231-DAPT cells detected by Western
blotting. B: Expression of HEY1 in MDA-MB-231 and MDA-MB-231-DAPT cells by gqRT-PCR. C: Monocyte adhesion number after
CM treatment measured by monocyte adhesion test. D: Expression of adhesive molecule ICAM-1 after CM treatment detected by
qRT-PCR. E: Number of migrated of monocytes after CM treatment in Transwell assay. F: Expression of chemokine CCL2 after CM
treatment detected by qRT-PCR. G: Expression of osteoclast- related molecules after CM treatment detected by qRT-PCR. H:
Expression of M2 macrophage marker CD206 after CM treatment detected by qRT-PCR. C,E: Scale bar=100 um. *P<0.05, **P<0.01,
*#%P<0.001.
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Fig.4 JAGI affects the expression of JAG1 in monocytes by targeting miR-26a-5p through LncRNA MALAT1 in TNBC exosomes.
A: Exosome morphology observed under TEM. B, C: Diameter and number of exosomes analyzed by NTA. D: ALIX protein
expression in exosomes detected using Western Blot. E: JAGI protein expression in exosomes detected using Western blotting. F:
LncRNA MALAT1 expression in exosomes detected using qRT-PCR. G: Monocyte exosome uptake assay. H, I: Expression of
JAG1 and MALATT in monocytes treated with CM detected by qRT-PCR. J: Verification of interference effect of MALATI. K:
Expression of JAG1, CCL2, ICAM-1, RNAKL, PTHrP, TGF-$ and OPG after siMALAT1 transfection detected by qRT-PCR. L:
Down-regulated miRNAs targeted by MALAT1 and JAGI in breast cancer searched in RNA interaction databases. M: Expression
of miRNAs in monocytes after siMALAT1 transfection detected by gqRT-PCR. A: Scale bar=500 nm. G: Scale bar=50 pum. *P<0.05,
**P<0.01, ****P<0.0001.
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Fig.5 Schematic model of the hypothesized mechanism by which TNBC with high expression of

JAGI1 promotes monocyte adhesion, migration, and macrophage differentiation.
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