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Abstract

Key words

Background and Aims: Triple-negative breast cancer (TNBC) is highly aggressive and lacks effective
targeted therapies. The chemokine receptors CXCR4 and CXCR?7 are overexpressed in TNBC and may
promote tumour cell migration and invasion by activating the NF-«B signalling pathway. This study
aimed to investigate the roles of CXCR4/CXCR7 and the NF-«B pathway in regulating the migration
and invasion of TNBC cells.

Methods: In the TNBC cell line MDA-MB-231, CRISPR/Cas9 technology was used to individually or
in combination knock out the CXCR4 and CXCR7 genes. Additionally, a group treated with the NF-«xB
inhibitor BAY 11-7082 was established. The phosphorylation levels of IkB-a and p65 were assessed by
Western blotting to evaluate NF-«kB pathway activity. Cell proliferation, migration, and invasion were
evaluated using the CCK-8 assay, wound healing assay, and Transwell assay, respectively.

Results: MDA-MB-231 cell lines with CXCR4, CXCR7, or dual gene knockout were successfully
established. Western blot analysis revealed that the phosphorylation levels of IkB-a and p65 were
significantly reduced in all knockout groups (all P<0.05), with the dual knockout group exhibiting a
more substantial inhibitory effect than the single knockouts. However, BAY 11-7082 (5 umol/L, 24 h)
exerted a more pronounced suppression of IkB-a and p65 phosphorylation compared to the dual
knockout group (all P<0.05). Functional assays demonstrated that both gene knockout and NF- «B
inhibition significantly impaired the migration and invasion of TNBC cells (all P<0.05). Among all
groups, the dual knockout of CXCR4 and CXCR7 showed greater inhibitory effects than either single
knockout. At the same time, the BAY 11-7082 treatment exhibited the most potent suppression of both
migration and invasion (both P<0.05).

Conclusion: CXCR4 and CXCR7 promote TNBC cell migration and invasion by activating the NF-«xB
signalling pathway, suggesting that the NF-«B pathway may serve as a potential therapeutic target for
combination immunotherapy in TNBC.
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CXCR7 W 42 ME B 983 4 Wb 1L 45 N i A4 K A F

S E TP B R B A R SRR Horp, =
B L AR i (triple negative breast cancer, TNBC )
2 FLIR R b U fe 22 HoAR 2R M AR R 1 BT, 2
i B 12 W 7L S ) (Y 24% . TNBC fik = HER2 |
W3 K SZ K (estrogen receptor, ER) FIZ2 i R Z K
(progesterone receptor, PR) [J3Rik, k= A 4%
R 5r TR AR YT T B, IRIT B RY, b
PR IR IT HE AL T

75 TNBC B R ALK S b, A 7 3 1k CXCR4
FICXCR7E )y CXCLI2 B EEEZ MK, dr4EkZ 5
2, TR B, CXCR4 Al CXCR7 7E TNBC
i Rk K P B T OB EL IR Y, RS R
BN RIS iR 20 ) R 2 RN B DR OG
CXCR4 T 5 Go WSS &, WG 2 4 T 5~
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(vascular endothelial growth factor, VEGF) , % 5 [fil
A B S A M £ 2 AR R R A R B B, A
117 J001 S Fof 98 % B% F A2, CXCL12/CXCR4/CXCR7
S BRI T TNBC BRI, RS
2 e R HE SR | 3R RS M AR 2B BE T A B 5 % DD AH
K2 SR, CXCR4 Fil CXCR7 £E TNBC H1 (9 F i {5
SRR AR E B, madE— 5w,

#% A7 kB (nuclear factor k B, NF-kB) {E N
VEPERAE . WIE M TR B SEN , LR
98 1 A ke R T R R OAE T IR AR ISR
%, CXCR4 F1 CXCR7 B A5 5 i T 3 1 2 Fh bl
il 2 i NF-« B 3d #1300, 28 0 98 45 TNBC 48 il 119
AL . RZBEM kiR . il an, CXCR4/
CXCR7 i 1o {2 1 NF-wB A 5 (%) 356 PR 3 5f 3 o i
2 15 = = BN 11084l Al 21 B . o
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(epithelial—mesenchymal transition, EMT) J Ifil 4 4
B I 5 H A OC HE AR 5 38 I 40 PI3K/Akt . Wt/
B -catenin 5 [A] J& $2 TNBC ) 3% 1k & RIS i 4 |
NF-« B 7E Jif 2 1o B 45 v i 2o 8 92 98 0 S 1o K B 93
A, 9 — 4 3 TNBC HF R, B B AT IR,
CXCR4/CXCR7 5 NF-« B i # (1) ¥p [ 315 5 TNBC 1Y
AN B R 25 R 2 VAR G o

Zi I, CXCR4/CXCR7 il i £ i& 72 2 #F TNBC 119
WAETE RS, 0 NF-«B {5 5 8 % 78 02 F2 b nl e &
PESCHER P AR, AR R 8 2 ML) ok o8 4
Bl W . A WF 28 K JH CRISPR/Cas9 fil B CXCR4 Fl
CXCR7, I 454 NF-«B #0H5) F # , & 4 %1
CXCR4/CXCR7-NF- B i £ TNBC " #) 1E F J AL
B 76 TNBC 324557 1 74 7§ A50RT 388 S Al

1 RS

1.1 ¢ARatEsE

MDA-MB-231 TNBC 4 il (FEEAb A7), [
i) AR RS KA e S = ] 5 A 10% FBS
(Biolnd, Vg e JE 4 2%, Lhg) 19 L-15 K57 ik
(UIARAEWRHE, hEME) #iTER, KBRRE
H37 °C, HEERIE R 5% CO,.
1.2 EBREEit

ffi 76 46 T. B (htp://zlab. bio/guide—design—
resources ) i1 4 i %t CXCR4/CXCRT 5 5E /N ]
RNA (single guide RNA, sgRNA) (118 %5 5 2% 14 ,
45 CXCR4 (NM_003467.2) 4 4h 51 2 Fil CXCR7
(NM_020311.3) HY4M &1 1. fdi FH Y sgRNA 51 N
WF, CXCR4: 5'-GTT TCA GCA CAT CAT GGT TG-
3'; CXCR7: 5-CAT GAT TGC CAA CTC CGT GG-3',,
1.3 EBREEE

it CasO 1805 (HELEN AW AR, L,
W) 5L MDA-MB-231 41 ff1, 4K )5 JH IS0 5 25
P AR 8 3R IE Cas9 1Y 20 ML RF A . 3 L6 20 i Bl /5
BEYY bR 4 S CXCR4 8% CXCR7 ¥5 & sgRNA F4 12 ik
FOCO ) R S RN 2n {6 98 0 ), LA AR R R
TNBC 40 i ' CXCR4, CXCR7 X W NHH . B 1x
10° (9 40 LU L B2 50010 5 10 pL R BE - O 2500 52
1x 10° TU/mL) %% 4% . 8K J5 {5 e Bt 3k 45 O 1k i
P B2 A R 35 sgCXCR4  ( CXCR4-ko ) 3 sgCXCR7
(CXCR7-ko ) W9 4 M, % 75 ¥ 8 40 ML W B =
10° 440 fd/mL, SR J5 K 100 pl 59 2 8 A 96 L #
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o ERRES U TR R 10~14 dJE, AL 0 T R
2 24 FLAKG 37 7~10 d & 70%~80% il 5, SR )5 %%
% % 6 LA L 2 80% Ml A o U iEr bR, WO 4
IR DNA FIAE 15
1.4 WERERHAMEANEL

Ay i) 4% WKL A BB MDA-MB-231 40 it , ¥ 2%
FE B CXCR4 (1) 40 il 4% Y& CXCR7 sgRNA % 5% Y 18
g BE , JF G bR BB B LR 3B #F Y CXCR4 I
CXCR7 (CXCR4+7-ko) WU3E K il bk 40 B o 38 2 %
Yu g % 4T L 7 41 A sgRNA il £ B3 Pk X BE (se-
negative control, sg-NC) 40 Mg . DL JC A B %) MDA-
MB-231 #fi ffL 4 25 1% B (blank control, BC) .
1.5 CCK-8 ZHAais5E -5 4 Ml

AR & BAY 11-7082 (0, 2. 5. 8 wmol/L)
Ak PR MDA-MB-231 4fi Jifd 2 75 (1 %) B2 fin A 96 FL Al
(4 000/4L) FH-HE37 CHoll¥EFE 12, 24, 36 h, i#
A 10 pL /) CCK-8 M S5 % & 2 h T £ 450 nm
OO RE T CCK-8 5236 (A311-01, 4EMFEE, ).,
1.6 Western blot #&il]

fifi FH RIPA Z2 ol (ALARAEWRH, T E) M
sg-NC. BC. CXCR4-ko. CXCR7-ko. CXCR4+7-ko Fll
BC+BAY 11-7082 2H 21 Jifl v 73 125 &6 1 ot . &K 1 T 7E
SDS-PAGE # i i 4% 2% # i  (Biosharp, #i[E) s
PR J5 A AE -80 °C o &4 dh ] 10% SDS-PAGE
I 40 ng WA H BT, JF 5% 2 PVDF IR (EMD
Millipore , TR EgEN, /), 5% WHE Uk &
M. B PBSYE3 R (5K 10 min), fE4 Cil
WWEE —Pr. /NPT CXCR4 (1:500; Proteintech,
%), %Hi CXCR7 (1:1000; Abcam, FE[H ),
Bt p-TkB-a, /N FRUPE IkB-a, AT p-P65, i
p-P65 (1:1 000; Cell Signaling Technology, ¢ [H )
% /N BT Tubulink (1: 10 000; Proteintech, 32 [H ) .
FPE3 W a, M EMic i P aE 1 h, HUk
3, ML Odyssey Clx RGE (Licor, AL
B, SEED) K A
1.7 YHREXIIRELE

# BC. CXCR4-ko, CXCR7-ko, CXCR4+7-ko 8{
BC+BAY 11-7082 40 m A 6 fL# (5x 10°74L), #5
WA AT K2, o I E 240 M @l A B Ik #)
80%~90% , F PBS PR, KI5 MM A JC LT 35 57 % o
W EE BB 0, 12, 24, 36, 48, 60 h i
1% o fi FH Image J 1184 F% ifi BRI R
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1.8 Transwell 323&

JPEAE AR, K5 BC, CXCR4-ko, CXCR7-ko,
CXCR4+7-ko BY, NC+BAY 11-7082 40 ffd il A 24 fL
Transwell i A0 F)Z (FLFE 8 pm, BT Costar, 3
B, BEFLA 2 x 10° A4 il F 200 L JC i 7 1-15
Bigp sk, AR b e AR, R = o
A 700 pL 1% 10% FBS #1537 4 . 40 g 35 9% 24~48 h
J& o, FH W EE R E 30 min, 5 0.1% 45 L Y @
30 min, HIPBSVEUJE, i AR 28 5 BR AT B8 1 48
Mo S R (AR, HA) 725
HLAE BT o5, I 3 S 3 S 00 BT e 114 SF- 24 41 it 5k
AT T . RIELWAEM R ST 3T, HELE
IS S M Z /i, 5% H Matrigel (BD Biosciences ,
K FE37 CURAE L2 % 30 min,

1.9 SitF4iE

K F SPSS 20.0 X B e 114y #r, A1) AR

P 2% 7 245381 (one-way ANOVA analysis) 5 3T

MDA-MB-231 CXCR7

E1 MDA-MB-231ZHA6 CXCR4 #1 CXCR7 B8 S E D 4T (x100)

BB LIGIE (EaL) [0 (%) 1w, AL
BRI . P<0.05 WERHGITFE L.

2 & R

2.1 CRISPR/Cas9 /1 §H#J CXCR4 #1 CXCR7 HI&X

MREER

% T A 12 95 B 2% 7R X MDA-MB-231 4 fg 5 F
786 e, RS R 3K Cas9 K & X CXCR4 Al
CXCR7 [R5 sgRNA o 38 3 28O BB i g¢, nf
PRI 35 P R R (o ) A0 o A A .
T sgCXCR4 # 14 4 i eGFP, CXCR4 i % 40 it 3¢ 9
Wk 9 G s T CXCRT R Bk 40 i 5 sgCXCR7 28 4
3K mCherry T 2 I LL AP (1) o B R
M AE G T 09 9O EHR o (] B B 7R 21 0, Rl 4 €8, 75
O, #E— IR T8 T R g )

CXCR4

100 jum 100 pm
— — (]

A: BBk CXCR4 41l H CXCR4 8 H B398

Fedefa; B: BEBR CXCR740fEH CXCR7 # H M ZEDS YA ; C: CXCR4/CXCR7 X EEIRANME H CXCR4 fI CXCR7 & H %

EFR

Figure 1 Immunofluorescence detection of CXCR4 and CXCR?7 expression in MDA-MB-231 cells following gene knockout

(x100)

A: Immunofluorescence staining of CXCR4 protein in CXCR4-knockout cells; B: Immunofluorescence staining

of CXCR7 protein in CXCR7-knockout cells; C: Dual immunofluorescence staining of CXCR4 and CXCR7 proteins in

CXCR4/CXCR7 double-knockout cells

2.2 BAY 11-7082 By iz {E i FZ Fn Ab FE B 6] i 1%
i 3k CCK-8 52 5 i BAY 11-7082 X} MDA-MB-
231 403G A A2, DA o AR AR Ak BR vk B AR

FHEFE . 255 WoR, A b 35 2 40 i A 15 35 B[]
FER G Y BB 5 . AL FE 36 h S, BC ZH A 40 i 4
Bl R, T BAY 11-7082 (2. 5. 8 pmol/L) 4b
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PR BTG M W TR (39 P<0.05), H B4 %
Wi 410 7] 500 7] 5 4 I ini & W AR (P<0.05) (&1 2A) ¢
2 B 3ROSR R G 7E 12, 24, 36 h B A3 56
PR LB, 5 wmol/L 411 8 wmol/L 4L 7 4% I [A] &

—@—2 pumol/L
—5 pmol/L
—A—8 pmol/L
—¥—BC

2 ETF CCK-8EIE4 1T BAY 11-7082 R 5 4E 5 2 Fn Ab T8 it 5]

LEAN R ] %) MDA-MB-23 1 411 %

Figure 2 CCK-8 assay-based analysis of the optimal dose and treatment duration of BAY 11-7082

B3 A R R W AR T 2 pmol/L 41 (#4 P<0.05), H
HTE 24 hOBE D AR s, D 3R B O 80%
(E2B) . #lmit, JE2E525 R 5 pmol/L BAY 11-7082
Ab 3 24 b ARSI A A

A FBERS ARG s B: AR BAY 11-7082

A: Absorbance changes

over time in each treatment group; B: Inhibition rates of MDA-MB-231 cells by different concentrations of BAY 11-7082 at

various time points

2.3 %% TNBC 4HBfl CXCR4 #1 CXCR7 %%
5BCA L #, sg-NC 41 CXCR4 Fll CXCR7 &
HRIEACE W 2 5% (3 P>0.05) ;5 CXCR4-ko 41
CXCR4 5 CXCR7-ko 44 CXCR7 #y £ ik /K FE 4400 B F
& (3] P<0.05); CXCRA4+7-ko ZH 41 Jifd v % i 52 1 15

H

&

5] g

H ® = -~

° ) o~ —

= 1 = + -
Ky < ~ <t <
Q == o o1 Joes ==}
Z o @] Q Kl +
0 > > > &) ]
) o o o ==} [}

CXCRA i oo - ——
CXCR7 - - - -
GAPDH s st s s s s A

3 Western blot # il CXCR4 #1 CXCR7 & A RiX
BRI A

Figure 3 Western blot analysis of CXCR4 and CXCR?7 protein expression

F A3 1 B %K (P<0.05) . L4k, BC+BAY
11-7082 #f th CXCR4 1 CXCR7 25 11 1Y 3¢ 1k /K S ¥ 45
BC 44 Ff F K (¥ P0.05), HE 50 8 m T
CXCR4+7-ko 2 (34 P<0.05) (153).

A: BHEALM; B: £41CXCRAFELKTILE; C: 44 CXCRT

A: Protein bands of each group; B: Comparison of

CXCRA4 expression levels among groups; C: Comparison of CXCR7 expression levels among groups

2.4 KL TNBC A I«B-o #0 p65 BEER L 7k F
5 BC 4 I # , CXCR4-ko. CXCR7-ko.

CXCR4+7-ko L }2 BC+BAY 11-7082 4 ' Tk B- o 11
TR Ak K Y B AR (3 P<0.05) . Hib, CXCR4+
7-ko £H A4 8 iR 1k 7K 7 B A T CXCR4-ko Al CXCR7-
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ko 4, T NC+BAY 11-7082 £H I # CXCR4+7-ko 41 #k
— R (35 P<0.05. LA, p65 B 1L 11 %
RTE iR & SLE A A BC AW I B>, H
BC+BAY 11-7082 41 i p65 B iz £k 7K F {X T CXCR4+
7-ko 2l (¥ P<0.05) (K 4),
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2.5 £KATNBCHTHINEEEEN JiL S A A o 4 R B S B SR . Bl S SR Transwell 52

TG 3 I 40 B KR 2 58 A BAY 11-7082 Ab B F— 2 3P 4l BAY 11-7082 X TNBC 41 it i 5% Fl {2
XF TNBC 4i fil it # fe 1 iy sgma (151 5A) o 255 R RSB m (F5SB-C) . S5 RS5RIRIE —3,
2 0y R IR T AR 34 B I R 2 T D . & 120 h, CXCR4-ko, CXCR7-ko. CXCR4+7-ko K2 NC+BAY 11-

BCAHAXIRIL T 2@ E, MERSHN RS 708248 LIFEMMBRHRYHE S FBCA

AR KRR, 258650128 L (3 P<0.05), (¥ P<0.05) . M4, CXCR4+7-ko ZH 11T ¥ fiE J1 %%

Horp ) BC+BAY 11-7082 4 01T % R e A%, B @ A% CXCR4-ko F1 CXCR7-ko 41 BH i FE A% (3 P<0.05), {H
F CXCR4+7-ko 4 (P<0.05), 75 NF-xB 1l #1 % 41 AN J BC+BAY 11-7082 4 (Il 2 R (P<0.05) o

sg-NC 4

CXCR4-ko 21
CXCR7-ko 21
CXCR4+7-ko 4
BC4

BC+BAY 11-7082 41

p-IkB-o - - - -
[kB-a — = e e o -
p-P65 S - —— - -
P65 s - a— —a— —
B-actin wHEE—- G A — -
El4 Western blot #& MBEER Y IkB-a FAP6S K A: HUAEAKN; B: FABRIK B-a KV HLEE; C: SRR 1L p6s
IR LA

Figure 4 Western blot analysis of phosphorylated IkB-a and p65 levels A: Protein bands of each group; B: Comparison of
phosphorylated IkB-a levels among groups; C: Comparison of phosphorylated p65 levels among groups

XCBM" ko ’Q

—@—BC4l
—-BC+BAY 11-708241
—A—CXCR4-ko 4l
—¥—CXCR7-ko 2l

—&— CXCR4+7-ko 4

5 BATNBCAMIBIMERENEN A AR CEIEAL 52 B R A X DAL B: Transwell SEHE
B /Z MR LIRS C: AL R/MR A MR LA
Figure 5 Assessment of TNBC cell migration and invasion in each group A: Wound healing assay showing relative wound
area over time in each group; B: Representative images of migrated/invasive cells in the Transwell assay; C: Comparison of
the number of migrated/invasive cells among groups
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bl

3 i it

PRIE TNBC 1) 9K sl 3 X K& Ho oy 7 Rl xf
TIHRAMWE IR R A HEEE L, ET
EHIREAEETE, AU I B NF-«BfE
5 38 % 7 TNBC 20 Jfd rf 49 4 F 7T B MKt T CXCR4/
CXCR7 iy itk . A E ik iz Bk, A5k H

[ ]
/ ® g cxeLrz
®

NF-kB Inhibitor
(BAY11-7082)

CRISPR/Cas9 % A 43 51| 5% & & & Bx TNBC 4H Jfd
CXCR4 5 CXCR7 3, Jf 4 M H X NF-« B {5 5 I
PERI R, 4550 B R, CXCR4 fl CXCR7 7% NF-kB
i % R 2 TNBC 41 Ji 3 5% F1= 28 b #5 G B H .
X — & B, U CXCR4/CXCR7 WY B IR 97 5K
W% 7E TNBC IR Y7 hnl BE LA WA M (Kl 6).

o"‘aq Y

A

P oot °

® %‘; / " g cxan
[ ]

S0l Lantol
SR Migrate l
Invasion

El6 CXCL12-CXCR4/CXCR7 il if 75 I R A1 I 5358 TNBC LR R Z MBI HI R SR
Figure 6 Schematic diagram illustrating the mechanism by which the CXCL12-CXCR4/CXCR?7 axis enhances TNBC cell

invasion and metastasis by modulating the non-inflamed tumor microenvironment

TNBC HA & B 5 Pk A g 5 (2 28 0k, kB
EARIT I 250 L PR R T b SRR AR R AR
BE W E &K &, 5 R I R 5k 409
HAG 20 o FARE A T 2 A SO MR YT TR
PR . NF-x B A5 5 38 B 7E 22 B b9 19 & A e v
RIFODVEEER . FEAMAM T, NF-xB 5 1kB
GEAIFIE TR, IkBWEMRILIS, NF-«B Al
BN, JAsh Nl R R, Bk
T NF-kB 7E TNBC HAE 2 18 7 I 7 i F 5545 4 BR
Je HEFE CXCR4/CXCRT J8 45 TNBC B & v il HAA A
FE AU . ik, A58 R H R 5 M NF-«B il
i 7 BAY 11-7082 &b ¥ TNBC 20 Jfd , I 38 1 p65 J
Tk B- o i iR Ak 7K S 37 Al NF-w B 38 %36 P . CCK-8 5
s LW, i 5 wmol/L BAY 11-7082 4t ¥ MDA-
MB-231 4il i 24 h A I 25 410 o He 43 5 g

A B 9% F) JH CRISPR/Cas9 # A 1% o # # T
CXCR4 5 CXCR7 Fp.ph 5§ XU @ [k i) TNBC 41 Jfd 5 |
Ho18 % # JR e 2 F 0t 80% ., i — L iFAh T
CXCR4 5 CXCR7 H i S K A #FR X MDA-MB-231 4
g NF-wB il B G MR 2 mg, 5 BAY 11-7082
Ab )RR BEAT LB . A5 R WR, CXCR4 R
CXCR7 )RR 5 p65 Fl Tk B-o BE PR K F 1) & F
FEAH G, FRBH NF-«B 8 3% 22 ) B Bl . 78 SE
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i bk CXCR4 FN CXCR7 W9 4l i v, 3 o 90 1) /6 ) Lb
BB O . R TR T — AR
Bl NF-«B {5 5 18 % if T CXCR4/CXCR7 {5 S 41y F
iF, 25 TNBC QM A=W 417 o RS WE
MR CXCR4F1 CXCR7 1558 T X NF-w B 3 [ (1 9 41
AR A K BAY 11-7082 4b 3, 48 7% 7] RE 7778
fib b 3% X 3 5 NF-«B 3 % 2 5 TNBC #9 & 9% Bl
il o BEAh, ARWFG L PEAL T NF-«B 3@ B 6
TNBC 4l i iE B MR 2286 T g . 45 R 8w,
BAY 11-7082 7E 5 A 55 56 il 25 30 i) 1 4 i i
FoBET) o FE Transwell i F% 112 28 512 56 v 7R WL 2% 31 2
BIE5 R, BAY 11-7082 £ 3X P 31 55 56 v 35 7 25040 i
T TNBC 40 A i A7 R o LA b 45 5 3 FF NF-k B i
%A 1 AT H 55 TNBC 40 j 3T 8 Fn {2 28 66 1 B9 ik .
il 962 240 B 3 A5 35 5 () 15 S RE T 2 MR i #S 0
PP E TR . Z 40 M oh BT S
Je A L DA J] PR A 2 b o BT, R A AR 1 I fE 1
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