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[ Abstract] Objective To investigate the role of fragile X mental retardation protein (FMRP) in promoting cell
migration and epithelial-mesenchymal transition (EMT) in breast cancer (BC) and the potential mechanisms involved.
Methods The mRNA and protein expressions of FMRP in MCF-10A, a normal human breast epithelial cell line, and
four breast cancer cell lines, including MCF-7, BT474, MDA-MB-231, and HCC1937, were analyzed by RT-PCR and
Western blot. The expression of FMRP in BC tissues was measured by immunohistochemistry (IHC). FMRP expression in
BC and its relationship with clinical prognosis were analyzed using GEO database. Lentiviral infection and siRNA

interference were used to construct FMRP overexpression and interference vectors, respectively, and the human breast
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cancer cell line MCF-7 was subsequently transfected. A Control group, an interference empty vector group (the NC
group), a knockdown vector group (the siFMRP group), an overexpression empty vector group (the Lv-NC group), and an
overexpression vector group (the Lv-FMRP group) were set up. The migration and invasion abilities of the cells were
assessed by scratch assay and Transwell assay. The expression of EMT markers, including E-cadherin, an epithelial
marker, N-cadherin, an mesenchymal markers, vimentin, zinc finger E-box binding homeobox 1 (ZEB1), and snail family
zinc finger 2 (Slug), in the cells of each group was determined by Western blot. The interaction between FMRP and
DEAD-box RNA helicase-5 (DDX5) protein was analyzed by immunocoprecipitation combined with mass spectrometry
(IP-MS). The regulatory effect of FMRP on DDX5 protein expression was assessed using the protein synthesis inhibitor
cycloheximide (CHX) and proteasome inhibitor MG132. In addition, transfection with siDDX5 vector was conducted to
observe whether DDX5 could reverse the effects of FMRP overexpression on cell migration and EMT. The localization
and expression of B-catenin were determined by immunofluorescence staining, and the expression of core markers of
Wnt/B-catenin signaling pathway was examined by Western blot. Results FMRP was highly expressed in BC tissues and
cells (P<0.05), and overall survival (OS) and recurrence-free survival (RFS) of the FMRP high expression group were
significantly lower than those of the FMRP low expression group (P<0.05). The migration ability of MCF-7 cells was
weakened after FMRP knockdown, while overexpression of FMRP promoted cell migration (P<0.05). After FMRP
knockdown, the expression of E-cadherin was increased, while the expression levels of N-cadherin, vimentin, ZEB1, and
Slug were decreased, which inhibited the occurrence of EMT. In contrast, the overexpression of FMRP promoted the EMT
process (P<0.05). FMRP interacted with DDX5 protein and promoted DDX5 protein stability by blocking the ubiquitin-
proteasome pathway. DDX5 knockdown reversed the effect of FMRP overexpression to promote cell migration and EMT
(P<0.05), effectively inhibited B-catenin nuclear translocation, and decreased B-catenin nuclear distribution. Furthermore,
it was found that the expression of p-p-catenin, GSK3p and Axin2 protein was increased and the expression of C-myc
protein was decreased after DDX5 downregulation (P<0.05). On the other hand, the expression of these proteins was
reversed by combined FMRP overexpression (P<0.05). Conclusion FMRP targets DDX5 and promotes BC cell
migration and EMT via the activation of the Wnt/B-catenin signaling pathway.

[Key words] FMRP  DDX5  EMT

Wnt/B-catenin signal pathway Breast cancer

FLARIE (breast cancer, BC) J& &R & & A9 M VAN B B AR 0 4 AL v AR 2

DEAD box

TR, B 20214F BCAR R o5 B FEAE I (%510 12%, HKk
TR NICTRBAE ET), e Lo BB,
FARUIER . HALST . N IGTT | BLRIARY TS 7 ik E
PR R, AR RO A DR, TR AR BC A 18
A2 B 53 F AL LS 2 B R T LR X T BCHY
I RIAT T HA B
IR AL I B TR T R MO ET Y R

b}z -Ia] % 4k (epithelial mesenchymal transition, EMT)
Jee b B AR M0 OR 25 240 ) 0 RS F2 A 18] R AR - A 2
SRR RE IR RE T . BFSER M, EMT 2 P
RPN AL B HR A TR, 5 MR 1) A A e SR S DA S
Jifis P X 77 B A% K 1 (fragile X mental retardation protein,
FMRP) & — 1 5 A 57 AU RN A 45 45 2K 11 (RN A-binding
protein, RBP), 7EMfitEXZR 5 1k (fragile X syndrome, FXS)
RS BRI RESS TR, XK D REIR T B OCH 2 AR
ok, FMRPTE M e 7 Ji& v 4 FH O B3z BRI 504 14
FAL. BRI, EMRPTESR (ORI | T S 45 B b
F AL DI, A7 R e A P R e R AR
AL Z BT A5 & B, FMRPIl TR RAS/MAPKSE 5
A 45 L i AN kst T, (HEMRPAEBCH Y

RN Afi# Jig il -5( DEAD-box helicase 5, DDX5) & [ 42
RNASEBER G IR NG, SCHRHRIE DD X531 B-catenin i
AL, 5 FEMT R A, I H S5 I FMRP /2 7538
455 DDX5S 5 MEFLIEEMTH RS . AT
i 20 ZURE AR BN HBS A 2 3 FTFMRPAEBCH Y 6 3K S
R I UG 520, #E— ARG FMRPSS 5 DDX5 %]
CHIMLE R FMEMT [ 52 1 1 v] RE A VE AL, B 7460
Bcﬂﬁiﬁﬁ%ﬂ?ﬁ)ﬁ?ﬂ TR

1 RS

1.1 #E5RF

WA T E R RS SR Bt s SR LR 20 2 R
SRR ALREAR, T FEAR L T B R R 2% B E B F
7 2 (M S KYLL-2023-0150), BT A 2 5015510
ZARE W E T B RE .

TEHFUIE b H A (MCE-10A ) R4 ] s 4 i 2
(MCF-7, BT474, MDA-MB-231, HCC1937) ¥y [ thF}
B L AN I 5 BG4 1L ) H GIBCO/ZA 7] ; DMEME; 5%
HE . RPMI164015 37 %L . MCF-10A% I FR 3L | iR R
&4 H Biological IndustriesZ\ &l ; ¥ LV % (CHX)

b=



1140 PUN S22 (B2 )

5 554

K MG132l i MCE/A 7; siRNA X 515y 114 T4 i,
LipofectamineRNA iMAX B 4% Y417 . Trizoliif| 14 4 2§
RN L A & F qRT-PCRIRF &1 [ TaKaRa
), AR AR A SRR A SR & R
LA
1.2 Xoigit

55 M T FMRPTEIE W FLIR B2 41 s (MCF-10A)
F1 47 L, 1 9% 40 i 22 (MCF-7 . BT474, MDA-MB-231,
HCC1937) ' mRNAFNE [ 3k K W B i L I i e 3
i Jed 20 2R R 05 LR A HEA T S e AL £, LZEFMRP AR
1Ak T8 i A i GEO%i 4k 1% (https://www.ncbi.nlm.nih.
gov/geo/) - T 2 GSE10780%4U 4} 5 Fl GSE3494 45 4E , 7
HIEMRPEEHIZEBCT I R 3E X S5 IG KRG X R . AR
PERT-PCR A Western blotH ik 7 [ FMRP 2 1A 1f L 126 £
MCE-72 i, R F/NT-He i Je 5 R #5734 FMR P i 4
itk (siEMRP-1., siFMRP-2FIsiFMRP-3), 1% & K 244E
] &b 38 ¥ MCE-7 41 Jf A Control2H & % Y T4 25 24k 1y
MCE-740 il J3 23 # AR 41 (NC) , HRHERT-PCR & Western
blotH it 7% 1Y MR 45 R, A 53 1k % siFMRP-2F1siFMRP-
SPFATIR SR . IR 55 56 M Transwellif B 5 56 46 il
Control#H . NC4 . siFMRP-24 . siFMRP-34H 4 Jitl 3T #%
HE 71, Western blot#s; il iX 44H 4 i -F FMRP ., EMT: ¥ |
Wnt/B-cateninfF 538 4 113k

b — K FMR Pt % 35 M CE-7 41 U A 8 (L -
EMRPA), F:Lhid Feih s A4 (Lv-NC4L ) 2 B8, [FIRE )y
DA 220 40 T B BE F1 L FMRP, EMT3 %28 1 53k

R S HTTIE R & BTl 4041 (IP-MS) & BLFMRP 5
DDX58 FAFEAEBAE, 0 FHER & Ul CHX., & 1
A R MG 13240 BEMCF-7 40 Jifd, Western blot#6: il
FMRPXfDDX58 [ &k i EE -

AN, # #E DDX5HURZH I (siDDX5-1, siDDX5-2),
-1 B Controld] (RZATA AL B FIMCF-7) M NCEH (3% 4
Tz ZARBIMCE-740 ), SR FH e 5 6 g (o kar N 4 41
Yf i B-catenin ¥ 1 M Feih, B A% 0T 43 5 S 06 ar ) 44
55 A% P B-catenin R FH 7K T, Western blotAa Il 41

JE T DDX5 K Wnt/B-cateninfs 518 B E 1 #k
J3siDDX5-1, siDDX5-2 iR BHIFRCR B, 5
SLY)RE A SIS REHLE RS T siDDX5- 131 T 4RIE
AT B ControldH (KR LAL T AL FEAYMCE-7) | Lv-
FMRP# . DDX5 K4 (siDDX5) M FMRPid IRk &
DDX5@i k4 (Lv-FMRP+siDDX5), Xl JE S 5% Al
TranswelliTF% SC 56K T 420 4 il T F2 i ), Western bloth:
W 42H 20 H EMT K Wnt/B-catenin{5 518 5 FH ik .
BRI 720013
1.3 ELWHE
1.3.1 s RASE 4
MCE-10AZH i F] FIMCE-10A% JH 5 37 3, MCE-7,
MDA-MB-231, HCC193740 ifg #| FIDMEM i #l 1 77 4L,
BT47440 il | FHRPMI1640%55 555, 45 A 2 45 10% /15
4135 (Gibeo, USA) K 1%Wt, 37 C. 3 415%CO,
REFRAA TR B AR . MRYBREMRPAY L PR RN 2 1 28 1 O sk 4
MCE-74i 1, F| FHiMAX B % G50 5% Js /N TP FMRP#;
1 B /NTHDDX 5344 (siEMRP., siDDX5) Fil T4 23 44,
It e b AR A 4 BRI U B A5 44, siRNAJT I L3R 1,
Fi IMOTH Ay 20%% Y« FMRPid 3235 1299 22 44/ (Lv-FMRP)
FIBATE X B A 25 (Lv-NC), #4412 h)5 4 A DMEM ¢
SRR PRI B R 0% I B4 T ALAL AT, IRl
2 ug/mLEEMS G R BEA T, DAARASFo e S YL A Ik
1.3.2 RT-PCR¥2EFMRPA2DDX5 mRNA & A
W BE 45 A AN, SR Trizolid 4 U RN A, 4% 18
TaKaRa % sk &4 M cDNA, f#i Jfl TaKaRaZé 6 5E
PCRIA I & # 1T mRNAE & A5, #] FHLightCyder4801Y
w7004 EMRP E3i#5 1908 5-GGTCAAGGAATGGG
TCGAGG-3', Ni#514¥°4: 5-AGTTCGTCTCTGTGGT
CAGAT-3'; DDX5 L5 418 5-GAGGTTCAGGTCGTTC
CAGG-3', Fit51#¥H:5-CCCTTTTGCCCGCAGA
GTAT-3'; GAPDH I35 ) 5-TGTTGCCATCAATGACC
CCTT-3', Fif5144: 5-CTCCACGACGTACTCAGCG-
3's LLGADPHIE RN Z:, R M2 %t 5 H iy &
FMRPEDDX5 mRNARJ 57K -,

%1 siRNAFF!
Table 1 The sequences of siRNA

Gene Sense (5'-3") Anti-sense (5'-3")

siFMRP-1 GAGGAUGAUAAAGGGUGAGUUTT AACUCACCCUUUAUCAUCCUCTT

siFMRP-2 CGAGAUUUCAUGAACAGUUUATT UAAACUGUUCAUGAAAUCUCGTT
siFMRP-3 GCGUUUGGAGAGAUUACAAAUTT AUUUGUAAUCUCUCCAAACGCTT
siDDX5-1 CCUGGAAGACUGAUUGACUUUTT AAAGUCAAUCAGUCUUCCAGGTT
siDDX5-2 UCCACAUCAAUCAUCAGCCAUTT AUGGCYGAUGAUUGAUGUGGATT
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Fig 1 The expression of FMRP in BC and its relationship with the prognosis
A-B, Analysis of the expression levels of FMRP in different BC cell lines by RT-PCR and Western blot (n=3); C, IHC analysis of the expression of FMRP in BC tissues
(scale bar=200 pm); D, the expression of FMRP in BC tissues and normal tissue was exhibited for GSE10780 (n=185); E, Kaplan-Meier Plotter analysis for the overall
survival (n=236) and recurrence-free survival (n=247) in BC patients with different levels of FMRP expression from GSE3494. " P<0.05, " P<0.01, vs. MCE-10A group.
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Fig 2 The effect of FMRP knockdown on cell migration and EMT
A-B, The levels of FMRP were analyzed by RT-PCR and Western blot after FMRP knockdown; C, cell migration was determined by scratch assay (scale bar=200 pm);
D, cell invasion was determined by Transwell assay (scale bar=50 pm); E, the protein levels of E-cadherin, N-cadherin, vimentin, ZEB1 (zinc finger E-box binding

homeobox 1), and Slug (snail family zinc finger 2) were analyzed by Western blot after FMRP knockdown. " P<0.05, " P<0.01, vs. control group. n=3.
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