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Abstract: Objective To investigate the mechanism by which fragile X mental retardation protein (FMRP) regulates ferroptosis
evasion in colorectal cancer (CRC) cells. Methods We examined FMRP expression levels in CRC cell lines using RT-qPCR and
Western blotting and analyzed the biological functions and signaling pathways involved in FMRP-mediated regulation of CRC
progression using the TCGA database. A lentiviral FMRP overexpression vector (Lv-FMRP) and 3 knockdown vectors (siFMRP-1,
siFMRP-2, and siFMRP-3) were constructed, and their effects on proliferation of HCT116 cells were examined using CCKS8
assay and plate clone formation assay; the changes in cell ferroptosis level was determined using MDA/ROS/GSH/Fe™" kits,
mitochondrial membrane potential changes were detected using JC-1 fluorescence staining, and the expressions of proteins
associated with ferroptosis and the RAS/MAPK signaling pathway were detected using Western blotting. The subcutaneous
tumorigenic potential of the transfected cells was evaluated in nude mice. Results Compared with normal colonic mucosal
epithelial NCM460 cells, the CRC cell lines had significantly higher FMRP expression level. Bioinformatics analysis suggested
the involvement of FMRP in regulation of reactive oxygen, oxidative stress-induced cell death, mitochondrial respiration, and
glutathione metabolism pathways. In the cell experiments, FMRP knockdown significantly inhibited proliferation of HCT116
cells, lowered cellular GSH content, increased MDA and ROS levels, Fe* fluorescence intensity, and mitochondrial membrane
potential, and decreased SLC7A11/GPX4 protein expressions and the phosphorylation levels of ERK, MEK, MAPK, and RAS
proteins; FMRP overexpression resulted in the opposite changes in the cells. In the tumor-bearing nude mice, HCT116 cells
with FMRP knockdown showed attenuated tumorigenic potential with lowered xenograft growth rate and reduced SLC7A11
expression in the xenograft. Conclusion The high expression of FMRP inhibits ferroptosis in CRC cells and promotes
progression of CRC by activating the RAS/MAPK signaling pathway.
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Tab.1 Sequences of the small interfering RNAs
Gene Sense (5'-3") Antisense (5'-3")
hFMRI-1 GAGGAUGAUAAAGGGUGAGUUTT AACUCACCCUUUAUCAUCCUCTT
hFMRI1-2 CGAGAUUUCAUGAACAGUUUATT UAAACUGUUCAUGAAAUCUCGTT
hFMR1-3 GCGUUUGGAGAGAUUACAAAUTT AUUUGUAAUCUCUCCAAACGCTT
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TGTTGCCATCAATGACCCCTT,Reverse:CTCCAC
GACGTACTCAGCG,
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Tab.2 Antibody information

Antibody name Company Dilution rate
Anti-GAPDH Cell Signaling technology 1:1000
Anti-FMRP Abcam 1:1000
Anti-HO-1 Abmart 1:1000
Anti-GPX4 Abmart 1:1000
Anti-SLC7A11 Abmart 1:1000
Anti-ERK Cell signaling technology 1:1000
Anti-p-ERK Cell signaling technology 1:1000
Anti-MAPK Cell signaling technology 1:500
Anti-p-MAPK Cell signaling technology 1:1000
Anti-RAS Cell signaling technology 1:500
Anti-p-RAS Cell signaling technology 1:500
Anti-MEK Cell signaling technology 1:1000
Anti-p-MRK Cell signaling technology 1:1000

1.2.5 mfaisbeabml B LHANMILA 5x10° LAY REAE
F 96 FLAR, R ANAEIE SN EFL. 37 CREFRA M IRG 77
24 .48 .72 hiF AT G 4R350 . B4 A 10% CCK8 ik
FIREFRIENNA 96 FLAR ARSI 2 h, b 450 nm
ARG

1.2.6 2000 %167 mAe A aeml B4 LA LL 1310741
AP T 6 fLAR R, B 37 °C.5% CO, B 3548 P 1 9% 2~3
JE, 2 dARE R R IR e AR AR A . 2 6 1L
M H B A HR T L) e B L R 3R i 4% 22 58 FR R
[#] 7 40 20 min, JH 1.5 mL 0.2% 9 SeRAR L2 0L A
FNEANFLH L4510 min, PBS MWk 3K, THRE414% , B
peaiic) s

1.2.7 ks kgt AR A ANMERD THERTH AL
L€ By 12 FLAR T 4E AR 1 10° AL R 20 58 42 0
BEJS A 4% 2 5 [ 7 , H10.5% Triton-X fi% 5 4k
H,10%BSA % R3], il 4% B BT UL I ARG B
iR SLCTA11(1:200),4 COKFEBFE I . FJa A

FITCHRCII AP 1gG(1:200) HIDAPI YL, Yefash
FEEE PO R AEE PSR IRERIL.
1.2.8 ROS.MDA .GSH.JC-1.Fe* iX 7l &oml s
LA, A% e BEORE I 3t G T A B, 43S0 4
JfiROS MDA .GSH .JC-1 & Fe* /K-,
1.2.9 # R %8 %% SPFHBALB/c 6~8 JHIAHRF 8 H
[FML CRHD AE B ABRA ] ] BRERSE 1R
TN S F IR A s T B AR R A R i T
BEH LB R B , 4 U4 . YT K] Control
2H . siFMRP-1 20 1Y HCT116 2 Jfd., 5] 40 i 50 3E v oim A
200 L 7K¥2 Y PBS H2Ja CE UK AR RIS . T
R BRUE P70 DX S 200 A T, HE b A i Ry 110 1
WA FCRAS B e RS AR AR KNS L, BB 2 d TR
P RO AR AR A (mm?)=1/2 e K A2 (mm) x i 45
(mm)*, fhFic sk EAS AT |, >R FHBHEN FE 40 5E
B IO TR RS TR Eeto . i s
SEEE AR AR A (Hi it : TACU23-FY030).
1.3 it

>k M Graphpad 8 G174 /- F1 SPSS 18.0 #4777
BT I TORER R SR 22 e , A 85 LR
MSTAEAS R 56, 2220 LEBER BRI R 5 25537, P<0.05
hERAGERE S

2 #R
2.1 FMRP £ CRC ¥ &4k B 5 R R US4 %

RT-qPCR H1 Western blot £ 5 i 715 : 5 NCM460 21
JfiAH LG, FMRP mRNA FIEE (7K F-7E CRC 40t 5 34
Feik L, BEREHCT L6/ 0 B M40 FH T I 2258
(Bl 1A.B, P<0.05) . TCGA ¥4 2 43 Br 45 H TR -
FMRP 7£ CRC 1 Zirh ik A5 (& 1C, P<0.001) , H
FMRP (5735 CRC B H T 22 (K 1D, P<0.05)

2.2 FMRP 545012 5 i@ 38 ita %

# FMR17E TCGA-CRC AR SR A HP A 800143
SR FIRGR A, T vE 22 S 3 PR 22 il R TR k1L
(K 2A B) ;GO B H53HT s , FMRP 57 P |
SAALR S S AIEAET SRR S A= Pl B3 D)
HH2E (F 2C) ; GSEA-GO 43 M7 i 7% , FMRP I 2% & 4
ATPREHHEN Sbr i T AR B TR

SLC25A37.TF.TFR2 252k 58 T~ 40 e b7 4 (& 2E) ;
GSEA-KEGG 737 it 71k , FMRP 525 e H- kA i p A
K(F2F),
2.3 FMRP %} i3 8 & A 64 % v

Western blotting Fl1 RT-qPCR 2% 4 g 75 . 5 Control
ZH MINC 21 A1 £b , siFMRP-1, siFMRP-2, siFMRP-3 21
FMRP & [1 & mRNA FKiEFE{IL, Lv-FMRP 41 ik Tt 5



- 888 - J South Med Univ, 2024, 44(5): 885-893

http://www.j-smu.com

A o 25
.8
7] *
$ 2.0 X
(=%
8
<ZC 1.5
o~
= 1.0
2
5 0.5
=
[}
~ 04
S © &L @
Q@b‘ ‘$V (5$b o&\ Q§
& <
c Group @Normal (n=51)@ Cancer (n=638)
= Wilcoxon, P=1.2e-06
z :
o .
= .
I
v 8
3 8 .
© 5
Z 3 =5
g %
d 3
= -
Normal Cancer

B 1 FMRPZECRC fifysix

GAPDH | s s s g (37 000

D TCGA-CRC - Survival(DFS) - FMR1

Strata == Type=high == Type=iow
1.00
075

P=0.021

Survival probability

0 00 150

50 1
Survival time (months)
Number at risk

@ Type=high{ 144 1" 1 0
s

B Typesiow] 84 11 2 0

[ 50 100 150
Survival time (months)

Fig.1 Expression levels of FMRP in colorectal cancer (CRC) cell lines and tissues. A: RT-PCR
for detecting the expression of FMRP in different CRC cell lines. B: Western blotting for
detecting FMRP protein expression in different CRC cell lines. C: Expression of FMRP in

colorectal cancer tissues and normal tissues. D: Relationship between FMRP expression and
disease-free survival of CRC patients. *P<0.05 vs NCM460 group.
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Fig.2 Bioinformatic analysis of biological functions and signaling pathways enriched in FMRP. A: Two groups of differential genes.

B: Up-regulated and down-regulated differential genes. C: GO functional enrichment bands. D: GSEA-GO enrichment analysis. E:

Circular enrichment map of differential genes in iron ion homeostasis. F: GSEA-KEGG analysis map.
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Fig.4 Effect of FMRP knockdown or overexpression on ferroptosis of HCT116 cells. A: GSH contents in transfected
HCT116 cells. B: MDA contents in the transfected cells. C: ROS level in the transfected cells. D: Fe** level in the transfected
cells (scale bar=50 um). E: Western blots of the ferroptosis markers in the transfected cells. F: Immunofluorescence
detection of SLC7A11 in HCT116 cells with FMRP knockdown (scale bar=20 um). G: Immunofluorescence detection of
mitochondrial membrane potential in HCT116 cells with FMRP knockdown (scale bar=20 um). *P<0.05, **P<0.01 vs
Control or Lv-NC group.
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Fig.5 Effect of FMRP knockdown on growth of transplanted tumor in nude mice. A: The size of
subcutaneously transplanted tumor in nude mice. B: Changes in tumor weight in nude mice. C:
Changes in tumor volume in nude mice. D: Immunohistochemistry for FMRP and SLC7A11 in the
tumor tissue (scale bar=250 pym). *P<0.05, **P<0.01 vs Control.
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Fig.6 Effect of FMRP knockdown or overexpression on RAS/MAPK signaling pathway in HCT116 cells
detected by Western blotting. * P<0.05, **P<0.01 vs Control or Lv-NC group.
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