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Abstract

Objective: The expression levels of FN3K in breast cancer tissues and paired adjacent normal tissues
were analyzed using the TCGA database. Methods: The expression of FN3K in breast cancer tissues
and adjacent normal tissues was analyzed. MDA-MB-231 and MCF-7 cell lines with control or FN3K
overexpression were constructed, and the overexpression efficiency was verified by Western blot.
The effects of FN3K on the proliferation, migration, and invasion of breast cancer cells were detected
using CCK-8 and Transwell assays. The relationship between FN3K and the ferroptosis signaling path-
way in breast cancer cells was assessed by Western blot and flow cytometry. Furthermore, rescue
experiments were performed to validate the regulatory role of FN3K-mediated Nrf2 activation in
breast cancer cells. Results: FN3K was highly expressed in breast cancer tissues and promoted the
malignant biological behaviors of breast cancer cells. Moreover, FN3K inhibited ROS generation by
regulating the expression of Nrf2 and GPX4. Inhibition of Nrf2 could reverse the effects of FN3K on
the malignant behaviors and ROS production in breast cancer cells. Conclusion: FN3K is aberrantly
overexpressed in breast cancer cells and regulates ferroptosis. It mediates resistance to ferroptosis,
thereby promoting the proliferation, migration, and invasion of breast cancer cells, suggesting that
FN3K is a potential therapeutic target for breast cancer.
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2. MR EA*%
2.1. YRR ALK

N FLIRE A MDA-MB-231 Fil MCF-7 H 5 PR R B K 274G 56 15 2 5 s G 6 12 W 2 80 8 B RS2
IS = ARAY; BR2FIyE W H 36 [E Clark Bioscience /A7) ; DMEM-high glucose £ 77 &4 H # K Saimike £
PR A F] s FN3K I R85 3 B s e AR R A IR A 7] Blasticidin S HCI CKIEZ S)
H B REVREERAR; EARNEMGAFIEH EgE s REMBEERAR; BITA
B-actin Piik, RPN GPX4. Nrf2 Hi/K H Proteintech Group, Inc A &); ML385 JiJ H MedChemExpress
(MCE)A ..

22. &

2.2.1. MHPELESE

N FLERSE4A L MDA-MB-231 Al MCF-7 40 Uik 7 BRI T8 10%62F M5 (FBS) K 1% 75 B % - %
Z WP DMEM-high glucose #7735, BT 37°C. 5%CO; M h R 9%, FRANi 2 ik 5] 80%~90%
FE A, SR FH IR ER B AR T AR AR A

2.2.2. YRR K ZYHE

B : ¥ MDA-MB-231 fil MCF-7 4Hi 2 Bl T 6 FLARH, Fraifus B2 50%~60%H, 2
MR UGB BN il RS B, 6~8 h JE3ill, O AMEE VI M 2K et . F Blasticidin S HCI
i 14 P e P A

2.2.3. Western Blot

LA MDA-MB-231 #l MCF-7 40090 5% 5, AR L 50 Z 2R 73 Ay IRAL A S0 20, K A s 7% 2
K, FRBLUSEEA . RIE VT 562 nm EARMIBOGETHE R O IKREE, O IAZTR, K&
10 08P, DL 30 ug 2 1 _EAE =T West ern blot 525, 5% BSA #14] 1h, —$Hi4CHFLH. TBST
Peldk PVDF =R, IR 10 70580, “PisiiE 1 h, TBST Pl PVDF =K, Bk 10 7340,

2.2.4. CCK-8 1§

YA MDA-MB-231 I MCF-7 4HMIAREFERT G, AR S50 2R 73 it BRZH AN SR 4H . F i s o7 2~3
RIGTHWALAR, ¥ILIHAE 96 FLAR H1(2000 NHAE/AL), FNHBEE S ANEIL, T 450 nm BFKMBOLE 4
(0 h,24h, 48 h, 72 h), ERMERTIN CCK-8 if75)(10 uL/FL)#FE 2 he 4t %3k /5 A GraphPad Prism 8.0
AT, i KESE.

2.2.5. Transwell SE5&

PA MDA-MB-231 #l MCF-7 40 AR Fint 5, AR S50 2K 73 it B ZH AN SEE8 4H . Transwell 525604
FEIL M SCI AR 22 9000 o WU HH 5% 77 4 1R 40 B FH R B AL J5 hn JG L% DMEM-high glucose 3577 5 H 81t
Bl ERATIER LIRS E T 24 FJLACE, =N 350 uL (40,000 AN4HH/350 pL) & DMEM-
high glucose ¥57%3&, TN 700 L 584 DMEM-high glucose ¥5 773, W E 3 MEFL. fETIER L
BORE, FRAE/ANE MRS P TR OUERE 7R 5 2 U =9:1, 37°CIRAE 1h, BA/INE 40 pL #ike o
R, BN 350 uL (60,000 AN4H/350 pL)JEIMLiE DMEM-high glucose #5753, T =1 700 pL 584
DMEM-high glucose 55 773%, fHEE 3 MEfL. H/NEWET 36 hj5, H 4%Z WM E 20 408,
SE J5 P 45 SRR et 20 rph, et sb R F PBS WEik, fRn P RR S i i & Y I P 18 B SR
B, RS g AR .
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2.2.6. TR

PAL MDA-MB-231 #1 MCF-7 40 AR Font G, ARAE S50 2R 73 it B2 AN S0 4H . 4 e 2SRk B 7 4
i, USSR AR AT (AN, ANMEE N AN, HEAEUIMEIMARE IS, W E 4 S P 2 kR
RN IIERES, 5 BRI,

2.2.7. HUMEBEDHH
FT TCGA ¥, AT FN3K HOHE PR ik 22 57 M SRR L T2 AR %15 5 M S5 e 04T o

2.3. Giit 5

K GraphPad Prism 8.0 #{FxTHT A 153 2 M LI BHEAETHIE 0. SR U +5 808, FHLE
Bar S 3k, HANPHIMELECEA Student’s t A48, PIZH 2 PA b HUECR A SR 3R 05 22 40 17
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3.1. FN3K ZEFL IR e RiX

TCGA %45 % (https://portal.gdc.cancer.gov/) H IR 4 BT i 7R FN3K AEFLARE TH R IA L2 & T IEw
IR DAEYE B2 as B0, FN3K A] it A2 FURRE & A2 & A i) S L K]

wilcox.tests p=6.4e-15
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Figure 1. Analysis of FN3K expression in breast cancer

1. FN3K 7ZEFLARE P RIRIA 4

3.2. FN3K {Bi# MDA-MB-231 1 MCF-7 ZHRkY1E5E, TRER

CCK-8 5256 ¢ B 15 %F W 20 4 il (MDA-MB-231 NC 1 MCF-7 NC 40 fitg)#H b FN3K it %352 (MDA-MB-
231 FN3K OE 1 MCF-7 FN3K OE 4 ifg) ¥y 385 viG PE B R g m (B 2(A), Kl 2(B)). Transwell S256 45 3%
B, FN3K BE{EiE T MDA-MB-231 fl MCF-7 40 HER AR 2866 1 (F 2(C), Kl 2(D)). ixskgi R
8. FN3K 7] LMEHE MDA-MB-231 Al MCF-7 40 R 5E . TR AR Z2RE /7.

3.3. FN3K B3 i GPX4 FRiAKEiBIEEkE T
GEPIA2 W35 7 2% 70 b7 B /R FE FLARIE ' GPX4 (R 1A 5 FN3K 2 IEAE (] 3(A)). Western blot &5
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{7~ TE MDA-MB-231 1 MCF-7 4fffg+ FN3K 7] LUM#E GPX4 & H RIS R EH I 3(B). £ T TCGA
BE 22 ) RNA-seq B85 (00 M o, fEFLARE h ROS ik 5 FN3K EHUM (8 3(0)). dfnimaRgs i}
55 7R fE MDA-MB-231 #1 MCF-7 4fijfarf FN3K 7] LUE 230 ROS B4R 3(D), [ 3(E)).

3.4. FN3K @3 Eif Nrf2 B9RiAK i {i# GPX4 Tk
Western blot 45 % & 7R 7E MDA-MB-231 #1 MCF-7 40ffi e, FN3K X3 iAACF /540 Nrf2 A1 GPX4

E AR IR EERIN(E 4(A)). CCK-8 414 5 Sk &5

BoR, HH Nrf2 #1577 ML385 v &0 #4 [H

FN3K 3 2232 B 51 & 4 Mo 3 5 kB3R RR (1 4(B), &1 4(C)). Transwell SZEGZE B8], ML385 A LA
A ROV R FN3K I RIAFT % S AT R . 122808 1 8 (15 4(D), Kl 4(E)). Alfdms R EoR,
ML385 1 DL REdi #4K FN3K ik E i 51 ) ROS A= sl R8s 4(F), FEl 4(G)). Western blot 455
7R, ML385 WA R K FN3K i ik it 51 K 1) GPX4 £ A k= 4H), 15 4(1).
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Figure 2. (A), (B) CCK8-8 Assay for cell proliferation and viability; (C), (D) Transwell migration and invasion assay. Scale

vs NC group, P

Migration Invasion

MCF-7

bar: 100 um
2.(A) (B) CCK8-8 SEIGHMAMBEIETEE 15 (C)y (D) Transwell SRR MLRAETRE . S22 H. EEBHIR: 100 K
DOI: 10.12677/acm.2026.163814 490 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.163814

SRER, KE

A . B
p-value = 1e-14 3
=4 R=023 .. MDA-MB-231  MCF-7 » ok = NC
N NC FN3KOE NC FN3KOE % 3 FN3K OE
g 7] T2
z 2 ==
GPX4 20kDa o
E |.‘ | - - s
x > 1
[N =
O K
S o B—ncﬁnl"ll"lﬂma &
g
MDA-MB231  MCF-7
~
°
T T T T
2 4 s 8 D [mpamB2st 80
log2(FN3K TPM) kol = NC
60 =1 FN3K O
bs ¢
C R 40
Correlation coefficient = -1.37e-01; P-value = 4.76e-06 8
065 (4
g I NC 66.2% 20
o
]
gow NC FN3K OE
25.3%
§ LD D MDA-MB-231
| ! II‘I3 Iﬂ‘
055 E MCF-7 e
§ kK = NC
% =31 FN3K OE
:
800 @40
£ 2
3 o
& 20
3 i 3 3
Log2 (FN3K TPM + 1)
0
NC FN3K OE
MCF-7

*P < 0.05 vs NC group, *"P < 0.01 vs NC group, **P < 0.001 vs NC group.

Figure 3. (A) Correlation between GPX4 and FN3K was analyzed via the GEPIA database; (B) GPX4 protein expression Was
detected by Western blot; (C) ROS and FN3K correlation was analyzed via the GEPIA database; (D), (E) Intracellular ROS
was quantified via flow cytometry

3. (A) GEPIA #iEFE T4 GPX4 5 FN3K BYFE5 14 ; (B) Western blot SE3SHN GPX4 EAFRIAKFE; (C) GEPIA
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Figure 4. (A) Nrf2 and GPX4 protein expression was detected by Western blot; (B), (C) CCK8-8 assay for cell proliferation
and viability; (D), (E) Transwell migration and invasion assay. Scale bar: 100 um; (F), (G) Intracellular ROS was quantified
via flow cytometry; (H), (I) GPX4 protein expression was detected by Western blot

4. (A) Western blot SR Nrf2 1 GPX4 EHAFRIAKFE; (B). (C) CCK8-8 LI MLMAIETEES); (D). (E)
Transwell SEEGAMAAETRS . REEETT; (F). (G) AAMAEARSILELN ROS; (H). (1) Western blot SRIE#& GPX4
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4. Wi

HEAER, BRORARZ RIS 5 VAT SFems I TSI, (FLR FUIRIA T S 5 o i 24 il R4 2 — A 7 Ak
. HEEEN T AU BE AR URRNRER B RELHE, BEEERAE. [55E%
Gl TR, R D SR R B A S A R (8], BRI, IR SRR (X R,
AE N SLIR FS T 5 18T SR UERT #E 5. ASHTZ0IESE FN3K 7ESLISR A4k Bl Rk, FEilit ki 4h3h
i SI0 R R H e S R FL R R AN (0 B B . TR SR 2RRE 1. 3 — B IONLEI B S0 W], FN3K AdEid
WO Nrf2 {523 L T i ocsii A& 1 GPX4 i, MBI 2R ROS BB 58 0T,
B AR U R R . X e ARIR FN3K 7EFLIRE R A2 R R i A, I N HAE RIBTE
VAITHE SR T SRR

FN3K SEFFAIRLT A 1 S A1 17 S getafk b, B—FoT 8 35kDa I8 (15 ¥4k, HEEME
R A R 1 1 SR U T e R A B R AL S, AT e (R B AL HEFR 9. 76 B Th FNBK
AT DL I AN B . R RS, I FN3K AT LIRS SRBR Kl 55 4T I8 5 Je 6 0 1 4 e
(I HMEE[10]. A5 B FE 00 BUDFIAR FNBK (40070, HAT bU R IR IL S 40 i 5 o FN3K 35, IR
SO L A TR . EVE T AR11] [12]. EAEFLBLE s FN3K AR 0 B ML) 4 R B . 2,
TE P AU TP FN3K 365 B e 28I Nrf2 (B 3E K7 , I8 55 HE HUiE HEA(ROS) R K T AE[7].
NRF2 15 AU A R BLR ST 56, 3 BRI 2 2 R, FT A I S A8 10 AN T A5 H 0 4t B
FETSHOEE . AR R IE AL IR A b FN3K 7 IA T T SR AN i i e A 2 e 1, FA T
55 T IEIRE B AR R NeE2 S ) S 3 BT AR T LA
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BT E PR S0 GPX4 PLEM RS PIETHIEA VZEERS . —AFIERINEANZ
BERG5 . Hh GPX4 2 PUEMN RGO F[13]. YIET SRR E VAL, GPX4 FEHHEE
AR BHAKIL, RelB 7] LA L1 GPX4 Rik, Ei gkt v b i, 12 7L h 5 BUh 58 25t 25 14].
WA TR, TEIRRE BEE(FASN) AT LLUEEZ 240 P8 ARG 5 (USPS)Fa e GPX4 &, il A
P MR AT [15]. DAL, BRAET: R AR T I A . GPX4 fENEIE TG iR R 1, HERE
% NRF2 B#%H#%. FN3K-Nrf2-GPX4 $lm T —A 58 B IPT B i 5 2%, 38 FLARE 4 M R 8 A3 80
BrRfg I A A, HEBEEAET . IXPEREE ] FN3K n] REFT B AN I AhB B8, Rl 5 S AE T 1)
JPEQBOT « AT, B RO ORI VA T 24 R S

Zx LATR, FN3K @I R Nrf2 (1L, BEMBEGE NF GPX4 1IFRIE, 1 GPX4 1ENERFE T8 i 1)
D7, AT o] B ) PR 40 B R E T AR AR Ak LN 40 A B R AR ) 2R AT
No XA B T FN3K 7E 7Lk e h i AR A, O EEXT FN3K/Nr2/GPX4 ST &8 iiG
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