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Study on the role of ACTL6A in promoting doxorubicin resistance in diffuse large
B cell lymphoma cells by regulating GPX4-mediated ferroptosis
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[Abstract] Objective: To investigate the mechanism by which actin-like protein 6A (ACTL6A) regulates ferroptosis and contributes to
doxorubicin (DOX) resistance in diffuse large B cell lymphoma (DLBCL) cells. Methods: The parental DLBCL cell line SU-DHL-4
cells and its DOX-resistant variant SU-DHL-4/DOX cells were cultured. Changes in the expression of ACTL6A were detected by qPCR
and WB assay. SU-DHL-4/DOX cells with ACTL6A knockdown were constructed by transfecting plasmids carrying a short hairpin
RNA targeting ACTL6A (sh-ACTL6A) or its negative control (sh-NC). The expression levels of ACTL6A and ferroptosis-related
proteins, including glutathione peroxidase 4 (GPX4), solute carrier family 7 member 11 (SLC7A11), and acyl-CoA synthetase long-
chain family member 4 (ACSL4), were measured using qPCR and WB. Chromatin immunoprecipitation (ChIP) and dual-luciferase
reporter assays were performed to verify the targeting and regulatory relationship between ACTL6A and GPX4. SU-DHL-4/DOX cells
were divided into Control, sh-NC, sh-ACTL6A, sh-NC + oe-GPX4, and sh-ACTL6A + oe-GPX4 groups. Corresponding plasmids were

transfected into the cells. CCK-8 assay was used to detect cell survival rates of each group under different concentrations of DOX
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treatment. FerroOrange, Liperfluo, and DCFH-DA probes were used to detect ferrous ion (Fe*") levels, lipid peroxidation, and reactive
oxygen species (ROS) in each group of cells, respectively. A colorimetric method was used to measure the contents of glutathione
(GSH) and malondialdehyde (MDA) in each group of cells. Results: Both ACTL6A mRNA and protein were highly expressed in SU-
DHL-4/DOX cells (both P < 0.05), compared to SU-DHL-4 cells. ACTL6A and GPX4 have a targeting binding relationship.
Knockdown of ACTL6A significantly decreased the mRNA and protein expression of ACTL6A and GPX4 in SU-DHL-4/DOX cells
(both P < 0.05), indicating that ACTLO6A regulates GPX4 expression. Knockdown of ACTL6A significantly inhibited the survival of
SU-DHL-4/DOX cells, increased intracellular Fe*, lipid peroxides, ROS, and MDA levels, and inhibited GSH production (all P < 0.05).
However, overexpression of GPX4 in ACTL6A-knockdown cells upregulated the mRNA and protein expression levels of GPX4 in SU-
DHL-4/DOX cells (both P < 0.05), increased cell survival rate, inhibited the production of intracellular Fe™, lipid peroxides, ROS, and
MDA, and increased GSH production (all P < 0.05). Conclusion: ACTL6A is highly expressed in DOX-resistant DLBCL cells. By
regulating GPX4 expression, ACTLO6A inhibits ferroptosis and promotes drug resistance in DLBCL cells.
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sh-NC + oe-GPX44H
100 T sh-ACTL6A + oe-GPX441

YHHAEE F /%

50

0 16 32 64 128
DOX/(mg-L!)

S A, P < 0.05, 5 sh-NC ZH kb, “P < 0.05; 5 sh-ACTL6A ZH Eb 55, P < 0.05.
5 £&4HSU-DHL-4/DOX ‘ApaTEiER

sh-NCZ1 sh-ACTLOA 4 sh-NC+oe-GPX441  sh-ACTLGA+oe-GPX44L 40

xR L, P < 0.05, 5 sh-NC 41 b4, 2P < 0.05; 5 sh-ACTL6A 21 Eb 5%, P < 0.05.
6 #%&%HSU-DHL-4/DOX 4B Fe* 7K 3 (FerroOrange iR T, x 200)

2

k/t:[‘,x

2.7 &R ACTL6A *T # & SU-DHL-4/DOX %@ iz =115 ;5 sh-ACTL6A H L, sh-ACTL6A + oe-GPX4
& R it £ 44 \ROS #2= MDA #9 K F- , I& 4% GSH K -F, ‘4 SU-DHL-4/DOX 4fl ffd # %% o't 58 B 2 3 8k 55
# it & 3K GPX4 7T # 48 ) L& 4k (P<0.05), & i it H A &% &K T sh-ACTL6A

Liperfluo FR A 25 5 (B 7D Eow , 5 x4 Mo LIS R, Fis ACTL6A 7] 55 SU-DHL-4/
sh-NC 41 [ %% , sh-ACTL6A #1 SU-DHL-4/DOX 4l s~ DOX 4 g fig i i S AL 7K ~F 7+ &7 » 1 i % 1A GPX4 7]
HS BRI R E BN (P < 0.05), RUIMEFULEM & WX — 2N,

XA sh-NC4L sh-ACTL6A 41 sh-NC+oe-GPX44L  sh-ACTL6A+oe-GPX44

5% LA, "P < 0.05, 5 sh-NC A LL4, *P < 0.05; 5 sh-ACTL6A A LL#:, 4P < 0.05.
7 #%4HSU-DHL-4/DOX 4B RS Fid L4 & = (Liperfluo R, x 200)

IEAE, F ARG AR | L A 45 5 (B 8) Bon,  ROS /KT HMIMDA & & 2 # 415, GSH S B B3 T e
5% 4H L sh-NC 4H b %5, sh-ACTL6A 20 SU-DHL-4/ (3P <0.05). SZI&4E 5B 8, mi )l ACTLOA A] T
DOX 41l g o ROS /K “F- Il MDA & & 2 % 7+ ,GSH  SU-DHL-4/DOX 4l it -F ROS 7K “F-FI MDA 7 & , F#{i%
HEEFERI(YP<0.05); 5sh-ACTL6A 4 L%, GSH & &, fjid ik GPX4 il 1% FikfEH .
sh-ACTL6A+0e-GPX4 #H SU-DHL-4/DOX #H Jfi rf

are
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A R4 sh-NC#4 sh-ACTL6A 4 sh-NC+oe-GPX4 4

sh-ACTL6A+oe-GPX44L

FFFF

-]
a

80 30

ROS/%

D
25
. T
= A
£ 15F
E
21 .
&)
5_
S L i
< ) & &
‘Q,V' ox° xS
& < A
¥
hod

¥

A A I AAG I 20 g 7R ROS 7KF ;B -2 40 g 7P ROS 7K1 5 C = B (A6 I 41 g H MDA & 55 D - Eb (046 I 41 i GSH &5
. SXTMRAE, P<0.05,5sh-NCALELH, “P<0.05; 5 sh-ACTL6A 4 Eh#s:, AP < 0.05.
8 #&%HSU-DHL-4/DOX #Afs ROS.MDA ,GSH 7K

3 % it

DOX s& DLBCL — &k A y7 5 S b )iz Af
252 — AR 25 /) K AR 2 S BURTT R F
BLFEPRM, AR, BRI 22 B IR YRR B, B ) 2k
ST v B AR AT VER [RVR 9T M % IR I
i 225 4 , 3X R FF R 3k 1155 R A0 T AL il 1 37 28 e o
JITIE TR AL T R AR AT R W . WA RN
DLBCL 4fl ffd % DOX [ fiif 24 14 5 Bk A0 12 % V) AH 2% o
4, A8 7 BR £ B E DLBCL 41 g #6514 1% 5 DOX
i 24 P 72 A2, 1280 A 38 3 00 ) 2k A0 T S B Y
DLBCL &3 ' SH3GL1 KA T+ & 54 R 15 A%,
Food i Rk R B A LA T IR AE T 1 R A
i DOX i 2451, AHIF 7 45 3 i/ , DOX iy 25 DLBCL
41 ffs SU-DHL-4/DOX 1 ACTL6A % it il , $#27R
ACTL6A F[iEZ 5 DOX i T M A HE AL T3 F% 5 i Ik
ACTL6A % ik 7] i 5 SU-DHL-4/DOX 4 i &k 48 1=,
1¥ # SU-DHL-4/DOX 41 Jifd X} DOX (i Zj 1% . LIk
S5 58I T ACTLOA TEAL YT i 24 4 M 2k S T 42 vh
() B8 A » A DLBCL fiif 24 AL 1] 7R N BE i 12 3 17)
TR 1 B .

SWI/SNF & & WE NG EBME Sk —,
W REMMIREAER . SR, ZE AWM E AT
FEAE 22 B e Hh B AR SR AR BRR 2K, AT g i Jed 1)
KA R BERBE T HFEH, ACTLOA F¥IH &K B
fe5 B-WLBh 2 [ P [FIE T , 38 5 52 1 Brahma A ¢ 24
1 (brahma-related gene 1, Brgl) fll SWI/SNF & &4
(R A T 4 U 42 4 B 38 R 240 P s SR g R . R

i » ACTLOA thA] Sl 7 T SWI/SNF E &Y R IEEH
fE BRI IR At . SCHR[ 193008 , ACTL6A i@ it 5 p21
J& BT AH ELAE R 78 Sk 250350 65 IR 41 A g F1 2% B B IR
4 ff s i 3 A M R 45 A . ACTLOA IbREE 5
c-Myc. Yes 5% 45 [ (yes-associated protein, YAP) i
85 [ 43 3% AH 9% 85 1 72 (vacuolar protein sorting-
associated protein 72, VPS72) %541 H.AE H , 4 5 &g
-2 A 1Y) B R SE R R T, I 0 2 ik R 40 B T A% e
155 4k, ACTLOA W] {2 i #1175 5 ) DNA 4 £ 1%
S, DT 4 e e 200 e o D461 DT 245 1k, o 440 ) 5%
K AT R 25 R A, KRR A R B OR,
ACTL6A 7£ SU-DHL-4/DOX 41l i 7 ) R 15 /K 7 2. 3%
T H SR A4 M & SU-DHL-4, 27~ ACTL6A 1] fE 2
5 DLBCL 4l g X} DOX (1) fiif 25 ML il 5 3t — 2D fi Jak
ACTL6A ik J5 K I, 40l h GPX4 K& i, [
I 4 A P Fe? 7K P 7 v i i SR ) 28 ROS 7K
- \MDA & & T+ & GSH % & F %%, R ] ACTL6A
AT BB I T GPX4 Rk, Jfil Bk AU T, AT 4 HF
DLBCL 41 i (11 24 it 52 7k

W AR B, BRI T 52 2 Fh o0 B 4% R 7 ) 52
M. GPX4 RBAET: WIRIEIR A I R8T BN —
Rl S AL , FL B A GSH ¥ i i A Ak P % Ak
N TR 5 AT 25 o 0k A e R S U ) R BB T
R AE . GPX4 TE IR 41 i % 15 38 Jn 5 g % 26 A
RS I E A OC, W R IA W 5 Mo A gk st T,
T A P RE ) A s A , GPXA T IR 41 B XAk
I7 (T 2 ML) R R P AR A . il 4, Kriippel £
F 11 (Kriippel-like factor 11, KLF11) i it 41

are
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GPX4 F2IA A2 35 i i s 240 PR B0 T, DT 41 1) L 3 .
I3 58 6 AT 25 W (R AU MER s A I PR B, B g
GPX4 7] 50 flz B-Raf [ J 5 [H] 22 8 R/ 75 & W2 Tk iy
(B-Raf  proto-oncogene serine/threonine  kinase,
BRAF) il F 15 & BUAS B A 38 B AR KPR 7 52 A 41 1
PV IT 25 T M 96 40 PR B 7= 2B TR 2451 L 5 i 24
YRk FET: o 4RTT, DLBCL Hill i i 4% GPX4 521
BRACT 5> T ik — Dt . AW
# W, GPX4 & ACTL6A 1) N Uif ¥ s W42 o
ACTLO6A REfE {1 3E GPX4 3k , 3E T #0240 T 5
B A GPX4 il Rk i ik — Pk st 7 HAE
ACTL6A i 3 ¥ DOX i £ 71 1) 5% 88 A H , B I
ACTL6 £ A {2 i SU-DHL-4/DOX 41 i #: 3L T2 , 1
GPX4 (1) 3 2 3k 7T 30 43 300 5% % 3008, $2& i DOX 4k
H N SU-DHL-4/DOX 4 ifd [ 47 3 26, JF $0 i1] 2k 4t
o FE . $E7R% , ACTL6A W] G il i 3 M 5t 4% AL il
W ¥ GPX4 1) ¥ 5%, M ifi 4k #F DLBCL 41 fiu DOX
iy 24

g5 LRI, AW A5 R R T ACTL6A 1 RE &
DLBCL 41 il DOX fiif ) ) — AN 8 73+, Hoadid by
GPX4 33 il £k 46 1=, AT {12 i DLBCL 4 Jifd X}
DOX i #5 . X — K IR 1 % DLBCL fiif £ 53 ¥ #l
) P R R, R T A R T 24 B R TR BE SRR
ik,

(& £ xx #]
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