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Asiaticoside alleviates ferroptosis in myelodysplastic syndrome by activating SMAD7
WANG Liye, CHANG Qing, DONG Tengteng, LIU Ting, WANG Chi, LI Mianyang Department of Clinical
Laboratory, First Medical Center of Chinese PLA General Hospital, Beijing, China

[Abstract] Objective To investigate the relationship of aberrant SMAD family member 7 (SMAD7)
signaling pathway and ferroptosis in myelodysplastic syndromes (MDS) and evaluate the effect of asiaticoside
(AC) -modulating SMAD7 up-regulation to suppress ferroptosis in MDS cell lines. Methods Publicly
available MDS-related datasets from the Gene Expression Omnibus (GEO) database were analyzed to identify
differentially expressed genes (DEGs) between MDS patients and healthy controls. These DEGs were cross-
referenced with ferroptosis-associated genes from the Ferroptosis Database (FerrDb) to identify potential
ferroptosis-related targets in MDS. Bone marrow mononuclear cells (BMMNCs) were isolated from 18 MDS
patients freshly diagnosed in the First Medical Center of Chinese PLA General Hospitaland and from 16
healthy donors during October 2022 and November 2024. RT-qPCR was employed to detect the expression of
SMAD7 and ferroptosis-related genes. Immunomagnetic bead sorting was applied to purify CD33" cells, and
then qPCR and Western blotting were utilized to measure the expression of SMAD7 and ferroptosis-related
biomarkers at mRNA and protein levels. Human normal bone marrow cells (HS-5) and MDS cell lines (MUTZ-1,
SKM-1) were treated with gradient concentrations of AC (SMAD7 activator) and ferrostatin-1 (Fer-1,
ferroptosis inhibitor), and SMAD7 overexpression plasmids were transfected into MDS cells. qPCR and
Western blotting were utilized to measure the expression of SMAD7 and ferroptosis-related biomarkers at
mRNA and protein levels, and the contents of glutathione (GSH), malondialdehyde (MDA), superoxide
dismutase (SOD), and reactive oxygen species (ROS) were detected. Flow cytometry of CD11b" was performed
to measure cellular differentiation. Results (D Bioinformatics analysis revealed significant down-regulation
of SMAD7 in MDS patients, correlating with ferroptosis activation. Compared to the healthy controls, MDS
patients exhibited decreased SMAD7 expression (P<0. 05), reduced levels of negative regulators of ferroptosis,
glutathione peroxidase 4 (GPX4) and ferritin heavy chain (FTHI) (P<0. 05), and elevated expression of its
positive regulator transferrin receptor protein 1 (TFRC) (P<0. 05). Consistent with this, when compared with
the normal human bone marrow stromal cell line HS-5, the MDS cell lines MUTZ-1 and SKM-1 exhibited
declined expression of SMAD7, GPX4, and FTH]I, alongside elevated expression of TFRC (P<0. 05). (2 Treatment
with gradient concentrations of the ferroptosis inhibitors ferrostatin-1 (Fer-1), the expression levels of GPX4
and FTH1 in MDS cell lines were significantly upregulated in a concentration-dependent manner (P<0. 05),
while TFRC was markedly downregulated (P<0.05). Additionally, GSH content and SOD activity were
enhanced, whereas ROS levels and MDA content were significantly reduced (P<0. 05). These results suggest
that Fer-1 effectively suppresses ferroptosis in MDS cells. (3 SMAD7 overexpression led to up-regulation of
GPX4 and FTHI ih MDS cell lines, while downregulation of TFRC, improved anti-oxidative ability and
reduced ferroptosis, with enhanced CD11b" expression and myeloid differentiation. @ Following AC
treatment, the expression levels of GPX4 and FTHI in MDS cell lines were significantly upregulated in a
concentration-dependent manner (P<0. 05), whereas the downregulation of TFRC did not reach statistical
significance. Additionally, AC treatment effectively enhanced the antioxidant capacity of the cells, increased
the proportion of CD11b" cells (P<0. 05), and facilitated cellular differentiation. Conclusion AC activates
SMAD7 in MDS cell lines, up-regulating GPX4 and FTHI while suppressing TFRC expression. This
mechanism alleviates oxidative damage and lipid peroxidation, thereby inhibiting ferroptosis in MDS cells.
Concurrently, SMAD7 activation promotes cellular differentiation.

[Key words | SMAD?7; asiaticoside; myelodysplastic syndrome; ferroptosis; oxidative stress
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JEFAL A KK F--B (transforming growth factor-B, TGFB)
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iR VAL R A S % ARy B R G v e R R R
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www. zhounan. org/ferrdb/current/ ) Y5 A& HERSE T AH
RHEP, K DEGs FVERFE 12 AH 5 J A 19 52 46 3 1ok 4
B AL
1.3 ABMMNCs #5315 CD33 5 ik

W4 2022 4F 10 A 2 2024 4F 11 A 78 fift it 75 e &
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£59L100 pLREFR RS 1x10°4, 23 B AL 0.5.10.20,
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S5MEAL, LIRIEACH Fer-1 fE I G W . 48 h
Je B LB A 10 WL CCK-83 7, 15 5 2 h 5 FHBbr
ARG 450 nm Ak (IR BE AR
1.6 RT-qPCR

e I RNA $2 G 7) Gvd B A5, $2 HU40 i RNA,
Nano-Drop X #F X} RNA ¥ J& ¥ 47 46 W , 48 J5 1
HiScript® Q RT SuperMix for qPCR Kit ¥ RNA Jz #% 5
4 eDNA, i 7Y R AT PCR RN . TR BCE 34
Lo FEH A mRNA M E R ER A 27, 51
FFHILE 1,

1 s51¥FE5
FEN SIMIFHI(5 —3")
3 : TGAACCTGGACGCCAAAGTC

SMAD7 T : GGGTTGAAAGGCTCGGGAAT
cPX4 i : GAGGCAAGACCGAAGTAAACTAC
i : GAGGCAAGACCGAAGTAAACTAC
FTHI ¥ : TGGAGCTCTACGCCTCCTAC
T : CCTGAAGGAAGATTCGGCCA
TFRC ¥ : AGAAGCATTATCTTTGCCAGT

TU#: CCAAGAACCGCTTTATCCAG

1.7 Western blot #5-m]
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1.11 SOD #& Mg 2
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B0 10 min, 35 WS . I 1 mL PBS YR 41,2 000xg
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2015, P B WST TAEWR o FEFE S FLAIZS AL 2 o3l
T 20 WL AR SR, 7625 FFL U RIZS L 3 il
A 20 pLEEZEIK o 43000 200 pL 58531 A0 9 WST
TAEW 737 CHIBEFEAE T & 20 min. AR
KEITE 450 nm AL WG

PR I SOD ] % .

SOD IR (%) =[ (A ~A ) (A A ) I/
(A=A ) X100%
112 R 2 B AR A 4m e - 1 H oL

T2 B Ab B 48 h 5 , WSCHE A PBS VR 1R, 1T
BN, R A B I 10° AN I AR A IR
A),REVCIEE 15 min, I PBS BRI 27k, EHLEGI, LA
CD11b Hbri ], Kl CD11b" B FRIR 1 0L -
1.13 %t F o4
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BB R 5, 2 HEAS IR0 LR B 3R
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2 &R
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Ay i 2 MIDS 2k 6 T 3 S B 55, AR BF 98 L GEO
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@ 1.54 a X 2.0+ SEMLL
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FTHIQ21X10°) — | o | | - = . =z a a
1 i 11
TFRC(75X10°) — [ e e | [ i e | B 0.5 = 0.5 -
a .
® S
GAPDH(36x10°) — | e s ww | [ame ame e emm| lfé g
S 0= 1 1 8 ol i .
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T 2.0- T 2.0+ 150 5 150 7
s £ MUTZ-1 = £ SKM-L
£ 154 2 15 - b -
= = <1004 =100
b b M b ;i b
£ 1.0 K 1.0 =4 = b -
= a =z P =
iLéos = ifuéos . a = 5004 = 504 b
=" . R0
N R b
9(: 0 T T T 9(; 0 T T T 0- 0-
% SMAD7 GPX4 FTH1 TFRC % SMAD7 GPX4 FTH1 TFRC B 0 5 IQ 20 40 80 100 0 5 10 20 40 80 100 C
P JE/(umol/L ) WS/ pmol/L)
MUTZ-1
MUTZ-1 SKM-1 3 =3 0 umol/L = 15 = 0 umol/L
=T 3 10 pmol/L = 127 b =3 10 pmolL
0 10 20 40 pmolLo 5 10 20 umol/L a b w20 pmol/l ﬁ%[ == 20 pmol/L
GPX4(22x10°) E H«%) == 40 pmollL E B 40 pmollL
<
. o 24 1.0+
FTHI (21 10)_>|~ - -.J |--—.{ e - %
=
TERC(75X10°) — (e e o sun| | 0 GRS s ol e
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