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Abstract: Hepatocellular carcinoma (HCC) is one of the most malignant tumors worldwide. This study aimed to 
investigate the role of protein arginine methyltransferase 5 (PRMT5) in HCC. Gene expression was determined us-
ing reverse transcription-quantitative polymerase chain reaction, Western blot, and immunohistochemistry. The 
interaction between genes were determined using chromatin immunoprecipitation, glutathione-S-transferase pull-
down, co-immunoprecipitation, and luciferase assays. m6A levels were determined using m6A dot assay. N6-methyl-
adenosine (m6A) enrichment was determined using methylated RNA immunoprecipitation assay. Cellular functions 
were determined using Cell Counting Kit-8 assay and propidium iodide staining. Xenograft assay was conducted to 
further verify the role of PRMT5 in HCC. We found that overexpressed PRMT5 was upregulated in tumor protein p53 
(TP53)-mutated HCC patients. TP53 epigenetically in activated PRMT5. PRMT5 deficiency promoted the ferroptosis 
of HCC cells in vitro and inhibited tumor growth in vivo. Moreover, PRMT5 could interact with RNA binding motif pro-
tein 15 (RBM15) to activate ferritinophagy signaling. RBM15-mediated m6A modification of ferritin heavy chain 1 
(FTH1), promoting its mRNA expression and stability. However, overexpression of FTH1 suppressed ferroptosis and 
promoted tumor growth. Taken together, PRMT5/RBM15/ferritinophagy signaling can be a potential target for HCC. 
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modification

Introduction

Hepatocellular carcinoma (HCC) is character-
ized with high morbidity and mortality [1]. In 
China, HCC ranks as the second dangerous 
malignancy and nearly 400,000 cases are 
HCC-related death [2]. Although marked ad- 
vances have been made in the treatment of 
HCC, the long-term survival rate of HCC pa- 
tients are still poor [3, 4]. Postoperative recur-
rence and metastasis are the key causes of 
HCC-related death [5]. Thence, to explore the 
potential mechanisms is of vital importance. 

Ferroptosis is form of cell death featured by  
oxidative stress, lipid peroxidation, and iron 
accumulation [6]. However, cells evolve the fol-
lowing three mechanisms to protect cells from 
ferroptotic death: glutathione (GSH), coenzyme 
Q10, and thioredoxin systems [7]. Ferritino- 
phagy is regulated by autophagic cargo recep-
tor nuclear receptor coactivator 4 (NCOA4) and 
iron storage protein complex, such as ferritin 

heavy chain 1 (FTH1) and ferritin light chain 
(FTL) [8]. NCOA4 directly binds to FTH1 and 
drives the ferritins to autophagosomes for lyso-
somal degradation and iron release, resulting in 
ferroptosis-related cell death [9]. Recently, tar-
geting ferroptosis signaling is a potential strat-
egy for HCC. Activation of ferritinophagy allevi-
ates sorafenib resistance in HCC [10]. There- 
fore, targeting ferritinophagy may be a potential 
strategy for stimulating the ferroptosis of HCC. 

Arginine methylation is a common form of post-
translational modifications (PTMs) and regu- 
lated by protein arginine methyltransferases 
(PRMTs) [11]. PRMTs can be categorified into 
the following three types: monomethylarginine, 
symmetric dimethylarginine, as well as asym-
metric dimethylarginine [12]. The abnormal  
levels of arginine methylation or PRMTs are 
involved in carcinogenesis, including HCC [13]. 
PRMT5, a member of type II enzymes, promot- 
es the proliferation and development of HCC 
[14]. Intriguingly, targeting PRMT5 with its spe-
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cific inhibitor GSK3326595 evokes anti-tumor 
immunity and suppresses tumor growth [15]. 
However, the underlying mechanism is still 
unknown. 

The present study investigated the potentials 
of PRMT5 in HCC. Overexpressed PRMT5 pre-
dicted poor clinical outcomes of HCC patients. 
However, targeting PRMT5 stimulated ferritin-
ophagy signaling and promoted the ferroptosis 
of HCC. PRMT5/ferritinophagy signaling may be 
a potential target for HCC.

Materials and methods

Specimen

Clinical samples were collected from HCC pa- 
tients (n = 112) at Renmin Hospital of Wuhan 
University from July 2020, to June, 2022. Ti- 
ssues were stored in liquid nitrogen at -80°C. 
This study was supported by the Ethical Com- 
mittee of Renmin Hospital of Wuhan University 
(WDRY2023-K036). The informed consent was 
provided by the participants. 

Immunohistochemistry assay

Tissues were cut into slides at the thickness  
of 4 µm. The slides were fixed in paraffin, depa-
raffinized and immersed in ethylene diamine 
tetraacetic acid buffer. After blocked with 1% 
bovine serum albumin (BSA) regents, the sec-
tions were incubated with primary antibodies. 
Afterwards, the sections were counterstain- 
ed with 4’,6-diamidino-2-phenylindole (DAPI). 
Subsequently, the sections were captured us- 
ing a microscope (×200 magnification, Leica, 
Germany). 

Cell culture

HEK293T cells, human HCC cell line Huh7, and 
liver epithelial cells (THLE-3) were provided by 
ATCC, USA. Cells were cultured in a Dulbecco’s 
modified Eagle’s medium containing 10% fetal 
bovine serum (FBS). Cells were incubated at 
37°C in 5% CO2. 

Huh7 cells were exposed to 3 µM erastin (a fer-
roptosis inducer), 1 μM ferrostatin-1 (Fer-1, a 
ferroptosis inhibitor), 5 µM Z-VAD-FMK (a pan-
caspase inhibitor), 5 mM GI-Y1 (an inhibitor of 
GSDMD) and necrosulfonamide (a necroptosis 
inhibitor). 

Measurement of lipid peroxidation

Huh7 cells were incubated in serum-free  
DMEM using 3 μM C11-BODIPY 581/591 
(Invitrogen, USA), washed three times with 
serum-free medium, trypsinized, resuspended 
in PBS, and detected by flow cytometry. 

Determination of malondialdehyde (MDA), 
glutathione (GSH), and Fe2+ levels

The release of MDA and Fe2+ was determined 
using corresponding kits (Abcam, USA). 

Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR)

Cells were lysed and RNAs were harvested. 
cDNA synthesis was conducted by a cDNA syn-
thesis kit (18090010; Thermo Fisher Scienti- 
fic, USA). PCR was conducted by an RT-PCR kit 
(12597500; Thermo Fisher Scientific, USA). 
Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as the loading control. 
mRNA was calculated using 2-ΔΔCt methods. 

Western blot

Total proteins were harvested from cells. Bi- 
cinchoninic acid assay was conducted to cal- 
culate protein concentration. 40 μg of protein 
was separated using 10% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis at 120 
v and moved onto polyvinylidene fluoride 
(PVDF) membranes. After blocked with 5%  
non-fat milk, the membranes were incubat- 
ed with primary antibodies, such as PRMT5 
(ab109451; 1:10000, Abcam, UK), tumor pro-
tein p53 (TP53) (ab32049; 1:1000, Abcam, 
UK), H4R3me2s (ab309354; 1:1000, Abcam, 
UK), H3R8me2s (ab130740; 1:1000, Abcam, 
UK), GPX4 (ab125066; 1:1000, Abcam), 
RBM15 (ab315456; 1:1000, Abcam, UK), FTL 
(ab109373; 1:1000, Abcam, UK), FTH1 (ab- 
183781; 1:1000, Abcam, UK), and β-actin 
(ab213262; 1:3000, Abcam, UK). Then the 
membranes were incubated with secondary 
antibodies (ab205718; 1:10000, Abcam, UK). 
Subsequently, the bands were imaged with  
an electrochemiluminescence kit (ab133406; 
Abcam, USA). 

Cell Counting Kit-8 (CCK-8) assay

Cells were seeded into 96-well plates. After- 
wards, cells were supplemented with CCK-8 
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solutions and cultured for 48 h. Finally, optic 
values were detected by Multiskan SkyHigh 
microplate reader (A51119500C; Thermo Fi- 
sher Scientific Inc., USA) at the wavelength of 
450 nm. 

Propidium iodide (PI) staining

After fixation in 4% paraformaldehyde and  
permeabilization with 0.2% Triton X-100, cells 
were blocked with 5% bovine serum. Then cells 
were stained with PI. The image was pictured  
by a microscope (×200 magnification, Leica, 
Germany). 

N6-methyladenosine (m6A) dot blot assay

Total RNA was purified and spotted on onto  
cell membranes, which were then incubated 
with m6A antibody (ab284130; 1:5000, Abcam, 
UK) and anti-IgG (ab172730; 1:1000, Abcam, 
UK). Afterwards, the membranes were pictur- 
ed using Tanon 5200 imaging system (Tanon, 
China).

Determination of m6A levels

m6A levels were calculated by an m6A RNA 
Methylation Kit (Colorimetric) (ab233491; Ab- 
cam, UK). 

Methylated RNA immunoprecipitation (MeRIP) 
assay

MeRIP assay was performed using a Magna 
MeRIP™ m6A Kit (17-10499; Sigma-Aldrich, 
Germany). After transfection, cells were lysed. 
Then the cells were centrifugated and incubat-
ed with Protein-A/G agarose beads supple-
mented with antibodies against m6A (ab- 
284130; 1:50, Abcam, UK) or IgG (ab172730; 
1:50, Abcam, UK). Then the precipitate was col-
lected, centrifuged, and mixed with elution buf-
fer for 90 min at 50°C. The bound RNA was 
eluted ad purified. The purified RNA fragments 
were used for qPCR assay. 

Luciferase assay

The fragments of PRMT5 were cloned into  
the pGL3-Basic vector (Promega Corporation). 
Subsequently, cells were co-transfected with 
wild/mutant type of PRMT5 or the control. The 
results were detected using a luciferase assay 
kit (E1501; Promega, USA). 

Chromatin immunoprecipitation (ChIP) assay

ChIP assay was conducted using a Simple- 
ChIP® Enzymatic Chromatin IP Kit (CST, Bo- 
ston, USA). Cells were sonicated to 400-800 
bp. Then Chromatin was immunoprecipitated 
with protein-A/G-agarose gel beads conjugated 
with antibodies against TP53 (ab237976; 1:50, 
Abcam, UK) and IgG (ab172730; 1:50, Abcam, 
UK). The immunoprecipitated DNA was purified 
and analyzed by real-time PCR.

Glutathione-S-transferase (GST) pull-down 
assay

Recombinant proteins were prepared from 
BL21 E. coli. GST or GST-PRMT5 fusion proteins 
incubated with glutathione agarose (Roche, 
Switzerland). Afterwards, the GST fusion pro-
teins were pictured using Coomassie brilliant 
blue. The binding proteins were subjected to 
western blot incubated with anti-His-tag mAb 
(Sigma-Aldrich, Germany).

Co-immunoprecipitation (Co-IP) assay 

Nuclear extracts were extracted from cells. 
Then the nuclear extracts were incubated with 
antibodies against FLAG M2 agarose affinity 
gel, RNA binding motif protein 15 (RBM15) 
(ab70549; 1:100, Abcam, UK) or IgG (ab- 
172730; 1:200, Abcam, UK). Afterwards, the 
mixtures were collected and washed with PBS. 
Subsequently, the immunocomplexes were 
subjected to western blot.

Xenograft assay

C57BL/6 nude mice (8-10 weeks, 18-23 g) 
were provided by Experimental Animal Center 
of Wuhan University. Mice were randomly divid-
ed into 4 groups: shNC group, shPRMT5 gr- 
oup, shPRMT5+Lv-NC group, shPRMT5+RBM15 
group, dimethyl sulfoxide (DMSO) group, and 
GSK3326595 (GSK) group. Huh7 cells stably 
expressing PRMT5 shRNA and/or RBM15 we- 
re subcutaneously injected and planted into 
mice. For mice in DMSO and GSK group, mice 
were administrated with DMSO (1%, Solarbio, 
Beijing, China) or GSK (50 mg/kg) (EPZ015938; 
MCE, USA) [15]. At day 29, all mice were eutha-
nized under isoflurane deep anesthesia. The 
tumor volume was determined every 7 days. 
The present study was approved by the Animal 
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Figure 1. PRMT5 is upregulated in TP53-mutated HCC. A. PRMT5 expression was detected using immunohisto-
chemistry. × 200 magnification. Scale bar: 20 μm. B. PRMT5 protein expression was detected using western blot. C. 
PRMT5 mRNA expression was detected using RT-qPCR. D. PRMT5 mRNA expression in HCC patients was analyzed 
using ROC curve. E, F. Subtype analysis of PRMT5 mRNA expression in HCC patients was performed using RT-qPCR. 
***P<0.001.

Care Aboard of Renmin Hospital of Wuhan 
University. 

Statistical analysis

Each independent experiment was performed 
in triplicate. Graphpad v.9.5.1. was applied for 
analyzing data. Data were presented as mean 
± standard deviation (SD). The comparison 
between two groups was analyzed using Stu- 
dent t-test. The comparison among multiple 
groups was analyzed using ANOVA followed by 
Turkey’s post hoc test. P<0.01 was deemed 
statistically important.

Results

PRMT5 is upregulated in TP53-mutated HCC

TP53 mutation induces genetic alteration dur-
ing carcinogenesis [16]. PRMT5, a regulator of 

arginine methylation, is frequently abnormally 
expressed in cancer [17]. PRMT5 expression 
was obviously increased in TP53-mutated HCC 
tumor samples (Figure 1A). Both the protein 
and mRNA expression of PRMT5 was signifi-
cantly increased in TP53-mutated HCC tumor 
samples (Figure 1B, 1C). PRMT5 mRNA levels 
can be a prognostic marker of TP53-mutat- 
ed HCC patients (Figure 1D). Overexpressed 
PRMT5 predicted advanced stages and di- 
stant metastasis (Figure 1E, 1F).

TP53 epigenetically downregulates PRMT5

We found that TP53 was downregulated in 
TP53-mutated HCC tumor samples (Figure  
2A). Moreover, in TP53-mutated HCC tumor 
samples, the protein expression of TP53 was 
obviously decreased (Figure 2B), whereas the 
global levels of H4R3me2s and H3R8me2s 
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Figure 2. TP53 epigenetically downregulates PRMT5. A. TP53 expression was detected using immunohistochemis-
try. × 200 magnification. Scale bar: 50 μm. B. Protein expression was determined using western blot. C. TP53 mRNA 
expression in HCC patients was detected using RT-qPCR. D. Correlation between PRMT5 and TP53 was determined 
using Pearson analysis. E. TP53 mRNA expression in HCC cells was detected using RT-qPCR. F. PRMT5 mRNA ex-
pression in HCC cells was detected using RT-qPCR. G. Protein expression was determined using western blot. H, 
I. The interaction between PRMT5 and TP53 was confirmed by luciferase assay. J. The enrichment of TP53 in the 
promoter of PRMT5 was detected using ChIP assay. ***P<0.001, ***P<0.001.

was decreased. Then we analyzed mRNA ex- 
pression of TP53 and PRMT5 in HCC patients. 
TP53 was obviously downregulated in TP53-
mutated HCC tumor samples (Figure 2C). 
Moreover, PRMT5 and TP53 expression was  
in negative correlation (Figure 2D). TP53 was 
overexpressed by its overexpression plasmids 
(Figure 2E), suggesting that cells were su- 
ccessfully transfected. Overexpression of TP53 
significantly inhibited the mRNA expression of 
PRMT5 (Figure 2F). This is paralleled with west-
ern blot (Figure 2G). As a transcription factor, 
TP53 regulates gene expression via targeting 
the promoter of downstream. We found that 
there were four putative E-boxes in the promot-
er of PRMT5 (Figure 2H). The E-box inserted 

into the luciferase reporter. Then cells were 
transfected with the pGL4.11 reporter and 
TP53 overexpression plasmids or its vector. We 
found that overexpression of TP53 significantly 
increased the luciferase activity at Block C, but 
not A, B, and D (Figure 2I), suggesting that 
TP53 may regulate PRMT5 expression via bind-
ing to C. Moreover, overexpression of TP53 sig-
nificantly promoted its enrichment in the pro-
moter of PRMT5 (Figure 2J). 

PRMT5 knockdown promotes the ferroptosis 
of HCC

Targeting PRMT5 inhibits the progression of 
multi-type cancers [18]. To confirm the roles of 
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Figure 3. PRMT5 knockdown promotes the ferroptosis of HCC. (A) PRMT5 mRNA expression in HCC cells was de-
tected using RT-qPCR. (B, C) Cell viability was determined using CCK-8 assay. (D, E) Cell death was detected using 
PI staining. × 200 magnification. Scale bar: 20 μm. (F) Protein expression was determined using western blot. The 
levels of C11-BODIPY (G), MDA (H), iron (I) and GSH (J). ***P<0.001.



Roles of PRMT5 in HCC

131	 Am J Cancer Res 2026;16(1):125-140

PRMT5 in HCC, cells were transfected with 
PRMT5 shRNAs. Figure 3A showed that PRMT5 
shRNAs, especially sh2, significantly decreas- 
ed PRMT5 mRNA expression. PRMT5 knock-
down significantly inhibited the cell viability of 
HCC cells compared with shNC group (Figure 
3B). To confirm which form of death involved in 
PRMT5 shRNA-mediated death of HCC, cells 
were exposed to erastin, Fer-1, Z-VAD-FMK, 5 
mM 3-Methyladenine on the background of 
shPRMT5 transfection. The results showed that 
Lip-1 significantly alleviated the effects of eras-
tin and promoted the cell viability of HCC cells, 
whereas Z-VAD-FMK, 3-MA, and NSC showed 
no obvious effects (Figure 3C). PRMT5 knock-
down significantly increased the percentages 
of PI positive cells (Figure 3D, 3E) Moreover, 
PRMT5 knockdown significantly inhibited the 
expression of PRMT5 and glutathione peroxi-
dase 4 (GPX4) (Figure 3F). PRMT5 knockdown 
also increased the levels of C11-BODIPY, MDA 
and ferrous iron (Fe2+) (Figure 3G-I), whereas 
decreasing GSH levels (Figure 3J).

PRMT5 interacts with RBM15

m6A modification is involved in the processes 
of ferroptosis [19-21]. Thence we hypothesized 
that PRMT5 may inhibit ferroptosis of HCC  
cells via binding to RNA methylation regulator. 
We found that His-tagged PRMT5 could inte- 
ract with GST-tagged RBM15 (Figure 4A, 4B). 
PRMT5 could bind to bound to RBM15 (Figure 
4C, 4D). FLAG-tagged PRMT5 is associated 
HA-tagged RBM15 in HEK293T cells (Figure 
4E, 4F). Co-IP further confirmed the interaction 
between PRMT5 and RBM15 (Figure 4G). 
Moreover, ferroptosis inhibitor Fer-1 promoted 
the enrichment of PRMT5 in the promoter of 
NRF2 (oxidative stress), GPX4 (lipid peroxida-
tion), and FTH1 (iron metabolism), especially 
FTH1 (Figure 4H), which was reversed by 
RBM15 knockdown. H3R2 dimethylation at the 
promoter of NFE2 like bZIP transcription factor 
2 (NRF2), GPX4, and FTH1 was also reversed  
by RBM15 knockdown (Figure 4I). As the alte- 
ration of FTH1 was more remarkable. There- 
fore, FTH1 was chosen for further study. 

PRMT5/RBM15 axis regulates m6A modifica-
tion of FTH1 

RBM15, a m6A “writer”, is involved in m6A 
modification of its target [22]. Therefore, we 
further investigated the m6A modification of 

FTH1 by RBM15. RBM15 expression was obvi-
ously increased in HCC cells (Figure 5A). Over- 
expressed RBM15 significantly increased the 
protein expression of FTH1 and FTH1 (Figure 
5B). Moreover, overexpressed RBM15 signifi-
cantly increased the m6A levels of FTH1 (Figure 
5C, 5D). The online database SRAMP showed 
that there were 4 m6A sites with high confi-
dence in human liver (Figure 5E). Figure 5F 
showed the second structure of 4 m6A sites. 
The m6A enrichment of FTH1 was increased at 
sites Site1, 2, and 4 (Figure 5G), whereas show-
ing no significant alteration at Site3. Moreover, 
overexpressed RBM15 significantly increased 
the m6A enrichment at site Site4 (Figure 5H), 
but not site Site1, 2, and 3. Therefore, we 
hypothesized that RBM15 may regulate m6A 
modification of FTH1 via binding to site4. To 
confirm this, we mutated Site4 from GAACU 
into CUUGA. Figure 5I showed the transfection 
efficiency of RBM15 shRNA and overexpression 
plasmids. We found that overexpressed RBM15 
significantly increased the luciferase activity 
(Figure 5J), while RBM15 exerted the opposite 
effects. We also found that PRMT5 knockdown 
mediated inhibition in the mRNA expression 
and stability of FTH1 was significantly revers- 
ed by overexpressed RBM15 (Figure 5K, 5L). 
These findings suggested that PRMT5 interact-
ed with RBM15 to regulate FTH1 expression. 

FTH1 overexpression inhibits the ferroptosis of 
HCC

To confirm the roles of PRMT5/FTH1 axis in 
HCC, cells were transfected with (Figure 6A). 
Overexpressed RBM15 significantly antago-
nized the effects of PRMT5 knockdown and 
promoted the cell survival of HCC cells (Figure 
6B). Overexpressed FTH1 also inhibited the 
death of HCC cells (Figure 6C, 6D). Moreover, 
overexpression obviously inhibited the pro- 
tein expression of FTL and FTH1 (Figure 6E). 
Moreover, overexpressed FTH1 significantly 
reduced the levels of C11-BODIPY, MDA, and 
Fe2+ levels (Figure 6F-H), while increasing GSH 
levels (Figure 6I). 

PRMT5/FTH1 axis promotes tumor growth and 
inhibits ferroptosis in vivo

In vivo assays were performed to further verify 
the roles of PRMT5/FTH1 axis in HCC. We found 
that PRMT5 knockdown significantly inhibited 
the tumor growth of HCC, which was antago-
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Figure 4. PRMT5 interacts with RBM15. (A-D) The interaction between PRMT5 and RBM15 was determined using CST pull-down assay. (E-G) The interaction between 
PRMT5 and RBM15 was confirmed using Co-IP assay. The enrichment of PRMT5 (H) and H3R2me2 (I) in the enrichment of RBM15 was determined using ChIP as-
say. *P<0.05, **P<0.01, ***P<0.001.
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Figure 5. PRMT5/RBM15 axis regulates m6A modification of FTH1. A. RBM15 protein expression was determined 
using western blot. B. Protein expression was determined using western blot. C. Total m6A levels were determined 
using m6A dot blot assay. D. The m6A levels of FTH1 was detected using m6a assay. E. The m6A sites of FTH1 were 
predicted using the online database SRAMP. F. The second structure of the m6Awas analyzed using SRAMP. G. m6A 
enrichment of FTH1 was determined using MeRIP assay. H. The m6A levels of FTH1 was detected using m6a as-
say. I. RBM15 mRNA expression was determined using RT-qPCR. J. The interaction between RBM15 and FTH1 was 
confirmed using luciferase assay. K. FTH1 mRNA expression was determined using RT-qPCR. L. FTH1 mRNA stability 
was determined using RT-qPCR. ***P<0.001.

nized by overexpressed FTH1 (Figure 7A-C). 
Overexpressed FTH1 increased the expression 
of Ki-67 compared with shPRMT5 + vector 
group (Figure 7D), whereas downregulating 
4-HNE. Overexpressed FTH1 significantly in- 
creased the levels of C11-BODIPY compared 
with shPRMT5 + vector group (Figure 7E, 7F), 
suggesting that FTH1 inhibits lipid peroxida- 
tion in vivo. Additionally, overexpressed FTH1 
significantly suppressed the release of MDA 
and iron compared with shPRMT5 + vector 
group (Figure 7G, 7H), while increasing GSH lev-
els (Figure 7I). These results suggested that 
PRMT5/FTH1 axis promotes the tumor growth 
and suppresses ferroptosis of HCC.

GSK inhibits tumor growth and promotes fer-
roptosis in HCC

To further confirm the role of PRMT5 in HCC, 
mice were administrated with PRMT5 inhibitor 
GSK3326595 (GSK). We found that GSK tre- 
atment significantly reduced the tumor size, 
weight, and volume (Figure 8A-C). GSK treat-
ment markedly reduced the expression of Ki- 
67, whereas upregulating 4-HNE (Figure 8D). 
GSK treatment significantly promoted lipid per-
oxidation (Figure 8E, 8F). Moreover, GSK treat-
ment significantly promoted accumulation of 
MDA and iron (Figure 8G, 8H), whereas reduc-

ing the levels of GSH (Figure 8I). These results 
suggested that inhibition of PRMT5 suppresses 
tumor growth and promotes ferroptosis of HCC.

Discussion

The alteration of PTMs is a hallmark of carcino-
genesis [23-25]. As a common pattern of PTMs, 
arginine methylation is involved in the initiation 
and progression of multi-type cancers, includ-
ing HCC [11, 26-28]. In this study, high levels of 
PRMT5 predicted poor clinical outcomes of 
HCC patients. PRMT5 interacted with RBM15 
to promote m6A modification of FTH1, which 
induced the upregulation of FTH1. Interestingly, 
PRMT5 knockdown promoted ferritinophagy 
and ferroptosis of HCC cells.

PRMT5 functions as an oncogene in multitype 
cancers. For instance, PRMT5 promotes TCA 
cycle and tumor growth of ovarian cancer [29]. 
PRMT5 mediates m6A demethylation and neu-
tralizes the efficacy of doxorubicin in breast 
cancer [30]. Kim et al. [31] also demonstrate 
that PRMT5 reprograms tumor microenviron-
ment, resulting in immunosuppression. In the 
progression of HCC, overexpression of PRMT5 
promotes the aggressiveness of HCC cells, 
enhances sorafenib resistance, and induces 
immune silence [14, 15, 32], indicating that its 
oncogenic role in HCC. Therefore, PRMT5 has 
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Figure 6. FTH1 overexpression inhibits the ferroptosis of HCC. (A) FTH1 mRNA expression in HCC cells was detected 
using RT-qPCR. (B, C) Cell viability was determined using CCK-8 assay. (C, D) Cell death was detected using PI stain-
ing. × 200 magnification. Scale bar: 20 μm. (E) Protein expression was determined using western blot. The levels of 
C11-BODIPY (F), MDA (G), iron (H) and GSH (I). ***P<0.001.

been demonstrated as a potential target for 
HCC. Engstrom et al. evidence that clinical-use 
of 5’-deoxy-5’-methylthioadenosine-coopera-
tive PRMT5 inhibitor MRTX1719 suppresses 
the progression of methylthioadenosine phos-
phorylase-deleted tumors [33]. In this study, 
PRMT5 predicted poor clinical outcomes of 
HCC patients. Interestingly, targeting PRMT5 by 
its specific shRNA or inhibitor promoted ferrop-
totic death of HCC cells and suppressed tumor 
growth. These findings suggested that target-
ing PRMT5 may be a promising strategy for 
HCC.

m6A methylation is the most common RNA 
modification in eukaryotic cells. However, aber-

rant m6A methylation promotes the prolifera-
tion, differentiation, metabolic imbalance, im- 
munosuppression of tumor [34]. m6A modifica-
tion is regulated by m6A methyltransferas- 
es (methyltransferase 3/14/16, RBM15/15B, 
etc.), m6A demethyltransferases (FTO alpha-
ketoglutarate dependent dioxygenase and alkB 
homolog 5), as well as m6A RNA binding pro-
teins (insulin like growth factor 2 mRNA binding 
protein 1/2/3, YTH N6-methyladenosine RNA 
binding protein F1/2/3, etc.) [35]. RBM15 has 
been identified as a prognostic biomarker of 
HCC patients [36]. Cai et al. [37] also report 
that overexpressed RBM15 contributes to the 
invasiveness of HCC cells. In this study, PRMT5 
interacted with RBM15 to induce its upregula-
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Figure 7. PRMT5/FTH1 axis promotes tumor growth in vivo. The tumor size (A), weight (B), and volume (C) was deter-
mined using xenograft assay. (D) Ki-67 expression was detected using immunohistochemistry. ×200 magnification. 
Scale bar: 50 μm. The release of C11-BODIPY (E, F), MDA (G), iron (H), and GSH (I). ***P<0.001.

tion. However, overexpression of RBM15 allevi-
ated the effects of PRMT5 knockdown and sup-
pressed the ferroptosis of HCC cells. 

PRMT5 plays a key role in maintaining genome 
integrity [38]. However, its role in ferroptotic 
death is scarcely reported. In the present stu- 
dy, RBM15 acted as a novel PRMT5 substrate 
with arginine methylation. RBM15 functions as 
an oncogene in breast cancer, lung cancer, gas-

tric cancer, as well as HCC [39-42]. RBM15-
mediated m6A modification of its downstream 
contributes the aggressiveness of tumor cells 
[43]. We found that PRMT5 could interacted 
with RBM15 to mediate mRNA expression and 
stability of FTH1, which inhibits ferritinophagy 
and ferroptosis. 

Ferroptosis is regulated by following three 
mechanisms: oxidative stress (NRF2), lipid per-

Figure 8. GSK inhibits tumor growth and mediates ferroptosis of HCC in vivo. The tumor size (A), weight (B), and 
volume (C) was determined using xenograft assay. (D) Ki-67 expression was detected using immunohistochem-
istry. ×200 magnification. Scale bar: 50 μm. The release of C11-BODIPY (E, F), MDA (G), iron (H), and GSH (I). 
***P<0.001.
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