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Abstract

Breast cancer is common worldwide. Phosphoglycerate mutase 5 (PGAMS5) belongs to the phosphoglycerate

mutase family and plays an important role in many cancers. However, research on its role in breast cancer remains
unclear. The present investigation highlights the significant expression of PGAMS5 in breast cancer and its essential
role in cell proliferation, invasion, apoptosis and the regulation of ferroptosis in breast cancer cells. Overexpression
or knockdown of ubiquitin-specific protease 11 (USP11) promotes or inhibits the growth and metastasis of breast

cancer cells, respectively, in vitro and in vivo. Mechanistically, USP11 stabilizes PGAM5 via de-ubiquitination,
protecting it from proteasome-mediated degradation. In addition, the USP11/PGAMS5 complex promotes breast
cancer progression by activating iron death-related proteins, indicating that the synergy between USP11 and
PGAMS5 may serve as a predictor of disease outcome and provide a new treatment strategy for breast cancer.
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Background

In 2020, breast cancer emerged as the predominant form
of cancer worldwide, surpassing other cancer types,
according to a report by the World Health Organiza-
tion (2021) [1]. To alleviate the global burden of cancer,
there is an immediate necessity for the development of
more cost-effective therapeutic approaches and strate-
gies. PGAMS5, a member of the phosphoglycerate mutase
family, exhibits a distinctive role among its counterparts
by operating as a serine/threonine protein phosphatase
instead of a phosphoglycerate mutase [2]. Its involvement
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in cell apoptosis and necrosis occurs via mitochondrial
damage-induced autophagy [3-5]. It has been found that
the expression of PGAMS5 is upregulated in many cancer
types, promoting tumor progression [6—8]. Despite its
widespread expression in various cancers, the function
and regulatory mechanisms of PGAMS5 in breast cancer
remain unclear. Through bioinformatics analysis, we suc-
cessfully identified high expression of PGAMS5 in breast
cancer. Subsequent investigations have shed further light
on the crucial role of PGAMS5 in various cellular pro-
cesses, including proliferation, invasion, apoptosis, and
ferroptosis, in breast cancer cells.

Ferroptosis, a form of iron-dependent cell death, is
characterized by lipid peroxidation. Disturbances in the
cysteine/glutamate antiporter (system xc-) and anti-
oxidant systems can result in iron overload. Mecha-
nistically, SLC7A11, a member of the solute carrier
family 7, supplies cysteine for glutathione (GSH) syn-
thesis. Subsequently, GSH is utilized by GSH-dependent
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glutathione peroxidase 4 (GPX4) to safeguard against
lipid peroxidation by catalyzing lipid peroxide degrada-
tion [9]. Dihydroorotate dehydrogenase and GTP cyclo-
hydrolase 1 can inhibit lipid peroxidation in a GPX4/
GSH-independent manner [10, 11]. Breast cancer cells
escape ferroptosis despite requiring large amounts of
iron and reactive oxygen species to maintain active
metabolism and proliferation. However, the underlying
mechanisms remain unclear.

USP11 has emerged as a key regulator of many cancer-
related signaling pathways, offering promising avenues
for targeted therapeutic strategies. However, the role of
USP11 in various cancer types remains poorly under-
stood. In breast cancer, elevated USP11 levels are asso-
ciated with increased invasiveness in vitro and enhanced
metastatic potential in vivo [12]. Interestingly, a cohort
study involving patients with breast cancer has shown a
significant association between high USP11 expression
and reduced survival [13]. In this study, we found an
interaction between PGAMS5 and USP11 where de-ubiq-
uitination enhances this interaction, leading to the stabi-
lization of PGAMS. This finding is significant because it
clarifies the key role of the USP11/PGAMS5 signaling axis
in inhibiting breast cancer-induced iron-dependent cell
death. Therefore, the potential of this signaling axis as a
promising therapeutic target for the treatment of breast
cancer has been emphasized.

Materials and methods

Cell culture and transfection

ATCC supplied the breast cancer cell lines (MCF-7 and
MDA-MB-231) for this study. Cells were cultured in
DMEM supplemented with 10% fetal bovine serum. Plas-
mids and mimics were introduced into the cells using
Lipofectamine 3000 reagent (Invitrogen, USA), and the
effectiveness of transfection was assessed by western blot
analysis. Additional experiments were conducted 24 h
after transfection.

CCK-8 assay

Cell growth was detected using the CCK8 assay. Cells
were seeded in a 96-well plate with a volume of 100 pL.
Subsequently, 10 pL of the CCK8 solution was added
to each well. After 4 h of uninterrupted incubation, the
culture plate was transferred to a microplate reader to
measure absorbance at 450 nm. Each experimental group
included three replicate control wells.

Colony formation assay

Cells were evenly seeded onto six-well plates at a density
of 2000 cells per well. Following a 14-d culture period,
cells were fixed with 4% paraformaldehyde for 30 min.
Subsequently, cells were stained with 0.1% crystal violet

Page 2 of 13

for 20 min. After rinsing, photographs were captured,
and the number of cell colonies was determined.

Flow cytometric analysis

Apoptosis was detected by flow cytometry. After trans-
fection, the cells were collected after 48 h and subjected
to double staining with an apoptosis kit (Invitrogen)
using Annexin V-FITC/PL The cells were then treated
at room temperature for 15 min and supplemented with
400 pL of PBS.

Transwell assay

Following the cellular digestion process, the cells were
thoroughly washed in serum-free medium, and approxi-
mately 10,000 cells were subsequently introduced into
the upper chamber of the transwell. An additional 500
puL of DMEM medium was carefully introduced into the
lower chamber. The incubation phase lasted for 24 h in
an incubator. The cells were fixed with 4% paraformalde-
hyde for 30 min, followed by staining with 0.1% crystal
violet for 20 min.

Ferroptosis analysis experiment

First, the breast cancer cell lines MCF-7 and MDA-
MB-231 were transfected with plasmids containing NC,
sh-USP11, or ov-PGAMS5. Following the transfection,
Erastin (10 pg/mL) or RSL3 (10 ng/mL) was introduced
into the culture medium on the third day. The cells were
then incubated for an additional 3 d before assessing the
levels of ferrous ions, malondialdehyde (MDA) content,
and fluorescence intensity of C11-BODIPY. The Fer-
rous Iron Colorimetric Assay Kit (Elabscience), MDA
Colorimetric Assay Kit (Elabscience), and C11-BODIPY
581/591 (Maokang Bio) were used to measure the respec-
tive ferroptosis-related indicators.

Western blot analysis

The bicinchoninic acid method was used to measure pro-
tein concentration following the extraction procedure.
Following the gel loading process, the protein sample was
introduced into each well and separated by constant-cur-
rent electrophoresis. Proteins were subsequently trans-
ferred onto polyvinylidene fluoride membranes. After
blocking for 2 h using skim milk powder, the membrane
was subjected to a TBST wash, followed by overnight
incubation with the primary antibody. The next day, after
rinsing with TBST, a secondary antibody labeled with
HRP was introduced and incubated at room temperature
for 1 h. Subsequently, an automated chemiluminescence
imaging system was used to capture images.

Cellular immunofluorescence
Paraformaldehyde was used to fix the hepatoma cells,
followed by permeabilization with 1% Triton X-100 for
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15 min. Subsequently, the cells were washed three times
with PBS for 5 min each. The cells were then sealed with
a blocking solution. The primary antibody was added and
incubated overnight. After an overnight incubation, the
cells were washed with PBS and incubated with a second-
ary antibody for 2 h. After washing, DAPI was added, and
microscopic examination was performed.

Coimmunoprecipitation (co-IP)

The complete cellular lysate was mixed with 5 pg of the
primary antibody or IgG antibody overnight. Subse-
quently, 5 pL of Protein A+G agarose beads (Absin,
Shanghai, China) were added, and the mixture was
incubated for an additional 2 h. The protein-antibody
complex was rinsed with PBS three times. Finally, the
proteins were separated via sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and analyzed by western
blotting.

Statistical analysis

SPSS 26.0 software was used for statistical analysis, and
the data were calculated as meanzstandard deviation.
An independent sample t-test was used to compare the
two groups of data, and p<0.05 was considered statisti-
cally significant.

Results

Predicting high expression of PGAM5 in breast cancer
through bioinformatics analysis

By analyzing the difference between breast cancer tis-
sue and normal tissue using the TCGA database, we
found that the composition of the tumor and normal
groups showed clear separation (Fig. 1A). We found that
PGAMS5 was highly expressed in breast cancer through
cluster analysis of differential genes and mining of differ-
ential genes (Fig. 1B). We further validated the data using
the GEPIA database and found that PGAMS5 was highly
expressed in various cancers, such as colon and lung can-
cer (Fig. 1C). This includes breast cancer as well (Fig. 1D).
In addition, we found that PGAMS5 was closely related
to breast cancer prognosis (Fig. 1E). We conducted GO
analysis of the differentially expressed genes and found
a correlation between mitotic nuclear division, collagen-
containing extracellular matrix, and glycosaminoglycan
binding (Fig. 1F). Through KEGG analysis, we found that
the occurrence of breast cancer was closely related to
neuroactive ligand-receptor interactions, cytokine recep-
tor interactions, and the cell cycle (Fig. 1G).

Effects of PGAM5 on proliferation, apoptosis and invasion
in breast cancer

In our investigation into the expression of PGAMS5
in breast cancer, we performed qPCR to detect its
expression in both breast cancer tissues and paired
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paracancerous tissues. The results demonstrated a
notable increase in the expression of PGAMS5 in breast
cancer cells (Fig. 2A). To validate these results, we per-
formed immunohistochemistry, which revealed the pre-
dominant cytoplasmic expression of PGAMS5 in breast
cancer tissues (Fig. 2B). To gain a deeper understand-
ing of PGAMS5’s role in breast cancer, we used interfer-
ence plasmids to decrease its expression in MCF-7 and
MDA-MB-231 cells. The findings showed significant
interference effects on PGAMS5 using both sh-PGAM5#1
and sh-PGAMS5#2 (Fig. 2C). An experiment involving
clone formation was performed to evaluate the effects
of sh-PGAMS5 on cell growth. The results of the clono-
genic assay revealed that cell colony size was smaller in
the group with PGAMS5 interference than in the nega-
tive control group (Fig. 2D). Subsequently, flow cytom-
etry was used to assess the effect of PGAMS5 knockdown
on apoptosis. These findings demonstrated a significant
increase in the regulatory ability of apoptosis in breast
cancer cells after PGAMS5 knockdown (Fig. 2E). To inves-
tigate the effect of PGAMS5 on the invasive capabilities
of breast cancer cells, a transwell assay was conducted.
The results of the transwell assay showed that PGAMS5
knockdown hindered the invasion of MCF-7 and MDA-
MB-231 cells (Fig. 2F).

Effect of PGAMS5 on ferroptosis in breast cancer

The sh-NC, sh-PGAMS5#1, and sh-PGAM5#2 plas-
mids were used to transfect the breast cancer cell lines
MCEF-7 and MDA-MB-231. To understand the mecha-
nism underlying the action of PGAMS5 in breast cancer,
we knocked down PGAMS5 and examined the expression
of ferroptosis-related genes, namely, SLC7A11 and GPX4.
The data indicated that the knockdown of PGAMS5 mark-
edly suppressed the expression of SLC7A11 and GPX4,
suggesting a potential function of PGAMS5 in facilitat-
ing tumor progression by inhibiting ferroptosis in breast
cancer cells (Fig. 3A).After 3 d of transfection, the culture
medium was supplemented with Erastin (10 pg/mL) or
RSL3 (10 ng/mL) for an additional 3 d. We measured the
levels of ferrous ions, MDA content, and the fluorescence
intensity of C11-BODIPY in the cells. The results demon-
strated a significant increase in ferrous ion (Fig. 3B and C)
and MDA content (Fig. 3D and E) in MCF-7 and MDA-
MB-231 cells following the knockdown of PGAMS5. Addi-
tionally, the C11-BODIPY experiment revealed a shift
in the maximum fluorescence emission from 591 nm to
510 nm in MCF-7 and MDA-MB-231 cells after PGAM5
knockdown (Fig. 3F and G). In summary, PGAMS5 knock-
down enhanced the ferroptosis capability of breast can-
cer cells.
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Fig. 1 Predicting high expression of PPGAMS in breast cancer through bioinformatics analysis (A) The difference between breast cancer tissue and nor-
mal tissue was analyzed through TCGA database, and the composition of tumor group and normal group had obvious separation. (B) cluster analysis was
conducted on differentially expressed genes. (C-D) PGAMS5 was found to be highly expressed in various cancers through the GEPIA database. (E) PGAMS5
is closely related to the prognosis of breast cancer. (F) GO analysis of differentially expressed genes. (G) KEGG analysis of differentially expressed genes

There is an interaction relationship between USP11 and
PGAM5

Using qPCR, we detected a substantial level of USP11
expression in breast cancer-affected tissues (Fig. 4A).
Furthermore, we observed a positive correlation between
USP11 and PGAMS5 expression in breast cancer tissues

(Fig. 4B). Through exogenous co-IP experiments, we
confirmed the existence of protein interactions between
USP11 and PGAMS5 (Fig. 4C). Endogenous co-IP experi-
ments further confirmed these interactions (Fig. 4D). To
investigate the specific regions involved in the interaction
between USP1 and PGAMS5, we generated a truncated
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Fig. 2 Effects of PGAMS on proliferation, apoptosis and invasion in breast cancer (A) Detection of PGAMS expression in 27 pairs of breast cancer tissues
and adjacent tissues by gPCR. (B) Detection of PGAMS5 expression in breast cancer tissue by immunohistochemistry(The original magnification is respec-
tively 5x,10x, 20x,. (C) After transfecting NC, sh-PGAM5# 1 and sh-PGAMS5# 2 into MCF-7 and MDA-MB-231cells, the expression of PGAM5 in the cells was
detected using Western blotting(D) Clone formation experiment were used to detect the effect of sh-PGAM5#1 and sh-PGAM5#2 on growth, respectively.
** P<0.01. (E) Analyzing the effect of sh-PGAMS5#1 and sh-PGAMS5#2on apoptosis in MCF-7 and MDA-MB-231 cells through flow cytometry analysis. (F)
The effect of sh-PGAM5#1 and sh-PGAM5#2 on the migration of hepatocellular carcinoma Cell invasion was detected by Transwell(stained with crystal
violet, original magnification x200). **, P<0.01
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Fig. 3 Effect of PGAMS on ferroptosis in breast cancer. After transfecting NC, sh-PGAM5#1 and sh-PGAM5#2 into MCF-7 and MDA-MB-231 cells. (A) The
sh-PGAMS# 1 and sh-PGAM5# 2 markedly suppressed the expression of SLC7A11 and GPX4 by Western blotting.Erastin (10 p g/ml) or RSL3 (10ng/ml)
were introduced into the culture medium on the third day.We measured the levels of ferrous ions (B, C), MDA content (D, E), and fluorescence intensity

of C11-BODIPY (F, G) in the cells

mutant fragment of USP11 to determine the binding site
(Fig. 4E). Transfection experiments in MDA-MB-231
cells showed that the absence of amino acids 475-963
and 285-963 of USP11 weakened its ability to bind to

PGAMS5, whereas the absence of amino acids 1-284
had no effect (Fig. 4F), indicating that the key region
for PGAMS5 binding is between amino acids 285-785 of
USP11. Remarkably, significant inhibition of SLC7A11
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Fig. 4 There is an interaction relationship between USP11 and PGAMS (A) The expression of USP11 in tissues affected by breast cancer, revealing a
substantial level of expression by gPCR.(B) Positive correlation between the expression of USP11 and PGAMS5 in breast cancer tissue. (C) The interaction
between USP11 and PGAMS5 protein was detected by exogenous co-ip assay (D) The interaction between USP11 and PGAMS5 protein was detected by
endogenous co-ip assay. (E) Constructing a truncated body of USP11 based on its protein structure. (F) Verify the structural domain of USP11 and PGAMS
bonding through COIP experiments. (G) Western blot was used to detect the inhibitory effects of sh-USP11 on PGAMS, GPX4, and SLC7A11, as well as the
recovery of sh-USP11 by OV-PGAM
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and GPX4 expression was observed upon the knockdown
of USP11. However, the inhibitory effects of sh-USP11 on
SLC7A11 and GPX4 expression were partially reversed
by overexpression of PGAMS5 (Fig. 4G). In conclusion,
USP11 regulates the expression of SLC7A11 and GPX4
via PGAMS5.
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USP11 regulates ferroptosis and tumor growth in cancer
through PGAM5

The culture medium of MCF-7 and MDA-MB-231 breast
cancer cells was supplemented with NC, sh-USP11, or
ov-PGAMS5 plasmids for transfection. After a transfec-
tion period of 3 d, Erastin (10 pg/mL) or RSL3 (10 ng/
mL) was introduced into the medium for an additional 3
d. The levels of ferrous ions (Fig. 5A) and MDA (Fig. 5B)
in the cells were evaluated. The findings revealed a sig-
nificant increase in ferrous ion levels and MDA content
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Fig. 5 USP11 regulates ferroptosis in breast cancer through PGAMS5 After transfecting NC, sh-USP11 and ov-PGAMS into MCF-7 and MDA-MB-231 cells,

Erastin (10 p g/ml) or RSL3 (10ng/ml) were introduced into the culture medium
(B). (C) Subcutaneous tumor formation experiment in nude mice

on the third day.We measured the levels of ferrous ions (A), MDA content
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in both MCF-7 and MDA-MB-231 cells after USP11
knockdown. The overexpression of PGAMS5 partially
reinstated the levels of ferrous ions and MDA content. In
addition, to assess subcutaneous tumorigenesis in nude
mice, we found that knocking down USP11 hindered the
subcutaneous tumorigenesis ability of MDA-MB-231
cells, whereas the overexpression of PGAMS5 reversed
the inhibitory effect of sh-USP11 (Fig. 5C). In conclusion,
these findings indicate that USP11 regulates iron-related
cell death and tumor growth in breast cancer cells in vitro
and in vivo through PGAMS5.

USP11 prevents degradation of PGAM5 by
deubiquitination

In this study, CHX, a compound that inhibits protein syn-
thesis, was used to treat MCF-7 and MDA-MB-231 cells
with USP11 depleted. Our findings demonstrated that
the depletion of USP11 (sh-USP11) accelerated the deg-
radation of PGAMS5 in both MCF-7 and MDA-MB-231
cells (Fig. 6A). Furthermore, we observed an increase
in the ubiquitination of PGAMS5 in cells following the
knockdown of USP11 (Fig. 6B). These results indicate
that USP11 plays a vital role in facilitating the de-ubig-
uitination and stability of PGAMS5. Ubiquitin analysis
showed that USP11 overexpression significantly inhibited
PGAMS5 polyubiquitination (Fig. 6C). In addition, over-
expression of wild-type USP11 instead of the catalytic
inactivation mutant (C318A) increased PGAMS5 protein
levels (Fig. 6D).

Mechanism of USP11 mediated deubiquitination and
stability of PGAM5

The two primary forms of polyubiquitination involve
ubiquitin chains joined by K48 and K63. Our findings
demonstrate that the ubiquitinated K48 chain is selec-
tively cleaved from PGAMS5 by USP11 rather than the
K63 chain (Fig. 7A). To investigate this further, we incor-
porated stable point mutations that hindered ubiquitina-
tion in K48, thereby eliminating the USP11-facilitated
ubiquitination of PGAMS5 (Fig. 7B). In summary, our
investigation revealed the role of USP11 in modulating
the expression of PGAMS5 in breast cancer cells by elimi-
nating the ubiquitination chain connected to K48. We
co-transfected Myc-PGAMS5 and HA ubiquitin plasmids
into MDA-MB-231 cells transfected with the sh-USP11
plasmid or empty vector. USP11 knockdown by shRNA
increased the polyubiquitination level of the PGAM5
protein in MDA-MB-231 cells (Fig. 7C). To determine
lysine binding between PGAMS5 and Ub, a point muta-
tion was generated by replacing lysine with arginine in
PGAMS. The protein stability of the K191R mutant was
significantly increased (Fig. 7D), and compared to the
wild-type PGAMS5, the ubiquitination of K191R PGAMS5
was reduced (Fig. 7E).
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Discussion
In recent years, significant research has focused on
molecular targeted therapies for breast cancer. As such,
it is of utmost importance to identify key therapeutic
targets that are effective in combating this type of can-
cer [14, 15]. The occurrence and progression of breast
cancer are influenced by various oncogenes and tumor
suppressor genes [16—18]. Investigations have shown that
PGAMS is highly expressed in tissues affected by skin
melanoma, and its increased expression is closely related
to a negative prognosis of this disease [7]. Additionally,
PGAMS5 forms trimers with ubiquitin-specific peptidase
10 and S100A9. This trimer formation leads to the de-
ubiquitination and stabilization of PGAMS5, ultimately
resulting in mitochondrial division and reactive oxygen
species production. These processes further contribute to
the growth and spread of hepatocellular carcinoma [19].
In this study, breast cancer was analyzed using TCGA
data to identify differentially expressed genes, and func-
tional enrichment analysis was performed on these genes.
Our findings indicate a high level of PGAMS5 expression
in breast cancer. To gain further insight into the effect
of PGAMS5 on breast cancer, knockdown experiments
were conducted. The expression of SLC7A11 and GPX4
decreased following the knockdown of PGAMS5. Fer-
roptosis is a newly discovered iron-dependent cell death
mode that differs from other cell death pathways, such
as autophagy, apoptosis, necrosis, and pyroptosis [20].
This form of cell death is characterized by mitochon-
drial shrinkage, membrane condensation and thickening,
decreased activity of the SLC7A11 and GPX4 proteins
[21], depletion of GSH, and excessive accumulation of
reactive oxygen species, leading to increased lipid peroxi-
dation of the cell membrane. Studies have shown that fer-
roptosis is also an important regulator of tumor growth
[22], with SLC7A11 and GPX4 being the main regula-
tory factors. SLC7A11 is involved in extracellular cyste-
ine uptake and glutamate release, and it promotes GSH
synthesis. GPX4 can inactivate lipid peroxides via GSH,
thereby inhibiting cell ferroptosis [23]. Furthermore, a
series of experiments were carried out, including colony
formation, flow cytometry, transwell, MDA, and ferrous
ion level detection. The results revealed that the prolif-
eration and invasion of breast cancer cells were reduced
upon knockdown of PGAMS5, whereas apoptosis and
ferroptosis were increased in breast cancer cells. These
results suggest that PGAMS5 plays a crucial role in the
occurrence and progression of breast cancer by affecting
the proliferation, invasion, apoptosis, and ferroptosis of
breast cancer cells. These findings highlight PGAMS5 as a
promising therapeutic target for breast cancer treatment.
To further investigate the underlying mechanism of
PGAMS5 in breast cancer, we used BioGRID to iden-
tify the interacting genes associated with PGAM5. Our
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findings suggest a potential correlation between PGAMS5
and USP11. USP11 is a well-known de-ubiquitinating
enzyme that belongs to the ubiquitin-specific process-
ing protease family. It plays a significant role in numerous
signal cascades, including TGF-$ and the p53 signaling
pathways, ultimately controlling the stability of its down-
stream substrates [24—27]. USP11 has been closely stud-
ied in other types of cancer, indicating its high correlation
with tumor occurrence [28-30]. Recent investigations

have reported elevated USP11 expression in GC, dem-
onstrating its promotion of cancer growth and migra-
tion when overexpressed. Additionally, when USP11 is
depleted, migration is hindered through RhoA-mediated
pathways, and growth and survival may be inhibited
through Ras-mediated pathways [31]. It has been experi-
mentally proven that USP11 significantly contributes to
breast cancer progression [32]. Using qPCR analysis, we
examination the increased expression levels of USP11 in
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Fig. 7 USP11 regulates the stability of PGAMS5 by removing the ubiquitin chain linked to K48 in breast cancer cells (A) the ubiquitinated K48 chain is se-
lectively cleaved from PGAMS5 by USP11, instead of the K63 chain. (B) Introducing stable point mutations that hinder ubiquitination in K48 eliminates the
restriction of PGAMS5 ubiquitination promoted by USP11. (C) Sh-USP11 increases the ubiquitination level of PGAMS. (D) We replaced lysine with arginine
to generate point mutations in candidate sites, and the protein stability of the K191R mutant was significantly increased. (E) And compared with the wild-
type PGAMS, the ubiquitination in K191R PGAM5 is reduced
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breast cancer tissues, which showed a positive correlation
with PGAMS5. This finding was solidified through co-IP
experiments, which confirmed the protein interaction
between PGAMS5 and USP11. Moreover, our findings
suggested that USP11 plays a pivotal role in the regula-
tion of SLC7A11 and GPX4 expression in breast cancer
via PGAMS5, thereby affecting ferroptosis. Additionally,
our results indicate that USP11 alters the stability of
PGAMS5 by eliminating the ubiquitin chain connected
to K48 in breast cancer cells. To summarize, this study
provides groundbreaking evidence that USP11 serves
as a mediator of PGAM5 de-ubiquitination within the
cytoplasm, underscoring the interconnection between
PGAMS5 and USP11 in breast cancer. Specifically, we
found that USP11 enhances breast cancer progression
and ferroptosis through PGAMS5.

Conclusions

This study confirmed, for the first time, the elevated
expression of PGAMS5 in breast cancer and found that
PGAMS5 plays an important role in promoting the occur-
rence and development of breast cancer. We also found
that USP11 regulates the biological function of breast
cancer cells by stabilizing PGAMS5 and plays a role in
promoting cancer, which is a novel finding. Therefore,
this study deepens our understanding of breast cancer
and reveals that the USP11/PGAMS5 axis may become a
new molecular marker for breast cancer, providing new
ideas for the clinical diagnosis and treatment of breast
cancer and potentially becoming a target for molecu-
lar therapies. However, the results of this study have
certain limitations. Although we found that PGAMS5 is
highly expressed in breast cancer through bioinformat-
ics analysis and further validated this through qPCR and
immunohistochemistry, our sample size was small. In the
future, we will increase the sample size to further explore
the relation between PGAMS5 and clinical outcomes and
investigate its potential applications in clinical practice.
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