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Zinc Finger SWIM-Type Containing 3 Reprograms
Lipid Metabolism and Drives Breast Cancer Progression
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Background: Zinc finger proteins (ZNFs) have been proved to play important roles in driving the progression of breast cancer
(BC), one of the most common cancers among women. This study aimed to investigate the involvement of zinc-finger SWIM
domain-containing protein 3 (ZSWIM3) in promoting BC cell progression by regulating lipid metabolism.

Methods: Differential expression of ZSWIM3 in BC was confirmed by comparing its expression in normal human mammary
epithelial cells and BC cells. MCF7 cells, a BC cell line, were subjected to ZSWIM3 knockdown/overexpression experiments. The
lipid contents in MCF7 cells were measured by assay kits and immunofluorescence test. The lipogenic enzymes in the cells were
detected by enzyme-linked immunosorbent assay (ELISA). The cells were also subjected to further transfection experiments to
manipulate the expression of sterol regulatory element-binding transcription factor 1 (SREBF1)/SREBF?2 in ZSWIM3-regulated
MCEFT7 cells to verify whether the ZSWIM3 targets SREBF1/SREBF?2. Subsequently, the lipid contents in the transfected cells
were determined, and the cell viability, proliferation and metastasis were measured.

Results: ZSWIM3 was overexpressed in BC cells. ZSWIM3 knockdown/overexpression led to a significant decrease/increase of the
lipid contents including triglyceride, free fatty acid, cholesterol, phospholipid and neutral lipid, and lipogenic enzymes (p < 0.01).
The ZSWIM3 knockdown decreased the expression of SREBFI and SREBF2 (p < 0.01). Our findings showed that lipid content
reduction induced by ZSWIM3 knockdown was reversed by SREBF1/SREBF?2 overexpression. MCF7 cell viability, proliferation
and metastasis, which were all suppressed by ZSWIM3 knockdown (p < 0.001), were reversible through SREBF1/SREBF?2 over-
expression (p < 0.001). On the other hand, the ZSWIM3 overexpression increased SREBFI and SREBF?2 expression (p < 0.001).
Lipid content elevation, as well as increased MCF7 cell viability, proliferation and metastasis, which were induced by ZSWIM3
overexpression, could be counteracted by SREBF1/SREBF?2 downregulation (p < 0.001).

Conclusion: ZSWIM3 promotes BC progression by enhancing lipid synthesis. This study reveals the malevolent effect of ZSWIM3
on BC, underpinned by the reprogramming of lipid metabolism, providing insights into potential therapeutic targets for BC
treatments.
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Introduction Metabolic patterns of cancer cells are altered to
cater to the changing energy requirements and main-
tenance needs of malignancy, and thus, reprogrammed
metabolisms, including reprogrammed lipid metabolism,
represent the hallmarks of cancer [6]. Studies have claimed
that increased synthesis or biosynthesis of de novo fatty acid
[7,8] and cholesterol [9,10] could promote tumor progres-
sion by building cell blocks, providing energy sources and
regulating gene expression as well as signaling pathways. It
is noteworthy that the altered lipid metabolism can impact
tumorigenesis and immune evasion in BC [11] and that the
BC cells can be protected from ferroptosis by adipocytes
[12]. In order to facilitate the development of more ef-
fective BC treatment, further intricate mechanisms linking
lipid metabolism with BC progression need to be unraveled.

Breast cancer (BC) is responsible for the highest
cancer-related mortality in the female population [1]. It
has been reported that BC causes approximately 42,000
deaths in women every year, and in the year 2020, about
2.3 million women were diagnosed with BC and 68,500
succumbed to BC [2,3]. At present, there is no effective
cure for treating BC, but molecular studies have enabled
us to acquire a profound understanding of how molecules
and cellular pathways mediate BC progression, which is
instrumental in advancing the development of both diag-
nostic markers and therapeutic targets [4,5]. Nonetheless,
to accelerate the identification of novel targets and poten-
tial therapeutic strategies, a more extensive exploration of
the molecular mechanisms underlying BC progression is re-
quired.
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The zinc finger is a short finger-like conformation
in proteins containing zinc ions, and the zinc finger pro-
teins (ZNFs) have been identified in various organisms
and are associated with gene expression, cell progression
and other biological processes [13,14]. The zinc finger
SWiltch/sucrose non-fermentable 2 (SWI2/SNF2) and Mu-
tator/DRifter (MuDR) (SWIM) domain, while being evo-
lutionally conserved in many organisms, remains an un-
characterized domain of zinc finger [15]. A variety of
ZNFs have been proven to play roles in BC progression
and even identified as oncogenic biomarkers for BC [16—
18], whereas the functions of zinc-finger SWIM domain-
containing protein family (ZSWIM) in BC remain unclear.
Among all the ZSWIM proteins, the ZSWIM3 was found to
function through DNA-binding and protein-binding inter-
actions, and might interact with cancer-related tumor necro-
sis factor receptor-associated factor 2 (TRAF2) and nuclear
transcription factor kappa B (NF-xB) pathway [19]. Sterol
regulatory element-binding proteins (SREBPs), particu-
larly SREBP1 and SREBP2, are master regulators of lipid
metabolism [20], orchestrating fatty acid and cholesterol
synthesis pathways [21,22]. Our study delves into the role
of ZSWIM3 in breast cancer progression and its interaction
with lipid metabolism pathways mediated by SREBP1 and
SREBP2. We aimed to elucidate how ZSWIM3 controls
SREBP1 and SREBP2 expression in the process of influ-
encing BC progression.

In the present study, we investigated the role of
lipid metabolism reprogramming underlying the effects of
ZSWIM3 on BC progression by adopting an in vitro ex-
perimental design. In this study, we shed light on a novel
mechanism through which ZSWIM3 influences BC devel-
opment and offer a new perspective on therapeutic avenues
for treating BC.

Materials and Methods

Cell Culture

The normal human mammary epithelial cells
MCF10A (iCell-h131) and human breast cancer cells
MCF7 (iCell-h129), ZR-75-1 (iCell-h288), MDA-MB-231
(iCell-h133) and HS578T (iCell-h105) were obtained from
iCell Bioscience Inc. (Shanghai, China). The Dulbecco’s
Modified Eagle Medium (DMEM; iCell-0001, iCell
Bioscience Inc., Shanghai, China) supplemented with 10%
fetal bovine serum (FBS; iCell-0500, iCell Bioscience Inc.,
Shanghai, China) was used as the culture medium. During
cell culture, the antibiotics (Penicillin and Streptomycin)
(1%; iCell-15140-122, iCell Bioscience Inc., Shanghai,
China) were added into the medium. The cells were
cultured at 37 °C, under the atmosphere of 5% COq
and 70-80% humidity. All cell lines were authenticated
by short tandem repeat (STR) test and were tested by
mycoplasma test.
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Cell Transfection

Cell transfection was conducted using Lipofec-
tamine™ 3000 (L3000001, Invitrogen, Carlsbad, CA,
USA) to manipulate gene expression in MCF7 cells. To
induce gene knockdown, small hairpin (sh)RNAs target-
ing ZSWIM3 (sh-ZSWIM3; 5'-CACCGCATCGTAGTTC
AGCAAATCCCGAAGGATTTGCTGAACTACGATG
C-3’), sterol regulatory element-binding transcription fac-
tor 1 (SREBFI) (sh-SREBFI; 5'-CACCGCTTTCTGCA
ACACAGCAACCCGAAGGTTGCTGTGTTGCAGAA
AGC-3'), SREBF2 (sh-SREBF2; 5'-CACCGCCATTCT
GACCACAATGCCTGTAATCGAAATTACAGGCAT
TGTGGTCAGAATGG-3") and the negative control (sh-
NC; 5'-CACCGCCAAGTCCACCGTAAGTCCTTTAAT
CGAAATTAAAGGACTTACGGTGGACTTGG-3') were
inserted into pcDNA 3.1 vector. To induce overexpres-
sion, pcDNA 3.1 vector was inserted with the open read-
ing frame of ZSWIM3 (OE-ZSWIM3; Gene ID: 140831),
SREBF1 (OE-SREBFI; Gene ID: 6720), SREBF2 (OE-
SREBF?2; Gene ID: 6721) or the blank vector (OE-NC)
were used for transfection. All vectors were constructed
by GeneChem (Shanghai, China).

Real-Time Reverse-Transcription Polymerase Chain
Reaction (RT-gPCR)

Total RNA was extracted using TRNzol Universal
RNA extraction kit (DP424, Tiangen, Beijing, China) and
reverse-transcribed into cDNA using cDNA Reverse Tran-
scription Kit (4368814, Applied Biosystems Inc., Carls-
bad, CA, USA). RT-qPCR reaction was performed accord-
ing to the instruction of PowerUp™ SYBR™ Green premix
(A25742, Applied Biosystems Inc., Carlsbad, CA, USA).
The gene expression data were analyzed by the 27 2AC
method.  Primers utilized in this experiment include:
ZSWIM3 (forward 5'-GCTTCAGCGCCTACAAAAGG3/,
reverse 5'-TGGAGTGAAAGTGGAGTGGG-3), SREBF 1
(forward 5'-GGCATGGACGGGTACATCTT-3', reverse
5'-GTGTGCCAACAAGGGTTGTG-3’), SREBF2 (for-
ward 5’-TTCCGATGTACACATGGCGT-3/, reverse 5'-
GTGTGCTCGGTGGGATCTTC-3’) and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH, used as internal ref-
erence; forward 5'-GGGCCAGAGACTGGCTCTTA-3',
reverse 5'-GATTCAGTGTGGTGGGGGAC-3).

Western Blotting

Proteins were extracted using RIPA lysis buffer
(P0013, Beyotime, Shanghai, China) containing phenyl-
methylsulfonyl fluoride (PMSF; ST505, Beyotime, Shang-
hai, China). BCA Kit (P0012, Beyotime, Shanghai, China)
was used to quantify protein concentration. The protein
samples were separated by sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis (10%; P0012A, Bey-
otime, Shanghai, China) and transferred onto polyvinyli-
dene fluoride (PVDF) membranes (IPVH00010, Millipore,
Billerica, MA, USA). After membranes were blocked with
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5% nonfat milk at 37 °C for 1 h, they were incubated
with primary antibodies targeting ZSWIM3 (1:1000 dilu-
tion; PA5-69969, Thermo Fisher Scientific, Waltham, MA,
USA), SREBF1 (1:2000 dilution; ab313881), SREBF2
(1:2000 dilution; ab30682), acetyl-CoA carboxylase alpha
(ACC1) (1:1000 dilution; ab45174), fatty acid synthase
(FASN) (1:1000 dilution; ab128870), stearoyl-CoA desat-
urase (SCD1) (1:51000 dilution; ab19862), 3-hydroxy-3-
methylglutaryl-CoA reductase (HMGCR) (1:1000 dilution;
ab242315), 3-hydroxy-3-methylglutaryl-CoA synthase 1
(HMGCST1) (1:5000 dilution; ab155787), CD36 molecule
(CD36) (1:1000 dilution; ab133625), carnitine palmitoyl-
transferase 1A (CPT1A) (1:1000 dilution; ab128568), acyl-
CoA oxidase 1 (ACOXI1) (1:1000 dilution; ab184032)
and GAPDH (1:2000 dilution; ab8245) overnight at 4
°C. The membranes were then incubated with horseradish
peroxidase-conjugated secondary antibodies (1:10000 di-
lution; ab6728 and ab205718). All antibodies except
ZSWIM3 were purchased from Abcam (Cambridge, MA,
USA). Subsequently, protein bands were visualized by
means of enhanced chemiluminescence (ECL; WP20005,
Invitrogen, Carlsbad, CA, USA) and were quantified
by ImagelJ software (1.48, National Institutes of Health,
Rockville, MD, USA).

Quantification of Lipids

The cultured cells were treated with RIPA lysis buffer
for 40 min. Lipids in the cells were subsequently iso-
lated using chloroform (40007967, Sinopharm Chemi-
cal Reagent Co., Ltd., Shanghai, China) and mixed with
methanol (10014108, Sinopharm Chemical Reagent Co.,
Ltd., Shanghai, China) at a ratio of 2:1. Using the
commercially available assay kits purchased from Bioas-
say Systems (Hayward, CA, USA), the levels of choles-
terol (ECCH-100), phospholipids (EPLP-100), triglyceride
(ETGA-200), and free fatty acid (EFFA-200) were mea-
sured following the manufacturers’ instructions.

Neutral Lipid Quantification

The cells were seeded on culture dishes and then fixed
with 4% paraformaldehyde (P0099, Beyotime, Shanghai,
China) for 15 min. Then, the cells were labeled by
the BODIPY (1 pg/mL; C2053S, Beyotime, Shanghai,
China) for 10—15 min in the dark. After rinsing the cells
with phosphate-buffered saline (PBS; C0221A, Beyotime,
Shanghai, China), the BODIPY staining results were ana-
lyzed by a flow cytometer (CytoFLEX, Beckman Coulter
Inc., Brea, CA, USA).

Enzyme-Linked Immunosorbent Assay

The levels of a series of protein markers were deter-
mined using enzyme-linked immunosorbent assay (ELISA)
kits in strict adherence with the manufacturers’ instructions.
The kits used include: SREBF1 (CSB-EL022657HU, CUS-
ABIO, Wuhan, China), and SREBF2 (LS-F12655 LSBio,
Shirley, MA, USA).

Cell Viability and Proliferation

Cell viability was determined by cell counting kit
(CCK)-8 assay (G4103-1ML, Servicebio, Wuhan, China).
Briefly, the cells were seeded into 96-well plates and cul-
tured for 24 h. Each well contained 100 pL cell suspension
with a concentration of 2.5 x 102 cells/mL. Then, CCK-
8 solution (10 pL) was added to each well, and the cells
were incubated for an additional 2 h. The absorbance was
measured using the microplate reader (DR-200Bs, Diatek,
Wauxi, China) at 450 nm.

Cell proliferation was determined by colony forma-
tion assay. Briefly, the cells were firstly digested by trypsin
(T1300, Solarbio, Beijing, China) and then seeded into 24-
well plates (1.5 x 103 cells/well). After being incubated
for 14 days, the cells were fixed with 4% paraformalde-
hyde for 30 min and stained with 0.1% crystal violet dye
(G1064, Solarbio, Beijing, China) for 30 min. Finally, the
cell colonies formed were photographed by a camera (SLR,
Nikon, Tokyo, Japan), and the number of colonies was an-
alyzed using ImageJ software (1.48, National Institutes of
Health, Rockville, MD, USA).

Cell Migration and Invasion

Cell migration and invasion were determined by Tran-
swell assays using Transwell chamber (3422, Corning Inc.,
Corning, NY, USA). In the top chamber, 3 x 10* cells
in 100 pL of FBS-free DMEM were added, whereas the
bottom chamber was added with DMEM containing 20%
FBS as a chemoattractant. The upper compartment with
pre-coated Matrigel (0.2%; BD Biosciences, San Jose, CA,
USA) was used for performing invasion assay, while the
upper compartment without pre-coated Matrigel was used
for conducting migration assay. After a 48-h incuba-
tion, the cells on the bottom surface were fixed with 4%
paraformaldehyde for 15 min, stained with 0.5% crystal vi-
olet and counted under a microscope (CKX53, Olympus,
Tokyo, Japan).

Statistical Analyses

Data are presented as mean + standard deviation in
this paper. GraphPad Prism 7.0 software (GraphPad Soft-
ware Inc., San Diego, CA, USA) was employed for data
analyses. Differences between groups were analyzed by the
analysis of variance (ANOVA) followed by Tukey’s post
hoc tests. Differences were considered statistically signifi-
cant at p < 0.05.

Results

ZSWIM3 Expression was Upregulated in BC Cells
and Successfully Regulated via Transfection

Fig. 1A shows that the ZSWIM3 mRNA was upreg-
ulated in BC cell lines compared to normal human mam-
mary epithelial cells MCF10A (p < 0.001). The upregu-
lation of ZSWIM3 in BC cells was further verified by the
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Fig. 1. ZSWIM3 was upregulated in breast cancer (BC) cells and successfully regulated via transfection. (A,B) Levels of ZSWIM3
mRNA (A) and protein (B) in normal human mammary epithelial MCF10A cells and BC cells. (C,D) Levels of ZSWIM3 mRNA (C) and
protein (D) in transfected MCF7 cells. n=5. T+ p < 0.001 compared with MCF10A; **p < 0.01, ***p < 0.001. ZSWIM, zinc-finger
SWIM domain-containing protein family; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; NC, negative control; sh, small hairpin.

Western blotting results, as shown in Fig. 1B, which show ally, compared with sh-NC, sh-ZSWIM3 significantly de-
that the ZSWIM3 protein levels were remarkably higher  creased the levels of ZSWIM3 mRNA (Fig. 1C; p < 0.01)
in BC cell lines than in MCF10A (p < 0.001). Addition- and protein (Fig. 1D; p < 0.01), whereas compared with
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Fig. 2. ZSWIM3 increased lipid contents in BC cells. (A-D) Levels of free fatty acid (A), triglyceride (B), phospholipids (C) and
cholesterol (D) in transfected MCF7 cells. (E.F) Quantification of BODIPY level (E) and representative flow cytometry results of
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OE-NC, OE-ZSWIM3 significantly increased the levels of
ZSWIM3 mRNA (Fig. 1C; p < 0.001) and protein (Fig. 1D;
p < 0.001), suggesting that the ZSWIM3 expression can be
manipulated through transfection means.

ZSWIM3 Increased Lipid Contents in BC Cells

As shown in Fig. 2A-D, intracellular free fatty acid
(Fig. 2A), triglyceride (Fig. 2B), phospholipids (Fig. 2C)
and cholesterol (Fig. 2D) were decreased significantly in
sh-ZSWIM3-transfected MCF7 cells, as compared with sh-
NC-transfected MCF7 cells (p < 0.01), but were ele-
vated significantly in OE-ZSWIM3-transfected MCF7 cells
when compared with OE-NC-transfected MCF7 cells (p <
0.001). Moreover, the level of BODIPY (Fig. 2E,F), which
reflects the level of intracellular neutral lipids staining, was
remarkably lower in sh-ZSWIM3-transfected MCF7 cells
than in their sh-NC-transfected counterparts (p < 0.001),
whereas OE-ZSWIM3 transfection resulted in remarkably
higher BODIPY level compared to the OE-NC-transfected
MCEF7 cells (p < 0.001). All these findings indicated that
the ZSWIM3 increased levels of lipid contents in BC cells,
playing a regulatory role in the lipid metabolism of BC
cells.

ZSWIM3 Promoted the Expression of Lipogenic
Enzymes in BC Cells

The expression of fatty acid synthesis-related markers
such as ACC1 (Fig. 3A,B), FASN (Fig. 3A,C) and SCD1
(Fig. 3A,D) was suppressed in ZSWIM3-knockdown BC
cells (p < 0.01) but promoted in ZSWIM3-overexpressing
BC cells (p < 0.001). Moreover, the levels of cholesterol
biosynthesis-related HMGCR (Fig. 3A,E) and HMGCSI
(Fig. 3A,F) were decreased in the sh-ZSWIM3 group rela-
tive to in the sh-NC group (p < 0.01). As compared to OE-
NC goup, however, OE-ZSWIM3 group exhibited increased
level of HMGCR (p < 0.001). Furthermore, as shown in
Fig. 3G, the alterations of ZSWIM3 expression did not
affect the levels of fatty acid uptake-related factor CD36
(Fig. 3A,QG) and fatty acid oxidation-related factors CPT1A
(Fig. 3A,H) and ACOX1 (Fig. 3A,1). Taken together, these
results indicated that ZSWIM3 regulated lipid metabolism
mainly by promoting lipogenesis.

ZSWIM3 Knockdown Decreased Lipid Contents in
BC Cell by Downregulating SREBF1/SREBF?2

The sh-ZSWIM3 transfection decreased SREBFI
mRNA (Fig. 4A) and protein levels (Fig. 4B,C) in BC
cells (p < 0.01, sh-ZSWIM3 vs. sh-NC), which could
be restored by OE-SREBFI transfection (p < 0.01, sh-
ZSWIM3+OE-SREBF1 vs. sh-ZSWIM3+OE-NC). Simi-
larly, the sh-ZSWIM3 transfection reduced SREBF2 pro-
tein and mRNA levels (Fig. 4D-F) in BC cells (p < 0.01
sh-ZSWIM3 vs. sh-NC), which could be reversed by OE-
SREBF?2 transfection (p < 0.01, sh-ZSWIM3+OE-SREBF?2
vs. sh-ZSWIM3+OE-NC). OE-SREBF I transfection could
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reverse the ZSWIM3 knockdown-induced reductions of free
fatty acid (Fig. 4G), triglyceride (Fig. 4H) and phospho-
lipids (Fig. 41) by upregulating SREBFI expression (p <
0.001). Similarly, the ZSWIM3 knockdown-induced de-
crease of cholesterol (Fig. 4J) was restored when SREBF?2
expression was upregulated as a result of OE-SREBF?2
transfection (p < 0.001). Accordingly, the ZSWIM3 knock-
down decreased the lipid contents in BC cells only when the
SREBF I/SREBF2 was downregulated.

ZSWIM3 Knockdown Suppressed BC Cell Growth
and Metastasis by Decreasing Lipid Biosynthesis

The cell viability (Fig. 5A) was lower in the sh-
ZSWIM3 group than in the sh-NC group (p < 0.001), which
was reversed by the SREBFI/SREBF?2 overexpression (p
< 0.001). This observation indicates that ZSWIM3 knock-
down can suppress BC cell viability by suppressing lipid
synthesis through the downregulation of SREBFI/SREBF2.
Moreover, Fig. 5B,C shows that the cell migration and inva-
sion were decreased in the sh-ZSWIM3 group, as compared
with sh-NC group (p < 0.001). Similarly, overexpression
of SREBF1/SREBF?2 could reverse the lowered migration
ability and invasiveness of BC cells (p < 0.001), indicating
that suppressing lipid synthesis is the principal mechanism
of inhibiting BC cell metastasis in the context of ZSWIM3
knockdown.

ZSWIM3 Overexpression Increased Lipid Contents in
BC Cell by Upregulating SREBFI/SREBF2

The OE-ZSWIM3 significantly increased SREBFI
mRNA (Fig. 6A) and protein levels (Fig. 6B) in BC
cells (p < 0.001, OE-ZSWIM3 vs. OE-NC), and such
elevations were reversible through sh-SREBFI transfec-
tion (p < 0.001, OE-ZSWIM3+sh-SREBFI vs. OE-
ZSWIM3+sh-NC). The ZSWIM3 overexpression-induced
spike of free fatty acid (Fig. 6C), triglyceride (Fig. 6D)
and phospholipids levels (Fig. 6E) were reversed when
SREBF I expression was downregulated by sh-SREBFI (p
< 0.001). Similarly, the increase in SREBF2 mRNA
(Fig. 6F) and protein levels (Fig. 6G) in BC cells as a re-
sult of OE-ZSWIM3 transfection (p < 0.001, OE-ZSWIM3
vs. OE-NC) could be reversed by sh-SREBF?2 trans-
fection (p < 0.001, OE-ZSWIM3+sh-SREBF2 vs. OE-
ZSWIM3+sh-NC). It was also found that the knockdown
of SREBF?2 by sh-SREBF?2 transfection can reverse the
ZSWIM3 overexpression-induced increase of cholesterol
(Fig. 6H; p < 0.001). Thus, these findings highlighted
that the increased levels of lipid contents in BC cells dur-
ing the ZSWIM3 overexpression were mediated through the
SREBF I/SREBF2 upregulation.

ZSWIM3 Overexpression Promoted BC Cell Growth
and Metastasis by Increasing Lipid Biosynthesis

In this study, we found that the ZSWIM3 overexpres-
sion promoted BC cell viability through SREBF1/SREBF2
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upregulation, which can be translated to augmented lipid
This postulation is supported by the cur-
rent finding that the increased cell viability in the OE-
ZSWIM3 group, relative to that in the OE-NC group (p

synthesis.

< 0.001; Fig. 7A), could be reversed by downregulating
SREBFI1/SREBF? (p < 0.001). Moreover, compared to the
OE-NC group, the OE-ZSWIM3 group displayed enhanced
cell migration and invasion (p < 0.001; Fig. 7B,C), which
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were reversible by SREBFI/SREBF2 downregulation (p <
0.001), indicating that ZSWIM3 overexpression promoted
BC cell metastasis by increasing lipid synthesis.

Discussion

In this study, we demonstrated that ZSWIM3 pro-
motes lipid synthesis in BC cells by upregulating SREBPI,
SREBP?2, and their target enzymes, consequently contribut-
ing to the proliferation and metastasis of BC cells. The
current set of findings lend support to the theory that
ZSWIM3 and the lipid metabolism reprogramming medi-
ated by ZSWIM3 play critical roles in BC progression.

The elevated de novo synthesis of fatty acid in various
types of cancers is considered a major pathway by which
cancer cells acquire fatty acid [7]. Studies have also shown
that genes that encode critical lipogenesis regulators are up-
regulated in cancers [23,24]. Moreover, some of these lipo-
genesis regulators play direct roles in cancer development
and progression. For instance, ACCl1 is involved in the
metastasis and recurrence of BC [25], and the inhibition of
ACCI1 could reduce BC cell viability and suppress BC pro-
gression both in vitro and in vivo [26]. Additionally, FASN
[27,28] and SCD1 [29,30] are associated with the acceler-
ated progression and malignancy of BC. Consistently, our
results demonstrated that the ZSWIM3 is responsible for the
viability, proliferation and metastasis of BC cells by aug-
menting the levels of ACC1, FASN and SCDI.

Furthermore, increased levels of intracellular choles-
terol are frequently detected in many types of cancers
[31,32], and thus, reprogramming cholesterol metabolism
is touted as a potential anticancer strategy [33]. For ex-
ample, both HMGCR and HMGCS1—the rate-limiting en-
zymes during cholesterol biosynthesis—participate in the
progression of cancers. The inhibition of these two en-
zymes suppresses the mevalonate pathway, leading to sup-
pressed tumor cell growth and boosted antitumor immunity
[34]. HMGCR has been proven to be the driver and a thera-
peutic target of liver cancer [35], lung cancer [36], prostate
cancer [37], etc. In this study, we discovered that both
HMGCR and HMGCSI, aside from engaging in cholesterol
synthesis, played crucial roles in BC cell progression under
the regulation of ZSWIM3.

SREBPs are central transcriptional factors for control-
ling lipid synthesis and exerting regulatory effects on can-
cers. Among the different members of SREBPs, SREBP1
and SREBP2 have specific roles in regulating fatty acid
synthesis and cholesterol synthesis, respectively [38,39].
A growing body of studies has illuminated the unexpected
functions of the SREBPs as therapeutic targets for cancers,
including BC [40—42]. In this study, we demonstrated that
ZSWIM3 increased SREBPI and SREBP2 expression in
BC cells, further proving that the fatty acid synthesis medi-
ated by SREBP1 and the cholesterol synthesis governed by
SREBP? play crucial roles in BC progression. Moreover,
we found that the knockdown of SREBPI or SREBP? atten-
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uated or even offset the ZSWIM3 overexpression-driven BC
cell progression, proving the significance of dysregulated
lipid metabolism in BC progression. These findings offer a
preliminary picture that ZSWIM3 promotes BC progression
by regulating lipid metabolism, establishing ZSWIM3 and
other lipid markers as potential therapeutic targets for BC.
This study primarily utilized the MCF7 cell line to
investigate the role of ZSWIM3 in BC progression. Al-
though MCF7 cells are widely used in BC research, their
characteristics may not fully represent the heterogeneity of
BC. Future studies could incorporate other BC cell lines
to validate the research results and ensure their generaliz-
ability. In vitro cell culture experiments were heavily re-
lied upon in the study to assess the impact of ZSWIM3 on
lipid metabolism and BC progression. While in vitro mod-
els provide invaluable insights, they may not fully repli-
cate the complexity of the tumor microenvironment in vivo.
Future research could exploit the use of animal models or
patient-derived xenografts to validate the observed effects
in a more physiologically relevant environment. Another
shortcoming of this study is the mere elucidation of the ef-
fects of ZSWIM3 on lipid metabolism regulation and BC
progression, without delving deeply into the precise molec-
ular mechanisms underlying these effects. Future mecha-
nistic studies, with a focus on elucidating downstream sig-
naling pathways and protein interactions, should be con-
ducted to complete our understanding of the role played
by ZSWIM3 in BC pathogenesis. Another direction along
which future research can exploit for validation purposes is
to explore the clinical relevance of ZSWIM3 expression lev-
els in humans’ diseased samples with BC progression. Cor-
relating ZSWIM3 expression with clinicopathological fea-
tures and patient outcomes could provide useful insights
into its prognostic significance and validate its potential as a
therapeutic target. Considering the role of ZSWIM3 in pro-
moting lipid synthesis and breast cancer progression, devel-
oping drugs to target ZSWIM3 or its downstream effectors
may be a promising avenue. Given the multifaceted nature
of BC progression, combination therapies targeting multi-
ple pathways, including lipid metabolism and other key sig-
naling cascades, may lead to more effective treatment out-
comes. Future studies could explore the synergistic inter-
actions between ZSWIM3 inhibitors and the existing anti-
cancer drugs to develop more effective treatment regimens.
Knockout or overexpression of ZSWIM3 may affect
lipid metabolism within cells, leading to an increase or de-
crease in lipid synthesis and storage. This could further
influence cell growth, proliferation, and metastatic ability,
thus affecting tumor development and progression. Long-
term knockout of ZSWIM3 may suppress the growth and
metastatic ability of BC cells, thereby slowing down tumor
progression. Conversely, overexpression of ZSWIM3 may
promote the growth and metastasis of BC cells, accelerat-
ing tumor progression. Based on these findings, longstand-
ing ZSWIM3 knockout may have a positive impact on pa-
tient health, potentially reducing the tumor burden and risk
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of disease progression in BC patients. However, overex-
pression of ZSWIM3 may increase the tumor burden and
risk of disease progression, thus negatively affecting patient
health. Thus, regulating ZSWIM3 expression to inhibit tu-
mor development and progression is a potential therapeu-
tic avenue in BC treatment. Despite the significant effects
on cell activities and lipid contents, the specific impacts of
ZSWIM3 on BC development need to be further unraveled
to identify new regulatory mechanisms involving ZSWIM3
underlying BC progression.

Conclusion

In conclusion, the ZSWIM3 plays a role in accelerat-
ing BC progression by augmenting lipid biosynthesis. The
findings in this study provide preliminary evidence of the
effect of ZSWIM3 on BC progression, as well as the in-
volvement of reprogrammed lipid metabolism as the medi-
ator of enhanced cancer cell proliferation and metastasis as
a consequence of ZSWIM3 upregulation. This study also
offers some new insights into establishing the molecular
mechanism involving ZSWIM3 and other related lipogenic
proteins as therapeutic targets for BC treatment.
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