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Background: Prostate cancer (PCa) is the most common type of cancer in men. Destruction of or blocking
lipid metabolism impairs the growth, proliferation, and survival of tumor cells. Recent studies on hepatic
steatosis suggest that kinase tethers histone-lysine N-methyltransferase 2D (KMT2D) to peroxisome
proliferator-activated receptor gamma (PPARY), transactivating its target genes. Here, to determine a
therapeutic approach that may interfere with PCa lipid metabolism, the interaction mechanism of KMT2D
and PPARY was verified in PCa.

Methods: Molecular techniques and bioinformatics analysis were used to explore the relationship between
KMT2D and lipid metabolism pathways in PCa. Moreover, the changes of lipid droplets were detected
by oil red O staining and BODIPY staining. Molecular techniques were used to investigate the effect of
KMT2D on PPARYy signaling in PCa cells. Co-immunoprecipitation (Co-IP) and DNA pull-down verified
the mechanism of interaction between KMT2D and PPARy.

Results: KMT2D knockdown reduced the lipid droplet content in PC-3 and DU-145 cells and
downregulated the expression of lipid metabolic genes. Low-dose rosiglitazone (ROSI) effectively activated
the PPARy pathway to promote lipid droplet synthesis and cell proliferation and migration. However, ROSI
could not function effectively after KMT2D knockdown. Both co-IP and DNA pull-down analyses showed
that KMT2D and PPARY could be tethered to regulate the expression of PPARy target genes.
Conclusions: In PCa, KMT2D interacted with PPARy, which directly participated in the regulation of
lipid metabolism-related genes and affected lipid synthesis. Therefore, inhibiting the interaction between
KMT?2D and PPARY is a potential therapeutic strategy.
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Introduction

Currently, prostate cancer (PCa) is the most common type
of cancer in men, with more than 350,000 related deaths
worldwide every year (1). It has become one of the hot spots
in the field of cancer research in men. There are various
treatment methods for early localized PCa, which include
radical surgical resection, radiotherapy, chemotherapy, and
androgen deprivation therapy (ADT) (2). Life expectancy
may be as high as 99% over 10 years for men with localized
PCa, as well as in patients who are actively receiving
treatment, if diagnosed at an early stage (1). However,
patients with advanced PCa (distant metastases) have a poor
overall survival rate of only 30% over 5 years (1). There is
an urgent need to further explore PCa treatment direction.
A recent study reported that the levels of more than 20 lipid
metabolites are upregulated during PCa development (3).
The role of lipid metabolism in PCa development may be
more important than expected, and hence, it may be crucial
in PCa diagnosis and treatment. An increase in the levels
of various lipid metabolizing enzymes, such as fatty acid
synthase (FASN), promotes the upregulation of fatty acids,
cholesterol, phospholipids, and androgens (4). Additionally,
it enhances the invasion ability of cancer cells (5). Although
numerous studies have analyzed the role of lipid metabolism
in PCa, the specific underlying mechanism remains unclear
and requires further exploration (3,6,7).

Histone-lysine N-methyltransferase 2D (KMT2D) is
a member of lysine methyltransferase 2, which belongs to
the mixed-lineage leukemia family. It methylates histone
H3 lysine 4 (H3K4) to promote genome-wide accessibility
and transcription (8). Moreover, KMT2D also acts as a
major enhancer regulator and translates various biological
processes such as regulation of development, differentiation,
metabolism, and tumor suppression in mammalian cells (9).
Exome sequencing studies have shown that KM72D is one of
the most frequently mutated genes in many types of human
cancers (10-14). Our laboratory has focused on KMT2D
involvement in PCa pathogenesis (15). In a previous study,
it was found that KM'T2D is highly expressed in PCa cases
and is associated with a poor prognosis. Interestingly, in
recent studies of hepatic steatosis, KMT2D plays a key role
in this lipid metabolism process and that it may be mobilized
to the sequences of multiple target genes related to lipid
metabolism by peroxisome proliferator-activated receptor
gamma (PPARYy) (16). Adipogenesis and hepatic steatosis
share a similar gene regulatory program (17). However, the
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role and mechanism of KMT2D in lipid metabolism remain
unclear in PCa.

Here, KMT2D was found to be directly involved in the
regulation of PPARYy lipid metabolism, which affected PCa
cell growth and proliferation. Mechanistically, KM'T2D
promoted oncogenic and abnormal lipid metabolism in
PCa cell lines by forming a complex with PPARy. Thus,
the inhibition of KMT2D and PPARY expression may be
an interesting PCa treatment strategy. We present the
following article in accordance with the MDAR reporting
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-431/rc).

Methods
Cell culture

The Human PCa cell lines of DU145 (CC1201, Cellcook,
Guangzhou, China), PC3 (CC1202, Cellcook, Guangzhou,
China), and LNCaP (CC1204, Cellcook, Guangzhou,
China) were selected for this study. The cells were cultured
in RPMI1640 medium (Invitrogen, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (Gibco,
Gaithersburg, MD, USA), and were grown in a humidified
37 °C atmosphere containing 5% carbon dioxide. All cell
lines tested negative for mycoplasma contamination. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Reagents

Rosiglitazone (R2408) (ROSI, A PPARy pathway agonist)
and DMSO (D2650) were purchased from Sigma (St.
Louis, MO, USA). For culture experiments, 10 pM ROSI
was dissolved in DMSO, which was further diluted in
RPMI1640 medium and added to the culture to a final
DMSO concentration of 0.1%.

KMT?2D knockdown by siRNA

As described previously (15), siRNA targeting KMT2D
was chemically synthesized (Dharmacon). PC-3, DU-
145, and LNCaP cells were transfected with siRNA using
Lipofectamine ™ 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), in accordance with the manufacturer’ instructions. The
efficiency of the knockdown was determined using reverse
transcription-polymerase chain reaction (RT-PCR) analysis.
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Table 1 Primer sequences are listed in the table
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Gene Forward Reverse

KMT2D 5'-ACCATGTGAAGAACAGGAAGAG-3' 5'-TCACCCTGGCTCAGATTAGA-3'
PPARy 5'-GACAGGAAAGACAACAGACAAATC-3' 5'-GGGGTGATGTGTTTGAACTTG-3'
FASN 5'-CAGGCACACACGATGGAC-3' 5'-CGGAGTGAATCTGGGTTGAT-3'
ACC 5'-CGGACTTCGGCAGAGGTAG-3' 5'-TGCTCTGAAATTGCCTTGG-3'
ACLY 5'-GCTGGTCCACATGAACAGG-3' 5'-GCCTTCTGGATATTCAGGACTTT-3'
GAPDH 5'-CGGATTTGGTCGTATTGGG-3' 5'-CTGGAAGATGGTGATGGGATT-3'
SREBP1 5'-CGGAACCATCTTGGCAACAGT-3' 5'-CGCTTCTCAATGGCGTTGT-3'
SREBP2 5'-CCTGGGAGACATCGACGAGAT-3' 5'-TGAATGACCGTTGCACTGAAG -3'

Real-time RT-PCR analysis

The total RNA was extracted from treated and cultured
PCa cells. Then, cDNA was synthesized from 500 ng RNA
of each sample, 2 pL. PrimeScript RT Master Mix (Takara
Bio, Otsu, Japan), and RNase-free dH,O (Takara Bio,
Otsu, Japan), which was added to a final volume of 10 pL.
The total volume (10 pL) of each PCR reaction mixture
contained 2.5 pL. SYBR Green Supermix (Takara Bio, Otsu,
Japan), 1 pLL RNase-free dH,0, 1 pL. ¢cDNA, and 10 pM
of each of forward and reverse primers. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as the
internal control. The sequences of primers are summarized
in Table 1.

Oil red O (ORO) staining

The lipid concentration of neutral triglycerides and
cholesterol esters were analyzed by ORO staining (MA0120,
Meilunbio, China). PC-3 and DU-145 cells were seeded at
2x10’ cells/well in a six-well plate. Each group of cells was
equipped with three complex pores. The cell density was
increased to approximately 80-95% to meet the staining
standard. The cell medium was discarded, and the cells
were gently rinsed with 10% phosphate-buffered saline
(P1020, Solarbio, China). Paraformaldehyde (Beyotime)
was used to fix the cells in each well at room temperature.
The samples were then washed twice with deionized water.
Approximately, 2 mL of ORO working solution was added
to each well, and the cells were stained for approximately
1.5 h. A pipette gun was used to remove the ORO working
fluid. After staining, the cells were washed thrice with
deionized water. Intracellular staining images were captured
using a microscope (Leica, Germany). After photographing,
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the deionized water was removed from the six-well plate.
Finally, 500 pL of 100% isopropyl alcohol (Beyotime) was
added to each well of the 96-well plate, and the optical
density of each well was measured at 520 nm.

BODIPY 493/503 staining

We used the BODIPY 493/503(GC42959, GLPBIO, USA)
to facilitate quantification of neutral lipid content. PC-3 and
DU-145 cells were seeded at 2x10” cells/well in a six-well
plate. Each group of cells was equipped with three complex
pores. The cell density was increased to approximately
80-95% to meet the staining standard. Then, we stained

and performed fluorescence photography according to the
kit’s method.

The ProteinSimple analysis and Western blotting analysis

After treatment, the total protein was extracted on ice, as
described previously (15). The ProteinSimple analysis (also
called western immunoassay, Wes) (San Jose CA, USA) was
performed for this study to analyze the expression levels
of proteins, as described previously (18). All procedures
were performed using the reagents in accordance with the
manufacturer’s instructions. Briefly, 2 pLL 5x fluorescent
mixture was mixed with 8 pL. protein lysate, then diluted
to a concentration of 0.5-1 pg/pL, and finally heated at
95 °C for 5 min. The chemiluminescence substrates were
distributed into the holes of the specified enzyme plate to
avoid the formation of bubbles during the process. The
enzyme plate was loaded into the instrument, and proteins
were inhaled into a 14 or 25 capillary cartridge supplied by
the manufacturer (Jess/Wes Separation 12-230 kDa 8x14 or
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8x25 capillary cartridge kit). Using default settings, protein
separation and immunodetection were automatically
performed in individual capillaries. The obtained data were
analyzed using the COMPASS software (ProteinSimple,
San Jose, CA, USA). The peak intensity of the target
protein (area under the curve) was normalized to that of the
vinculin peak. Primary antibodies, which included FASN
(#3180, 1:1,000), acetyl-CoA carboxylase (ACC, #3676,
1:1,000), and ATP citrate lyase (ACLY, #13390, 1:1,000),
were purchased from Cell Signaling Technologies, and
GAPDH was purchased from Santa Cruz Biotechnology.

Co-immunoprecipitation (Co-IP) assay

After PC-3 or DU-145 cells were extracted, samples
were then incubated with the anti-KMT2D (Sigma,
#HPA035977) or a control normal rabbit immunoglobulin
G antibody overnight at 4 °C on a rolling platform. Protein
A beads (Bimake, USA) were added to the sample for 2 h at
4 °C; then the sample was washed six times using a washing
buffer (Bimake, USA). The target protein was eluted
from these beads using a 2x sodium dodecyl-sulfate (SDS)
polyacrylamide gel electrophoresis loading buffer for 5 min.
The IP samples were detected by western blotting. KM'T2D
was validated by electrophoresis in 6% SDS polyacrylamide
(Meilunbio, China); 10% SDS polyacrylamide (Meilunbio,
China) was used for other proteins. The proteins were then
transferred on to a polyvinylidene difluoride membrane
(0.2 pm) (Millipore, Bedford, USA). The primary antibodies
used included KMT2D (Sigma, #ABE1867), KMT2D
(Santa Cruz, #sc-293217), PPARy (CST, #2443S), and
GAPDH (Santa Cruz, #sc-47724).

DNA pull-down assay

Biotinylated PPAR response element (PPRE) DNA
fragments were prepared using PCR and biotinylated
primers by GZYXBIO Company (Guangzhou, China).
DNA pull-down assay was performed as follows: magnetic
beads bound to labeled DNA streptavidin were incubated
with nuclear proteins overnight, and the bead-probe-
protein complex was washed with 1 mL wash buffer.
Next, the magnetic beads were resuspended in 200 pL 1x
SDS loading buffer and denatured at 95 °C for 10 min.
Finally, the primary antibodies were added, which included
KMT?2D (Proteintech, #27266-1-AP) and PPARy (CST,
#2443S). The PPRE region motif search was conducted
using the MEME website (https://meme-suite.org/meme/).
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MEME is one of the most widely used tools for discovering
new transcription factor-binding sites and protein domains.

Wound bealing assay

On the first day, PC-3 cells were seeded in a six-well culture
dish. On the following day, the cells were transfected
with siRNA using Lipofectamine™ 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.), in accordance with the
manufacturer’s instructions. Twenty-four hours after
transfection, the cells were cultured to 100% fusion, and
then tested against the control group. The extent of wound
closure was calculated using Image]J. Data are shown as
the mean = standard deviation (SD) of three independent
experiments.

Cell viability assay

The PC-3 control and PC-3 KMT2D-knockdown cells
were placed in a 96-well plate and treated with 10 pM
ROSI (Sigma; St. Louis, MO, USA) or DMSO (Sigma; St.
Louis, MO, USA). The cell viability assay was performed
using a cell counting kit (CCK-8) (Fdbio Science, China),
in accordance with the manufacturer’s instructions. The
absorbance of the sample was measured at 450 nm.

Bioinformatics analysis

Gene expression of different sample types (496 PCa tissues
and 52 normal prostate tissues) was obtained using the
transcriptome data provided by The Cancer Genome Atlas
(TCGA) database. Data of GSE60396 and GSE38341
were obtained from the GEO database. The Limma
package (version: 3.40.2) of R software was used to study
the differential gene expression of mRNAs. Spearman
correlation analysis was used to analyze KM7T2D expression
and the typical gene expression of the lipid metabolism
pathway. The correlation map was displayed using the
R software package heatmap. Enrichment analysis was
performed using the R package clusterProfiler (version
3.14.3) to obtain the results of gene set enrichment.
Mutations in KMT2D and PPARy in PCa were analyzed
using the Cbioportal website (https://www.cbioportal.org/).
target genes of PPARy were validated using CistromeMap
(https://cistrome.org/db/). The immunohistochemical
profiles of normal prostate tissue and PRAD (Prostate
adenocarcinoma) were derived from the Human Protein
Atlas (https://www.proteinatlas.org/).
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Statistical analysis

Data from multiple experiments are expressed as the mean
+ SD. All data were analyzed using statistical software, and
statistical differences between two groups (P values) were
calculated using a Student’s #-test. P values for more than
three groups were calculated using GraphPad Prism 8.0 and
one-way analysis of variance. P<0.05 indicated significant
difference.

Results
KMT?2D knockdown in PCa cells inhibits lipogenesis

In our previous study (15), the KM'T2D expression in 46
PCa tissues was higher than that in normal tissues, and
high levels of KMT2D are associated with poor disease
prognosis. In this study, we first validated the KMT2D
expression in the GSE60396 and GSE38341 PCa datasets,
and the results supported our previous study (Figure 1A).
The protein expression levels of KMT2D and PPARG
were collected from the immunohistochemical staining
results of the Human Protein Atlas database (Table S1),
and several representative pictures of KM'T2D and PPARG
in normal prostate tissues and PCa tissues were selected
and listed in Figure 1B. Overall, in these tissues, the levels
of the expression of KMT2D and PPARG proteins were
higher in tumor tissues than in normal tissues. Then,
we knocked down KMT?2D significantly in the human
PCa cell lines PC-3 and DU-145 (Figure 1C). ORO is a
lysochrome and a fat-soluble dye used to stain triglycerides
and lipoproteins (19). It is difficult to ionize, which renders
it highly soluble in lipids. The PCa cells were then grouped
for ORO staining and relative quantification (Figure 1D).
Moreover, BODIPY 493/503 has specific recognition of
neutral lipid content, and we further stained and verified
the changes in lipid droplet in these two PCa cell lines
(Figure 1E). The results demonstrated that KMT2D
knockdown significantly reduced the lipid droplet content
of PCa cells. Therefore, we hypothesized that KMT2D
and lipid metabolism are linked to PCa.

KMT?2D knockdown inbibits the expression of genes
related to lipid metabolism in PCa

Here, PCa samples from TCGA database were used for
bioinformatics analysis, we compared the differential genes
in patients with high- and low-expression of KMT2D (cut of
50%) and performed KEGG and GO functional enrichment
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analysis, which identified many significant pathways,
including lipid-related pathways and fatty acid metabolism-
related pathways (Figure 24,2B). Among them, 11 genes
were enriched in the fatty acid metabolic pathway (P<0.05).
Correlation analysis showed that KM7T2D expression was
significantly correlated with FASN, ACC, SCD, and ACLY
expression (Figure 2C). To further demonstrate the effect of
KMT2D on lipogenesis, the mRNA levels of ACC, ACLY,
and FASN after KMT2D knockdown were quantified
in PC-3 and DU-145. The results showed a significant
decrease in transcript levels (Figure 34,3B). In addition,
we also analyzed the changes in lipid metabolism-related
protein levels after KMT2D knockdown in PC-3 cells.
These results showed that both ACC and ACLY protein
levels were downregulated after KM'T2D knockdown
for 48 h (Figure 3C). Apparently, KMT2D affected lipid
metabolism-related genes in PCa. According to related
reports, sterol regulatory-element binding protein 1/2
(SREBP1/2) and PPARy are important protein regulatory
centers in lipid metabolism (20,21). However, we further
detected that there was no significant change in SREBP1/2
with the knockdown of KMT2D (Figure 3D).

Critical roles of KMT2D in PPARy transcriptome-induced
changes in PCa cells

Although our study did not find that KM'T2D affected
the transcript levels of SREBP1/2, and some studies did
not detect the interaction of the KMT2D complex with
SREBP1 and SREBP2 (16,22). Therefore, we speculated
that KMT2D affected lipogenesis in PCa, possibly through
the PPARy pathway. Here, ROSI, a PPARy synthesis
agonist, was used to initially explore the role of KMT2D
upstream or downstream of the PPARy lipid metabolism
pathway. After ROSI treatment for 24 h (10 pM), the
control group (PN) showed a significant increase in the
lipid droplet content compared with the knockdown group
(PK) (P<0.001). Additionally, the lipid droplet content in
the knockdown group after ROSI treatment (PK-ROSI) was
not significantly different from that in the control group
after DMSO treatment (PN-DMSO) (P>0.05, Figure 4A4).
Further analysis of the transcriptional expression level of
PPARy, we found that compared with PN-DMSO cells,
ROSI or DMSO treatment made the activities of PN-ROSI,
PK-DMSO and PK-ROSI become 2.5, 0.5, 0.7 times (PN-
DMSO expression level is set to 1) (Figure 4B). The ROSI
cannot effectively induce the increase of PPARYy expression
after KMT2D knockdown. These results indicate that
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Figure 1 KMT2D knockdown in PCa cells inhibits lipogenesis. (A) KMT2D expression level analyzed in GSE60396 and GSE38341 from
GEO. (B) Protein expression of KMT2D and PPARy in PRAD and normal prostate tissue assessed by IHC (Human Protein Atlas data),
Scale bars: 200 pm. (C) KMT2D expression levels in PC-3 and DU-145 cell lines after knockdown. The siRNA of #1 is more effective,
and “#1” was chosen for all subsequent experiments. (D) Intracellular lipid levels were measured using Oil red O staining and quantified
using a spectrophotometric method after adding isopropanol. Scale bars: 200 pm. (E) Determination of the effect of KMT2D on the lipid
content of prostate cancer cells using the BODIPY 493/503 lipid fluorescent dye kit. BODIPY 493/503 fluorescence in green, and nuclear
DAPI staining in blue. The experiments were repeated thrice with biological replicates. Errors are expressed as standard deviation. **P<0.01,
***P<0.001 vs. the control group. KMT?2D, kinase tethers histone-lysine N-methyltransferase 2D; PCa, prostate cancer; PPARy, peroxisome
proliferator-activated receptor gamma; IHC, immunohistochemistry; GEO, Gene Expression Omnibus; ORO, Oil red O staining.
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Figure 2 The correlation between KMT2D and PPARYy is obtained through bioinformatics. (A,B) Differentially expressed genes were

screened in groups [patients with high and low KMT2D expression groups (cut 50%), n=496], and functional enrichment analysis of
DEGs was performed, including (A) GO enrichment analysis and (B) KEGG enrichment analysis. The results showed that KMT2D is
associated with lipid metabolism and fatty acid metabolic pathways. (C) Spearman correlation analysis of KMT2D with fatty acid metabolic

signaling pathway genes showed a significant positive correlation between KMT2D expression and FASN, ACC, SCD and ACLY. Errors
are expressed as standard deviation. ***P<0.001, ****P<0.0001. KMT2D, kinase tethers histone-lysine N-methyltransferase 2D; PPARy,

peroxisome proliferator-activated receptor gamma; GO, Gene Ontology; Corr, coefficient of correlation; TCGA, The Cancer Genome

Atlas; KEGG, Kyoto Encyclopedia of Genes and Genomes.

KMT2D knockdown reduced the agonistic effect of ROSI
on lipid synthesis in the PPARY pathway. Thus, KMT2D
plays an important role in PPARY transcriptional activation.
Additionally, after ROSI treatment of PC-3 cells in the
knockdown group, the mRNA levels of ACC, ACLY, and
FASN and the protein levels of PPARy, ACC, and ACLY
were not as high as those in the control group after ROSI
treatment (P<0.05, Figure 4C,4D).

As KMT2D knockdown caused disturbances in the lipid
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metabolism of cells, we speculated that this is related to the
cancer-promoting effect of KMT2D in PCa. The CCK-
8 cell proliferation analysis revealed that the proliferation
activity in ROSI-treated cells was significantly higher than
that in the DMSO-treated cells in the control group (P<0.05,
Figure 4E). However, in the KMT2D knockdown group,
no significant difference was found in the proliferation
activity between the ROSI-treated and DMSO-treated
cells (P>0.05). Next, the effect of ROSI on the migration
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ability of PC-3 control and KMT2D knockdown cells
was evaluated (Figure 4F); the results revealed that ROSI
promoted cell migration in the control group (P<0.05),
whereas KMT2D knockdown cells did not show a
significant difference in cell migration.

The PPARy-KMT?2D complex is a key regulator for PCa
lipid metabolism

In the study of hepatic steatosis, BL1 kinase binds KM'T2D
to PPARY to form the KMT2D-PPARy complex, where
KMT2D plays a demethylation regulatory role (16).
Adipogenesis and hepatic steatosis share a similar gene
regulatory program (17). Combined with above findings, our
finding suggests that there may be similar KM'T2D-PPARy
binding in PCa. In addition, Mutually-exclusive tumor-driver
genes often have the same Pathway. We analyzed the genetic
variation in the cohort of PCa patients by using cBioPortal,
and found that even though the total mutation ratio of
KMT2D and PPARy was only 6% and 1%, interestingly,
the mutations of PPARy and KMT?2D in the cohort of PCa
presented obvious “mutual exclusion” (Figure 54).

"To verify this hypothesis, the Co-IP assay was performed
using PC-3 and DU-145 cells to further determine the
underlying mechanism (Figure 5B). We then performed
DNA pull-down experiments and still found PPARy and
KMT?2D present in the pull-down protein by western
blotting (Figure 5C,5D). The findings suggest that PPARy
acted as a transcription factor that recruited KMT2D
to its target genes. In the above-mentioned study on the
KMT2D-PPARY complex (16), it was also proposed that
KMT2D induces PPARYy expression because PPARYy itself is
a target of the PPARy-KMT2D axis. Therefore, to further
verify whether there was a similar mechanism in PCa, the
PPARy mRNA and protein levels of PC-3, DU-145, and
LNCaP cells after KMT2D knockdown were examined
(Figure SE,5F). The results showed that PPARY expression
was downregulated when KMT2D was knocked down.

Discussion

Because androgen receptor (AR) is the main driver of
PCa, some patients with advanced PCa who cannot be
cured by surgery or radiation mainly opt for endocrine
therapy targeting androgens or ARs. The progression
to castration-resistant PCa is often inevitable, which
requires a combination of anti-androgenic drugs such
as enzalutamide and abiraterone. Furthermore, from a
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metabolic point of view, men treated with ADT experience
increased obesity and metabolic syndrome, with an increase
in the total cholesterol, triglyceride, and high-density
lipoprotein concentrations (23). Thus, disease progression
is significantly associated with lipid-specific changes in
patients with PCa. In the treatment of advanced PCa,
there is an urgent need to identify cellular pathways that
allow tumors to escape anti-androgen therapy. Studies
have shown that a high-fat diet plays an important role
in PCa progression (21,24,25). Lipid metabolism rebinds
the PCa metabolome to support growth and resistance
to various endocrine therapy drugs; however, the exact
mechanism remains unclear. Therefore, further studies
on lipid metabolism in PCa may provide new therapeutic
opportunities for patients with advanced PCa. Combined
with our above study, we speculated and confirmed that
KMT2D participates in the PCa lipid metabolism pathway
and plays an important role in regulating transcription.

In the presence of ligands, the PPARy-retinoid X
receptor (RXR) complex will be activated in the nucleus,
bind to the PPRE sequence of the target gene promoter,
and participate in the regulation of the transcription of
the downstream target gene. However, the mechanism of
this process after PPARYy enters the nucleus needs to be
further explored. Related research has shown that when
PPARY is activated, it suppresses the growth of pancreatic,
biliary, oral, esophageal, gastric, and colorectal tumor
cells (26). Paradoxically, PPARY plays a role in promoting
PCa progression. For example, increased PPARy and
cutaneous fatty acid-binding protein expression levels are
associated with an increase in the malignant phenotype of
PCa cells (27). PPARY may also be used as a modulator of
AR, and inhibiting PPARY expression leads to a decline in
PCa growth and proliferation (28). Our research further
supports the hypothesis that PPARy is an oncogene,
which is also the mainstream view. After KMT2D
knockdown, a decrease in the PPARYy level, expression
of lipid metabolism pathway downstream genes, and the
lipid droplet content in PCa cells was observed. Even
with low-dose ROSI treatment, PC-3 cells with KMT2D
knockdown could not fully recover their proliferation and
migration viability.

As a ligand of PPARy, ROSI binds to PPARY and causes
conformational changes in PPARYy. Regardless of the
concentration, ROSI stimulates apoptotic factors, such
as p53 and PTEN, and inhibits anti-apoptotic factors,
such as BCL-2/BCL-XL, in a PPARy-independent
manner to induce cell apoptosis (26). However, low ROSI
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concentrations (5-10 pM) induce the activation of PPARy,
increase lipid droplet production and energy supply (29),
and reduce or even offset cancer cell apoptosis. In this
study, we found that ROSI activated PPARY to increase the
lipid droplet content in PC-3 cells. However, after KM'T2D
knockdown, the effect of ROSI treatment became limited,
which illustrated the effect of KMT2D on the activation
of the PPARy pathway (Figure 44-4C). It is worth noting
that the protein level of FASN, which did not fluctuate
significantly in the four groups, and its mRNA level after
ROSI treatment was nearly the same in the knockdown
and control groups. We hypothesize that there are two
reasons for this. First, several studies have reported that
the correlation between PPARy and FASN is abnormally
significant (30,31). Although the PPARY levels decrease
after KM'T2D knockdown, the remaining levels promote
the normal translation of FASN. Second, as an important
lipid synthesis gene, FASN might be regulated by core
lipid metabolism proteins, such as PPARy and SREBP.
Therefore, after the downregulation of the PPARy pathway,
other pathways receive feedback and supplement FASN
protein levels.

Because AR itself regulates fatty acid metabolism, there
may be cross-regulation of some adipogenic genes in AR-
positive PCa cells. However, PC-3 and DU-145 cells are
AR-negative, which allows the use of these cells to further
clarify that, in addition to AR genes, PPARY also directly
controls adipogenic genes to regulate PCa cell growth (32).
However, as a 593 kDa super large protein complex,
KMT?2D presents many challenges in the selection of
antibodies and the exploration of its mechanism. Through
Co-IP analysis, PPARy and KMT2D bound to each other
to regulate the transcription of PPARy downstream target
genes in PCa cells. Chromatin immunoprecipitation
sequencing (CHIP-seq) was used to analyze whether there
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was a KMT2D peak in the region of the PPARy-binding
site. However, even though this technology was familiar,
we had to rely on bioinformatics analysis because we could
not find suitable antibodies and conditions conducive to
effective CHIP. Based on the analysis of the Meme website,
the motif of PPRE was determined, and DNA pulldown
analysis was performed, which demonstrated once again
that PPARy and KMT2D bound to each other in the
promoter regions of PPARYy target genes and had a role in
transcriptional regulation. Overall, these two pieces of data
indicated that PPARYy, as a major transcription factor in
lipid metabolism, recruited KMT2D to target genes (Figure
5B-5D). As H3K4 methylation is presumably associated
with gene activation (33), it will be particularly interesting
to investigate the roles of KMT2D and the potential
synergy of the associated H3K4 methyltransferase activities
and regulation of the PPARy pathway during adipogenesis.
However, this hypothesis has not been confirmed, and
detailed discussion with other researchers is necessary in
the future.

In summary, the key link between PCa lipid metabolism
and its therapeutic goals is to identify upstream regulators
that affect tumor metabolism (34). Our study showed
that KMT2D participated in the upstream pathway of
PPARy lipid metabolism to regulate the transcription and
translation of PPARy and downstream genes associated with
lipid metabolism and affected lipid synthesis in cancer cells
(Figure 6). ROSI induces apoptosis in androgen-dependent
and hormone-refractory tumors (26). However, clinical
studies have shown that ROSI is ineffective as monotherapy
for PCa treatment (35). Researchers have proposed that
imatinib may antagonize KM'T2D and PPARy binding (16),
but it has not been discussed in depth in PCa, and drug
development targeting lipid metabolism in advanced PCa
will require time.
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Supplementary

Table S1 Immunohistochemical staining results of KM'T2D and PPARG proteins obtained by Human Protein Atlas in normal prostate tissues and

prostate cancer tissues

Cancer (cases)

Protein Normal Antibody
High Medium Low Not detected
KMT2D Low 9 (90%) 1(10%) HPA035977
PPARG Not detected 7 (63.6%) 4 (36.4%) CAB004282
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Figure S1 The mRNA expression levels of KMT2D and PPARY in prostate cancer cell lines. (A,B) The transcription levels of PPARy
and KMT2D in CCLE database. (C) The mRNA expression levels of PPARy by RT-PCR. KMT2D, kinase tethers histone-lysine
N-methyltransferase 2D; PPARY, peroxisome proliferator-activated receptor gamma; CCLE database, Cancer Cell Line Encyclopedia

database; RT-PCR, reverse transcription-polymerase chain reaction.
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Figure S2 Expression of KMT2D in TCGA database. (A) Expression levels of KMT2D in tumor and paracancer samples in TCGA; (B) with
the increase of Gleason score, the expression levels of KMT2D and PPARy were significantly increased in TCGA. KMT2D, kinase tethers
histone-lysine N-methyltransferase 2D; TCGA, The Cancer Genome Atlas; PPARY, peroxisome proliferator-activated receptor gamma.
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