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Objective: To explore the effects of protein arginine methyltransferase 5 (PRMT5) on the

biological function of breast cancer cells (BCCs) by regulating the liver X receptor α

(LXRα)/NF-κBp65 pathway.

Methods: A total of 80 patients with breast cancer (BC) admitted to our hospital were

collected, and 80 breast cancer tissue specimens and 80 corresponding tumor-adjacent tissue

specimens were sampled from them for analysis. The reverse transcription-polymerase chain

reaction (RT-PCR) was employed to determine the expression of PRMT5 mRNA in the

sampled tissues, and the Western blot to determine the expression of LXRα and NF-κBp65

proteins in the tissues and cells. The patients were followed up to analyze their 3-year

survival rate. Stable and transient overexpression vectors and inhibition vectors were con-

structed and transfected into BCCs. The cell counting kit-8 (CCK8), transwell, and flow

cytometry were adopted to analyze the proliferation, invasion, and apoptosis of transfected

cells, on which the effects of PRMT5 on LXRα and NF-κBp65 proteins were analyzed.

Results: PRMT5 was highly expressed in BC patients, and LXRα was lowly expressed in

them, which had a high diagnostic value. Patients with high expression of PRMT5 showed

a poor prognosis, and the expression of PRMT5 was related to the tumor size, pathological

stage, differentiation, and metastatic in BC patients. Overexpressed PRMT5 enhanced the

cell proliferation, invasion, and glycolysis abilities, weakened apoptosis ability, further

lowered expression of LXRα and increased expression of NF-κBp65, while inhibited

PRMT5 caused opposite results in those aspects. Up-regulating the expression of LXRα

suppressed the proliferation, invasion, and aerobic glycolysis of BCCs and promoted their

apoptosis, while inhibiting it posed opposite effects. The rescue experiment revealed that

down-regulating the expression of PRMT5 could counteract the promotion of down-

regulation of LXRα on proliferation, invasion and glycolysis of BCCs, and the nude

mouse tumorigenesis test revealed that PRMT5 induced tumor on nude mice by mediating

LXRα/NF-κBp65.

Conclusion: Inhibition of the PRMT5 expression can accelerate apoptosis of BCCs and

weaken their proliferation, invasion, and aerobic glycolysis through the LXRα/NF-κBp65

pathway.
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Introduction
Breast cancer (BC) is a prevalent malignant tumor among women, whose incidence

is gradually increasing in recent years with the changes of social environment and

living habits.1 With the progress of medical technology in recent years, the
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diagnosis and treatment of BC have been greatly

improved. However, due to the proliferation and metasta-

sis of breast cancer cells (BCCs) remaining after

chemotherapy, BC patients still face a relatively high

recurrence rate and metastasis rate after being treated,

which is the main death cause of them.2,3 Therefore, it is

still a great clinical challenge to deal with the recurrence

and metastasis of BC, and it is of great clinical signifi-

cance to find alternative therapies to replace traditional

chemotherapy methods in solving the recurrence and

metastasis caused by chemotherapy resistance.4

A previous study reported that the disorder of histone

lysine methylation intensified the invasiveness of BCCs.5

Protein arginine methyltransferase 5 (PRMT5), a member

of the PRMT family, has been proved to have high expres-

sion in various tumors such as lung cancer and bladder

cancer.6,7 A previous study concluded that PRMT5 could

promote the growth of tumor cells and inhibit apoptosis of

them by regulating carcinogenesis and apoptosis signal

transduction.8 At present, PRMT5 is under investigation

as a potential therapeutic target for cancer in clinical

practice, so the mechanism of it in tumor also becomes

the focus of basic research. In the procession of tumors,

due to the nutritional supply disorder caused by abnormal

oxygen and blood vessels, tumor cells have to undergo

metabolic reprogramming to maintain their proliferation,

and the main characterization of metabolic reprogramming

is aerobic glycolysis.9 A previous study revealed that

PRMT5 could intensify the glycolysis of pancreatic

cancer,10 but there was no study on the effect of PRMT5

on the metabolism of BC and its mechanism. Liver

X receptor α (LXRα), as a member of the nuclear receptor

family, plays an important role in glucose metabolism and

inflammatory response,11 and in recent years, a study has

found its important role in the development and progres-

sion of tumors. For example, one study found that regula-

tion of the LXRα pathway could suppress the proliferation

of colon cancer cells,12 and one other study pointed out

that the LXRα pathway may be related to apoptosis of

BCCs promoted by 7-ketocholesterol.11 However, there is

no study on the relationship between PRMT5 and

LXRα yet.

In this study, we explored the influence of PRMT5 on

the biological function and aerobic glycolysis of BCCs and

its possible mechanism, so as to provide a more theoretical

basis for targeted therapy of BC.

Materials and Methods
A total of 80 BC patients undergoing mastectomy from

July 2014 to March 2016 in The First Affiliated Hospital

of Jinzhou Medical University were collected, and 80 BC

tissue specimens and 80 corresponding tumor-adjacent

tissue specimens were sampled from them with their con-

sent. The specimens were stored in liquid nitrogen jars,

and information about the patients is shown in Table 1.

The inclusion criteria of the patients were as follows:

Patients diagnosed with BC based on pathology for the

first time. The exclusion criteria of them were as follows:

Patients who had received radiotherapy and chemotherapy,

patients comorbid with one of the malignant tumors,

patients with severe liver or kidney dysfunction or

a severe infectious disease, and those who refused to

provide experimental specimens. All patients and their

families agreed to participate in the experiment and signed

informed consent forms. This experiment has been

approved by the Ethics Committee of The First Affiliated

Hospital of Jinzhou Medical University, and in line with

the Declaration of Helsinki.

All animal experiments were conducted in accordance

with policies of the NIH Guide for the Care and Use of

Laboratory Animals and the Institutional Animal Care and

Use Committee (IACUC) of the First Affiliated Hospital

of Jinzhou Medical University. Specific protocols used in

this study were approved by the First Affiliated Hospital of

Jinzhou Medical University IACUC.

Experimental Materials and Reagents
BCC lines (CF-7, SKBR-3, MDA-MB-231, and BT-20)

and human normal breast cells (Hs 578Bst) (American

Type Culture Collection (ATCC), Rockville. Maryland,

Table 1 Primer Sequences

Factor Upstream Primer Downstream Primer

PRMT5 5’-CACCTTCAGCCATCCCAACAGAG-3’ 5’-CCATGAGAACATCCCAGGAGAGTG-3’

LXRα 5’-AGA ACA GAT CCG CCT GAA GA-3’ 5’-CCT CTC GAT CAT GCC CAG TT-3’

NF-κBp65 5′-ACAACCCCTTCCAAGTTCCT −3′ 5′-TGGTCCCGTGAAATACACCT-3′

β-Actin 5’-CCTGACGGCCAGGTCATCACCAT −3’ 5’-ACGGAGTACTTGCGCTCAGGAGGA −3’
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the United States), dulbecco’s modified eagle medium

(DMEM) (Gibco, Waltham, Massachusetts, the United

States), quantitative real-time polymerase chain reaction

(qRT-PCR) and reverse transcription kits (Beijing

TransGen Biotech Co., Ltd., China), cell counting kit-8

(CCK8) (Beyotime Biotechnology, Shanghai, China),

Transwell kit (Shanghai Fanke Biotechnology Co., Ltd.),

phosphate buffer saline (PBS) and fetal bovine serum

(FBS) (Gibco Company, the United State), Trizol reagent

(Beijing Biolab Technology Co., Ltd.), dual luciferase

reporter assay kit (Beijing Biolab Technology Co., Ltd.),

radio Immunoprecipitation assay (RIPA) and bicinchoninic

acid (BCA) kits (Thermo Scientific Company, the United

States), Annexin V-FITC/PI apoptosis kit (Beijing Jiamay

Nuno Biotechnology Co., Ltd.), and glucose assay kit and

lactic acid assay kit (Sigma-Aldrich), PRMT5, LXRα, NF-
κBp65, Glut1, HK2, LDH-A, Caspase-3, Bax, Bcl-2, and
β-Actin antibodies (Abcam Company, the United States,

109451, 41902, 16502, 115730, 257118, 101562, 197202,

32503, 185002, and 8226), goat anti-rabbit immunoglobu-

lin G (IgG) secondary antibody (Wuhan BOSTER

Biological Technology Co., Ltd.), electrochemilumines-

cence (ECL) developer (the Thermo Company), and poly-

merase chain reaction (PCR) instrument (ABI company,

the United States). All primers were designed and synthe-

sized by Shanghai Sangon Biotech Co., Ltd.

Cell Culture and Transfection
The human BCC lines (MCF-7, SKBR-3, MDA-MB-231,

and BT-20) and human normal breast cells (Hs 578Bst)

were cultured in DMEM containing 10% FBS, and then

the expression of PRMT5 in each cell line was detected.

Subsequently, the targetedly inhibited RMT5 RNA (si-

PRMT5), targetedly overexpressed PRMT5 RNA (sh-

PRMT5), Si-LXRα, Sh-LXRα, and negative control RNA

(Control) were used to transfect MCF-7 and SKBR-3 cells,

respectively, with a Lipofectamine™ 2000 kit in strict

accordance with the kit instructions.

Real-Time Quantitative PCR
The total RNA was extracted from 100 mg of tissues and

3x106 cells using the Trizol reagent according to the man-

ufacturer’s instructions, and then 5 μg of total RNA was

sampled from the extracted total RNAs, respectively, and

reversely transcribed into cDNA according to the kit

instructions. Then, 1 μL of synthetic cDNA was taken

for amplification after reverse transcription. The amplifica-

tion system consisted of 20 µL of the total volume

containing 1μL of cDNA, 0.4 μL of 2 umol/L upstream

primers, 0.4 μL of 2 umol/L downstream primers, 10 μL of

2X TransScript® Tip Green qPCR SuperMix, 0.4 μL of

Passive Reference Dye (50X), and nuclease-free water to

adjust the volume. Data in this study were analyzed using

2−ΔΔct with β-Actin as internal reference. The primer

sequences are shown in Table 1.

Proliferation Assay (CCK-8)
The transfected cells were collected to prepare cell suspen-

sion, and the suspension was seeded into a 96-well plate at

4×104 cells per well with 100μL of suspension in each

well. The plate was cultured under 5% CO2 at 37°C. CCK-

8 reagent (10 μL) for cell counting was added into the

plate at 24 hrs, 38, 72, and 96 hrs after culturing.

Subsequently, the cells were cultured for another 4 hrs,

and the optical density was measured at 450 nm using

a microplate reader.

Apoptosis Assay
The transfected cells were digested with 0.25% trypsin.

After digestion, the cells were washed with PBS two

times, and then added with 100μL of binding buffer to

prepare 1*106 cells /mL suspension. The suspension was

added with AnnexinV-FITC and PI in order, incubated in

the dark at room temperature for 5 min, and finally

detected using the FACSVerse flow cytometer system.

Cell Invasion Assay
The invasion ability of cells was evaluated using the

Transwell assay. DMEM culture solution (200μL) contain-
ing 1x105 cells was added into the upper chamber, and

500 mL of DMEM containing 20% FBS was added into

the lower chamber. The plate was cultured at 37°C for 48

hrs, and the substrates and cells not passing through the

membrane surface in the upper chamber were wiped off.

The plate was washed three times, immobilized with par-

aformaldehyde for 10 mins, washed with double-distilled

water three times, and stained with 0.1% crystal violet

after being dry, and then detected with regards to cell

invasion with a microscope.

Glucose Consumption and Lactic Acid

Content
Collected cells were seeded into a 6-well plate at 3x105

cells per well, and the plate was cultured under 5% CO2 at

37°C for 48 hrs. The culture medium of the cells was
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collected for the determination of glucose consumption

and lactic acid production. The glucose and lactic acid

levels were determined using corresponding assay kits in

strict accordance with the kit instructions.

Western Blot Assay
The RIPA lysis method was employed to lyse cells and

extract the total protein. The BCA method was used to

determine the protein concentration, and the concentration

was adjusted to 4μg/μL. The protein was separated by 12%

sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE), and then transferred to polyvinylidene fluoride

(PVDF) membrane. The membrane was blocked with 5%

skim milk powder for 2 h, and then added with PRMT5

(1:500), LXRα (1:500), NF-κBp65 (1:500), Caspase-3

(1:500), Bax (1:500), Bcl-2 (1:500), Glut1 (1:500), HK2

(1:500), LDH-A (1:500), and β-Actin (1:1000) primary anti-

bodies, and blocked at 4°C overnight. The membrane was

washed to remove the primary antibody, added with horse-

radish peroxidase-labeled goat anti-rabbit secondary anti-

body (1:1000), incubated at 37°C for 1 hr, rinsed with PBS

three times, 5 mins each time. Then, the membrane was

developed in a darkroom, absorbed with filter paper to

remove excess liquid on the membrane, and made to be

luminescent with ECL and developed.

Xenotransplantation Tumor Model
Female BALB/c nude mice (5 weeks old) were raised in

sterile conditions, and 100μL of phosphate buffer with

3x106 MCF-7 cells transfected with stable Si-PRMT5

and their control plasmids were injected subcutaneously

into the dorsal subcutaneous site of them. The mice were

divided into groups (n=5), and their tumor growth was

analyzed every 7 days. The tumor volume was calculated

by the formula (volume=length × width2×0.52). After 28

days, the nude mice were euthanized, and their tumor size

and mass were accurately measured.

Statistical Analysis
In this study, the collected data were analyzed statistically

using SPSS19.0 and visualized into required figures using

GraphPad 7. Comparison between groups was analyzed

Figure 1 The expression of PRMT5 in breast cancer and its clinical significance; (A) The expression of PRMT5 mRNA in breast cancer tissues; (B) The expression of

PRMT5 protein in breast cancer tissues; (C) The expression of PRMT5 mRNA in breast cancer cells; (D) The expression of PRMT5 protein in breast cancer cells; (E)
Prognosis of patients with different PRMT5 expression. aIndicates P<0.05.
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using the independent t test, and comparison among multi-

ple groups was analyzed using the one-way ANOVA. Post

hoc pairwise comparison was subject to the LSD-t test,

and comparison in expression at multiple time points was

performed using the repeated measures analysis of var-

iance, and Bonferroni post hoc test was applied. P < 0.05

indicated a significant difference.

Results
High Expression of PRMT5 in BC
RT-PCR and Western blot assay results showed that

PRMT5 mRNA and protein levels in BC tissues and

cells were significantly up-regulated. The patients were

divided into a high PRMT5 mRNA expression group (45

patients) and a low PRMT5 mRNA expression group (35

patients) according to the average expression of PRMT5

mRNA (1.83). The Kaplan-Meier survival curves revealed

that the 3-year survival rate of the high expression group

was significantly lower than that of the low expression

group, suggesting that high expression of PRMT5 may

predict poor prognosis of BC patients. Figure 1. Analysis

on clinicopathological features revealed that PRMT5 was

linked to tumor size, pathological stage, differentiation,

and lymph node metastasis of BC patients (all P<0.05) in

Table 2 and Figure 1.

Effects of PRMT5 on the Biological

Function of BCCs
RT-PCR assay revealed that compared with MCF-7 and

SKBR-3 cells transfected with Si-PRMT5, those trans-

fected with miR-NC showed significantly decreased

expression of PRMT5. The detection of the biological

function of cells in the two groups revealed that compared

with the miR-NC group, the cells transfected with Si-

PRMT5 showed significantly weakened proliferation and

invasion abilities and significantly increased apoptosis

rate, while those transfected with Sh-PRMT5 showed sig-

nificantly strengthened proliferation and invasion abilities

and significantly decreased apoptosis rate. In addition,

compared with the miR-NC group, the cells transfected

with Si-PRMT5 showed significantly down-regulated

expression of Bcl-2 and significantly up-regulated expres-

sion of Caspase-3 and Bax protein, while the cells trans-

fected with Sh-PRMT5 showed significantly up-regulated

expression of Bcl-2 and significantly down-regulated

expression of Caspase-3 and Bax proteins Figure 2.

Table 2 Relationship Between PRMT5 and Pathological Data of BC Patients

Factor PRMT5 χ2–Value P-value

High Expression

(n=45)

Low Expression

(n=35)

Age 0.001 0.978

≥51 years (n=41) 23 (51.11) 18 (51.43)

<51 years (n=39) 22 (48.89) 17 (48.57)

BMI (kg/m2) 0.080 0.778

≥23 (n=42) 23 (51.22) 19 (54.29)

<23 (n=38) 22 (48.79) 16 (45.71)

Tumor size 7.174 0.007

≥3cm (n=34) 25 (55.56) 9 (25.71)

< 3cm (n=46) 20 (44.44) 26 (74.29)

TNM staging 18.67 <0.001

I–II stage (n=47) 17 (37.78) 30 (85.71)

III stage (n=33) 28 (62.22) 5 (14.29)

Differentiation 23.37 <0.001

Low differentiation (n=51) 39 (86.67) 12 (34.29)

High + moderate differentiation (n=29) 6 (13.33) 23 (65.71)

Lymphatic metastasis 8.061 0.005

Metastasized (n=22) 18 (40.00) 4 (11.43)

Not metastasized (n=58) 27 (60.00) 31 (85.57)
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Effects of PRMT5 on Aerobic Glycolysis

of BCCs and LXRα/NF-κBp65 Pathway
Compared with the Si-NC group, MCF-7 and SKBR-3

cells transfected with Si-PRMT5 showed significantly

inhibited glycolysis, down-regulated expression of Glut1,

HK2, and LDH-A, up-regulated expression of LXRα, as

well as significantly decreased expression of NF-κBp65

(all P<0.05). Compared with the Control group, the MCF-

7 and SKBR-3 cells transfected with Sh-PRMT5 showed

significantly enhanced glycolysis, significantly up-

regulated expression of Glut1, HK2, and LDH-A proteins,

significantly decreased expression of LXRα, as well as

significantly up-regulated expression of NF-κBp65 (all

P<0.05) Figure 3.

Effects of LXRα on the Biological

Function of BCCs and Aerobic Glycolysis
In order to further explore whether PRMT5 affects BCCs by

regulating the LXRα/NF-κBp65 pathway, we transfected Si-

LXRα and Sh-LXRα into MCF-7 and SKBR-3 cells, finding

that compared with the Control group, the Sh-LXRα group

showed significantly increased expression of LXRα protein,

significantly decreased expression of NF-κBp65 protein,

weakened abilities of cell proliferation, invasion, and aerobic

glycolysis, significantly increased apoptosis rate, signifi-

cantly down-regulated expression of Bcl-2, and significantly

increased expression of Glut1, HK2, LDH-A, Caspase-3, and

Bax proteins (all P<0.05), while the Si-LXRα group showed

opposite cell phenotype Figure 4.

Figure 2 The effects of PRMT5 on the biological function of breast cancer cells; (A) The expression of PRMT5 mRNA in breast cancer cells after transfection; (B) The
effects of PRMT5 on the proliferation of breast cancer cells; (C) The effects of PRMT5 on the invasive ability of breast cancer cells; (D) The effects of PRMT5 on the

apoptosis of breast cancer cells; (E) The effects of PRMT5 on apoptosis-related proteins in breast cancer cells. aIndicates P<0.05.
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Effects of Reversing the Low Expression

of LXRα by Down Regulating PRMT5 on

BCCs
We co-transfected Si-PRMT5 and Si-LXRα into MCF-7

and SKBR-3 cells. It was turned out that compared with

the Si-LXRα group, cells in the Si-PRMT5+Si-LXRα

group showed significantly weakened abilities of prolifera-

tion, invasion, and glycolysis, enhanced apoptosis rate,

significantly decreased expression of Bcl-2, and signifi-

cantly increased expression of Glut1, HK2, LDH-A,

Caspase-3, and Bax proteins (all P<0.05), but those cells

were not different from the Control group in those aspects

(all P>0.05) Figure 5.

The Role of PRMT5 in Promoting the

Tumor Formation in Nude Mice by

Mediating LXRα/NF-κBp65
In order to find out whether PRMT5 affects solid tumors

through LXRα/NF-κBp65, we conducted a nude mouse

tumorigenesis test. We subcutaneously injected Si-NC, si-

PRMT5, and si-PRMT5+Si-LXRα into the dorsal subcuta-

neous site of mice, finding that the tumor volume and mass

of nude mice injected with si-PRMT5 obviously reduced, and

the mice injected with si-PRMT5+si-LXRα were not greatly

different from those in the Control group in tumor volume and

mass. We additionally detected the expression of NF-κBp65

protein in tumor tissues of the nude mice, finding that the

expression of LXRα protein in the tumor tissues of the mice

injectedwith si-PRMT5was obviously up-regulated, while the

expression of NF-κBp65 protein in them was obviously inhib-

ited, and the expression of LXRα protein and NF-κBp65

protein in tumor tissues of nude mice co-transfected with si-

PRMT5+Si-LXRα was reversed (Figure 6).

Discussion
In recent years, the incidence of BC is rising all over the

world, and it has become the tumor with the highest

incidence among women in some areas.13 The pathogen-

esis of BC is relatively complicated, which involves

Figure 3 The effects of PRMT5 on aerobic glycolysis of breast cancer cells and LXRα/NF-κBp65 pathway; (A) The effects of PRMT5 on glucose consumption of breast

cancer cells; (B) The effects of PRMT5 on lactic acid of breast cancer cells; (C) The effects of PRMT5 on aerobic glycolysis-related proteins in breast cancer cells; (D) The

effects of PRMT5 on the LXRα/NF-κBp65 pathway of breast cancer cells. aIndicates P<0.05.
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factors such as dysregulation and apoptosis regulation of

oncogenes and tumor suppressor genes.14 A good progress

has been made in the diagnosis and treatment of BC and

life quality of the patients after operation, but the high

recurrence and high metastasis of BC still pose a serious

threat to the long-term survival rate of the patients.

Therefore, it is of great clinical significance to explore

the pathological mechanism of BC and find new diagnosis

and treatment targets.15,16

In recent years, PRMT5 has attracted more and more

attention for its role in cancer, and there is evidence

indicating that PRMT5 can silence tumor suppressor

genes and act as an oncogene based on epigenetics, thus

accelerating tumor growth and metastasis.17 For example,

PRMT5 can specifically catalyze symmetric dimethylation

of histone H4R3 in the promoter region of miR-99 family

member to promote the growth and metastasis of lung

cancer cells.18 In our study, we found that PRMT5 was

also highly expressed in BC. We regulated the expression

of PRMT5 in BCCs, finding that silencing the expression

of it could suppress the proliferation and invasion of BCCs

and promote their apoptosis. A previous study revealed

that PRMT5 was highly expressed in triple-negative BC,

and it believed that PRMT5 was necessary for cell

proliferation,19 and some studies about other tumors also

reported that PRMT5 had certain regulatory effects on

proliferation, invasion and apoptosis of tumor cells,20,21

which was consistent with our results. The abnormality of

aerobic glycolysis is considered as one of the tumor mar-

kers, and in BC, aerobic glycolysis can not only provide

nutrition for cell proliferation but also help to promote cell

proliferation and metastasis.22 A previous study revealed

that histone methyltransferase Set8 could regulate aerobic

glycolysis by stabilizing HIF1α.23 In our study, we also

found that the inhibition of PRMT5 expression signifi-

cantly suppressed the aerobic glycolysis of BCCs, which

was the first time we found that PRMT5 could affect it of

BCCs. One previous study reported that PRMT5 could

regulate aerobic glycolysis by regulating the expression

of PTEN in glioma.24 However, the mechanism of

Figure 4 The effects of LXRα on the biological function and aerobic glycolysis of breast cancer cells; (A) The expression of LXRα protein in breast cancer cells after

transfection; (B) The expression of NF-κBp65 protein in breast cancer cells after transfection; (C) The effects of LXRα on breast cancer cells; (D) The effects of LXRα on

the invasion of breast cancer cells; (E) The effects of LXRα on the apoptosis of breast cancer cells; (F) The effects of LXRα on apoptosis-related proteins in breast cancer

cells; (G) The effects of LXRα on aerobic glycolysis in breast cancer cells. aIndicates P<0.05.
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regulating biological function and aerobic glycolysis

in BC by PRMT5 is still under investigation.

As a subtype of LXR, LXRα acts as a tumor suppressor

gene in a variety of tumors, and it plays a vital role as

a nuclear receptor in lipid replacement and transcription

control.25 In our study, we found that LXRα was lowly

expressed in BC, so we overexpressed LXRα, finding that

the overexpression of it significantly suppressed prolifera-

tion, invasion, and aerobic glycolysis of BCCs, and dra-

matically accelerated apoptosis rate, which suggested that

LXRα played the role as a tumor suppressor gene in

BCCs. We also found that the up-regulation of LXRα

significantly inhibited the expression of NF-κBp65 pro-

tein. The results from a cancer research center in Britain

revealed that compared with normal breast tissues, breast

cancer tissues showed significantly inhibited expression of

LXRα.26 One study also revealed that LXRα could not

only suppress cancer cells related to metabolism but also

control many other genes in the tumorigenesis process,27

and one other study clearly pointed out that the inverse

agonist of LXR, SR9243, could strongly inhibit the aero-

bic glycolysis of tumor cells,28 which was consistent with

our results. A previous study pointed out that PRMT5

could regulate the inflammatory reaction of tumors and

tumorigenesis through methylated modification on NF-

κBp65.29 Moreover, one previous study also pointed out

that activation of NF-kB could effectively stimulate aero-

bic glycolysis of BCCs,30 which also confirmed our con-

clusion. Our study found that LXRα could inhibit the

expression of NF-κBp65. Therefore, we suspected that

PRMT5 could regulate the expression of NF-κBp65

through LXRα, and ultimately affect the progression and

development of tumors. First of all, we found that when

the expression of PRMT5 in BCCs was down-regulated,

the expression of LXRα was up-regulated accordingly.

Then, we performed a co-transfection experiment to

cells, finding that down-regulation of PRMT5 can reverse

the influence of low expression of LXRα on BCCs.

Figure 5 The effects of co-transfection of Si-PRMT5 and Si-LXRα on breast cancer cells; (A) The effects of co-transfection of Si-PRMT5 and Si-LXRα on the proliferation of

breast cancer cells; (B) The effects of co-transfection of Si-PRMT5 and Si-LXRα on glucose consumption of breast cancer cells; (C) The effects of co-transfection of Si-

PRMT5 and Si-LXRα on lactic acid of breast cancer cells; (D) The effects of co-transfection of Si-PRMT5 and Si-LXRα on the invasion of breast cancer cells; (E) The effects of
co-transfection of Si-PRMT5 and Si-LXRα on the apoptosis of breast cancer cells; (F) The effects of co-transfection of Si-PRMT5 and Si-LXRα on apoptosis-related proteins

of breast cancer cells; (G) The effects of co-transfection of Si-PRMT5 and Si-LXRα on aerobic glycolysis of breast cancer cells. aIndicates P<0.05.
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Subsequently, in order to further confirm the regulatory

effect of PRMT5 on LXRα, we performed a nude mouse

tumorigenesis test, finding that the tumor volume and mass

of nude mice injected with si-PRMT5 were much smaller

than those of nude mice injected with sh-PRMT5+Sh-

LXRα. We further detected the expression of NF-κBp65

protein in tumor tissues of nude mice, finding that inject-

ing si-PRMT5+Si-LXRα for co-transfection could reverse

the expression of LXRα protein and NF-κBp65 protein in

tumor tissues of nude mice injected with si-PRMT5.

A previous study also suggested that inhibition of

PRMT5 could suppress the growth of tumors in vivo,31

which further confirmed our conjecture.

To sum up, PRMT5 plays the role of oncogene in BC,

which can promote aerobic glycolysis and invasion of BCCs

by regulating LXRα/NF-κBp65pathway. However, there are

still some deficiencies in this study. For example, firstly, the

regulatory mechanism of PRMT5 on LXRα remains unclear.

Secondly, the upstream regulation mechanism of PRMT5

in BC is also under investigation. In the future, we will

further carry out more basic research to provide more data

support for our experimental conclusion.
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