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DNMT3B promotes the progression 2
of pheochromocytoma by mediating the
hypermethylation of LRP1B promoter

Min Sun', Yanrong Ma?, Jing Wan?, Bingli Zheng*, Zhenfeng Shi'" and Jiuzhi Li"

Abstract

Background Pheochromocytoma (Pheo) represents a potential metastatic neuroendocrine tumor. As a tumor
suppressor gene, LRP1B is involved in the regulation of tumor progression. However, the precise regulatory
mechanism of LRP1B in Pheo remains elusive.

Methods RT-QPCR, western blot and immunohistochemistry (IHC) were used to identify the expression levels of
DNMT3B and LRP1B. Biochemistry assays including luciferase and ChIP were utilized to detect the interaction between
the methyltransferase DNMT3B and LRP1B promoter. LRP1B or DNMT3B were knock-down in Pheo cell line by shRNAs.
Functional experiments including clonal formation, migration, and in vivo transplantation were performed to evaluate
the regulation of LRP1B or DNMT3B on tumor growth.

Results LRP1B was down-regulated, while DNMT3B was up-regulated in Pheo.Overexpression of LRP1B or inhibition
of DNMT3B inhibited the progress of Pheo. DNMT3B was responsible for the hypermethylation of LRP1B promoter in
Pheo. At the same time, overexpression of DNMT3B reversed the inhibitory effect of overexpression of LRP1B on Pheo
progression.
Conclusion DNMT3B mediated the hypermethylation of the tumor suppressive gene LRP1B and promotes Pheo
progression.
Highlights

« LRPIBis down-regulated in pheochromocytoma.

« The promoter of LRP1B is hypermethylated in pheochromocytoma cells.

« LRPIB inhibits pheochromocytoma progression and metastasis.

- DNMT3B mediates the DNA methylation of LRP1B promoter in pheochromocytoma.
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Introduction

Pheochromocytoma (Pheo) is a rare neuroendocrine
tumor mainly developing in an adrenal gland [1]. While
most subtypes of Pheo are benign, it has been shown
that 2-26% of Pheo subtypes were highly metastasis
[2]. The occurrence and development of Pheo are often
related to gene mutation, including gene point mutation,
gene fusion and, copy number change [2]. Pheo tumor
cells secrete catecholamines, causing headache, hyper-
tension, palpitation, and even shock and stroke [3]. At
present, surgery and radiopharmaceuticals are the main
treatments for Pheo [4]. Nevertheless, all of the above
treatments show limitations in the prevention of Pheo
metastasis. Therefore, developing a precision therapy for
Pheo by understanding the molecular mechanisms driv-
ing tumor progression and metastasis is of considerable
importance.

As a member of LDL receptor family, tumor suppressor
gene LRP1B (low density lipoprotein receptor-associated
protein 1B) is located on chromosome 2q, containing
more than 500 kilobases and more than 90 exons [5],
[6]. Many findings have indicated the regulatory role of
LRPIB in tumor progression, especially tumor metasta-
sis. For example, downregulation of LRP1B in colorectal
cancer cells can inhibit cell growth, migration and metas-
tasis [7]. LRP1B is significantly associated with poor
prognosis in breast cancer, especially with lymph node
metastasis [8]. Given that whether LRPIB is involved in
the progression of Pheo remains unknown, in this study
we first analyzed the expression level of LRP1B in Pheo
based on The Cancer Genome Atlas (TCGA) database.
In addition, we showed that two CpG islands in the pro-
moter region of LRPIB in Pheo cells were highly methyl-
ated, which could be a regulatory mechanism underlying
the reduced expression of LRPIB in Pheo. Indeed, pre-
vious studies have shown that the expression of LRPIB
is modulated by epigenetic modifications [9]. Moreover,
we reported that the DNA methyltransferases DNMT3B
could be responsible for the hypermethylation of LRPI1B
promoter in Pheo.

Overall, we indicated that the hypermethylation of
LRPI1B promoter mediated by DNMT3B in Pheo cells
potentially promoted tumor progression and metastasis.

Table 1 ShRNA sequence information

sequence
sh-DNMT3B-1 CCCTACAGTGAGTCCTTAATT
sh-DNMT3B-2 CCCUACAGUGAGUCCUUAAUU
sh-DNMT3B-3 UUGUUGUGACUAGCCUUUAUU
sh-DNMT3A GGTGACTTCTGCAGCTAATAA

sh-DNMT1 GACCGATGCGGAGGCATTTAT
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Materials and methods

Collection of clinical samples

Pheochromocytoma tissue (n=34) and its adjacent tis-
sues were taken from patients who underwent surgi-
cal resection in the People’s Hospital of Xinjiang Uygur
Autonomous Region. All Pheo patients have no other
medical history (including other tumors, immune-related
diseases, diabetes, etc.), and they did not undergo radio-
therapy or chemotherapy before surgical resection. The
written informed consent of all patients was obtained in
this study. The experiment was approved by the Ethics
Committee of the Hospital (No. KY2023060156).

Cell culture and transfection

The rat pheochromocytoma (PC12) were obtained from
American Type Culture Collection (ATCC) that have
high norepinephrine transporter expression [10]. The
control group was mouse adrenal medulla cells pur-
chased from Shanghai LMAI Bio (LM-011, Shanghai,
China). PC12 and adrenal medulla cells were cultured in
DMEM complete medium (Gibco, USA) containing 10%
fetal bovine serum (FBS, Gibco) and 1% penicillin/strep-
tomycin. The cells were placed in an incubator with 5%
CO, at 37°C.

The LRPIB overexpression vector (oe-LRPIB-1,
oe-LRPIB-2, and oe-LRPIB-3), shRNA containing
DNMT3B target (sh-DNMT3B-1, sh-DNMT3B-2, and
sh-DNMT3B-3), sh-DNMT1, sh-DNMT3A, and its nega-
tive control (NC) were all designed and synthesized by
GenePharma (Shanghai, China). Lipofectamine 3000
(Thermo Fisher) was used for all cell transfections. ShR-
NAs sequences were listed in Table 1.

Immunohistochemistry (IHC)

Clinical Pheo tissues or Pheo transplanted tumor mouse
tissues were collected. The tissues were fixed with 10%
formalin and then made into paraffin sections. After
dewaxing and rehydration, 30% hydrogen peroxide was
used to block the activity of oxidase. Next, the slices were
incubated with normal goat serum to reduce nonspecific
binding. The slices were incubated with primary antibody
at 4°C overnight. Next, a biotin-coupled secondary anti-
body was used to treat with slices at room temperature
for 2 h. After that, 3,3-diaminobenzidine and hematoxy-
lin were used to dye the slices for color reaction. Finally,
the staining results were observed under an optical
microscope (Olympus Corporation, Japan). The primary
antibodies used were: anti-LRP1B (1:200, # PA5-115522,
Thermo Fisher Scientific, MA, USA) and anti-Ki67
(1:200, ab15580, Abcam, Cambridge, UK). The staining
was scored as the intensity of the positive staining (0 -
negative, 1 - weak, 2 - moderate, 3 - strong) multiplied
by the staining areas (0=negative, 1=1-9%, 2=10-39%,
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Table 2 RT-gPCR primer sequence

Gene name Species Forward primer Reverse primer

DNMTT1 Rattus norvegicus AGGACCCAGACAGAGAAGCA GTACGGGAATGCTGAGTGGT
DNMT3A Rattus norvegicus CCAGATGTTCTTTGCCAATAA GCAGACCAACATCGAATCCAT-
DNMT3B Rattus norvegicus ACAACCATTGACTTTGCCGC CGTTCTCGGCTCTCCTCATC

LRP1B Rattus norvegicus TTTCTCCTCGCCTTACTCACT CACACAACTGCTGATCTCGGT
GAPDH Rattus norvegicus AGTGCCAGCCTCGTCTCATA GGTAACCAGGCGTCCGATAC
LRP1B Homo sapiens ATGTCCGAGTTTCTCCTCGC TATCTGCAAGCATCGCCCAG
GAPDH Homo sapiens TCTGACTTCAACAGCGACAC C AGCCAAATTCGTTGTCATACCA G

3=40-69%, and 4=70-100%). These scores were inde-
pendently determined by two pathologists.

Real-time fluorescence quantitative polymerase chain
reaction (RT-qPCR)

The PC12 cells or tissues to be detected were collected.
Total RNA was obtained from PC12 cells or tissues using
TRIzol reagent (Invitrogen, USA). Subsequently, cDNA
was synthesized by FastKing cDNA First Chain Synthe-
sis Kit (TTANGEN, Beijing). The mRNA expression levels
of LRPIB, DNMTI1, DNMT3A and DNMT3B were deter-
mined by SYBR Green qPCR super mix (Invitrogen).
GAPDH was selected as reference gene and the 272A¢T
method was used to analyze the difference of gene tran-
scription level. The primer sequences of related genes are
shown in Table 2.

Western blot

The Pheo tissues or cells were treated with RIPA lysis
buffer (Sigma-Aldrich) to obtain the total protein. The
total protein was separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and then
transferred to polyvinylidene fluoride membrane (Mil-
lipore, MA, USA). After the transferred membrane was
sealed with 5% skim milk, it was incubated with primary
antibody at 4°C overnight. Then, the membrane was
incubated with goat anti-rabbit IgG (1: 2000; Ab205718,
Abcam) at room temperature for 2 h. Finally, the protein
banding reaction was carried out by Western chemilumi-
nescence HRP substrate (Abcam). Primary antibodies:
DNMT3A (1:1000, ab307503, Abcam), DNMT1 (1:1000,
ab188453, Abcam), DNMT3B (1:1000, ab2851, Abcam),
LRP1B (1: 2000, # PA5-115522, Thermo Fisher Scien-
tific) and B -actin (1: 2000, ab8226, Abcam). Secondary
antibodies: Rabbit Anti-Mouse IgG H&L (HRP) (1:2000,
ab6728, Abcam).

Methylation specific PCR (MSP)

The whole genome DNA of PC12 cells, cancer tissues
and adjacent tissues were extracted, and then the DNA
was modified and transformed by bisulfite by the EZ-
DNA Methylation-Gold Kit (Zymo Research). The PCR
primers of LRP1B promoter region were designed and
synthesized to amplify the gDNA fragment transformed

Table 3 MSP PCR primer sequence

Gene name Forward primer Reverse primer
LRP1B-MSP-M  TTTTTCGGGAAGGAAGTTTTC CATTAACCTAAAC-
CAACCAAACG
LRP1B-MSP-U  TTTTTTTTGGGAAGGAAGTTTTT  ATTAACCTAAAC-
CAACCAAACACC
ACTB-MSP-M GTCGAATCGGGTATTGTTTAGC GTCGAATCGGG-
TATTGTTTAGC
ACTB-MSP-U GGGTTGAATTGGGTATTGTTTAGT  AAAAAAAATTTTA-
ACATTAACCACC

by bisulfite. Primers for methylated (M) and unmethyl-
ated (U) promoter regions of LRPIB gene were designed
through the Methprimer online program website (http:/
/www.urogene.org/cgi-bin/methprimer/methprimer.cg
i). We screened the GAPDH gene without methylation
modification as a negative control group. The unmethyl-
ated DNA was modified using methylase, and the C base
of CG in the DNA was methylated as a positive control.
The related primers were listed in Table 3.

Analysis of double luciferase reporter gene

The promoter region (2000 bp) of LRPIB was inserted
in the promoter-less pmirGLO-empty vector (Promega)
to construct wild-type vector (WT-LRP1B). The com-
plete sequence of multiple G mutations to C in the 1000—
1500 bp sequence of the LRP1B promoter by Sangon
Biotech. The mutation sequence inserted into pmirGLO
vector to construct mutant vector (MUT-LRPIB). PC12
cells transfected with oe-NC or oe-DNMT3B were inoc-
ulated into 16-well plates. Then, WT-LRPIB or MUT-
LRPIB and the control empty plasmid pmirGLO were
co-transfected into the above cells. After 48 h' culture,
luciferase activity was detected by double luciferase assay
kit (Promega).

Chromatin Immunoprecipitation (ChIP)

The PC12 cells to be detected were cross-linked with
formaldehyde solution. The CHIP kit (26157, Thermo
Fisher) was used for relevant treatment. In short, the
genomic DNA of PC12 was extracted, and DNA frag-
ments were obtained by mechanical ultrasonic wave or
microbial nuclease (MNase) digestion. Then, the lysate
was immunoprecipitated with anti-DNMT3B (ab2851,
Abcam) or negative control IgG (ab172730, Abcam).
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Table 4 CHIP-gPCR primer sequence
Gene name Forward primer Reverse primer
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Table 5 Relationship between LRP1B expression and
clinicopathological features of pheochromocytoma

LRP1B CATTTGGACTTGGCTGTGGC  TGTCTATGGCTGGGAATCGC

The enrichment of DNMT3B protein of specific DNA
fragment with LRPIB promoter was measured by PCR,
the related primers were in Table 4. Input was used as
the control homogenization IP product (ACT). The
negative antibody was used to enrich the IgG product,
and Input was also used to homogenize the product
(ACT). Finally, the difference in the number of amplifi-
cation cycles after homogenization between IP and IgG
(A/\CT) was calculated, and the enrichment fold was
calculated by 2 AACT,

Colony formation assay

Cells were plated into a 12-well plate (500 cells/well)
and cultured at 37°C for one week. Then, it was fixed
with paraformaldehyde and dyed with 0.5% crystal violet
solution for 20 min. Finally, the number of colonies was
counted.

Transwell assays

Migration experiment: PC12 cells (1 x 10°) were cultured
in serum-free medium and plated in the upper cham-
ber of a 12-wells Transwell system (with a pore size of
0.4 um). The culture medium containing 10% FBS was
added to the lower chamber. After 24 h of culture, the
cells in the lower chamber were fixed with 4% parafor-
maldehyde and stained with 0.1% crystal violet solution.
Finally, the stained cells were observed under an optical
microscope and photographed. In the invasion experi-
ment, the bottom of the upper chamber was coated with
matrix glue (BD Biosciences, USA), and the other opera-
tion steps were consistent with the migration experiment.

In vivo experiment

10 male BALB/c nude mice (4 weeks) were purchased
from Guangdong Medical Laboratory Animal Cen-
ter (Foshan, China). PC12 cells stably transfected with
0e-NC or oe-LRP1B were collected. After washing twice
with PBS solution, the cells were resuspended in serum-
free DMEM (1x107/mL) and subcutaneously injected
into the armpit of nude mice (0.2 mL).,. After 28 days,
mice were killed by dislocation of spine and tumors were
collected. Hematoxylin-eosin staining (H&E) was used to
detect the pathological changes of the tumor. Metastatic
nodules in the lung specimens were counted under a
light microscope.

Statistical analysis

All experimental results were expressed as mean + stan-
dard deviation (SD). Graphpad 8.0 was used for statistical
analysis. ¢ test was used for statistical analysis between

Classification Total LRP1B expression
(%) Low High P

expression expression value
Age 0.552
<60 7 4 3
>60 27 17 10
Sex 0.406
Female 18 13 5
Male 16 10
Tumor size (cm) 0.110
<5cm 14 6
>5cm 20 14
TNM stage 0.068
| 13 10 3
Il 17 12 5
Il 4 3 1
Ki67 proliferation 0.012
index
<2 13 4 9
>2 21 16 5

the two groups, and one-way analysis of variance and
Tukey’s multiple comparison test were used for compari-
sons between groups. X>-test was applied to analyze the
correlations between LRPIB expression and clinicopath-
ological characterization of Pheo patients. P value <0.05
indicates significant difference.

Results

LRP1B was lowly-expressed in Pheo

To evaluate the expression level of LRP1B in Pheo tissues,
we collected the samples derived from clinical interven-
tions of 34 patients with Pheo at the early stage, and the
clinical information was shown in Table 5. We showed
that both the mRNA and protein levels of LRPIB were
decreased in Pheo (Fig. 1A and B, P<0.05). Moreover, the
difference of LRP1B expression was related to Ki67 pro-
liferation index of patients (Table 5). Consistently, IHC
suggested that compared with the tissues adjacent to can-
cer, LRP1B was lowly expressed in Pheo, while Ki67 pro-
tein, a proliferation marker, was high expressed in Pheo
(Fig. 1C, P<0.05).

LRP1B promoter was hypermethylated in Pheo

In line with the results from patient samples, the mRNA
and protein levels of LRPIB were also reduced in Pheo
cell line PC12 (Fig. 2A and B, P<0.05). Since it has been
already reported that LRP1B could be regulated at epi-
genetic level [9], we reasoned that the inhibited expres-
sion of LRPIB in Pheo cells might be related to an
altered DNA methylation of LRPIB promoter in Pheo.
Methprimer predicted that there were two CpG islands in
the promoter region of LRP1B (Fig. 2C), which could be
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Fig. 1 LRPIB was lowly-expressed in pheochromocytoma. (A) RT-gPCR showing the expression of LRP1B in Pheo and adjacent tissues. (B) Western blot
showing the expression of LRP1B in Pheo and adjacent tissues (C) IHC showing the protein levels of LRP1B and Ki67 in Pheo and adjacent tissues. All
results were analyzed by t test. n=34, *P<0.05, **P<0.01, ***P<0.001. PPGLs: Phaeochromocytomas and paragangliomas.

the potential methylated sites in Pheo cells. As expected,
MSP assay showed that there was a high DNA meth-
ylation level in PC12 (Fig. 2D). Interestingly, we further
analyzed the methylation level of LRPIB in cancer tis-
sues and adjacent tissues of Pheo patients, and the results
showed that LRP1B in cancer tissues had high methyla-
tion level (Fig. 2E). Considering the above observations,
we hypothesized that the down-regulation of LRPIB in
Pheo could result from the hypermethylation of LRPI1B
promoter.

DNMT3B could mediate the methylation of LRP1B
promoter in Pheo

DNMT1, DNMT3A and DNMT3B are the predominate
writers for DNA methylation [11]. To identify the writer
catalyzing DNA methylation of LRPIB in Pheo, we first
measured the expression levels of all three writers in
Pheo tissues. While DNMT1 was similarly expressed
by Pheo and cancer adjacent tissues, DNMT3A and
DNMT3B were up-regulated in Pheo (Fig. 3A, P<0.05).
Compared with DNMT3A, DNMT3B was more signifi-
cantly up-regulated in Pheo (Fig. 3A, P<0.05). Moreover,

after knocking down DNMT1, DNMT3A or DNMT3B in
PC12 cells, we found that LRP1B was up-regulated most
significantly after knocking down DNMT3B (Fig. 3B,
P<0.05). Therefore, we knocked down DNMT3B in PC12
cells using DNMT3B shRNAs. We observed that meth-
ylation of LRPIB promoter was decreased in the PC12
transfected with DNMT3B shRNAs (Fig. 3C, P<0.05).
The direct interaction between DNMT3B and LRPIB
promoter was further confirmed by luciferase assay and
ChIP (Fig. 3E and F, P<0.05). The above results indicated
that the methyltransferase DNMT3B inhibited LRP1B by
mediating the methylation of LRP1B promoter in Pheo.

DNMT3B promoted the proliferation, migration and
invasion of Pheo

To reveal how DNMT3B regulated the progression of
Pheo, we identified cell proliferation, migration, and
invasion of PC12 transfected with DNMT3B shRNAs.
DNMT3B was efficiently silenced by all shRNAs, among
which sh- DNMT3B -2 showed the highest efficiency
(Fig. 4A and B, P<0.05). More important, when PC12
was transfected with sh- DNMT3B-2, cell proliferation,
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migration, and invasion were significantly inhibited
(Fig. 4D and E, P<0.05). Therefore, DNMT3B promoted
Pheo progression by enhancing the proliferation, migra-
tion, and invasion of tumor cells.

DNMT3B promoted Pheo progression by repressing LRP1B
Since we have revealed the potential regulatory correla-
tion between DNMT3B and LRP1B in Pheo, next we uti-
lized rescue experiment to demonstrate that DNMT3B
promoted Pheo by repressing the tumor repressive
gene LRP1B. We simultaneously transfected PC12 with
DNMT3B and (or) LRPIB overexpression vectors. The
overexpression of LRPIB alone did not change the
mRNA or protein of DNMT3B, whereas overexpression
of DNMT3B alone reduced LRP1B protein levels. Co-
overexpression of DNMT3B and LRPIB reversed the
inhibitory effect of DNMT3B overexpression alone on
LRPIB (Fig. 5A and B, P<0.05). However, the overex-
pression of DNMT3B inhibited the exogenous expression
of LRPIB in PCI12 transfected with both oe-DNMT3B
and oe-LRPIB (Fig. 5A and B). We also confirmed that
the overexpression of LRPIB repressed the prolifera-
tion, migration and invasion of Pheo cells, which was
compromised by DNMT3B overexpression (Fig. 5C and
D, P<0.05). The above results indicated that DNMT3B
could promote Pheo progression by repressing LRP1B.

Overexpression of LRP1B inhibited Pheo tumor growth in
vivo

Finally, we verified the repressive effect of LRPIB on
Pheo in vivo using mouse model. In vivo transplantation
showed that the Pheo tumor overexpressing LRP1B was
apparently smaller than the control tumor (Fig. 6A and B,
P<0.05), suggesting the tumor suppressive role of LRPIB.
H&E staining showed that tumor growth was inhibited in
LRP1B-OE group (Fig. 6C, P<0.05). Moreover, LRP1B
inhibited the proliferation marker Ki67 in mice Pheo
transplanted tumor (Fig. 6D, P<0.05), further supporting
that LRP1B inhibited Pheo.

Discussion
Due to the heterogeneity feature of Pheo, it’s challenging
to diagnose or treat this kind of neuroendocrine tumor
[12]. Therefore, understanding the molecular mecha-
nisms regulating tumor progression could shed new light
on the diagnosis and treatments for Pheo [13]. In this
study, we screened out LRP1B with significant differ-
ences in Pheo through TCGA database. It was revealed
that the hypermethylation of the tumor suppressive gene
LRP1B promoter, which was catalyzed by DNMT3B, was
a potential cause of tumor progression and metastasis of
Pheo.

LRPIB has been demonstrated to be a tumor suppres-
sor gene [14] in several types of cancer. For instances,
LRPIB had potential impacts on the efficacy of the
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moter was mediated by DNMT3B. (E) The interaction between DNMT3B and LRP1B promoter region was detected by dual luciferase reporter gene assay.
(F) ChIP showing the interaction between DNMT3B and LRP1B promoter region. All results were analyzed by t test. n=3, *P<0.05, **P<0.01, ***P<0.001.

immunotherapy for non-small cell lung cancer (NSCLC)  experiments suggested the tumor suppressive role of
[15]. The mutation of LRPIB was highly correlated with ~ LRP1B in Pheo, as evidenced by the repressed prolifera-
the incidence of ovarian cancer [16]. The copy number tion, migration and invasion presented by LRP1B-over-
of LRP1B has found to be lost in thyroid carcinoma [17].  expressed Pheo cells. It can be seen that LRPIB is also
And to complement previous studies, here we reported  involved in regulating the progress of Pheo. Interestingly,
that the abnormal epigenetic regulation of LRPIB was  our study found that low levels of LRP1B could increase
a driver of Pheo. We demonstrated that compared the migration and invasion ability of PC12 cells. Meta-
with adjacent noncancerous tissue, LRP1B had a lower static pheochromocytoma and paraganglioma are usu-
expression level in Pheo. And our in vivo and in vitro ally difficult to treat and resistant to most conventional
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Fig. 4 DNMT3B promoted the proliferation, migration and invasion of pheochromocytoma cells. (A-B) RT-gPCR and western blot showing the knock-
down efficiency of sh-DNMT3Bin PC12 cells. (C) Western blot showing LRP1B protein in PC12 cells. (D) Clonal formation showing the proliferation of PC12
cells. (E) Transwell showing the migration and invasion of PC12 cells. All results were analyzed by one-way ANOVA and Tukey multiple comparison test.n=3,

*P<0.05,**P<0.01, **P<0.001

therapies [18]. Whether this regulatory role of LRP1B is
also present in highly invasive murine Pheo MTT cells is
worthy of investigation.

Using Methprimer, we predicted that within the pro-
moter region of LRPIB, there were two CpG islands,

which were preferred by DNA methylation [19]. Further
screening revealed that the methyltransferase respon-
sible for the hypermethylation of LRPIB promoter in
Pheo was DNMT3B, which has been widely studied in
the progression of thyroid cancer, renal cancer, colorectal
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Fig. 5 DNMT3B promoted the proliferation, migration and invasion of pheochromocytoma cells by regulating LRP1B. (A) RT-gPCR showing the mRNA
levels of DNMT3B and LRP1Bin PC12 cells. (B) Western blot showing the protein levels of DNMT3B and LRP1B. (C) Clonal formation showing the prolifera-
tion of PC12 cells. (D) Transwell showing the migration and invasion of PC12 cells. All results were analyzed by one-way ANOVA and Tukey multiple com-

parison testn=3,*P<0.05, **P<0.01, **P<0.001

cancer, and other tumors [25-27]. We observed a
reversed expression pattern of LRPIB and DNMT3B in
the clinical samples as well as the cell line PC12 of Pheo.
Specifically, LRP1B was lowly expressed while DNMT3B
was highly expressed in Pheo. Leveraging biochemistry
assays including luciferase and ChIP, we demonstrated
the direct interaction between DNMT3B and LRPIB

promoter. More importantly, our functional assays, espe-
cially the rescue experiment, suggested the progression
of Pheo was regulated by the DNMT3B-LRPI1B axis.

In recent years, besides the tumor cells themselves,
the stromal cells and immune cells of Pheo are also
of great significance for understanding tumor biology
and treatment [23]. At present, our research on Pheo is
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staining of the tumor engraftments. (D) IHC showing the expression of Ki67 in transplanted tumor of mice in each group. All results were analyzed by t

test. n=5, *P<0.05, **P<0.01, ***P<0.001.

mainly concentrated in Pheo cells, and the regulation
of DNMT3B-LRPIB axis is also mainly in Pheo cells. It
was found that the expression of LRP1B in gastric cancer
was related to the infiltration of CD4* T cells and mac-
rophages [24]. DNMT3B can regulate tumor microenvi-
ronment and affect cancer chemotherapy sensitivity [25].
Recent studies have found that some cell types (including
fibroblasts and macrophages) in tumor microenviron-
ment can also regulate the characteristics of Pheo cells
[26], 27]. Therefore, our research can continue to explore
whether the DNMT3B-LRP1B axis affects other cells in
the Pheo microenvironment.

It’s noteworthy that the dysregulation of LRPIB in a
variety of tumor cells has been attributed to the abnormal
epigenetic modification, including DNA methylation and
histone acetylation [28]. In esophageal carcinoma, LRPIB
loss-of-function mutation is related to transcriptional
silencing caused by hypermethylation of CpG island
[29]. DNA copy number loss and CpG island methyla-
tion of LRPIB, which inhibit LRPI1B gene expression, are
frequently present in cancer tissues, which led to low
mRNA expression [30-32]. Here we have only identi-
fied one potential epigenetic modification contributing
to the repression of LRPIB in Pheo. Whether other epi-
genetic modifications, such as histone modifications and
even RNA methylations, were also involved in regulating
LRPI1B in Pheo is worth to be studied in the future. Taken
together, our study has improved the understanding

towards Pheo progression by firstly reporting an epigen-
etic regulatory mechanism controlling the proliferation,
migration, and invasion of Pheo tumor cells. And this
study would provide new insights into the diagnosis and
treatments for Pheo.
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