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Abstract: Neuroblastoma (NB) is an rare type of tumor that almost affects children age 5 or younger due to its rapid
proliferation ability. The overall survival rate of patients with advanced NB is not satisfactory. Ribosomal proteins
(RPs) play a critical role in the development and progress of cancer. However, the contribution of RPL35 in NB has
not been proven. In this study, we reveal that RPL35 is upregulated in NB tissues and the upregulation of RPL35
promotes proliferation and migration of NB while RPL35 knockdown significantly restrained the proliferation of NB
cells. In terms of mechanism, glycolysis was decreased and the mitochondrial respiration was increased with knock-
down of RPL35 in NB cells, indicating that RPL35 function as a positive regulator in aerobic glycolysis. Importantly,
our data indicated that RPL35 deficiency decreased HIF1a expression both in mRNA and protein levels. Western
blot analysis showed that RPL35 knockdown has a negative regulatory effect on the ERK pathway, and RPL35
modulated aerobic glycolysis in part through its regulation of the RPL35/ERK/HIF 1« axis. Overall, RPL35 functions
as a positive regulator of aerobic glycolysis, and the RPL35/ERK/HIF1a axis could be a potential therapeutic target

for the therapy of NB.
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Introduction

Neuroblastoma (NB), which almost only occurs
in early childhood, is a malignant tumor of
the nervous system [1, 2]. NB can be classified
into high-, medium-, low-, and very low-risk
groups. Patients in the low-risk group can
resolve themselves without any treatment,
while even with high-intensity comprehensive
treatments like surgery, radiotherapy, chemo-
therapy, and immunotherapy, the survival rate
of high-risk NB is still very low [3, 4]. Neuro-
blastoma is characterized by significant clinical
and biological heterogeneity, and its pathoge-
netic targets are poorly defined [5, 6].

Under normoxia, mammalian cells absorb glu-
cose and catalyze glucose with a series of glu-
cose catalytic enzymes to produce pyruvate,
which enters the mitochondria and generates a

lot of energy, called oxidative phosphorylation.
Tumor cells under normoxia can also absorb a
large amount of glucose, while the produced
pyruvate does not undergo oxidative phosphor-
ylation, but form a large amount of lactic acid,
called aerobic glycolysis [7, 8]. Aerobic glycoly-
sis links rapid glucose fermentation with the
rapid proliferation and progression of cancer
cells [9]. Under hypoxic conditions, aerobic gly-
colysis provides a carbon skeleton, and NADPH
and ATP serve as the basis for the synthesis of
proliferating cancer cells [10]. The signaling
pathway mediated by hypoxia-inducible factor
(HIF)-1a plays a major role in aerobic glycolysis.
It can change glucose metabolism to glycolysis
phenotype, enabling tumor cells to live under
hypoxic stress conditions [11, 12]. The rapid
proliferation of cancer cells requires higher
energy consumption and a faster rate of biosyn-
thesis, which is mainly achieved by increasing
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the rate of ribosome production. Ribosomal
proteins (RPs), as the main components of ribo-
somes, play a key role in strictly regulated pro-
tein synthesis [13, 14]. Except for protein syn-
thesis regulation, RPs also have important ribo-
somal functions in many cellular physiological
processes, including regulating cell prolifera-
tion and differentiation, cell death, cell migra-
tion, invasion, and death [15, 16]. RPL35 is a
component of the 60S ribosomal subunit that
plays key roles in mRNA translation and protein
synthesis [17-19]. Recently, it was discovered
that RPL35 interacts with eukaryotic transla-
tion elongation factor 2, thereby controlling the
synthesis of CSN2 protein [20]. It was recently
reported that RPL35 expression related to poor
patient outcome with NB [21]. However, it is
unknown whether RPL35 expression is causal-
ly related to NB development and, if so, what
the underlying mechanism is.

In the present study, we report that RPL35 is
aberrantly, highly expressed in NB tissues and
the overexpression of RPL35 promotes prolif-
eration and migration of NB while RPL35 knock-
down significantly inhibited the proliferation of
NB cells. Mechanistically, knockdown of RPL35
inhibited aerobic glycolysis and decreased HK2
and LDHB expression levels of NB cells. RPL35
regulates HIF1a transcriptional activity through
ERK activation in NB. Therefore, RPL35/ERK/
HIF1lx axis is expected to be a potential target
for NB treatment.

Materials and methods
Patients and tissue specimens

15 NB samples and 15 normal samples were
collected from the First Affiliated Hospital of
Shandong First Medical University & Shandong
Provincial Qianfoshan Hospital. The resear-
ch ethics committee of the First Affiliated
Hospital of Shandong University of Medical
Sciences & chifoshan Hospital of Shandong
Province (2019KJTYLOQ9) approved the study
in accordance with the declaration of Helsinki.

Cell culture and reagents

The cell line DG and NB cell lines SH-SY5Y,
NB-1643, NB-1691, SK-N-BE(2), BE(2)-C, SK-N-
AS, and IMR32 were purchased from the
National Infrastructure of Cell Line Resource
(Beijing, China). All cell lines were cultured in
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DMEM (GIBCO, USA) medium with 10% FBS. All
cell lines were maintained in a humidified incu-
bator at 37°C and 5% CO, in the air.

Lentivirus vector construction and transfection

The lentivirus carrying knockdown and overex-
pression sequences for RPL35 was prepar-
ed by OBiO (Shanghai, China). The shRNAs to
RPL35 (shRPL35) and negative control (ShNC)
were produced by OBiO (Shanghai, China). The
shRNA sequence against RPL35 is 5-AAAA-
GGGGCGCATTGTCAATAAATTGGATCCAATTTAT-
TGACAATGCGCCCC-3’ and 5-AAAAGGCGCAT-
TGTCAATAAAGCATTGGATCCAATGCTTTATTGAC-
AATGCGCC-3'. Lipofectamine 3000 Reagent
(Thermo, USA) was used for plasmids transfec-
tion into NB cells.

Western blotting

Using RIPA lysis buffer (with protease and phos-
phatase inhibitor), the NB tissue and normal
tissue were minced, homogenized, and digest-
ed. NB cells were collected from the culture
plate and lysed with precooled RIPA lysis buf-
fer. The supernatant of protein suspensions
was collected after centrifuged at 17,000 g for
20 minutes at 4°C. Prepare protein samples for
PAGE gel electrophoresis. The protein was then
transferred to the 0.2 ym PVDF membrane
(BioRad) and immunoblotted with related anti-
bodies. The listed antibodies were used: RPL35
(@b121244), HIFla (NB100-105), LDHB (sc-
133123), HK2 (@b209807), p-Erk (@bh229912),
Erk (ab184699), B-actin (ab8226).

Real-time PCR

All RNA of tissues and cells were extracted by
Trizol reagent (Invitrogen, USA), purified RNA
was used to reverse-synthesize cDNA templa-
te using the High-Capacity cDNA Reverse
Transcription Kit (ThermoFisher). The real-time
gPCR primers sequence are listed following:
RPL35 (F: 5’-AGCTCTCTAAGATCCGAGTCG-3/, R:
5-GAACACGGGCAATGGATTTCC-3’), GLUT1 (F:
5-ATTGGCTCCGGTATCGTCAAC-3’, R: 5-GCTC-
AGATAGGACATCCAGGGTA-3’), HK2 (F: 5-ATGG-
GGCTCCAACGAGTTAC-3’, R: 5-TTTCCTGCCATA-
CACCCACAA-3’), LDHA (F: 5-TTGACCTACGTGG-
CTTGGAAG-3’, R: 5-GGTAACGGAATCGGGCTG-
AAT-3’), LDHB (F: 5-TGGTATGGCGTGTGCTATC-
AG-3’, R: 5-TTGGCGGTCACAGAATAATCTTT-3),
and PDK1 (F: 5-CTGTGATACGGATCAGAAAC-
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CG-3’, R: 5-TCCACCAAACAATAAAGAGTGCT-3’)
were normalized to GAPDH (F: 5-GGAGCG-
AGATCCCTCCAAAAT-3’, R: 5-GGCTGTTGTCATA-
CTTCTCATGG-3’). Each PCR experiment was
performed at least 3 times independently, and
the relative expression value was expressed by
288Gt

In vivo tumor growth model and lung metasta-
ses model

100 uL with 1x107 NB cells that were transfect-
ed with shRPL35 or shNC were subcutaneously
injected into 28-day-old female BALB/c nude
mice (n=5 per group) in saline. We examined
the volume of NB every 5 days, sacrificed the
mice, and isolated the tumor for weight after 30
days. For the experimental metastasis studies,
NB cells were injected into the tail vein of
28-day-old female BALB/c nude mice (2x10°
per mouse, n=5 per group). After 28 days, all
mice were sacrificed and then subjected to
immunohistochemical analysis and hematoxy-
lin/eosin (HE) staining. All animal surgery were
approved by the Institutional Animal Care and
Use Committee of Fujian Medical University
Union Hospital (No. FJMU IACUC20190061).

Immunohistochemical (IHC) staining

The tumor tissues were embedded with OCT
and quickly frozen in the -80°C after weighting.
5-um-thick sections were made in a Cryostat
(Leica, Germany). Slides were blocked with 3%
BSA at RT for 2 hours at 37°C. The first anti-
body against RPL35, Ki67 and CD34 was incu-
bated at RT for 2 hours at 37°C. The second
antibody was incubated for 1 hour at RT, and
then uses diaminobenzidine (DAB) as the
chromogen.

Wound-healing assay

The NB cells were planted into 35-mm dishes
at a density of 5x10%/mL. Scrape the NB cells
when the confluence of cells reaches ~90%
using pipette tips and culture in an FBS-free
medium. Images were taken at O and 24 hours
after the scraping.

Transwell assay and colony-formation assay

Polycarbonate membrane filter coated with gel-
atin and a 24-well perforated chamber (Corn-
ing) of Matrigel was used for transwell assay
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and colony-formation assay. The NB cells
(5%x10*/mL) were suspended in DMEM. Add
600 pL of DMEM (HyClone, FBS) containing
20% FBS to the 100 pL lower chamber. NB cells
were dyed with 0.1% hexamethylpararosaniline
(Sigma-Aldrich) for 20 minutes and washed 2
times with PBS after 24 hours. To observe the
colony-formation ability of NB cells, NB cells
were seeded into 12-well plates (1x103/mL),
and after 2 weeks of culture, the colonies were
stained with 0.1% hexamethylpararosaniline,
and then washed with PBS twice. To compare
the migration ability of NB cells, the visible vio-
let colonies were counted and analyzed with
Image J.

Cell viability assay (CCK8)

The cell proliferation of the NB cells was detect-
ed by Cell Counting Kit-8 (CCK-8, Bestbio)
assay. The NB cells were plated in 96-well
plates with 5x102 cells per well overnight. The
supernatant was completely removed, and
then the CCK-8 solution was added to the wells
and incubated at 37°C in the dark for 4 hours.
Finally, a microplate reader was used to mea-
sure the absorbance of all the wells at 450 nm.
The measurement was performed on 3 inde-
pendent experiments.

Measurement of extracellular acidification rate
(ECAR) and oxygen consumption rate (OCR)
assay

The measurement of ECAR and OCR were
measured and evaluated were performed as
previously described [24], seahorse Bioscience
XF96 Extracellular Flux Analyzer was used to
measure the mitochondrial function and glyco-
lytic capacity of NB cells according to the man-
ufacturer’s instructions of the Seahorse XF Cell
Mito Stress Test Kit and Glycolysis Stress Test
Kit (Seahorse Bioscience, Billerica, MA, USA).

Promoter activity with the dual luciferase as-
say

Dual-Luciferase Reporter Assay System (Pro-
mega) was used to evaluate the luciferase
activity, HIF1a promoter region covering from
-2500 to +200 was amplified and cloned into
a pGL3-Basic vector to generate the pGL3-
HIF1a-firefly luciferase construct. Renilla lucif-
erase-expressing vector pGL4.73 was pur-
chased from Promega (Madison, WI, USA).
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Statistical analysis

Data are shown as mean + SEM. GraphPad
Prism software (version 8.0) was used for sta-
tistical analyses. Statistical significance was
analyzed by using unpaired Student’s t-test
or one-way analysis of variance (ANOVA) fol-
lowed with Bonferroni’s multiple as appropri-
ate. A P-value <0.05 was considered statisti-
cally significant.

Results

RPL35 is upregulated in human neuroblas-
toma

Immunohistochemical staining revealed that
RPL35 was highly expressed in NB patients,
compared to normal dorsal root ganglia from
interrupted pregnancies (Figure 1A). Kaplan-
Meier curves of 28 patients showed that high
RPL35 levels were correlated with poor overall
survival in NB patients (P=0.028, Figure 1B).
We then compare the expression of RPL35
in NB tissues, 5 NB tissues from NB patients
and 5 normal dorsal root ganglia from inter-
rupted pregnhancies were analyzed by Western
blot. Compared with normal tissues, the pro-
tein level of RPL35 is more highly in NB tissue
(Figure 1C). Next, RPL35 expression level in NB
tissue and normal tissue from different clinical
samples was measured by Q-PCR, and we
found RPL35 is increased significantly in NB
samples (Figure 1D). Interestingly, inside the
NB tissue samples, the mRNA level of RPL35
is significantly higher in the MYCN positive
group. As an oncogene related to poor survival,
MYCN is essential for aerobic glycolysis in NB
[22]. Then, we measured the expression of
RPL35 in different NB cell lines (DG, SH-SY5Y,
NB-1643, NB-1691, SK-N-BE(2), BE(2)-C, SK-N-
AS, and IMR32) at the protein level. RPL35 was
highly expressed in NB cell lines, especially in
SH-SY5Y and BE(2)-C (Figure 1E, 1F). These
results suggest that RPL35 is upregulated in
NB.

RPL35 accelarates the proliferation and mi-
gration of NB

In order to observe the function of RPL35
in NB, we transfected NB cells with RPL35
or control sequence carried by lentivirus. We
measured the cell viability at different times (O
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h, 24 h, 48 h, 72 h, and 96 h) after infection
and we found that SH-SY5Y and BE(2)-C cells
infected with RPL35 shows better cell viability
compared with the vector control (Figure 2A).
Next, we used colony formation assay on
SH-SY5Y and BE(2)-C cells that transfected
with RPL35 or vector and found that RPL35
increased the colony formation of NB cells
(Figure 2B). By measuring the migration and
invasion ability of NB cells, we found that
the up-regulation of RPL35 increased the abili-
ty of cell migration and invasion of NB (Figure
2C-E).

To further explore the function of RPL35 in
NB progression, we infected SH-SY5Y and
BE(2)-C cells with lentivirus carrying short-
hairpin RNA (shRNA) targeting RPL35 (sh-
RPL35-1 and sh-RPL35-2). Colony formation
assay, transwell assay, and wound healing
assay were performed to see the effects of
RPL35 knockdown on the proliferation and
migration of NB cells and found that RPL35
down-regulation suppressed the proliferation
and migration of NB cells (Figure 3A-D). These
results demonstrated that RPL35 participate in
the process of the proliferation and migration
of NB cells.

Knockdown of RPL35 leads to suppression of
neuroblastoma progression

We next used a xenograft mouse model to
explore the effect of RPL35 knockdown on cell
growth of NB. SH-SY5Y cells stably infected
with shRPL35 carried by lentivirus (lenti-
shRPL35) were subcutaneous injected into
BALB/c nude mice. We found that shRPL35
decreased the tumor volume and tumor weight
significantly after 4 weeks (Figure 4A, 4B).
Besides, IHC analysis showed that Ki-67 posi-
tive cells were decreased; meanwhile, CD34
positive blood vessels were also reduced in all
shRPL35 groups than the control group (Figure
4C). These results from a mouse xenograft
model indicate that RPL35 knockdown sup-
presses the growth of NB cell-derived tumors
in vivo. To evaluate whether RPL35 influences
the metastasis of NB cells in vivo, RPL35
knockdown SH-SY5Y cells were injected into
the tail vein of BABL/c nude mice. The HE stain-
ing for the lungs of different groups shows that
RPL35 knockdown decreased the occupation
of NB cells in the lungs (Figure 4D). Besides, we
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Downregulation of RPL35
suppresses glycolysis of NB
cells in vitro

The enhanced aerobic glycoly-
sis can promote the over pro-
liferation of cancer cells [23-
25]; We therefore examin-
ed whether shRPL35 nega-
tively regulates aerobic gly-
colysis. During aerobic glycol-
ysis, cancer cells use glucose
to produce lactic acid rather
than the mitochondrial respi-
ratory pathway. We used the
Seahorse extracellular flux
analyzer to measure glycoly-
sis and mitochondrial respira-
tion, where ECAR reflects aer-
obic glycolysis and OCR indi-
cates mitochondrial respira-
tion. ECAR measurement sh-
ows that shRPL35 reduced
glycolysis and glycolytic ca-
pacity (Figure 5A, 5B). During
aerobic glycolysis, mitochon-
drial respiration is impaired,
resulting in a decrease in
oxygen consumption, which
can be reflected by OCR mea-
surement. We observed that
shRPL35 enhanced OCR, indi-
cating that it has a positive
effect on mitochondrial respi-
ration (Figure 5C, 5D). By the
use of the glycolytic inhibitor
2-DG (2 mM), we detected the
proliferation of RPL35 overex-
pressed and knockdown NB
cells. We found that RPL35
knockdown decreased the
proliferation of NB cells, while
the extra addition of 2-DG
abolished the effect of RPL35
on the proliferation of NB
(Figure 5E). Similarly, upregu-
lation of RPL35 increased
the proliferation of NB cells,
and 2-DG abolished the eff-
ect of RPL35 on the prolifera-
tion of NB (Figure 5F). These
results indicated that the
effect of RPL35 on NB prolif-
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Figure 6. shRPL35 downregulates glycolytic proteins HK2 and LDHB. A, B. The Q-PCR analysis of GLUT1, HK2, LDHA,
LDHB, and PDK1 mRNA level in shRPL35 and control SH-SY5Y and BE(2)-C cells. C. The protein levels of HK2, LDHB,
and HIF1a in different NB tissues. D. The mRNA levels of HK2, LDHB in different NB tissues. “P<0.05, **P<0.01.

eration was mainly through the glycolytic path-
way, and RPL35 is a positive regulator of aero-
bic glycolysis.

Knockdown of RPL35 downregulates glycolytic
proteins HK2 and LDHB

Aerobic glycolysis promotes malignant cell
transformation and tumor progression [25, 26],
while glycolysis inhibition impairs the growth
and metastasis of many tumor cells [27, 28],
indicating an effective treatment for tumors.
To understand the mechanisms by which
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RPL35 knockdown inhibits glucose metabo-
lism, the expression of several key glycolytic
genes include glucose transporter 1 (GLUT1),
hexokinase 2 (HK2), lactate dehydrogenase A
(LDHA), LDHB, and phosphoinositide-depen-
dent kinase-1 (PDK1) in RPL35-knockdown
and control SH-SY5Y and BE(2)-C cells were
measured. Downregulation of RPL35 decreas-
ed the mRNA of HK2 and LDHB in NB cells
(Figure 6A, 6B). We also observed the increas-
ed protein and mRNA levels of HK2, LDHB in
NB tissues (Figure 6C, 6D). Among them, HK2
is a key kinase that phosphorylates glucose
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Many glycolytic genes includ-
ing PGK1, GLUT1, HK2, PGM,
LDHA, and MCT are down-
stream targets of HIF1la [29].
Interestingly, we also found
protein level of HIFlax is in-
creased in NB tissues (Figure
6C). Therefore, we hypothe-
sized that RPL35 might re-
gulate HIFla transcriptional
activity to enhance the ex-
pression of glycolytic genes.
To test this hypothesis, we
transfected RPL35 expres-
sion plasmid, together with a
HIF1a promoter-reporter, into
HEK293T cells. We found th-
at RPL35 positively regulated
HIF1x transcriptional activity
in a dose-dependent manner,
reflecting the positive role of
RPL35 in the regulation pro-
cess of HIFla (Figure 7A).
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Figure 7. RPL35 regulates HIF1a transcriptional activity through Erk activa-
tion in NB. A. HIF1la transcriptional activity in NB cells overexpressed with
different doses of RPL35 measured with the dual-luciferase assay. B. West-
ern blot analysis of ERK phosphorylation as well as the HIF1a expression in
RPL35 knockdown NB cells. C. ERK2-mutant mostly abolished the inhibi-
tion effect of shRPL35 on HIF1« transcriptional activity in NB cells. D. Dia-
gram and quantitative of ECAR results obtained by Seahorse extracellular
flux analyzer to determine the impact of ERK-mutant to shRPL35’s effect on
aerobic glycolysis in SH-SY5Y and BE(2)-C cells. "P<0.05, ""P<0.01 vs. shNC.

#P<0.05, #P<0.01 vs. shRPL35.

to produce glucose-6-phosphate, a rate-limit-
ing and irreversible step of glycolysis. LDHB
is a key glycolytic enzyme that catalyzes the
interconversion of pyruvate and lactate. These
results indicate that RPL35 enhances glucose
metabolism by increasing the expression of gly-
colytic genes.
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The ERK pathway promotes
the nuclear translocation of
HIF1x [30] or further enhanc-
es the transcriptional activity
# of HIF-1a induced by hypoxia
[31]. Therefore, we hypothe-
sized that RPL35 might regu-
late HIF1la transcriptional
activity through activation of
the ERK signaling pathway.
We observed the decreased
level of phosphorylation of
ERK as well as the downregu-
lation of HIFlx in RPL35
knockdown NB cells which
indicates that ERK activation
participates in the RPL35 reg-
ulating HIF1la expression in
NB cells (Figure 7B). To test
the role of ERK in regulating
HIF1x transcriptional activity in NB cells, we
transfected shRPL35 with and without ERK2-
mutant expression plasmid, together with a
HIF1lax promoter-reporter, into HEK293T cells.
We observed that shRPL35 negatively regulat-
ed HIFla transcriptional activity while ERK2-
mutant mostly abolished this inhibition effect
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in NB cells (Figure 7C). To assess the role of
the RPL35/ERK axis in regulating glycolysis in
NB cells, we performed ECAR with Seahorse
Extracellular Flux Analyzer. As observed, ERK2-
mutant overexpression abolished the inhibition
of shRPL35 on ECAR in NB cells, indicating the
positive role of the RPL35/ERK/HIF1a axis in
aerobic glycolysis regulation (Figure 7D).

Discussion

In this study, we reported that RPL35 is abnor-
mally expressed in NB tissues, and the overex-
pression of RPL32 promotes the proliferation
and migration of NB, while RPL35 knockdown
significantly inhibits the proliferation of NB
cells. Besides, we first uncovered the previous-
ly unrecognized role of RPL35 which promotes
aerobic glycolysis through upregulation of
HIF1a via RPL35/ERK/HIF1a axis in NB cells.

RPs are the major component of the ribosome
and play important roles in the process of pro-
tein synthesis. Surprisingly, besides their basic
protein synthesis function, RPs also possess
key functions in many other cellular processes.
RPL3 was reported to facilitate the apoptosis of
p53-mutated lung cancer cells and colon can-
cer cells with fluorouracil (5-FU) treatment [32,
33]. RPS6 was reported significantly increased
and phosphorylated in nonsmall cell lung can-
cer (NSCLC) and that knockdown of RPS6 inhib-
its NSCLC cell growth by inducing cell-cycle
arrest [34]. It has been found that RPL35 is a
component of the 60S ribosomal subunit and
interacts with eukaryotic translation elonga-
tion factor 2 thereby control CSN2 protein syn-
thesis [20]. However, as a member of RPs, the
extra ribosomal functions of RPL35 have never
been found. Here, we demonstrated RPL35
promotes aerobic glycolysis through upregula-
tion of HIF1la via RPL35/ERK/HIF1a axis in NB
cells, which is a previously unrecognized extra
ribosomal function of RPL35.

In order to maintain tumorigenesis and aggres-
siveness, even if there is enough oxygen, tumor
cells still have a unique metabolic preference to
convert glucose into lactic acid, called aerobic
glycolysis [35, 36]. Activation of oncogenes or
inactivation of tumor suppressors contributes
to the expression of glycolytic genes in tumor
cells [37, 38]. Small molecular organic com-
pounds (such as 3-bromopyruvate or 2-deoxy-
glucose (2-DG)) inhibit aerobic glycolysis and
have potential therapeutic value for tumors
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[39, 40]. Therefore, it is important to study
modulators of aerobic glycolysis to improve the
therapeutic efficiencies of NB. Previous studies
have shown that hypoxia activation can induce
the activation of the ERK signaling pathway,
and ERK activity regulated the protein stability
of HIF1la. Therefore, we checked the activation
state of ERK1/2 in RPL35 down-regulated NB
cells and observed a decreased activation of
ERK1/2. Subsequent measurements showed
that RPL35 regulated HIF1a and glycolysis in
an ERK-dependent manner.

Taken together, this study reported that RPL35
is upregulated in NB tissues, and the RPL35
promotes proliferation and migration of NB
cells in vitro and in vivo, and discovered a novel
function of RPL35 in the modulation of glycoly-
sis and provided the possible molecular mech-
anism. These results identified that the RPL35/
ERK/HIF1a axis as a promising target for the
diagnosis and treatment of NB.
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