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Abstract

Background: Abnormal expression of ribosomal proteins has an important regulatory effect on the progression of
cancer. RPL5 is involved in the progression of various malignancies, however, the role of RPL5 in colon cancer remains
is still unclear.

Methods: Data from TCGA and GTEx databases were used to analyze the RPL5 expression in pan-cancer. The expres-
sion level of RPL5 in clinical colon cancer tissue samples and human colon cancer cell lines was detected by western
blotting; siRNA targeting RPL5 was designed, and its interference efficiency was verified by western blotting and
RT-gPCR; CCK8 assay, clone formation assay, cell cycle assay, and cell scratch assay were used to observe the effect of
RPL5 on colon cancer cell proliferation and migration; the changes of proteins related to MAPK/ERK signaling pathway
were also detected using western blotting.

Results: The expression level of RPL5 in colon cancer tissues and cell lines was significantly higher than that in
adjacent tissues and NCM460 cells, respectively, and its expression level was higher in HCT116 cells and RKO cells.
Knockdown of RPL5 significantly inhibited the proliferation and migration of HCT16 and RKO cells, and arrested the
cell cycle in GO/G1 phase. Mechanistic studies revealed that the expression of p-MEK1/2, p-ERK, c-Myc were down-
regulated, and the expression of FOXO3 was up-regulated after down-regulation of RPL5, ERK activator (TBHQ) could
partially reverse the above-mentioned effects caused by siRPL5. Moreover, TBHQ could partially reverse the inhibitory
effect of siRPL5 on the proliferation and migration of colon cancer cells. Collectively, RPL5 promoted colon cell prolif-
eration and migration, at least in part, by activating the MAPK/ERK signaling pathway.

Conclusion: RPL5 promoted colon cell proliferation and migration, at least in part, by activating the MAPK/ERK sign-
aling pathway, which may serve as a novel therapeutic target for cancers in which MAPK/ERK signaling is a dominant
feature.
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Introduction

Colorectal cancer (CRC) currently ranks third in the
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improved survival in patients with early CRC, the long-
term prognosis for most patients with CRC remains poor,
largely due to recurrence and metastasis [3, 4].. Currently,
the exact mechanisms underlying CRC development
remain unknown. Therefore, identifying key molecules
involved in CRC progression may help provide new ideas
for clinical treatment of CRC with a view to improving
the prognosis of CRC patients.

Ribosomal protein (RP) is a widely existing RNA-bind-
ing protein that was previously thought to function only
as a combination of ribosomal RNA (rRNA) involved in
protein synthesis. More and more studies have found that
abnormal expression or mutation of ribosomal proteins
has an important regulatory effect on the occurrence and
development of cancer [5]. The ribosomal protein RPL5
is a component of the ribosome, a large ribonucleopro-
tein complex responsible for protein synthesis in cells.
RPLS5 is involved in the development and progression of
a variety of tumors, such as melanoma [6], liver cancer
[7], breast cancer [8], and non-small cell lung cancer [9].
However, the role and regulation mechanism of RPL5 has
not been revealed in colon cancer.

This study examines the effect of RPL5 on the progres-
sion of colon adenocarcinoma (COAD), including cell
proliferation, migration and determines its underlying
molecular mechanism using CRC cell lines in vitro. Here,
we demonstrate that RPL5 promotes COAD cell prolif-
eration and migration via the MAPK/ERK signaling path-
way. These findings suggest that RPL5 plays an important
role in regulating COAD progression and may serve as a
prognostic biomarker for COAD.

Materials and methods

RPLS5 expression in normal tissues and pan-cancer

The levels of RPL5 mRNA (transcript RNA-seq datasets)
across the pan-cancer were analyzed using data obtained
TCGA from UCSC Xena (https://xena.ucsc.edu). Con-
sidering the small number of normal samples in TCGA,
we combined the normal tissue data from GTEx database
with the TCGA tumor tissue data to investigate the dif-
ferential expression of RPL5 in 33 cancerous tissues and
adjacent tissues.

RPLS5 expression and its relationship with clinical stage

of COAD

Based on the above pan-cancer analysis, we further
focused on the impact of RPL5 expression on the clini-
cal stage of COAD patients in the database cohort. Data
on COAD cases and normal controls were downloaded
from the UC Santa Cruz website (https://xena.ucsc.edu).
Therefore, tumor samples were matched to clinical stage
to obtain data on RPL5 expression and clinical stage, and
their relationship was analyzed.
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Clinical samples

Formalin-fixed paraffin-embedded tissue blocks of
COAD tumors and adjacent normal mucosal tissues
were obtained from 11 patients between March 2021 and
November 2021 at the Yan’an People’s Hospital (Yan’an,
China). None of the patients received prior chemother-
apy, radiotherapy or systemic therapies, or had additional
malignant tumors. The study protocol was approved by
Medical School of Yanan University’ Ethics Commit-
tee (NO.2022057), with written informed consent of all
patients.

Cell culture and siRNA transfection

Human colon cancer cell lines (HCT116 and RKO) were
gifted by the Key Laboratory of Environment and Genes
Related to Diseases of Xi'an Jiaotong University. RKO
cells were maintained in DMEM medium (Biological
Industries, Beit Haemek, Israel) supplemented with 10%
fetal bovine serum (Biological Industries, Beit Haemek,
Israel). HCT116 cells were maintained in RPMI-1640
medium (Biological Industries, Beit Haemek, Israel)
supplemented with 10% fetal bovine serum (Biologi-
cal Industries, Beit Haemek, Israel). All cells were cul-
tured in a humidified 5% CO, incubator at 37°C. Human
RPL5 siRNAs (siRPL5-1 sense, 5'-GGGAGCUGUGGA
UGGAGGCTT-3/; siRPL5-1 antisense, 5-GCCUCC
AUCCACAGCUCCCTT-3/; siRPL5-2 sense, 5'-CUG
CCAAAAUAUGGUGUGATT-3/; siRPL5-2 antisense,
5'-UCACACCAUAUUUUGGCAGTT-3;) and negative
control siRNA (siNC sense, 5'- UUCUCCGAACGUGUC
ACGU-3/; and siNC antisense, 5~ ACGUGACACGUU
CGGAGAA-3’) were chemically synthesized by GeneP-
harma (Shanghai, China). Transfection of siRNAs was
performed using jetPRIME reagent (Polyplus-transfec-
tion SA), according to the manufacturer’s protocol.

Western blotting

Cells were lysed in RIPA buffer (Pioneer, Shanghali,
China) supplemented with protease inhibitor cocktail
and phosphatase inhibitor cocktail (TargetMol, USA).
Protein concentration determined using a BCA pro-
tein assay kit (Proteintech, Wuhan, China). The protein
samples were transferred to PVDF membrane by SDS-
PAEG, membranes were incubated with specific pri-
mary antibody at room temperature for 30 min and then
overnight at 4°C. Then they were incubated with cor-
responding anti-rabbit/anti-mouse secondary antibody
(TransGen Biotech, Beijing) at room temperature for
1h. The membranes were incubated with ECL (Boster
Biological Technology co.ltd, California, USA) in the
dark for chemiluminescence detection. Luminescent
signals were detected and recorded by Syngene GBox
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(Syngene, Cambridge, UK). The primary and second-
ary antibodies used are listed as follows: RPL5 (Protein-
tech, 29,092—-1-AP), MMP2 (Proteintech, 10,373-2-AP),
MMP9 (Proteintech, 10,375-2-AP), CDK4 (Proteintech,
11,026-1-AP), CyclinD1 (Proteintech, 26,939-1-AP),
MEK1/2 (Proteintech, 11,049-1-AP), p-ERK (Protein-
tech, 28,733-1-AP), ERK (Proteintech, 67,170-1-Ig),
c-Myc (Proteintech, 10,828—-1-AP), p-MEK1/2 (Cell Sign-
aling Technology, 9154), FOXO3 (Boster, BM4734) and
B-Tubulin (Proteintech, 66,240—1-Ig).

RNA isolation and RT-qPCR

Total RNA from the human CRC cells was extracted
using TRIzol reagent (Invitrogen; Thermo Fisher Scien-
tific, Inc.) according to the manufacturer’s instructions.
mRNA was reverse transcribed into cDNA using Easy-
Script One-Step gDNA Removal and cDNA Synthesis
SuperMix (TransGen Biotech, Beijing) according to the
manufactures instruction. The primers were synthesized
by Tsingke Biotech, and the sequences were as follows:
RPL5 forward primer-GCTTATGCCCGTATAGAG
GGG, RPL5 reverse primer-GCCAAACCTATTGAG
AAGCCTG; GAPDH forward primer-GGAGCGAGA
TCCCTCCAAAAT, GAPDH reverse primer -GGCTGT
TGTCATACTTCTCATGG. qPCR was performed using
PerfectStartGreen qPCR SuperMix (TransGen Biotech,
Beijing) on a Cobas z480 instrument, according to the
manufacturer’s instructions. The relative expression of
RPL5 to B-actin (internal control) was calculated using
the 224t method [10].

CCK-8 assay

In brief, colon carcinoma cells HCT116 and RKO
(3 x 10*/cells per well) were seeded in 96-well culture
plates. About 10ul of CCK8 (TargetMol, USA) solution
was added to the 96-well at 24, 48 and 72 h after transfec-
tion and cells were incubated in 37 °C for 2 h. The absorb-
ance was measured on a microplate reader (MD, USA) at
450 nm.

Clone formation assay

Transfected HCT116 and RKO cells were plated in 6-well
plates at a density of 800 cells in triplicate and incubated
at 37°C with 5% CO, for 7-10days until they reached
80% confluence. Cells were then fixed with 4% paraform-
aldehyde and stained with 0.5% crystal violet (Sigma
Aldrich; Merck KGaA) for 30 min at room temperature.
Images were captured on a G: BOX XR5 Gel Imaging
System (Syngene, UK). After dissolving in DMSO, colo-
nies were quantified and the absorbance was measured
on a microplate reader (MD, USA) at 570 nm.
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Wound healing assay

Wound healing assay was performed to measure cell
migration capacity. Briefly, once cells had grown to
80-90% confluence in 6-well plates, a single scratch
wound was generated with a 10ul disposable pipette
tip. Images of the cells were captured at 40x magnifi-
cation (Nikon, Tokyo, Japan) at 0, 24, 48 and 72h and
used to determine cell migration.

Cell cycle assay

HCT116 and RKO cells were seeded in 6-well plates
(30 x 10%/cells per well). 24 h after transfection, cells
were collected by trypsinization, washed with PBS
and fixed ice-cold 70% ethanol at 4°C overnight.
Then cells were washed with PBS twice. And the cells
were incubated with 150 pul RNase for 15 min at room
temperature and stained with 150 pl propidium iodide
for 30 min at 4°C in the dark. Cell cycle distributions
were measured using a flow cytometer (Syngene,
USA).

TBHQ treatment

Tert-Butylhydroquinone (TBHQ; HY-100,489) pur-
chased from MedChemExpress (Shanghai, China) and
was dissolved in DMSO. For western blotting, TBHQ
was added 6h after transfection and incubated for
48 h. For CCK8 assay and cell scratch assay, TBHQ was
added 6h after transfection and the cell viability and
cell migration ability were detected by incubating for
24 h and 48 h respectively.

Statistical analysis

All experiments were performed with three inde-
pendent replicates. The data were expressed as the
mean + standard deviation and analyzed with SPSS
22.0 software (SPSS, Inc.). Student’s t-test was used for
comparison of two groups and the one-way analysis of
variance (ANOVA) followed was performed for multi-
group comparison P<0.05 was considered to be statis-
tically significant.

Results

RPL5 expression in normal tissues and pan-cancer
Numerous studies have reported that RPL5 was
involved in the progression of various malignant
tumors [6-9]. The pan-cancer gene expression patterns
were performed to examine the differential expression
of RPL5 across TCGA cancer types. The results showed
that the expression level of RPL5 was up-regulated in
tissues of most cancer types, including COAD, com-
pared with corresponding adjacent tissues (Fig. 1A).
Considering the small number of normal samples in
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TCGA, and to extend this comparison, we combined
normal tissue data from the GTEx database and TCGA
tumor tissue data to analyze the expression of 33
tumors and obtained consistent results: RPL5 expres-
sion was elevated in most tumors, including COAD
(Fig. 1B).

Up-regulated expression of RPL5 in COAD

Through the analysis of normal tissue data in the TCGA
database and tumor tissue data in the GTEx database
and TCGGA database, it was found that RPL5 was highly
expressed in COAD (Fig. 2A, B). The expression of RPL5
in clinical colon cancer tissues was detected by western
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blotting, and the results showed that compared with adja-
cent tissues, the expression of RPL5 in colon cancer tissues
increased (Fig. 2C). Compared with normal colon epithe-
lial cell lines NCM460, the protein levels of RPL5 were
increased in colon cancer cell lines (Fig. 2D). The TCGA
database was used to analyze the correlation between the
expression of RPL5 and the stage of clinical colon can-
cer patients, and the results showed that the expression of
RPL5 was correlated with the stage of the patients (Fig. 2E).

RPL5 expression is decreased by siRPL5 transfection

in human colon cancer cells

To further confirm the role of RPL5 in colon cancer, we
designed interference fragments targeting RPL5 (siRPL5)
and control (siNC), and western blotting and RT-qPCR
were used to verify the transfection efficiency of HCT116
and RKO cells. As an obvious result, compared with siNC
transfection group, the protein level and mRNA level of
siRPL5 transfection group were significantly decreased
(Fig. 3A, B).

The knockdown of RPL5 expression levels inhibits

the proliferation capability

The effects of RPL5 on the proliferation of colon cancer
cell lines HCT116 and RKO were investigated by CCK-8
assay and cell clone formation assay. Firstly, compared
with the siNC transfection group, it was found that
siRPL5 significantly inhibited the proliferation ability
of HCT116 and RKO using CCK-8 assay (Fig. 4A). The
results of cell cloning formation assay displayed that
compared with the siNC transfection group, the cloning
formation ability of colon cancer cells transfected with
siRPL5 was weakened (Fig. 4B). These results indicate
that the knockdown of RPL5 expression levels inhibits
the proliferation capability.

Knockdown of RPL5 inhibits the migration capability

of human colon cancer cells

In order to further observe the effect of RPL5 on the
migration ability of colon cancer cells, wound healing
assay was performed. The results showed that compared
with the siNC transfection group, the migration abil-
ity of colon cancer cells in the siRPL5 transfected group
was reduced (Fig. 5A). Meanwhile, MMP2 and MMP9
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expression in siRPL5-transfected colon cancer cells was
lower than that of siNC transfection group (Fig. 5B).
These results suggest that knockdown of RPL5 inhibits
the migration capability of human colon cancer cells.

The knockdown of RPL5 arrests the colon cancer cell cycle
in GO/G1 phase

The effect of RPL5 on the cell cycle of colon cancer cells
was observed by flow cytometry, and it was found that
compared with the siNC-transfected group, the cell cycle
was arrested in the GO/G1 phase after siRPL5 transfec-
tion (Fig. 6A). Western blotting was used to detect the
expression of GO/G1 phase-related proteins in the experi-
mental system. The results showed that compared with
the siNC transfection group, the expression levels of GO/
Gl-related proteins CDK4 and CyclinD1 in the trans-
fection siRPL5 group were reduced (Fig. 6B). Combined
with the results of CCKS, it can be seen that siRPL5
blocks the cell cycle of colon cancer cells in GO/G1 phase
and thus inhibits their proliferation.

RPL5 regulates colon cancer cell proliferation

and migration through MAPK/ERK signaling pathway

The MAPK/ERK pathway is a key signaling pathway
involved in the development of various cancers including
CRC [11, 12]. In order to explore the potential mecha-
nism of RPL5 regulation of colon cancer cell proliferation
and migration, this study firstly detected the changes of
MAPK/ERK signaling pathway-related proteins in the
siRPL5 transfection experimental system by western blot-
ting. The experimental results showed that compared with
the siNC transfection group, the protein levels of P-MEK
and P-ERK in cells transfected with siRPL5 were signifi-
cantly reduced, and the expression of the downstream
target gene c-Myc was down-regulated and the expres-
sion of FOXO3 was up-regulated (Fig. 7A). After further
treatment with the ERK activator TBHQ, we found that
TBHQ could partially reverse the down-regulation of
P-MEK, P-ERK and c-Myc expression and the up-regula-
tion of FOXO3 expression caused by siRPL5 (Fig. 7B). To
further confirm that RPL5 regulates colon cancer cell pro-
liferation and migration through MAPK/ERK signaling
pathway, we observed whether TBHQ could reverse or
partially reverse the inhibitory effect of siRPL5 on colon

(See figure on next page.)

Fig. 2 Up-regulated expression of RPL5 in COAD. A Data from TCGA database demonstrated a significant upregulation of RPL5 expression in COAD
tumor samples (n=290) compared with normal tissue (n=41). B Data from GTEx database and TCGA tumor tissue demonstrated a significant
upregulation of RPL5 expression in COAD tumor samples (n=290) compared with normal tissue (n=349). C Nine pairs of cancer tissues and
paired adjacent tissues from clinical colon cancer patients were collected, and the differential expression of RPL5 in colon cancer tissues and paired
adjacent tissues was detected by western blotting. The blots were cut prior to hybridization with antibodies during blotting. D The proteins of
human normal colon epithelial cells NCM460 and colon cancer cells HCT116, HT29, RKO, SW480 and KM12 were extracted, and the expression

of RPL5 in colon cancer was detected by western blotting. The blots were cut prior to hybridization with antibodies during blotting. E The TCGA
database was used to analyze the correlation between the expression of RPL5 and the stage of clinical colon cancer patients
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cancer cell proliferation and migration by CCK8 assay and
wound healing assay. The experimental results indicated
that TBHQ could partially reverse the inhibitory effect of
siRPL5 on the proliferation and migration of colon cancer
cells (Fig. 7C, D). Based on the previous results (Figs. 5,
6), we detected the changes in cell cycle-related proteins
(CDK4, CyclinD1) and cell migration-related proteins
(MMP2, MMP9) by western blotting, and the results
showed that TBHQ can partially reverse the decrease in
the expression of CDK4, CyclinD1, MMP2, MMP9 pro-
teins caused by siRPL5(Fig. 7E). In summary, RPL5 regu-
lates colon cancer cell proliferation and migration through
MAPK/ERK signaling pathway.

Discussion

As part of the 55 RNP/5S ribonucleoprotein particle,
RPL5 is an important component of the large subunit
and requires for rRNA formation and maturation [13,
14]. In recent years, studies have shown that in addition
to participating in the assembly function of basic trans-
lation machinery, ribosomal proteins also exert their
extra-ribosome functions in cells, including regulating
gene expression, regulating cell cycle, and regulating cell
proliferation and apoptosis [15]. Numerous studies have
reported that RPL5 is involved in the progression of vari-
ous malignant tumors. The study by Yumei Li et al. found

that WDR74 regulates the occurrence and metastasis of
melanoma through the RPL5-MDM2-p53 pathway [6].
Ji Hoon Jung et al. found that MIDIIP1 promotes the pro-
gression of liver cancer through the co-localization of
¢-Myc mediated by ribosomal proteins L5 and L11 and
CNOT?2 [7]. Studies have also shown that MeCP2 can
inhibit the transcription of RPL11 and RPL5 by bind-
ing to the promoter regions of RPL11 and RPL5, thereby
promoting breast cancer cell proliferation and inhibiting
apoptosis [8]. Some scholars have studied the antitumor
effect of the antibacterial drug berberine and found that
ribosomal protein (RP) L5 disappeared from the nucleo-
lus and the accumulation of p53 protein in the nucleus in
breast cancer MCF?7 cells treated with 10mM or 100 mM
berberine, and RPL5 downregulation of berberine inhib-
ited berberine-driven induction of p53 and p21 and cell
death in MCF7 cells [16]. JiEonPark and other scholars
have found that SanG can inhibit the proliferation of
non-small cell lung cancer cells and induce their apop-
tosis through the combination of caspase-3 activation
and RPL5-mediated c-Myc inhibition and doxorubicin
in their research on the effect of Sangenong (SanG) [9].
The above research reports suggest that the role of RPL5
in tumors has potential value, but there is no report on
the role and mechanism of RPL5 in colon cancer. In order
to further clarify the role of RPL5 in colon cancer, it was
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found for the first time that RPL5 was highly expressed
in colon cancer through bioinformatics database, clini-
cal colon cancer tissue samples, and colon cancer cell line
analysis, and downregulated RPL5 significantly inhibited
the proliferation and migration ability of colon cancer
cells.

The MAPK/ERK pathway is a key signaling pathway
involved in the development of various cancers includ-
ing CRC [11, 12]. Several studies have shown that the
MAPK/ERK pathway is closely related to the pathogene-
sis of CRC [11, 12, 17, 18]. There are also genomic studies
showing that the MAPK signaling pathway is one of the
most frequently dysregulated pathways in CRC [19, 20].
As a key member of the zinc-dependent endopeptidase
family, MMP9 has been widely considered to be involved

in tumor cell proliferation and invasion [21, 22]. Further
studies by Xu et al. showed that the use of ERK inhibitors
reduced MMP expression and cell invasion and migration
in CRC [18]. Therefore, further study on the role of RPL5
in MAPK/ERK pathway may help to reveal the poten-
tial molecular mechanism of RPL5 regulating COAD.
In our study, RPL5 promoted the expression of p-MEK,
p-ERK, c-Myc and inhibited the expression of FOXO3 in
the MAPK/ERK pathway, which was partially reversed by
the ERK activator TBHQ. Consistent with previous stud-
ies, the inhibition of MAPK/ERK was associated with
decreased CRC cell proliferation and migration. Thus, we
conclude that the promoting effect of RPL5 on colon can-
cer cell lines may be, at least in part, due to the activation
of MAPK/ERK signaling.
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during blotting. All experiments were repeated three independent times with reproducible results. (*P < 0.05, ** P<0.01, *** P<0.001)

As far as we know, previous studies on RPL5 in mel-
anoma, liver cancer, breast cancer and non-small cell
lung cancer have mentioned that RPL5 plays an impor-
tant role in its occurrence and development, but none
of them have been studied in depth. In our study, it
was found that RPL5 is highly expressed in colon can-
cer, and more importantly, RPL5 regulates colon cancer

proliferation and migration through the MAPK/ERK
signaling pathway. This study suggests that RPL5 can be
a potential therapeutic target for clinical treatment of
colon cancer patients. However, we acknowledge sev-
eral important limitations of this study. First of all, we
did not evaluate the correlation between RPL5 expres-
sion and patient prognosis. Secondly, due to the small
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Fig. 7 RPL5 regulates colon cancer cell proliferation and migration through MAPK/ERK signaling pathway. A HCT116 and RKO cells were treated with
RPL5-targeting siRNAs (siRPL5-1 and siRPL5-2) or negative control siRNA (siNC). After 48h, cell lysates were harvested, and the protein samples were
separated by SDS-PAGE. The levels of MAPK/ERK signaling pathway related proteins P-MEK1/2, MEK1/2, P-ERK, ERK, FOXO3 and c-Myc were detected

by western blotting. The band intensities of P-MEK1/2, MEK1/2, P-ERK, ERK, FOXO3 and c-Myc proteins were quantified relative to 3-Tubulin and
normalized to the siNC sample. The blots were cut prior to hybridization with antibodies during blotting. BTBHQ (50 uM) was added to HCT116 and
RKO cells after 6 h transfection of siRPL5, and the proteins of each group were extracted 48 h later. Changes of proteins related to MAPK/ERK signaling
pathway were detected by western blotting. The blots were cut prior to hybridization with antibodies during blotting. C HCT116 and RKO cells were
transfected with siRPL5 and then added TBHQ (20 uM) to detect the effect of TBHQ on the proliferation inhibition of colon cancer cells caused by siRPL5
at 24h and 48h. D HCT116 and RKO cells were transfected with siRPL5 and then added TBHQ (20uM) to detect the effect of TBHQ on the inhibition of
colon cancer cell migration caused by siRPL5 at 24 h and 48h. (E) TBHQ (50 uM) was added to HCT116 and RKO cells after transfection of siRPL5 for 6 h,
and cell cycle-related proteins (CDK4 and CyclinD1) and migration-related proteins (MMP2 and MMP9) were detected by western blotting. The band
intensities of CDK4, CyclinD1, MMP2 and MMP9 proteins were quantified relative to 3-Tubulin and normalized to the siNC sample. The blots were cut
prior to hybridization with antibodies during blotting. The data are representative of three independent experiments. (*£<0.05, ** P<0.01, *** P<0.001)
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number of included patients, we were unable to evalu-
ate the roles of RPL5 at different stages of COAD and
the role of RPL5 in COAD metastasis. Considering the
complex mechanisms underlying CRC development
and endogenous biological differences in CRC cell lines,
additional studies are needed.

Conclusion

RPL5 promoted COAD cell proliferation and migration,
at least in part, by activating the MAPK/ERK signaling
pathway. These findings suggest that RPL5 exhibits an
oncogenic effect in human COAD progression.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512860-022-00448-z.

[ Additional file 1. }

Acknowledgements
Not applicable.

Authors’ contributions

YL and JMH initiated the study and critically revised the manuscript and
provided the final approval of the manuscript; HHZ and JLL designed the
study, conducted relevant experiments, and wrote the manuscript; JC and

NY conducted data analysis; QQD and XYL collected samples and provided
clinical information; XRW critically revised and reviewed the manuscript; JD
and HYS helped perform the analysis with constructive discussions. All authors
have read and approve the final manuscript.

Funding

The author(s) disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: This work was
supported by the National Natural Science Foundation of China (Grant
Nos.81860444, 82060521), Natural Science Foundation of Shaanxi Province
(2020JQ-801), Scientific Research Project of Shaanxi Provincial Department

of Education (20JK0986), Innovation Team of Yan'an City-Innovation Team for
Chronic Disease Prevention and Control (2018CXTD-03), and Shaanxi Province
Key Science and Technology innovation team (2020TD-039).

Availability of data and materials
All of the data generated during this study were included in this article.

Declarations

Ethics approval and consent to participate

The study protocol was approved by Medical School of Yan'an University’
Ethics Committee (NO.2022057). Written informed consent was obtained from
the patients. The experiments were performed according to the World Medi-
cal Association Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no conficts of interest.

Page 12 of 13

Author details

"Medical Research and Experimental Center, Medical College, Yan'an Univer-
sity, Yan'an 716000, China. 2Surgical anesthesiology, Yan'an People’s Hospital,
Yan'an 716000, China. >Cardiovascular Surgery, the Second Affiliated Hospital
of Xi'an Jiaotong University, Xi'an 710004, China. “General Surgery, Yan‘an
People’s Hospital, Yanan 716000, China.

Received: 6 July 2022 Accepted: 4 November 2022
Published online: 16 November 2022

References

1. Siegel RL, Miller KD, Sauer AG, et al. Colorectal cancer statistics, 2020. CA
Cancer J Clin. 2020;70(3):145-64.

2. Siegel RL, Torre LA, Soerjomataram |, et al. Global patterns and trends in
colorectal cancer incidence in young adults. Gut. 2019;68(12):2179-85.

3. ChenJ, Zhang H, ChenY, et al. miR-598 inhibits metastasis in colorectal
cancer by suppressing JAG1/Notch2 pathway stimulating EMT. Exp Cell
Res. 2017;352(1):104-12.

4. Dong-XuW, Jia L, Su-Juan Z. MicroRNA-185 is a novel tumor suppressor
by negatively modulating the Wnt/B-catenin pathway in human colorec-
tal cancer. Indian J Cancer. 2015;52(7):182-5.

5. Pelletier J, Thomas G, Volarevic S. Ribosome biogenesis in cancer: new
players and therapeutic avenues. Nat Rev Cancer. 2018;18:51-63.

6. YumeiLiY, Zhou BL, et al. WDR74 modulates melanoma tumorigenesis
and metastasis through the RPL5-MDM2-p53 pathway. oncogene.
2020;39(13):2741-55.

7. Jung JH, Lee H-J, Kim J-H, et al. Colocalization of MID1IP1 and c-Myc
is critically involved in liver Cancer growth via regulation of ribosomal
ProteinL5 and L11 and CNOT2. Cells. 2020;9(4):985.

8. Tong DD, Zhang J, Wang XF, et al. MeCP2 facilitates breast cancer growth
via promoting ubiquitination-mediated P53 degradation by inhibiting
RPL5/RPL11 transcription. Oncogenesis. 2020;9(5):56.

9. Park JE, Jung JH, Lee H-J, et al. Ribosomal protein L5 mediated inhibition
of c-Myc is critically involved in sanggenon G induced apoptosis in non-
small lung cancer cells. Phytother Res. 2021;35(2):1080-8.

10. Zhou X, Zhao F, Wang ZN, Song YX, Chang H, Chiang Y, et al. Altered
expression of miR-152 and miR-148a in ovarian cancer is related to cell
proliferation. Oncol Rep. 2012,27:447-54.

11. Dahlmann M, Okhrimenko A, Marcinkowski P, et al. RAGE mediates
S100A4-induced cell motility via MAPK/ERK and hypoxia signaling and is
a prognostic biomarker for human colorectal cancer metastasis. Onco-
target. 2014;5(10):3220-33.

12. Han HB, Gu J, Ji DB, et al. PBX3 promotes migration and invasion of colo-
rectal cancer cells via activation of MAPK/ERK signaling pathway. World J
Gastroenterol. 2014;20(48):18260-70.

13. YeK SS. Structural and functional analysis of ribosome assembly factor
Efg1. Nucleic Acids Res. 2018;46:2096—106.

14. Sloan KE, Bohnsack MT, Watkins NJ. The 5S RNP couples p53 homeostasis
to ribosome biogenesis and nucleolar stress. Cell Rep. 2013;5(1):237-47.

15. Anger AM, Armache J-P, Berninghausen O, et al. Structures of the human
and Drosophila 80S ribosome. Nature. 2013;497(7447):80-5.

16. Sakaguchi M, Kitaguchi D, Morinami S, et al. Berberine-induced nucleolar
stress response in a human breast cancer cell line. Biochem Biophys Res
Commun. 2020;528(1):227-33.

17. Tian XQ, Guo FF, Sun DF, et al. Downregulation of ZNF278 arrests the cell
cycle and decreases the proliferation of colorectal cancer cells via inhibi-
tion of the ERK/MAPK pathway. Oncol Rep. 2017,38(6):3685-92.

18. XuT, Zhou M, Peng L, et al. Upregulation of CD147 promotes cell
invasion, epithelial-to-mesenchymal transition and activates MAPK/

ERK signaling pathway in colorectal cancer. Int J Clin Exp Pathol.
2014;7(11):7432-41.

19. Gupta GP, Massagué J. Cancer metastasis: building a framework. Cell.
2006;127(4):679-95.


https://doi.org/10.1186/s12860-022-00448-z
https://doi.org/10.1186/s12860-022-00448-z

Zhang et al. BMC Molecular and Cell Biology

20.

21.

22.

(2022) 23:48

Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell.

2011;144(5).646-74.

Artacho-Corddn F, Rios-Arrabal S, Lara PC, Artacho-Cordén A, Calvente
I, NUfiez MI. Matrix metalloproteinases: potential therapy to prevent the
development of second malignancies after breast radiotherapy. Surg
Oncol. 2012;21(3):.e143-51.

Overall CM, Kleifeld O. Tumour microenvironment — opinion: validating
matrix metalloproteinases as drug targets and anti-targets for cancer
therapy. Nat Rev Cancer. 2006;6(3):227-39.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Ribosomal protein RPL5 regulates colon cancer cell proliferation and migration through MAPKERK signaling pathway
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	RPL5 expression in normal tissues and pan-cancer
	RPL5 expression and its relationship with clinical stage of COAD
	Clinical samples
	Cell culture and siRNA transfection
	Western blotting
	RNA isolation and RT-qPCR
	CCK-8 assay
	Clone formation assay
	Wound healing assay
	Cell cycle assay
	TBHQ treatment
	Statistical analysis

	Results
	RPL5 expression in normal tissues and pan-cancer
	Up-regulated expression of RPL5 in COAD
	RPL5 expression is decreased by siRPL5 transfection in human colon cancer cells
	The knockdown of RPL5 expression levels inhibits the proliferation capability
	Knockdown of RPL5 inhibits the migration capability of human colon cancer cells
	The knockdown of RPL5 arrests the colon cancer cell cycle in G0G1 phase
	RPL5 regulates colon cancer cell proliferation and migration through MAPKERK signaling pathway

	Discussion
	Conclusion
	Acknowledgements
	References


