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Ribosomal Protein L9 Maintains Stemness of Colorectal
Cancer via an ID-1 Dependent Mechanism

Eun-Hye Jeon', So-Young Park', Keon Uk Park® Yun-Han Lee'

Departments of 'Molecular Medicine, *Internal Medicine, Keimyung University School of Medicine, Daegu, Korea

The identification of therapeutic target genes that are functionally involved in stemness is crucial to effectively cure patients with
metastatic carcinoma. We have previously reported that inhibition of ribosomal protein L9 (RPL9) expression suppresses the
growth of colorectal cancer (CRC) cells by inactivating the inhibitor of DNA-binding 1 (ID-1) signaling axis, which is functionally
associated with cancer cell survival. In addition to cell proliferation, ID-1 is also involved in the maintenance of cancer stemness.
Thus, we aimed in this study to investigate whether the function of RPL9 could correlate with CRC stem cell-like properties. Here,
we demonstrated that siRNA silencing of RPL9 reduced the invasiveness and migrative capabilities of HT29 and HCT116 parental
cell populations and the capacity for sphere formation in the HT29 parental cell population. CD133" cancer stem cells (CSCs) were
then separated from CD133" cancer cells of the HT29 parental cell culture and treated with RPL9-specific siRNAs to verify the ef-
fects of RPL9 targeting on stemness. As a result, knockdown of RPL9 significantly suppressed the proliferative potential of CD133"
colorectal CSCs, accompanied by a reduction in CD133, ID-1, and p-lkBa. levels. In line with these molecular alterations, targeting
RPL9 inhibited the invasion, migration, and sphere-forming capacity of CD133" HT29 CSCs. Taken together, these findings sug-
gest that RPL9 promotes CRC stemness via ID-1 and that RPL9 could be a potential therapeutic target for both primary CRC treat-

ment and the prevention of metastasis and/or recurrence.
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INTRODUCTION

Colorectal cancer (CRC) accounts for 9.7% of all newly di-
agnosed cancer cases (the third most common cancer) and
10% of global cancer-related deaths (the second highest)
[1]. In addition to the causative factors of CRC, including ex-
cessive meat eating, alcohol consumption, and smoking [2-
8], several genetic factors are involved in CRC development
[9,10]. Approximately 50%—-60% of patients with CRC are
diagnosed with metastatic lesions, and liver is the most com-
mon organ involved [11-13]. Even after various locoregional
surgeries, radiation therapy, and conventional or targeted
chemotherapy depending on tumor location and disease
stage [14], 20%—34% of patients with CRC still develop syn-
chronous liver metastases [15]. Emerging evidence suggests
that colorectal cancer stem cells (CR-CSCs) are biologically
involved in the initiation of primary CRC formation and the
development of metastatic CRC [14]. Thus, there is an urgent
need to identify other target genes that are functionally asso-

ciated with CR-CSC-like properties to support the develop-
ment of alternative treatment options and improve the CRC
therapeutic index.

Ribosomal proteins (RPs) are the components of ribo-
somes that mediate numerous cellular functions such as pro-
tein synthesis and metabolic regulation, and approximately
80 types of RPs are present in eukaryotic cells [16]. Some
RPs also perform non-canonical functions, including DNA re-
pair, transcriptional regulation, and apoptosis [17]. Moreover,
recent studies have shown that ribosome biogenesis itself
plays an important role in cell division and that the upregula-
tion of RPs can increase the risk of tumor development and
stemness acquisition, which has been termed an extra-ri-
bosomal function [18]. For example, we have reported that
ribosomal protein L17 (RPL17) and RPL27 are upregulated
and functionally involved in CRC progression and stemness
via NEK2/B-catenin and PLK-1 signaling, respectively [19,20].
Other groups have also shown that upregulation of RPL23
increases the metastatic potential of lung adenocarcinoma
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cell lines [21] and that RPs induce plasticity and stemness in
glioma cells [22].

RPL9, a component of the 60S subunit, belongs to the L6P
family of RPs. It has been reported that the expression level
of RPL9 is elevated in CRC tissues compared to that in a
healthy colon [23-25], which raises the possibility that RPL9
may be a candidate target gene for CRC therapy. Supporting
this hypothesis, we have previously demonstrated that the
knockdown of RPL9 inhibits CRC growth in vitro and in vivo
by disrupting the inhibitor of DNA-binding 1 (ID-1) signaling
axis [26]. ID-1 is a helix-loop-helix (HLH) protein that forms
heterodimers with members of the basic HLH family of tran-
scription factors. ID-1 has no DNA-binding activity and can
therefore inhibit the DNA-binding and transcriptional activa-
tion ability of the basic HLH proteins with which it interacts.
It is also involved in cell growth, senescence, and differen-
tiation. In addition to cell proliferation, ID-1 also plays a cru-
cial role in maintaining cancer stemness. Silencing of ID-1
resulted in a decrease in CRC proliferation and suppression
of hepatic metastasis [27]. Thus, we attempted to investigate
whether the function of RPL9 correlates with CR-CSC-like
properties. From what we have gathered, direct evidence
connecting the function of RPL9 with cancer stemness is not
yet reported. A recent study claimed that the recurrence of
non-muscle invasive bladder cancer with BCG therapy could
be predicted using RPL9 expression [28].

MATERIALS AND METHODS

Cell culture and siRNA transfection

The human CRC cell lines HT29 and HCT116 were obtained
from the Korean Cell Line Bank (KCLB). Both the HT29 and
HCT116 cells were incubated at 37°C in a humidified incu-
bator with 5% CO,. RPMI-1640 culture medium was supple-
mented with 10% FBS and 1% penicillin/streptomycin (Wel-
gene). CRC cells were transfected with 20 nM negative con-
trol (NC) siRNA or RPL9-specific siRNA (s226955; Ambion)
for 5 hours using Lipofectamine 2000 (11668-019; Invitrogen)
and Opti-MEM 1 (31985-070; Gibco) in a humidified incubator.
The NC siRNA sequences designed are as follows: sense
strand, 5-~ACGUGACACGUUCGGAGAA(UU)-3'; antisense
strand, 5-UUCUCCGAACGUGUCAC GU-3', and synthe-
sized by Bioneer.

MTT assay

Cell proliferation was assessed by using the MTT assay
following the manufacturer’s guidelines. HT29 and HCT116
cells were transfected with RPL9 siRNA at a concentration of
20 nM, as described above. After 96 hours of cell culture,
90 plL of plain medium and 10 uL of MTT were added to
each well and incubated at 37°C in a humidified incubator
for 1 hour. Subsequently, MTT solution was aspirated, and
100 uL of DMSO was added. The absorbance was mea-
sured at 540 nm using an Asys UVM 340 microplate reader
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(Biochrom).

Invasion and migration assay

Invasion and migration assays were performed using 24-well
Matrigel invasion chambers (354480; Corning) and a tran-
swell migration assay kit (3422; Corning), respectively. Cells
transfected with either NC siRNA or RPL9 siRNA for 24 hours
were suspended at a density of 5 x 10* cells in 200 pL of
medium in the upper chamber. In the lower chamber, 600 pL
of medium containing 10% FBS was added. After 24 hours,
cells were fixed with methanol for 15 minutes and stained
with 0.5% crystal violet for 30 minutes. Images were captured
at 100 x magnification using a light microscope.

Sphere forming assay

HT29 parental cells (3 x 10%), HCT116 parental cells (5 x
10%), and CD133" HT29 cancer stem cells (5 x 10°) were
suspended in serum-free DMEM/F-12 medium (11320-033;
Gibco) containing 4 ng/mL insulin (Invitrogen), 2% B27 (Invi-
trogen), 20 ng/mL epidermal growth factor (Sigma Aldrich),
and 10 ng/mL basic fibroblast growth factor (Invitrogen). The
cell suspension was seeded into 24-well ultra-low-attach-
ment plates (3473; Corning). After plating, single cells were
transfected with either NC siRNA or RPL9 siRNA using lipo-
fectamine RNAIMAX (13778-150; Invitrogen) following the
manufacturer’s protocol. The number of spheres was count-
ed on day 9 or 15, when a substantial number of spheres had
formed.

Protein extraction and Western blotting

CD133" HT29 cancer stem cells were suspended in RIPA
buffer (89900; Thermo Fisher Scientific) containing 0.01%
protease and phosphatase inhibitor cocktail (1861281; Ther-
mo Fisher Scientific) in 48 hours of siRNA transfection. The
amount of protein was quantified using a Pierce BCA Protein
Assay Kit (23225; Thermo Fisher Scientific). Subsequent-
ly, total protein (50 uL) were separated using 10% SDS-
PAGE and transferred to a polyvinylidene difluoride (PVDF)
membrane (Roche). Following blocking with 5% skim milk in
Tris-buffered saline plus Tween 20 (CBT3085; Dynebio), the
membranes were incubated with primary antibodies against
RPL9 (ab182556; Abcam) CD133 (64326; Cell Signaling
Technology), ID-1 (sc-133104; Santa Cruz Biotechnology),
p-lkBa (2859; Cell Signaling Technology), and B-actin (sc-
47778; Santa Cruz Biotechnology). The following HRP-con-
jugated secondary antibodies were used for detection: goat
anti-mouse IgG (115-035-062; Jackson ImmunoResearch
Laboratories), rabbit anti-goat IgG-HRP (sc-2768; Santa Cruz
Biotechnology), and goat anti-rabbit IgG (sc-2301; Santa
Cruz Biotechnology). The cells were then incubated at room
temperature for 1 hour. The immunoreactive bands were vi-
sualized using Fusion Fx7 imaging system (Vilber Lourmat).



RNA isolation and real-time quantitative reverse
transcription-PCR

Alterations in gene expression at the mRNA level were as-
sessed by real-time quantitative reverse transcription-PCR.
Total RNA was extracted using the RNeasy Plus Mini kit
(74134; Qiagen GmbH), and cDNA was synthesized using
the PrimeScript Il 1st strand cDNA Synthesis kit (Takara
Bio) following the manufacturer’s instructions. Amplification
of the target genes was performed using the respective
pairs of primers (RPL9 forward, 5-GCACAGTTATCGTG
AAGGGC-3’, and RPL9 reverse, 5-TTACCCCACCATTTGT-
CAACC-3’; CD133 forward, 5-AGTCGGAAACTGGCAGA-
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TAGC-3', and CD133 reverse, 5-GGTAGTGTTGTACTG GG-
CCAAT-3’; ID-1 forward, 5-CCAGCACGTCATCGACTAC-3,
and ID-1 reverse, 5-GCTTCAGCGACACAAGATG-3’; GAP-
DH forward, 5-ACATCAAGAAGGTGGTGAAG-3', and GAP-
DH reverse, 5-GGTGTCGCTGTTGAAGTC-3’) synthesized
by Genotech, in conjunction with TB Green (Takara Bio). Rel-
ative mRNA expression was evaluated and quantified using a
LightCyclear 96 system (04729692001; Roche) according to
the manufacturer’s instructions. The mRNA levels were nor-
malized to GAPDH expression.
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Figure 1. Transfection of RPL9 siRNA reduces the metastatic potential of parental CRC cell population. (A, B) Representative light micros-
copy images and relative percentage of invasive (A) and migratory (B) HT29 and HCT116 cells treated with NC siRNA or RPL9 siRNA. Numbers of
invaded and migrated cells were stained with crystal violet, counted, and graphed. Scale bar, 100 um. (C) Detection of sphere formation in HT29 cells
treated with NC siRNA or RPL9 siRNA. The differences in sphere forming capacity were compared by calculating both size and number of spheres.
NC siRNA, negative control siRNA; RPL9 siRNA, RPL9-specific siRNA. Statistical significance: *P < 0.05; **P < 0.01; ***P < 0.001 vs. NC siRNA
treatment. RPL9, ribosomal protein L9; CRC, colorectal cancer; NC, negative control.
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Magnetic cell sorting and flow cytometry

To separate colorectal CSCs from CRC cells, the CD133
CSC marker was used in this study. HT29 parental cell pop-
ulation was trypsinized and resuspended in DPBS with FcR
Blocking Reagent and CD133 microbeads (Miltenyi Biotec)
and incubated in the dark at 4°C for 15 minutes. After wash-
ing with DPBS, the cells labeled by CD133 microbeads were
separated using an autoMACS Pro system (Miltenyi Biotec).
Magnetically labeled CD133" and unlabeled CD133 cells
were separately incubated for 30 minutes along with either
isotype control antibody (130122932, mouse 1gG2b APC
conjugate; Miltenyi Biotec) or CD133/2 antibody (130113746,
anti-human APC conjugate; Miltenyi Biotec). Separation effi-
ciency was quantified using a FACSCanto Il flow cytometer
(BD Bioscience).

Statistical analysis

All data were subjected to statistical analyses using Microsoft
Excel 2016 (Microsoft). Each experiment was conducted us-
ing three replicas, and statistical evaluations were performed
using the Student’s t-test. The results are displayed as mean
+ SEM. Statistically significant differences were denoted by
P-values, i.e., P<0.05, P<0.01, and P<0.001.

RESULTS AND DISCUSSION

Silencing of RPL9 inhibits metastatic potential
of parental CRC cell population

For this study, we chose the same RPL9-specific SiRNA se-
quence and transfection conditions that were used in a pre-
vious study [26] and confirmed its reproducibility in terms of
CRC cell growth inhibition and efficient target gene silencing
(Fig. S1). As mentioned previously, targeting RPL9 suppress-
es CRC growth by downregulating ID-1 which is involved in
both cancer cell growth and stemness [27]. Given the func-
tional involvement of ID-1 as a metastatic factor, prior to iso-
lating CR-CSCs, we verified whether RPL9 knockdown could
substantially inhibit the metastatic abilities of the parental
CRC cell population. To accomplish this, invasion, migration,
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and sphere formation assays were performed after transfec-
tion of RPL9 siRNA to HT29 or HCT116 CRC cell culture.
As expected, treatment with 20 nM RPL9 siRNA suppressed
the invasion of HT29 and HCT116 parental cell populations
by approximately 80% and 70%, respectively, compared to
that of NC siRNA treatment (Fig. 1A). Similarly, the treatment
induced a reduction in the migration ability by more than 80%
in both cell lines (Fig. 1B).

CSCs represent a subpopulation of tumorigenic cells, com-
prising a very small portion of about 0.01%—-2% of the total
tumor cell number, and the formation of multicellular three-di-
mensional spheres in nonadherent serum-free conditions is a
typical characteristic of CSCs for self-renewal and propaga-
tion [29,30]. Furthermore, it was previously demonstrated that
CR-CSCs were successfully enriched using a CD133 surface
marker [31,32] and that CD133" CR-CSCs could induce
tumor formation in vivo, whereas CD133 cancer cells failed
[32]. Of the two CRC cell lines, we decided to use HT29 for
all subsequent experiments because the level of CD133
expression in HT29 cells was significantly higher than that in
HCT116 cells [33], allowing us to obtain a sufficient number
of CSCs suitable for analysis. We observed that HT29 cells
formed spheres more efficiently than did HCT116 cells (data
not shown), and transfection of RPL9 siRNA into the HT29
parental cell population effectively reduced both the size and
the number of spheres after nine days of treatment (Fig. 1C).
These results indicate that RPL9 is involved in the mainte-
nance of CRC stemness.

RPL9 knockdown suppresses the proliferation
of CR-CSCs through reduction of ID-1 and
p-lkBa protein levels

We sorted the HT29 CSC population from cancer cells by
incubating the HT29 parental cell culture with CD133 mi-
crobeads. As displayed in Fig. 2A, CD133" and CD133 cell
populations were efficiently separated, showing a more than
3-fold difference in the level of CD133 mean fluorescence.
To affirm the successful isolation, we have also evaluated the
expression of CD133 on mRNA and protein levels and com-
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Figure 2. Use of CD133 CSC marker effectively isolates CR-CSCs. (A) Separation of HT29 CSC population from cancer cell population using
CD133 antibody. (B) Relative levels of CD133 mRNA and CD133 protein in CD133" and CD133" fractions. **P < 0.01 vs. NC siRNA treatment. CR-
CSC, colorectal cancer stem cell; NC, negative control.
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pared the results with those in CD133" and CD133" cancer in the expression of key molecules. Silencing of RPL9 sup-
cell populations. Both mRNA and protein levels of CD133 in pressed the growth of HT29 CSCs by more than 85% (Fig.
the CD133" population were higher than that in the CD133 3A), accompanied by the downregulation of CD133 and ID-1
population by about 3.5-fold and 1.6-fold, respectively (Fig. at both the mRNA and protein levels (Fig. 3B and Fig. 3C).
2B). Reduction of ID-1 protein led to the decrease of phosphory-

Next, RPL9 siRNA was transfected into isolated CD133" lated IkBa, which is known as one of downstream effectors of
HT29 CSCs and assayed for growth inhibition and changes ID-1 signaling (Fig. 3C).
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Figure 3. Targeting RPL9 inhibits the growth of CR-CSCs via disruption of ID-1 signaling axis. (A) Inhibition of growth of CD133" HT29 CSCs
by RPL9 silencing. (B) Reduction of CD133 and ID-1 mRNA expression in RPL9-silenced CD133" HT29 CSCs. (C) Reduction of CD133, ID-1, and
p-lkBo. proteins in RPL9-silenced CD133" HT29 CSCs. B-Actin was used as a loading control. ***P < 0.001 vs. NC siRNA treatment. RPL9, ribosomal
protein L9; CR-CSC, colorectal cancer stem cell; ID-1, inhibitor of DNA-binding 1; NC, negative control.
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Figure 4. Treatment with RPL9 siRNA suppresses the abilities of invasion, migration and sphere formation in CR-CSCs. (A, B) Representa-
tive light microscopy images and relative percentage of invasive (A) and migratory (B) CD133" HT29 CSCs treated with NC siRNA or RPL9 siRNA.
The invaded cells were marked with red arrows in (A). Scale bar, 100 um. (C) Representative light microscopy images and relative efficiency of
sphere formation in CD133" HT29 CSCs treated with NC siRNA or RPL9 siRNA. Scale bar, 100 um. The difference in sphere forming capacity was
compared by calculating size and quantifying number of spheres. *P < 0.05; **P < 0.01 vs. NC siRNA treatment. RPL9, ribosomal protein L9; CR-
CSC, colorectal cancer stem cell; NC, negative control.
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Overexpression of ID-1 has been observed in over 20
types of human malignancies, including colorectal [34], breast
[35], prostate [36], and cervical [37] cancer, suggesting that
ID-1 plays an important role in cancer development. Further-
more, knockdown of ID-1 expression results in the inhibition
of CRC metastasis in vivo [27]. Consistent with the genetic
profiling of RPL9 knockdown parental CRC cells [26], we
found that the level of ID-1 was reduced in CR-CSCs as well,
suggesting that RPL9 is functionally correlated with the 1D-1
signaling axis to promote both proliferation and stemness of
CR-CSCs.

Targeting RPL9 inhibits the stemness of
CR-CSCs

Generally, almost 80% of patients with cancer die mainly due
to the occurrence of metastasis, showing only 10 months
of the median survival time [38]. In the case of CRC, about
25% of patients are diagnosed at an advanced stage with a
higher chance of representing metastatic lesions, and even
the patients in early stages have up to 50% of chance of de-
veloping metastases [11,12]. Biologically, it is well known that
CR-CSCs play a critical role in developing metastatic CRC
[14,31]. Thus, we investigated whether inhibition of RPL9
expression could substantially suppress the stemness of CR-
CSCs. To accomplish this, the expression of RPL9 in CD133"
HT29 CSCs was blocked by RPL9 siRNA and then changes
in invasion and migration abilities were compared with that
in the control group. As expected, the invasive and migratory
abilities of RPL9-silenced CSCs were reduced by approxi-
mately 80% and 40%, respectively (Fig. 4A and 4B).

Finally, the change in sphere-forming capacity was as-
sessed under the same conditions. As shown in Fig. 4C,
treatment with RPL9 siRNA significantly suppressed sphere
formation by decreasing both the size and number of
spheres. For the first time, we report that the function of RPL9
is correlated with CRC stemness. Throughout our successive
studies, a decrease in ID-1 expression was observed in all
experimental CRC environments of the parental cell culture
and in isolated CD133" CSCs with RPL9 depletion, indicating
its potential therapeutic efficacy.

Taken together, our findings suggest that RPL9 is a poten-
tial therapeutic target for primary CRC treatment and preven-
tion of metastasis. Our study has certain limitations; we could
not obtain sufficient experimental evidence to fully elucidate
how RPL9 silencing could disrupt ID1 signaling. Future stud-
ies should focus on addressing these questions. First, the
molecular mechanisms by which RPL9 directly regulates the
expression of ID-1 in CR-CSCs must be elucidated. Second,
it would be interesting to elucidate the different mechanisms
by which RPL9 is involved throughout the stages of CRC de-
velopment.

30 J Cancer Prev 2024;29(2):25-31

FUNDING

This work was supported by a National Research Foundation
(NRF) grant (No. NRF-2021R111A3052061) funded by the
Ministry of Science and ICT (MSIT), South Korea.

CONFLICTS OF INTEREST

No potential conflicts of interest were disclosed.

SUPPLEMENTARY MATERIALS

Supplementary materials can be found via https://doi.
0rg/10.15430/JCP.24.004.

ORCID

Eun-Hye Jeon, https://orcid.org/0009-0002-1478-9658
So-Young Park, https://orcid.org/0009-0008-9408-9419
Keon Uk Park, https://orcid.org/0000-0002-6902-7063
Yun-Han Lee, https://orcid.org/0000-0002-5746-6755

REFERENCES

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram
I, Jemal A, et al. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin 2021;71:209-49.

2. Chan DS, Lau R, Aune D, Vieira R, Greenwood DC, Kampman
E, et al. Red and processed meat and colorectal cancer
incidence: meta-analysis of prospective studies. PLoS One 2011;
6:€20456.

3. Fedirko V, Tramacere |, Bagnardi V, Rota M, Scotti L, Islami F,
et al. Alcohol drinking and colorectal cancer risk: an overall and
dose-response meta-analysis of published studies. Ann Oncol
2011;22:1958-72.

4. Jo A, Oh H. Incidence of colon cancer related to cigarette
smoking and alcohol consumption in adults with metabolic
syndrome: prospective cohort study. J Korean Acad Nurs 2019;
49:713-23.

5. von Roon AC, Reese G, Teare J, Constantinides V, Darzi AW,
Tekkis PP. The risk of cancer in patients with Crohn’s disease.
Dis Colon Rectum 2007;50:839-55.

6. Ma, Yang Y, Wang F, Zhang P, Shi C, Zou Y, et al. Obesity
and risk of colorectal cancer: a systematic review of prospective
studies. PLoS One 2013;8:€53916.

7. Jiang Y, Ben Q, Shen H, Lu W, Zhang Y, Zhu J. Diabetes mellitus
and incidence and mortality of colorectal cancer: a systematic
review and meta-analysis of cohort studies. Eur J Epidemiol
2011;26:863-76.

8. Taylor DP, Burt RW, Williams MS, Haug PJ, Cannon-Albright
LA. Population-based family history-specific risks for colorectal
cancer: a constellation approach. Gastroenterology 2010;138:
877-85.


https://doi.org/10.15430/JCP.24.004
https://doi.org/10.15430/JCP.24.004
https://orcid.org/0009-0002-1478-9658
https://orcid.org/0009-0008-9408-9419
https://orcid.org/0000-0002-6902-7063
https://orcid.org/0000-0002-5746-6755

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Fearon ER, Vogelstein B. A genetic model for colorectal
tumorigenesis. Cell 1990;61:759-67.

Bahnassy AA, Zekri AR, Salem SE, Abou-Bakr AA, Sakr MA,
Abdel-Samiaa AG, et al. Differential expression of p53 family
proteins in colorectal adenomas and carcinomas: prognostic and
predictive values. Histol Histopathol 2014;29:207-16.

Mody K, Baldeo C, Bekaii-Saab T. Antiangiogenic therapy in
colorectal cancer. Cancer J 2018;24:165-70.

Chibaudel B, Tournigand C, Bonnetain F, Richa H, Benetkiewicz
M, André T, et al. Therapeutic strategy in unresectable metastatic
colorectal cancer: an updated review. Ther Adv Med Oncol
2015;7:153-69.

Benson AB 3rd, Venook AP, Bekaii-Saab T, Chan E, Chen YJ,
Cooper HS, et al. Colon cancer, version 3.2014. J Natl Compr
Canc Netw 2014;12:1028-59.

Kozovska Z, Gabrisova V, Kucerova L. Colon cancer: cancer
stem cells markers, drug resistance and treatment. Biomed
Pharmacother 2014;68:911-6.

Fong Y, Cohen AM, Fortner JG, Enker WE, Turnbull AD, Coit
DG, et al. Liver resection for colorectal metastases. J Clin Oncol
1997;15:938-46.

Taylor DJ, Devkota B, Huang AD, Topf M, Narayanan E, Sali
A, et al. Comprehensive molecular structure of the eukaryotic
ribosome. Structure 2009;17:1591-604.

Cai Y, Zhang C, Hao L, Chen J, Xie P, Chen Z. Systematic
identification of seven ribosomal protein genes in bighead carp
and their expression in response to microcystin-LR. J Toxicol Sci
2016;41:293-302.

Derenzini M, Montanaro L, Treré D. Ribosome biogenesis and
cancer. Acta Histochem 2017;119:190-7.

Ko MJ, Seo YR, Seo D, Park SY, Seo JH, Jeon EH, et al.
RPL17 promotes colorectal cancer proliferation and stemness
through ERK and NEK2/B-catenin signaling pathways. J Cancer
2022;13:2570-83.

Park SY, Seo D, Jeon EH, Park JY, Jang BC, Kim JI, et al.
RPL27 contributes to colorectal cancer proliferation and stem-
ness via PLK1 signaling. Int J Oncol 2023;63:93.

Liu F, LiY,YuY, Fu S, Li P. Cloning of novel tumor metastasis-
related genes from the highly metastatic human lung adeno-
carcinoma cell line Anip973. J Genet Genomics 2007;34:189-95.
Hide T, Shibahara I, Inukai M, Shigeeda R, Kumabe T.
Ribosomes and ribosomal proteins promote plasticity and
stemness induction in glioma cells via reprogramming. Cells
2022;11:2142.

Lai MD, Xu J. Ribosomal proteins and colorectal cancer. Curr
Genomics 2007;8:43-9.

Zhang XL, Gao F, Li W, Tang WZ, Zhang S. Serial analysis of
gene expression in adenocarcinoma samples and normal colonic
mucosa in a Chinese population. Genet Mol Res 2015;14:12903-
1.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

RPL9 Contributes to Colorectal Cancer Stemness

Sim EUH, Bong IPN, Balraj P, Tan SK, Jamal R, Sagap |, et al. A
preliminary study of differentially expressed genes in Malaysian
colorectal carcinoma cases. J Biosci 2006;17:19-37.

Baik IH, Jo GH, Seo D, Ko MJ, Cho CH, Lee MG, et al.
Knockdown of RPL9 expression inhibits colorectal carcinoma
growth via the inactivation of Id-1/NF-«xB signaling axis. Int J
Oncol 2016;49:1953-62.

Lai X, Liao J, Lin W, Huang C, Li J, Lin J, et al. Inhibitor of DNA-
binding protein 1 knockdown arrests the growth of colorectal
cancer cells and suppresses hepatic metastasis in vivo. Oncol
Rep 2014;32:79-88.

Piao XM, Kim YU, Byun YJ, Zheng CM, Moon SM, Kim K,
et al. Expression of RPL9 predicts the recurrence of non-
muscle invasive bladder cancer with BCG therapy. Urol Oncol
2022;40:197.e1-9.

Morrison BJ, Steel JC, Morris JC. Sphere culture of murine lung
cancer cell lines are enriched with cancer initiating cells. PLoS
One 2012;7:e49752.

Amaral RLF, Miranda M, Marcato PD, Swiech K. Comparative
analysis of 3D bladder tumor spheroids obtained by forced
floating and hanging drop methods for drug screening. Front
Physiol 2017;8:605.

O’Brien CA, Pollett A, Gallinger S, Dick JE. A human colon
cancer cell capable of initiating tumour growth in immunodeficient
mice. Nature 2007;445:106-10.

Ricci-Vitiani L, Lombardi DG, Pilozzi E, Biffoni M, Todaro M,
Peschle C, et al. Identification and expansion of human colon-
cancer-initiating cells. Nature 2007;445:111-5.

Asadzadeh Z, Mansoori B, Mohammadi A, Kazemi T,
Mokhtarzadeh A, Shanehbandi D, et al. The combination effect
of Prominin1 (CD133) suppression and Oxaliplatin treatment
in colorectal cancer therapy. Biomed Pharmacother 2021;137:
111364.

Zhao ZR, Zhang ZY, Zhang H, Jiang L, Wang MW, Sun XF.
Overexpression of Id-1 protein is a marker in colorectal cancer
progression. Oncol Rep 2008;19:419-24.

Lin CQ, Singh J, Murata K, Itahana Y, Parrinello S, Liang SH,
et al. A role for Id-1 in the aggressive phenotype and steroid
hormone response of human breast cancer cells. Cancer Res
2000;60:1332-40.

Ouyang XS, Wang X, Lee DT, Tsao SW, Wong YC. Over
expression of ID-1 in prostate cancer. J Urol 2002;167:2598-602.
Schindl M, Oberhuber G, Obermair A, Schoppmann SF, Karner
B, Birner P. Overexpression of Id-1 protein is a marker for
unfavorable prognosis in early-stage cervical cancer. Cancer
Res 2001;61:5703-6.

Mani K, Deng D, Lin C, Wang M, Hsu ML, Zaorsky NG. Causes
of death among people living with metastatic cancer. Nat
Commun 2024;15:1519.

http://www.jcpjournal.org 31


https://ejournal.usm.my/tlsr/article/view/tlsr_vol17-no-1-2006_3
https://ejournal.usm.my/tlsr/article/view/tlsr_vol17-no-1-2006_3
https://ejournal.usm.my/tlsr/article/view/tlsr_vol17-no-1-2006_3



