Am J Cancer Res 2026;16(5):1745-1760
www.ajcr.us /ISSN:2156-6976/ajcr0173218

Original Article
GTPBP4 promotes colorectal cancer cell proliferation by
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Abstract: Colorectal cancer remains a leading cause of cancer death globally, creating an urgent need for novel ther-
apeutic targets. Here, we investigate the expression, function, and regulatory mechanism of GTP-binding protein 4
(GTPBP4) in colorectal cancer. Analysis of The Cancer Genome Atlas (TCGA) colon adenocarcinoma (COAD) dataset
showed that GTPBP4 is upregulated in colorectal tumors relative to normal mucosa, and high GTPBP4 expression
correlates significantly with reduced overall survival. We observed a strong positive correlation between GTPBP4
and MYC expression across the cohort, leading us to generate stable GTPBP4-knockdown HCT116 and SW620
cells, as well as isogenic rescue lines overexpressing MYC. GTPBP4 depletion markedly suppressed cell prolifera-
tion, as determined by Cell Counting Kit-8 (CCK-8), 5-ethynyl-2’-deoxyuridine (EdU) incorporation, and clonogenic
assays. Mechanistically, GTPBP4 knockdown reduced both MYC mRNA and protein levels, accelerated MYC protein
turnover, and increased MYC ubiquitination (all P < 0.05), indicating dual transcriptional and post-translational
regulation. Concurrently, GTPBP4 silencing downregulated key glycolytic enzymes and decreased glycolytic flux, ef-
fects that were fully reversed by ectopic MYC expression (P < 0.05). In a subcutaneous xenograft model, GTPBP4
knockdown significantly inhibited tumor growth, reduced MYC and Ki-67 proliferation antigen (Ki-67) expression,
and blunted glycolytic metabolism (P < 0.01 or P < 0.05). Co-expression of MYC restored all these parameters and
reversed the enhanced MYC ubiquitination (P < 0.05). Collectively, our data demonstrate that GTPBP4 sustains MYC
expression through dual mechanisms to drive glycolytic reprogramming and colorectal cancer growth, identifying the
GTPBP4/MYC/glycolysis axis as a promising therapeutic target.
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Introduction

According to data from the International Agency
for Research on Cancer (IARC), colorectal can-
cer (CRC) ranks as the second leading cause of
cancer-related mortality among both men and
women globally. In 2022, nearly one million
deaths were attributed to this malignancy
worldwide [1]. Therapeutic options for CRC
currently remain limited: cytotoxic chemothera-
py is largely confined to oxaliplatin, irinotecan,
and fluoropyrimidines; anti-angiogenic agents
include bevacizumab, regorafenib, and fruquin-
tinib; and targeted therapy directed against
the epidermal growth factor receptor (EGFR) is
restricted to cetuximab. For patients with
advanced CRC who remain candidates for con-
tinued antineoplastic therapy, the paucity of
available regimens directly compromises sur-

vival outcomes [2]. Consequently, the identifi-
cation of novel therapeutic targets to improve
survival rates among CRC patients has be-
come increasingly imperative. Rapid advances
in high-throughput sequencing and gene micro-
array technologies have accelerated the analy-
sis of genetic data, leading to the continual dis-
covery of genes implicated in the initiation and
progression of CRC [3].

Members of the guanosine triphosphate bind-
ing protein (GTPBP) family function as guano-
sine triphosphatases (GTPases), hydrolyzing
GTP from an active GTP-bound state to an inac-
tive guanosine diphosphate (GDP)-bound state
[4]. GTP binding protein 4 (GTPBP4) is a relative-
ly recent addition to the GTPase family and par-
ticipates in the biogenesis and maturation of
the 60S ribosomal subunit, processes intimate-
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ly linked to cell proliferation and growth [5].
Previous studies have documented that upreg-
ulation of GTPBP4 promotes proliferation in
hepatocellular carcinoma cells [6], gastric can-
cer cells [7], and breast cancer cells [8]. In lung
cancer, silencing GTPBP4 markedly suppresses
cell proliferation, angiogenesis, colony forma-
tion, and tumor progression in nude mice [9].

Glycolysis constitutes a central factor in cancer
progression [10]. Whereas normal cells primar-
ily rely on mitochondrial oxidative phosphoryla-
tion for energy production under aerobic condi-
tions, tumor cells exhibit a heightened depen-
dence on glycolysis even in the presence of
oxygen, a phenomenon known as the Warburg
effect [11]. During glycolysis, lactate dehydro-
genase A (LDHA) catalyzes the conversion of
pyruvate to lactate. Lactate accumulation acidi-
fies the extracellular microenvironment, there-
by fostering malignant proliferation and tumor
growth [12]. The MYC proto-oncogene protein
(MYC) plays a pivotal role in orchestrating aero-
bic glycolysis by directly activating the tran-
scription of nearly all glycolytic genes through
binding to canonical E-box sequences, includ-
ing glucose transporter 1 (GLUT1), hexokinase
2 (HK2), and LDHA [13].

Ubiquitin (Ub), a 76-amino acid polypeptide
present in all eukaryotic tissues, together with
its degradation pathway via the proteasome,
constitutes the ubiquitin-proteasome system
(UPS) [14]. This tightly regulated system gov-
erns intracellular protein degradation and mod-
ulates diverse cellular processes, including
cell cycle progression, deoxyribonucleic acid
(DNA) damage repair, signal transduction,
immune responses, and oxidative stress reac-
tions [15]. Ubiquitination, a prevalent post-
translational modification in eukaryotes, in-
volves the covalent attachment of ubiquitin to
target substrates [16]. In cancer, ubiquitination
can exert context-dependent regulation over
both tumor-suppressive and oncogenic path-
ways [17].

Through bioinformatic analysis of clinical and
transcriptomic data from The Cancer Genome
Atlas (TCGA) database, we observed that
GTPBP4 is highly expressed in colon adenocar-
cinoma (COAD). Correlation analysis between
GTPBP4 and MYC revealed a significant posi-
tive association. Accordingly, this study fur-
ther investigated the regulatory relationship
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between GTPBP4 and MYC. Our findings dem-
onstrate that GTPBP4 preserves MYC protein
stability by inhibiting its ubiquitin-mediated pro-
teasomal degradation while concurrently exert-
ing positive regulation on MYC transcription.
Knockdown of GTPBP4 not only reduces MYC
expression in colon adenocarcinoma cells but
also diminishes glycolytic metabolite produc-
tion, ultimately restraining both in vitro and in
vivo growth of colon adenocarcinoma.

Materials and methods
Data collection

Transcriptome profiling data in TXT format and
corresponding clinical annotations in XML for-
mat for colon adenocarcinoma (COAD) were
retrieved from The Cancer Genome Atlas
(TCGA) database (https://portal.gdc.cancer.
gov/). Raw transcriptomic files were process-
ed into a gene expression matrix using R soft-
ware (version 4.4.3) and subsequently convert-
ed to Excel format for downstream analyses.

Gene screening

Bioinformatic analyses were executed using
R software (version 4.4.3). Expression values
for GTP binding protein 4 (GTPBP4) were
extracted to characterize its pan-cancer ex-
pression landscape across diverse human
malignancies relative to corresponding nor-
mal tissues. Differential expression of GTPBP4
between colon adenocarcinoma specimens
and adjacent non-tumor mucosa was assess-
ed. Kaplan-Meier survival analysis was per-
formed with the ‘Survival’ package, and statisti-
cal significance was evaluated using the log-
rank test to determine the association between
GTPBP4 transcript abundance and overall
patient survival.

Cell culture and cell transfection

Human colorectal cancer cell lines HCT116
and SW620 were obtained from the American
Type Culture Collection (ATCC). Both lines
were maintained in Dulbecco’s Modified Eagle
Medium (DMEM; Gibco) supplemented with
10% fetal bovine serum (FBS; Gibco) and 1%
penicillin/streptomycin. Cultures were incubat-
ed at 37°C in a humidified atmosphere con-
taining 5% carbon dioxide (CO,). All experi-
ments were performed using cells in the loga-
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rithmic growth phase. Short hairpin RNA
(shRNA) constructs targeting GTPBP4 (GTPB-
P4-shRNA), a non-targeting negative control
shRNA (NC-shRNA), and the pcDNA3.1-MYC
overexpression plasmid were synthesized by
Sangon Biotech (Shanghai). A recombinant
lentiviral vector expressing green fluorescent
protein (GFP), pGSIL-shGTPBP4, was employ-
ed; the targeting sequence was 5-GCTG-
GAGAGTATGACAGTGTActcgagTACACTGTCATA-
CTCTCCAGC-3'. Lentiviral particles were gener-
ated by co-transfection of the shGTPBP4 plas-
mid with packaging plasmids psPAX2 and
pMD2G. Stable cell lines were established via
fluorescence-activated cell sorting (FACS) for
GFP-positive cells following transduction. For
MYC rescue experiments, the pcDNA3.1-c-
Myc overexpression plasmid (Addgene) was
utilized. Transfections were performed using
Lipofectamine 3000 reagent (Invitrogen). Brie-
fly, HCT116 cells in logarithmic growth were
seeded into 6-well plates and allowed to reach
60-70% confluence. Cells were transfected
with either NC-shRNA or GTPBP4-shRNA vec-
tors to generate control and knockdown stable
lines, respectively. Subsequently, the GTPBP4-
shRNA stable line was transfected with the
pcDNA3.1-MYC plasmid to establish the rescue

group.
Animal model construction and grouping

Male BALB/c athymic nude mice, aged 4-6
weeks and weighing 18-22 g, were procured
from Beijing Vital River Laboratory Animal
Technology Co., Ltd. All animal experiments
were approved by the Institutional Animal Care
and Use Committee of lJiangsu University
(Approval No. UJS-IACUC-AP-2025030443)
and performed in strict accordance with the
guidelines for the care and use of laboratory
animals. Animals were maintained under spe-
cific pathogen-free (SPF) conditions with a
12-hour light/dark cycle, ambient temperature
of 22 + 2°C, and relative humidity of 50 + 5%.
Following a one-week acclimatization period,
mice were randomly allocated into three gro-
ups (n = 8 per group) using a random number
table: negative control short hairpin RNA
(NC-shRNA) group, GTP binding protein 4 sh-
ort hairpin RNA (GTPBP4-shRNA) knockdown
group, and GTPBP4-shRNA plus MYC proto-
oncogene protein (MYC) overexpression rescue
group. Stably transfected cells in logarithmic
growth phase were harvested and resuspend-
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ed in serum-free Dulbecco’s Modified Eagle
Medium (DMEM) at a density of 5x10° cells
per 100 pL. The cell suspension was injected
subcutaneously into the right dorsal flank of
each mouse. Euthanasia was performed via
intraperitoneal administration of sodium pento-
barbital (150 mg/kg) (P3761, Sigma-Aldrich).
Tumor xenografts were excised intact and
weighed. Portions of the tumor tissue were
snap-frozen for subsequent ribonucleic acid
(RNA) and protein extraction, while the remain-
ing tissue was fixed in 4% paraformaldehyde,
embedded in paraffin, and sectioned for immu-
nohistochemical analysis.

Immunohistochemical staining

Paraffin-embedded tissue specimens were
obtained from the archives of the Department
of Pathology, encompassing 10 cases of
colorectal cancer and matched adjacent nor-
mal mucosa (sampled = 5 cm from the tumor
margin) collected between January 2022 and
December 2023. None of the patients had
received preoperative radiotherapy, chemo-
therapy, targeted therapy, or any other antineo-
plastic intervention, and complete clinicopatho-
logical data were available for all cases. This
study was approved by the Ethics Committee of
Changzhou Wujin People’s Hospital (Approval
No. 2024-SR-128). The requirement for written
informed consent was formally waived by the
committee, given the exclusive use of fully ano-
nymized archival pathological specimens that
preclude patient identification and the absence
of any potential harm, privacy violation, or
impact on patient rights.

Immunohistochemical (IHC) staining was per-
formed on sections of normal colon tissue,
colorectal cancer tissue, and xenograft tumor
tissue. Sections were deparaffinized in xylene
and rehydrated through a graded ethanol
series. Antigen retrieval was achieved by heat-
ing the slides in Tris-ethylenediaminetetraace-
tic acid (EDTA) buffer for 15 minutes, followed
by incubation in 0.3% hydrogen peroxide-meth-
anol solution for 10 minutes to quench endog-
enous peroxidase activity. After blocking with
5% bovine serum albumin (BSA) for 30 minutes
at room temperature, sections were incubat-
ed overnight at 4°C with primary antibodies:
anti-GTPBP4 (Fine Test, 1:100), anti-MYC (Cell
Signaling Technology, 1:100), anti-Ki-67 (Ab-
cam, 1:100), and anti-lactate dehydrogenase
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A (LDHA) (ProteinTech, 1:100). Sections were
subsequently incubated with horseradish per-
oxidase (HRP)-conjugated secondary antibody
(Sangon Biotech, 1:100) for 60 minutes at
room temperature. Immunoreactivity was visu-
alized using a 3,3-diaminobenzidine (DAB)
chromogenic kit (Sangon Biotech), and nuclei
were counterstained with hematoxylin. Images
were captured using an inverted microscope
at 20x magnification. All stained sections
were evaluated independently by two experi-
enced pathologists under blinded conditions.
In instances of scoring discrepancy, a consen-
sus was reached through joint re-examination
and discussion.

Western blotting

Total ribonucleic acid (RNA) was extracted from
cultured cells and xenograft tumor tissues
using a Rapid RNA Extraction Kit (Yeasen
Biotechnology). Complementary deoxyribonu-
cleic acid (cDNA) was synthesized via reverse
transcription. Quantitative polymerase chain
reaction (QPCR) amplification was carried out
in a 20 uL reaction volume comprising: 10 uL
of 2x Hieff UNICON® Universal Blue gPCR
SYBR Green Master Mix (Yeasen, Cat. No.
11184ES08), 0.4 pL each of forward and
reverse primers (10 ymol/L), 2 uL of cDNA
template, and 7.2 yL of nuclease-free water.
Human glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) served as the internal refer-
ence control for assessing GTPBP4 and MYC
expression. Thermal cycling conditions con-
sisted of an initial denaturation at 95°C for 5
minutes, followed by 30 cycles of 94°C for
30 seconds, 52°C for 30 seconds, and 72°C
for 30 seconds, with a final extension at 72°C
for 5 minutes. Each sample was assayed in
triplicate technical replicates. Relative gene
expression levels were calculated using the
2”(-AACt) method. Primer sequences were as
follows: GTPBP4 forward, 5-AGTTGCTCTCGA-
ACTCCACG-3’ and reverse, 5-TGTCTATCCGC-
CTCCCCTTT-3’; MYC forward, 5-AGCAGCGAC-
TCTGAGGAGGAAC-3’ and reverse, 5-TCCAGC-
AGAAGGTGATCCAGACTC-3’; GAPDH forward,
5-GTCTCCTCTGACTTCAACAGCG-3’ and rever-
se, 5-ACCACCCTGTTGCTGCTGTAGCCAA-3'.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from cells and xeno-
graft tissues using an RNA extraction kit
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(Yisheng Biotechnology), and reverse tran-
scribed into complementary DNA (cDNA). The
expression levels of GTPBP4 and MYC were
detected using human GAPDH as the internal
reference. PCR amplification conditions were:
pre-denaturation at 95°C for 5 min; 30 cycles
of denaturation at 94°C for 30 s, annealing at
52°C for 30 s, and extension at 72°C for 30 s;
final extension at 72°C for 5 min.

CCK-8 assay

Cell proliferation was assessed using the Cell
Counting Kit-8 (CCK-8) reagent (Beyotime,
China) for HCT116, HCT116-shGTPBP4, SW-
620, and SW620-shGTPBP4 cells seeded in
96-well plates. At 24 h, 48 h, and 72 h time
points, 10% CCK-8 reagent was added to each
well, and the absorbance was measured at 450
nm using a microplate reader.

EdU assay

HCT116 and SW620 cells in the logarithmic
growth phase were resuspended to a density
of 2x10°% cells/ml and seeded into 96-well
plates. After overnight incubation to allow cell
attachment, EdU was diluted to 20 uyM, and
100 pl of the working solution was added to
each well (final concentration 10 uM), followed
by incubation at 37°C for 2 hours. Cells were
fixed with 4% paraformaldehyde for 30 minut-
es and washed 1-2 times with PBS. The reac-
tion solution was added, and cells were incu-
bated at room temperature in the dark for 30
minutes to allow fluorescent dye binding to
EdU. Images were captured using a fluores-
cence microscope or confocal microscope.
The number of EdU-positive cells or fluores-
cence intensity was quantified to assess cell
proliferation.

Colony formation assay

To assess the long-term proliferative capacity
of colorectal cancer cells, HCT116 and SW620
cells were seeded into 6-well plates at densi-
ties of 4x10° and 1x10°2 cells per well, respec-
tively. Cells were maintained in complete
DMEM medium in a humidified incubator at
37°C with 5% CO,, and the medium was
refreshed every 3 days. After 14 days of cul-
ture, colonies were fixed with 4% paraformalde-
hyde for 15 min at room temperature, stained
with 0.1% crystal violet solution for 20 min, and
rinsed thoroughly with tap water to remove
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excess stain. Plates were air-dried, and colo-
nies containing more than 50 cells were count-
ed manually under an inverted microscope.

In vivo and in vitro ubiquitination assay

Ubiquitination levels of MYC were determin-
ed by immunoprecipitation (IP) assay. Briefly,
293T cells or frozen subcutaneous xenograft
tissues were lysed on ice for 30-45 min in
radioimmunoprecipitation assay (RIPA) buffer
supplemented with 1x protease inhibitor cock-
tail and 1x deubiquitinase inhibitor cocktail
(Beyotime Biotechnology, Shanghai, China).
Lysates were centrifuged at 14,000xg for 20
min at 4°C to remove cell debris, and the
supernatants were collected. Protein concen-
trations were quantified using the BCA protein
assay kit. For pre-clearing, 500 ug of total pro-
tein was incubated with 20 L of Protein A/G
agarose beads (Millipore, Billerica, MA, USA) at
4°C for 1 h to eliminate non-specific binding.
The beads were removed by centrifugation,
and the supernatants were incubated with 2
pg of anti-MYC antibody (Cell Signaling
Technology, Cat# 9402, 1:1000) overnight at
4°C with gentle rotation. Subsequently, 50 pL
of fresh Protein A/G agarose beads were add-
ed and incubated for an additional 4 h at 4°C.
The beads were washed 5 times with cold RIPA
buffer, and bound proteins were eluted by boil-
ing in 2x SDS loading buffer for 10 min.
Ubiquitinated MYC was detected by Western
blotting using an anti-ubiquitin antibody (Cell
Signaling Technology, Cat# 3936, 1:1000).
Equal amounts of whole-cell lysates were load-
ed as input controls to confirm equal protein
loading and to detect total MYC and total ubig-
uitin levels.

Detection of glycolytic metabolites

Pyruvate and lactate assay kits were pur-
chased from SolarBio Life Sciences (BC2205,
BC2235). The o-toluidine glucose assay kit
was purchased from Beyotime Biotech
(80201S). All assays were performed strictly
according to the manufacturers’ instructions.
Absorbance was read using an ELx800 multi-
mode microplate reader (Bio Tek, USA) with
appropriate reference wavelengths.

Statistical analysis
All  experimental data are presented as

mean + standard deviation (SD). Statistical
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analyses were conducted using GraphPad
Prism 8 software. Repeated measures analy-
sis of variance (ANOVA) was employed to com-
pare differences among groups. Pairwise com-
parisons between two groups were performed
using independent-samples Student's *t*-
tests. For comparisons involving three or more
groups, one-way ANOVA was applied, followed
by Tukey’s post hoc test for multiple compari-
sons. All experiments were independently
repeated a minimum of three times. A P-value
of less than 0.05 was considered statistically
significant.

Results
GTPBP4 is highly expressed in COAD

To delineate the expression profile of GTPBP4
in colorectal cancer, we first interrogated its
pan-cancer landscape using the TCGA-COAD
dataset. As illustrated in Figure 1A, GTPBP4
exhibited elevated transcript levels in tumor
tissues relative to normal counterparts across
a broad spectrum of malignancies, including
bladder urothelial carcinoma (BLCA), breast
invasive carcinoma (BRCA), cervical squamous
cell carcinoma (CESC), cholangiocarcinoma
(CHOL), colon adenocarcinoma (COAD), esoph-
ageal carcinoma (ESCA), glioblastoma multi-
forme (GBM), head and neck squamous cell
carcinoma (HNSC), liver hepatocellular carcino-
ma (LIHC), lung adenocarcinoma (LUAD), lung
squamous cell carcinoma (LUSC), prostate
adenocarcinoma (PRAD), rectum adenocar-
cinoma (READ), stomach adenocarcinoma
(STAD), thyroid carcinoma (THCA), and uterine
corpus endometrial carcinoma (UCEC). Within
the colorectal cancer cohort specifically,
GTPBP4 expression was markedly elevated in
tumor tissues compared with adjacent normal
mucosa (Figure 1B). Kaplan-Meier survival
analysis revealed that patients harboring high
GTPBP4 expression had a significantly shorter
overall survival duration than those with low
expression (Figure 1C). Concordantly, immuno-
histochemical (IHC) staining confirmed robust
GTPBP4 protein expression in colorectal can-
cer specimens (Figure 1D), and immunoblot-
ting further validated substantially higher
GTPBP4 protein levels in tumor lysates relative
to paired normal tissues (Figure 1E). Assess-
ment of endogenous GTPBP4 levels across a
panel of colorectal cancer cell lines demon-
strated pronounced expression in HCT116 and
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Figure 1. GTP-binding protein 4 (GTPBP4) was highly expressed in COAD. A: Pan-cancer analysis of GTP binding
protein 4 (GTPBP4) expression across The Cancer Genome Atlas (TCGA) dataset. B: Comparative expression of GT-
PBP4 in colon adenocarcinoma (COAD) tissues versus adjacent non-tumor mucosa. C: Kaplan-Meier overall survival
curves for COAD patients stratified by median GTPBP4 transcript abundance in the TCGA-COAD cohort. D: Represen-
tative immunohistochemistry (IHC) staining for GTPBP4 in normal colonic epithelium and colon adenocarcinoma tis-
sue (scale bar = 100 pym, original magnification x200). E: Immunoblot analysis of GTPBP4 protein levels in matched
colon adenocarcinoma (T) and adjacent non-tumor (N) tissue pairs. F: Immunoblot assessment of endogenous
GTPBP4 protein across a panel of colonic epithelial and colorectal cancer cell lines (NCM460, HCT116, SW620,
SW480, LOVO, HT-29, RKO). *P < 0.05, P < 0.01, **P < 0.001.

SW620 cells (Figure 1F), which were therefore
selected for subsequent functional and mecha-
nistic interrogation.

Knockdown of GTPBP4 suppresses colorectal
cancer cell proliferation

To further validate the functional role of GTP
binding protein 4 (GTPBP4) in colorectal can-
cer, we established stable GTPBP4-knock-
down derivatives of HCT116 and SW620 cells.
Successful depletion of GTPBP4 was confirmed
at the protein level by immunoblotting (Figure
2A) and at the transcript level by quantitative
real-time polymerase chain reaction (QRT-PCR)
(Figure 2B). Assessment of cell viability using
the Cell Counting Kit-8 (CCK-8) assay at 24,
48, and 72 hours post-seeding revealed that
GTPBP4-depleted cells exhibited markedly
reduced viability relative to negative control
short hairpin  RNA (NC-shRNA)-transduced
counterparts (Figure 2C). 5-ethynyl-2’-deo-
xyuridine (EdU) incorporation assays more
directly demonstrated that GTPBP4 silencing
curtailed the proliferative capacity of colorectal
cancer cells (Figure 2D). In clonogenic assays,
GTPBP4-knockdown cells generated fewer and
smaller colonies compared with control cells
(Figure 2E). Collectively, these findings indicate
that depletion of GTPBP4 attenuates colorectal
cancer cell proliferation.

GTPBP4 positively regulates MYC expression
and modulates its protein stability

Correlation analysis between GTPBP4 and the
MYC proto-oncogene protein (MYC) revealed a
significant positive association (Figure 3A). We
therefore sought to elucidate the regulatory
relationship between GTPBP4 and MYC expres-
sion, as well as the underlying mechanism.
Immunoblotting demonstrated that MYC pro-
tein abundance was substantially lower in
GTPBP4-shRNA cells than in NC-shRNA con-
trols (Figure 3B), and a concordant reduction
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was observed at the transcript level (Fig-
ure 3C). Ectopic expression of MYC in the
GTPBP4-shRNA background via transfection of
a MYC-encoding plasmid resulted in markedly
elevated MYC protein levels compared with
those in GTPBP4-shRNA cells alone (Figure
3D). To assess the rate of MYC degradation,
control and HCT116-shGTPBP4 cells were
treated with the protein synthesis inhibitor
cycloheximide (CHX) for varying durations and
subsequently analyzed by immunoblotting.
The results indicated that GTPBP4 depletion
shortened the half-life of MYC protein (Figure
3E). Treatment of GTPBP4-knockdown cells
with either the autophagy inhibitor chloroquine
(CQ) or the proteasome inhibitor MG132, fol-
lowed by immunoblot analysis, suggested that
the ubiquitin-proteasome pathway constitutes
the principal route of MYC degradation (Figure
3F). Furthermore, exposure to MG132 for O, 1,
2, and 4 hours led to a time-dependent accu-
mulation of MYC protein (Figure 3G). Notably,
combined GTPBP4 knockdown and MYC over-
expression reduced the level of ubiquitinated
MYC (Figure 3H).

Taken together, these data establish that
GTPBP4 expression positively correlates with
MYC levels. Depletion of GTPBP4 diminishes
both MYC transcript and protein abundance in
colorectal cancer cells, concurrently enhancing
MYC ubiquitination and accelerating its protea-
somal turnover. These observations support a
model in which endogenous GTPBP4 restrains
MYC ubiquitination and thereby contributes to
the maintenance of MYC protein stability.

GTPBP4 activates glycolysis through MYC

To ascertain whether GTPBP4 participates in
MYC-mediated reprogramming of glycolytic
metabolism, we first examined the expression
of glycolytic enzymes in GTPBP4-depleted cells.
Immunoblot analysis revealed a pronounced
reduction in the protein levels of lactate dehy-

Am J Cancer Res 2026;16(5):1745-1760
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B: Quantitative real-time polymerase chain reaction (qRT-PCR) measurement of relative GTPBP4 messenger RNA
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quantification of colony formation assays illustrating the clonogenic capacity of control and GTPBP4-deficient cells.

P < 0.001.

drogenase A (LDHA), phosphofructokinase
platelet type (PFKP), and hexokinase 1 (HK1)
in shGTPBP4 cells relative to controls (Figure
4A). Measurement of glycolytic end-products
and intermediates showed that lactate produc-
tion, pyruvate generation, and glucose con-
sumption were all diminished in the GTPBP4-
knockdown setting (Figure 4B). Importantly,
reintroduction of MYC into GTPBP4-depleted
cells (shGTPBP4+MYC) partially restored intra-
cellular lactate and pyruvate levels, as well as
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glucose consumption, when compared with
cells harboring GTPBP4 knockdown alone
(Figure 4C).

In vivo validation of GTPBP4 and MYC involve-
ment in colorectal cancer growth and glycolytic
metabolism

To substantiate the functional relevance of the

GTPBP4/MYC axis in colorectal cancer progres-
sion in vivo, we employed a subcutaneous

Am J Cancer Res 2026;16(5):1745-1760
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time course (CHX concentration: 15 pyg/mL) in NC-shRNA and GTPBP4-shRNA cells. F: Immunoblot analysis of MYC
protein levels following treatment of GTPBP4-shRNA cells with vehicle control (dimethyl sulfoxide, DMSO), the au-
tophagy inhibitor chloroquine (CQ), or the proteasome inhibitor MG132. G: Time-course assessment of MYC protein
accumulation in GTPBP4-shRNA cells exposed to MG132 (10 uM) for the indicated intervals. H: Ubiquitination assay
performed in 293T cells co-transfected with plasmids encoding GTPBP4 and MYC; total ubiquitinated MYC species
were detected by immunoprecipitation (IP) and immunoblotting with an anti-ubiquitin (Ub) antibody. ***P < 0.001.
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Figure 4. GTPBP4 is associated with MYC-mediated alterations in glycolytic metabolism. A: Immunoblot analysis
of key glycolytic enzymes - hexokinase 1 (HK1), phosphofructokinase platelet type (PFKP), and lactate dehydroge-
nase A (LDHA) - in NC-shRNA and GTPBP4-shRNA cells. B: Quantification of lactate efflux, pyruvate production, and
glucose consumption rates in control and GTPBP4-depleted cells. C: Metabolic profiling comparing lactate release,
pyruvate generation, and glucose uptake in GTPBP4-shRNA cells versus GTPBP4-shRNA cells with reconstituted
MYC expression. “P < 0.05, ""P < 0.01, P < 0.001.

xenograft model. Male BALB/c athymic nude
mice were inoculated with HCT116 cells stably
expressing NC-shRNA, GTPBP4-shRNA, or
GTPBP4-shRNA plus MYC. Molecular analyses
of excised xenografts confirmed that both
GTPBP4 transcript and protein levels were sub-
stantially downregulated in the GTPBP4-shRNA
group (P < 0.001). No significant difference was
observed between the GTPBP4-shRNA+MYC
group and the NC-shRNA control (P > 0.05).
MYC messenger RNA (mRNA) and protein
expression were significantly reduced in
GTPBP4-shRNA tumors but were markedly
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restored in the GTPBP4-shRNA+MYC rescue
cohort (P < 0.001) (Figure 5A, 5B). Immuno-
blotting and immunohistochemical (IHC) stain-
ing further demonstrated that expression of
the proliferation marker Ki-67, along with glyco-
lytic enzymes LDHA, HK1, and PFKP, was sig-
nificantly diminished in GTPBP4-shRNA xeno-
grafts, whereas these molecular indices were
largely recovered in the rescue group (P < 0.01)
(Figures 5B, 6A).

Metabolic profiling of tumor lysates revealed
that lactate and pyruvate production, as well

Am J Cancer Res 2026;16(5):1745-1760
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Figure 5. Expression of GTPBP4, MYC, and downstream molecules in the xenograft tumors. A: gRT-PCR quantifica-
tion of GTPBP4 and MYC mRNA levels in xenograft tumor lysates derived from athymic nude mice. B: Immunoblot
assessment of GTPBP4, MYC, proliferation marker Ki-67, and glycolytic enzymes (LDHA, HK1, PFKP) in xenograft
tumor protein extracts. P < 0.01, *"P < 0.001. ns: not significant.
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Figure 6. Inmunohistochemical detection, metabolic profiling, and MYC ubiquitination status in xenograft tumors.
A: Representative IHC micrographs depicting protein localization and relative expression intensity of GTPBP4, MYC,
Ki-67, and LDHA within xenograft tumor sections (scale bar = 50 um, original magnification x200). B: Ex vivo meta-
bolic assays quantifying glycolytic parameters in freshly excised xenograft tissues. C: Immunoprecipitation analysis
assessing the extent of MYC ubiquitination in xenograft tumor lysates derived from the indicated experimental
groups. P < 0.01, P < 0.001.

as glucose consumption, were significantly controls, with near-complete restoration
lower in GTPBP4-shRNA xenografts than in observed in the GTPBP4-shRNA+MYC group
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(Figure 6B). Immunoprecipitation (IP) assays
confirmed that MYC ubiquitination levels were
elevated upon GTPBP4 knockdown, and this
increase was attenuated in the rescue setting.
Total MYC protein and ubiquitin (Ub) levels
remained comparable across groups (Figure
6C). Collectively, these in vivo findings corro-
borate that GTPBP4 positively regulates MYC
expression at both transcriptional and post-
transcriptional levels, thereby contributing to
alterations in glycolytic metabolism and
colorectal tumor growth. The ability of MYC
overexpression to reverse the phenotypic con-
sequences of GTPBP4 depletion underscores
the critical role of the GTPBP4/MYC/glycolysis
axis in driving colorectal cancer progression.

Discussion

This study provides a systematic characteriza-
tion of the expression profile, biological func-
tion, and underlying regulatory mechanism of
GTP binding protein 4 (GTPBP4) in colorectal
cancer. Through coordinated in vitro and in vivo
experimentation, we establish a functional link
between GTPBP4 and MYC proto-oncogene
protein (MYC)-driven alterations in glycolytic
metabolism, thereby delineating its contribu-
tion to colorectal cancer progression. Initial
interrogation of The Cancer Genome Atlas
Colon Adenocarcinoma (TCGA-COAD) dataset,
corroborated by validation in clinical speci-
mens, revealed pronounced overexpression of
GTPBP4 in colorectal tumor tissues, an eleva-
tion that correlated significantly with unfavor-
able patient prognosis. These observations
position GTPBP4 as a candidate pro-tumori-
genic factor in the pathogenesis of colorectal
cancer. In pursuit of the mechanistic basis for
this oncogenic activity, correlation analysis
uncovered a robust positive association
between GTPBP4 and MYC expression.

The MYC transcription factor exerts master reg-
ulatory control over aerobic glycolysis and is
broadly implicated in the proliferative capacity
of cancer cells [18]. The accelerated prolifera-
tion characteristic of tumor cells imposes
heightened bioenergetic and biosynthetic
demands, which are met, at least in part,
through reliance on glycolytic metabolism [19].
Prior work has established that diverse gene-
tic elements - including NKD1 [20], 0SI-027
[21], RNF8 [22], acetyl-coenzyme A synthe-
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tase short-chain family member 2 (ACSS2) [23],
and far upstream element-binding protein 1
(FUBP1) [24] - modulate colorectal carcinogen-
esis via the MYC signaling axis. Moreover, per-
turbations in MYC ubiquitination dynamics are
known to influence disease progression across
multiple cancer types. For instance, the long
non-coding RNA AFAP1-AS1 has been shown to
interact with Smad nuclear interacting protein
1 (SNIP1) to impede c-Myc ubiquitination and
degradation, thereby fostering lung cancer cell
migration and invasion [25]. Conversely, vitexin
promotes c-Myc ubiquitination by disrupting
the interaction between inosine monophos-
phate dehydrogenase 2 (IMPDH2) and c-Myc,
consequently restraining colorectal cancer cell
motility and invasiveness [26]. In the present
study, we demonstrate at the cellular level
that GTPBP4 depletion concurrently diminishes
MYC transcript abundance, enhances MYC
ubiquitination, and accelerates MYC protein
turnover. These molecular alterations culmi-
nate in the downregulation of glycolytic
enzymes and a corresponding attenuation of
glycolytic metabolite production. Crucially,
ectopic expression of MYC largely abrogated
these effects, indicating that GTPBP4 posi-
tively regulates MYC expression at both tran-
scriptional and post-transcriptional tiers and is
thereby coupled to metabolic reprogramming
toward glycolysis.

It is noteworthy that quantitative real-time
polymerase chain reaction (qRT-PCR) analyses
consistently documented a significant reduc-
tion in MYC messenger RNA (mRNA) levels fol-
lowing GTPBP4 knockdown, both in HCT116
and SW620 cell lines and in xenograft tumor
lysates. This finding underscores that GTPBP4-
mediated regulation of MYC extends beyond
the maintenance of protein stability alone.
Nonetheless, the current experimental frame-
work does not permit a definitive distinction
regarding the precise node of transcriptional or
post-transcriptional control - whether GTPBP4
influences MYC transcription initiation, modu-
lates mRNA stability, or impacts other process-
ing events. Likewise, the relative quantitative
contributions of transcriptional versus post-
translational regulation to the net abundance
of MYC protein remain to be resolved. Further
investigation employing assays such as nu-
clear run-on, chromatin immunoprecipitation
(ChIP), or mRNA decay rate measurements will
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be required to dissect these layered regulatory
mechanisms. Despite this mechanistic nuance,
the collective data support a model in which
GTPBP4 functions upstream of MYC to sustain
its expression and, by extension, the glycolytic
phenotype associated with aggressive colorec-
tal cancer.

In vivo functional validation was performed
using a subcutaneous xenograft model in athy-
mic nude mice. GTPBP4 depletion led to a
marked reduction in both tumor volume and
mass. Concordantly, xenograft tissues from
the GTPBP4-short hairpin RNA (shRNA) group
exhibited significantly decreased expression of
MYC, the proliferation marker Ki-67, and gly-
colytic enzymes - lactate dehydrogenase A
(LDHA), hexokinase 1 (HK1), and phosphofruc-
tokinase platelet type (PFKP). Glycolytic indi-
ces, including lactate production and glucose
consumption, were correspondingly attenuat-
ed. In contrast, co-expression of MYC in the
GTPBP4-knockdown background effectively
rescued these suppressive effects, restoring
tumor growth, cellular proliferation, and glyco-
lytic activity to levels approximating those of
the control cohort. Immunoprecipitation (IP)
assays conducted on xenograft lysates further
corroborated that GTPBP4 depletion substan-
tially elevates MYC ubiquitination levels, an
effect that is blunted by concomitant MYC
overexpression. Total ubiquitin (Ub) abundance
remained invariant across experimental gro-
ups. These in vivo observations recapitulate
the cellular findings and reinforce a model
wherein GTPBP4 knockdown enhances MYC
ubiquitination, diminishes MYC protein abun-
dance, and curtails glycolytic metabolism. The
convergence of in vitro and in vivo evidence
supports a functional paradigm in which
GTPBP4 positively regulates MYC expression,
thereby contributing to altered glycolytic me-
tabolism and driving colorectal cancer cell pro-
liferation and subcutaneous tumor growth. It is
important to acknowledge, however, that the
subcutaneous xenograft model employed here-
in permits conclusions pertaining only to tu-
mor growth and cannot recapitulate the more
complex facets of colorectal cancer biology,
including metastatic dissemination, local inva-
sion, or dynamic interactions within the tumor
microenvironment. Thus, while the present
findings delineate a GTPBP4/MYC/glycolysis
axis of clear relevance, a complete portrait of
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the oncogenic mechanism awaits further
elucidation.

This study establishes that GTPBP4 depletion
influences both MYC ubiquitination status and
MYC transcript abundance, yet the precise
molecular underpinnings of this dual regula-
tion remain to be defined. The available data
do not permit a quantitative dissection of the
relative contributions of transcriptional, post-
transcriptional, and post-translational con-
trol to GTPBP4-mediated MYC regulation. As
GTPBP4 is not known to possess intrinsic E3
ubiquitin ligase or deubiquitinase activity, it
likely exerts its effects indirectly through physi-
cal interactions with other proteins - candidate
E3 ligases, deubiquitinating enzymes, or tran-
scriptional regulators - that govern MYC ex-
pression and stability. Future investigations
employing co-immunoprecipitation coupled
with mass spectrometry (Co-IP/MS) will be
valuable for identifying the GTPBP4 interac-
tome and pinpointing the direct molecular
mediators of MYC regulation [27]. Furthermore,
the prognostic relevance and elevated expres-
sion of GTPBP4 demonstrated here rely on
TCGA dataset and a limited set of clinical tissue
specimens, and in vivo validation was restrict-
ed to a subcutaneous xenograft approach.
Future studies should expand clinical cohort
sizes and integrate orthogonal approaches -
including IHC on tissue microarrays and metab-
olomic profiling - to interrogate correlations
between GTPBP4 abundance, MYC levels, gly-
colytic metrics, and clinicopathological param-
eters such as tumor stage and histological
grade. Complementary analyses in orthotopic
xenograft models and genetically engineered
mouse models will be essential to more faith-
fully assess the role of GTPBP4 in the natural
history of colorectal cancer and to furnish more
robust evidence supporting its translational
potential.

Conclusion

This study provides in vitro and in vivo evidence
that GTP binding protein 4 (GTPBP4) is overex-
pressed in colorectal cancer and that high
expression correlates with poor clinical out-
come. Mechanistically, GTPBP4 positively regu-
lates MYC proto-oncogene protein (MYC)
expression at both the transcriptional and
post-transcriptional levels - at least in part by
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restraining MYC ubiquitination and preserving
its protein stability - and is thereby functionally
coupled to alterations in glycolytic metabolism
that promote colorectal cancer progression.
Ectopic expression of MYC reverses the pheno-
typic consequences of GTPBP4 depletion.
These findings not only expand the mechanistic
landscape of metabolic reprogramming in
colorectal cancer but also nominate GTPBP4 as
a potential therapeutic target. The work pro-
vides an experimental foundation for future
efforts aimed at developing therapeutic strate-
gies directed against GTPBP4 or its down-
stream regulatory circuitry.
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