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1. Introduction
Colorectal cancer (CRC) stands as a prevalent gas-

trointestinal malignancy, representing approximately 10% 
of all cancer diagnoses worldwide [1]. Alarmingly, 15-
20% of CRC patients present with metastasis at the time of 
their initial surgery, and post-surgical recurrence of metas-
tatic disease afflicts nearly 50% of patients. These statis-
tics underscore the urgent need for further exploration and 
advancement in the realms of screening, diagnosis, and 
treatment of colorectal cancer. Colorectal cancer is charac-
terized by its high heterogeneity and intricate molecular 
underpinnings, necessitating a deeper understanding of its 
molecular expression patterns. These molecular signatures 
hold profound implications for the accurate diagnosis of 
colorectal cancer and the prognostication of its clinical 
course [2, 3]. Thus, the identification of novel biomar-
kers for early detection and targeted treatment of CRC is 
important in the quest to enhance patient outcomes and 
survival rates. 

UTP23 is a protein associated with the processing and 
maturation of the small subunit of ribosomes in the nucleo-

lus and is mainly involved in the early assembly of ribo-
somes within the nucleolus [4]. Recent studies have shown 
that the expression level alteration of UTP23 in ovarian 
cancer is associated with paclitaxel treatment resistance 
[5]. Furthermore, a comprehensive single nucleotide poly-
morphism (SNP) analysis has uncovered a specific locus 
for UTP23 in colorectal cancer susceptibility, further 
underscoring its relevance in the realm of oncology [6]. 
Early studies suggested that the primary functions of the 
nucleolus were rRNA transcription and ribosome synthe-
sis. Ribosomes are produced and assembled in the nucleo-
lus and processed into mature ribosomes after entering the 
cytoplasm, which is responsible for protein translation in 
the cell [7]. In recent years, groundbreaking discoveries 
have illuminated the dynamic nature of the nucleolus, 
unveiling its evolving composition and multifaceted func-
tions. In addition to regulating the processing of cellular 
ribosomes, the nucleolus can also influence processes such 
as gene transcription, chromatin structure and spatial re-
combination of genes through its special structure [8-10]. 
Certain tumor cells undergo nucleolar stress, leading to 
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aberrant organization and structure within the nucleolus. 
This disturbance causes nucleolar proteins to translocate 
to the nucleus or cytoplasm, subsequently impacting the 
physiological processes of tumor cells through mecha-
nisms unrelated to ribosomal function [11]. Changes in the 
subcellular localization of proteins, as they shift between 
the nucleolus and the cytoplasm, can significantly in-
fluence a diverse range of cellular physiological processes, 
including DNA damage repair, gene transcription, cellular 
stress responses, telomere maintenance, and the regulation 
of apoptosis [12-14].

In our comprehensive investigation, we have uncove-
red a distinctive shift in the localization of UTP23 in CRC 
patient samples and in vitro. Furthermore, our results have 
revealed that increased expression of UTP23 in the cyto-
plasm exerted a potent stimulatory effect on the prolife-
ration, migration, and invasion of colorectal cancer cells. 
Moreover, our study has delineated the intricate interaction 
between UTP23 and KRT5 in cytoplasm, elucidating its 
pivotal role in driving the progression of colorectal cancer.

2. Materials and Methods
2.1. Cell culture and cell lines

The human colorectal cancer RKO, HCT116, SW480, 
HCT8, DLD1, SW620, HT29, LOVO cell line was pur-
chased from the American Type Culture Collection 
(ATCC, Manassas, VA, USA). 293T was purchased from 
the cell bank at the Chinese Academy of Sciences (Shan-
ghai, China). The normal human colonic epithelial cell 
NCM460 was obtained from EK-Bioscience (Shanghai, 
China). 293T was maintained in DMEM medium (Gibco, 
Rockville, MD, USA). HCT116, SW480, HCT8, DLD1 
and NCM460 were maintained in RPMI 1640 medium 
supplemented with 10% fetal bovine serum (Gibco, Rock-
ville, MD, USA), 1% penicillin and streptomycin. All cell 
lines were maintained in a humidified atmosphere with 5% 
CO2 at 37°C.

2.2. Clinical materials
Colorectal carcinoma and paired normal tissue samples 

(n=143) were obtained from patients during operation at 
the Department of Medicine, Sir Run Run Shaw Hospital, 
Zhejiang University School of Medicine. All participating 
patients were informed. Patients or the public were not in-
volved in the design, conduct, reporting, or dissemination 
plans of our research.

2.3. Cell proliferation, migration and invasion assay
2000 cells were seeded in 96-well plates and incubated 

with 100 µl culture medium, then were measured by CCK8 
reagent (Boster, CAT#AR1160, Wuhan, China). For mi-
gration experiments, 1×105 - 2×105 HCT116, HCT8, RKO 
and DLD1 cells were plated into the upper chamber of an 8 
μm transwell chamber (Corning Costar, CAT# 3422, Cor-
ning, NY, USA). For invasion experiments, 50 μl of diluted 
Matrigel (Corning, BD Matrigel, CAT#356234, Corning, 
NY, USA) was added before plating cells in a transwell 
chamber. Then, 600 μl of medium containing 10% FBS 
was added to the lower chamber. After 24–48 h of culture, 
the chambers were fixed with 4% paraformaldehyde and 
stained with crystal violet. After the chambers were air-
dried, photographs were taken, and the percentages of 
positive cell area were quantified using ImageJ software 
(1.49 v). Three fields were observed per chamber, and the 

experiment was repeated three times.

2.4. Immunoblotting
Whole cell lysates were extracted with RIPA and a com-

plete protease inhibitor mix (Fdbio science, CAT#FD009) 
followed by ultrasonication. SDS-PAGE was performed 
to separate equal amounts of protein lysates followed by 
transferring onto nitrocellulose membranes (Millipore, 
Billerica, MA, USA), blocking with 5% skim milk and in-
cubating with antibody overnight at 4°C. Then membranes 
were incubated with fluorescence secondary antibodies for 
1h RT and detected by Odyssey (LI-COR). For the immu-
noprecipitation assay, Co-IP lysis buffer (20 mM Tris-HCl, 
150 mM NaCl2, 1.5 mM EDTA, 0.5 mM NaVO4, 0.5% 
NP-40, pH=8.0) with complete protease inhibitor were 
used for harvest whole cell lysate. Cell lysates were incu-
bated with beads overnight at 4°C. The beads were washed 
by washing buffer (20 mM Tris-HCl, 50 mM NaCl2, 1.5 
mM EDTA, 0.5 mM NaVO4, 0.5% NP-40, pH=8.0), and 
eluted by elution buffer (Glycine, pH=2.0) for the Western 
blot assay.

2.5. Plasmid Constructions
The full-length or partial UTP23 CDS with a 3 × 

FLAG tag was cloned into the over-expression vector 
pCDH-CMV-MCS-EF1-puro. The shRNA was designed 
and synthesized from the gene sequence of UTP23 and 
constructed into PLKO.1 vector. The UTP23 mutants were 
designed and constructed by using the Mut Express II Fast 
Mutagenesis Kit V2 (Vazyme, Nanjing, China).

2.6. Immunohistochemical
The paraffin-embedded tissue sections were cut into 

4 μm slides for the hematoxylin and eosin (H&E) and 
immunohistochemical (IHC) assays. All the slides were 
dewaxed in different concentration dimethylbenzene solu-
tions and then treated with citrate buffer (pH 6.0) at high 
pressure for the appropriate time. After the antigen retrie-
val, the slides were blocked by 10% fetal bovine serum for 
30 mins and incubated with corresponding primary anti-
body for more than 12 hours. On the next day, all the slides 
were incubated with secondary antibodies, DAB solutions, 
and Meyer’s hematoxylin successively. Last the slides 
were dehydrated and ended up covering the coverslips.

2.7. Immunofluorescence Assays
Cells seeded on the confocal dishes were fixed with 

4% paraformaldehyde and then treated with 0.1% Triton 
X-100. The cells were blocked by 10% fetal bovine serum 
and incubated with the corresponding primary antibody 
overnight. On the next day, cells were incubated with the 
corresponding secondary fluorescence antibody and then 
with DAPI buffer. All the immunofluorescence assays 
were repeated three times.

2.8. Mass Spectrometry
The FLAG magnetic beads were incubated with 

DLD1-WT/MU cell lysate, respectively. The precipitated 
complexes were delivered to PTMBIO for mass spectro-
metry analysis.

2.9. Statistical Analysis
Data represent mean ± SEM from three independent 

experiments. P-value <0.05 was considered as statistically 
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significant. NS denotes not significant.

3. Results
3.1. Altered localization of UTP23 in colorectal cancer 
tissues and cell lines

To investigate the expression and localization of 
UTP23 in colorectal cancer, we used immunohistoche-
mistry to examine 143 colorectal and paracancerous tis-
sues in our CRC tissue bank. Interestingly, the localization 
of UTP23 showed a notable transformation, shifting from 
the nucleus to the cytoplasm in some colorectal cancer 
specimens (Figure 1A). The maximum value of the Jordon 
index was used as a threshold to categorize the samples 
into UTP23 high and low-expression groups. Pearsonx2 
test showed no correlation between UTP23 localization 
and clinicopathological parameters (Table 1). The patients 
with elevated cytoplasmic expression of UTP23 exhibited 
a notably poorer prognosis in the cohort lacking lymph 
node metastasis when compared with the low cytoplasmic 
expression patients (Figure 1B). Furthermore, we conduc-
ted an analysis of the expression and localization of UTP23 
in colorectal cancer cell lines using immunofluorescence. 
The result revealed that the intestinal epithelial cell line 
NCM460 exhibited a minimal level of UTP23 expression, 
with virtually no discernible cytoplasmic presence. Howe-
ver, the expression of UTP23 showed increased in other 
colorectal cancer cell lines, with a substantial portion loca-

Fig. 1. Characterization of the expression of UTP23 in colorectal can-
cer clinical samples and cell lines. (A) Immunohistochemical analy-
sis of UTP23 expression in clinical samples of colorectal cancer and 
adjacent paracancerous tissues (Magnification 200 ×). (B) Correla-
tion between UTP23 expression levels and prognosis in patients dia-
gnosed with colorectal cancer. (C) Immunofluorescence assessment 
of UTP23 expression and subcellular localization in colorectal cancer 
cell lines. UTP23 staining is shown in red; blue (DAPI) indicates cell 
nuclei(scale bar= 10 μm). ns, not significant with P> 0.05, *P<0.05, 
***P<0.001.

Parameters
Cytoplasmic expression Nuclear expression
Low(n) High(n) P Low(n) High(n) P

Age

≤60

  >60

Gender

Male

Female

Tumor location

Colon

Rectum

Histological grade

High

Low

Lymph node metastasis

Yes

No

Distant metastases

Yes

No

TNM stage

Early

Late

52

50

56

46

58

42

78

23

36

61

9

83

61

38

12

29

26

15

22

19

28

13

17

24

6

33

22

19

0.018

0.352

0.637

0.267

0.631

0.357

0.383

56

64

73

47

66

52

92

27

41

74

13

96

72

45

8

15

9

14

14

9

14

9

12

11

2

20

11

12

0.294

0.054

0.662

0.097

0.137

0.703

0.221

Table 1. Relationship between UTP23 expression and clinicopathologic parameters.
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lized in the cytoplasm (Figure 1C). These suggested that 
the translocation of UTP23 may provide an effect on CRC 
prognosis.

3.2. Knock-down UTP23 inhibits CRC cell prolifera-
tion, migration and invasion in vitro

To further investigate the biological function of UTP23 
in colorectal cancer, we examined the mRNA and pro-
tein levels of UTP23 in CRC cell lines (Figure S1A-B). 
The results showed that UTP23 had higher expression in 
RKO, and HCT116 cells and lower expression in HCT8 
and DLD1 cells. First, we used shRNA to stablely knock 
down the expression of UTP23 in HCT116 and RKO cell 
lines (Figure S1C-D). CCK8 assay and clone formation 
assay data revealed that down-regulated UTP23 decreased 
the proliferation ability in both cell lines (Figure 2A-B). 
In addition, the Transwell assay and Wound healing assay 
showed that the migration and invasion abilities were also 
decreased when UTP23 was knocked down (Figure 2C-D). 
We also used the sphere assay to detect the sphere forma-
tion capability in UTP23 knockdown RKO and HCT116 
cell lines. As shown in Figure 2E, UTP23 knockdown 
deregulated the sphere formation. Collectively, down-re-
gulated UTP23 inhibited CRC proliferation and metastasis 
in vitro. 

3.3. The cytoplasmic expressed UTP23 significantly 
enhance the proliferation and metastatic potential in 
CRC cells

In order to delve deeper into the impact of UTP23 in 
CRC, we overexpressed UTP23 in HCT8 and DLD1 cell 
lines (Figure S1E-F), and examined the proliferative and 
metastatic capacity of CRC cell lines by using CCK8 and 
transwell assays. We found that overexpressed UTP23 
did not exert any effect on the proliferative and metastatic 
capacity in HCT8 and DLD1 cell lines (Figure 3A-B). Ta-
king into account the expression pattern of UTP23 in cli-
nical samples, we employed an immunofluorescence assay 
to examine the localization of exogenously overexpressed 
UTP23 in cells. The immunofluorescence result suggested 
that the exogenous UTP23 was predominantly localized in 
the nucleus, with minimal expression observed in the cyto-
plasm (Figure 3C). In order to analyze whether the tumor-
associated biological function of UTP23 was dependent 
on its location. We used the cNLS Mapper and Wregex 
to analyze the amino acid sequence of UTP23. We found 
there were three distinct nuclear localization sequences in 
UTP23, spanning amino acid ranges 192-197, 208-213, 
and 224-229 (Figure 4A). Subsequently, we introduced 
mutations to the amino acid sequences 192-197, 208-213, 
and 224-229, substituting them with alanine. Then we ove-
rexpressed the mutant UTP23 and verified its expression 
through western blot and qRT-PCR analyses (Figure 4B). 
Moreover, the immunofluorescence analysis revealed a 
diffuse expression pattern of mutant UTP23 in CRC cells 
(Figure 4C). Upon further investigation of UTP23 locali-
zation in CRC cells, we used western blot analysis of nu-
clear plasma isolation. The result revealed consistent with 
the immunofluorescence assay that the UTP23 mutant was 

Fig. 2. UTP23 knockdown impairs the proliferation and metastatic 
potential of colorectal cancer cells. (A, B) Cell proliferation ability 
was validated using CCK8 (A) and colony-forming assay (B). (C) 
Transwell assay was conducted to assess the migration and invasion 
abilities of HCT116 and RKO cells following UTP23 knockdown. 
The accompanying graph displays the quantitative analysis results 
(scale bar= 100 μm). (D) Wound healing assay was performed 
to evaluate the mobility of HCT116 and RKO cells after UTP23 
knockdown. The corresponding graph depicts the quantitative ana-
lysis results. (scale bar= 100 μm). (E) Sphere assay was conducted 
to assess the sphere formation capability of HCT116 and RKO cells 
following UTP23 knockdown. The right graph shows the quantitative 
analysis results (scale bar= 100 μm). ns, not significant with P>0.05, 
*P<0.05, ***P<0.001.

Fig. 3. Overexpression of UTP23 did not impact the malignancy of 
colorectal cancer cells. (A) The cell proliferation capacity was va-
lidated through the use of a CCK8 assay. (B) Transwell assay was 
employed to assess the migration and invasion capabilities of HCT8 
and DLD1 cells following UTP23 overexpression. The accompanying 
graph illustrates the quantitative analysis findings (scale bar= 100 μm). 
(C) The subcellular localization of exogenously introduced UTP23 in 
HCT8 cells was visualized using immunofluorescence (scale bar= 10 
μm). ns, not significant with P>0.05, *P<0.05, ***P<0.001.
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translocated into the cytoplasm in comparison to the wild 
type (Figure 4D).

Furthermore, we used the CCK8 assay and clone for-
mation assay to detect the proliferative capacity of mutant 
UTP23 overexpressed DLD1 and HCT8 cells. As shown 
in Figure 5A-B, mutant UTP23 promoted proliferation in 
both cell lines. The conducted transwell migration, inva-
sion, and wound healing assays revealed that the ove-
rexpression of mutant UTP23 significantly promotes the 
metastatic capacity of CRC cells (Figure 5C and 5E). In 
addition, the expression of cell junction proteins Occludin 
and E-cadherin was found to be diminished in UTP23 mu-
tant CRC cells (Figure 5D). Moreover, the overexpression 
of mutant UTP23 was found to augment the spheroid-for-
ming capacity of CRC cells (Figure 5F). In conclusion, the 
cytoplasmic UTP23 showed a carcinogenesis ability both 
in proliferation and metastasis. 

3.4. KRT5 interacts with cytoplasmic UTP23
To validate the molecular pathway through which mu-

tant UTP23 drives CRC progression, we used immunopre-
cipitation-mass spectrometry to identify the protein par-
tners of wild-type UTP23 and mutant UTP23. As showed 
in Figure 6A, the mass spectrometry predicted the binding 
ability between mutant UTP23 and KRT5, but not wild-
type UTP23. KRT5 has been reported to play a role in 
tumorigenesis and progression in a variety of tumor types 

[15, 16]. Then, we transfected FLAG-tagged wild-type 
UTP23 or FLAG-tagged mutant UTP23 together with HA-
tagged KRT5 into 293T cells and performed co-immuno-
precipitation experiment by anti-HA antibody. The result 
indicated a weak interaction between wild-type UTP23 
and KRT5, but mutant UTP23 exhibited a strong interac-
tion with KRT5 (Figure 6B-C).  In addition, it showed the 
same result when we performed co-immunoprecipitation 
experiment with anti-Flag antibody to verify the combi-
nation with UTP23 and KRT5 (Figure 6D). In order to 
identify the specific amino acid site at which UTP23 binds 
to KRT5, we constructed several truncated UTP23 accor-
ding to the structural domain (Figure 6E). We transfected 

Fig. 4. Overexpression of mutant UTP23 in CRC cell lines. (A) The 
cNLS (http://nls-mapper.iab.keio.ac.jp/cgi-bin/NLS_Mapper_form.
cgi) and Wregex (http://ehubio.ehu.eus/wregex/) sites predict the NLS 
sequence for UTP23. (B) Western blot and qPCR analyses were uti-
lized to identify the overexpression of wild-type and mutant UTP23 
in DLD1 and HCT8 cells. (C) Immunofluorescence was employed to 
ascertain the subcellular localization of wild-type and mutant UTP23 
in DLD1 and HCT8 cells (scale bar= 10 μm). (D) Western blot ana-
lysis was conducted to identify the expression of UTP23 and mutant 
UTP23 in the nucleus and cytoplasm of DLD1 and HCT8 cells, res-
pectively. ns, not significant with P>0.05, *P<0.05, ***P<0.001.

Fig. 5. Overexpression of mutant UTP23 promotes the malignancy 
of CRC cells. (A, B) Cell proliferation ability was validated using the 
CCK8 assay (A) and the colony-forming assay (B). The right graph 
shows the quantitative analysis results. (C) Transwell assay was em-
ployed to investigate the migration and invasion capabilities of HCT8 
and DLD1 cells following overexpression of wild-type UTP23 or mu-
tant UTP23. The accompanying graph on the right demonstrates the 
quantitative analysis results (scale bar= 100 μm). (D) The expression 
of cell junction proteins Occludin and E-cadherin was assessed using 
western blot analysis. (E) The wound healing assay was conducted 
to assess the mobility of HCT8 and DLD1 cells following the ove-
rexpression of wild-type UTP23 or mutant UTP23. The graph on the 
right displays the quantitative analysis results (scale bar= 100 μm). 
(F) The sphere assay was utilized to evaluate the sphere formation 
capability of HCT116 and RKO cells subsequent to the overexpres-
sion of wild-type UTP23 or mutant UTP23. The right graph shows the 
quantitative analysis results (scale bar= 100 μm). ns, not significant 
with P>0.05, *P<0.05, ***P<0.001.
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FLAG-tagged truncated UTP23 and HA-tagged KRT5 
into 293T cells and performed co-immunoprecipitation 
experiment by anti-FLAG antibody. The result suggested 
that the sequence 148-181 of UTP23 is a critical region for 
KRT5 binding (Figure 6F). Moreover, the immunofluo-
rescence experiment showed that the 1-148 and 21-181 
UTP23 truncated proteins were localized in the cytoplasm, 
while the 149-249 truncated protein was localized in the 
nucleus (Figure 6G). These suggested that nuclear-located 
UTP23 lost its binding ability with KRT5 even through it 
had the KRT5 binding domain. 

4. Discussion
In our study, we observed altered localization of UTP23 

in clinical CRC tissue samples. In addition, the cytoplas-
mic localization of UTP23 indicated the malignant deve-
lopment in patients. Knockdown UTP23 resulted in signi-
ficant inhibition of proliferation and metastasis in CRC 
cells. Furthermore, our findings indicated that overexpres-
sion of mutant UTP23, but not wild-type UTP23, facili-
tated the progression of CRC cells. Additionally, mutant 
UTP23 interacted with KRT5 in cytoplasm, an interme-
diate filament protein associated with the progression of 
multiple tumors. 

The regulatory role of cell junctions in CRC neoplasia 
is well-documented [17, 18]. In our study, we observed 
that cytoplasmic expression of UTP23 led to a decrease in 
the expression of cell junction proteins, including Occlu-
din and E-cadherin. This disruption of cell junctions has 
the potential to contribute to intestinal inflammation, ulti-
mately progressing to CRC.

UTP23 is a protein primarily localized in the nucleolus. 
In our study, we observed that the knockdown of UTP23 
expression significantly inhibited the progression of CRC 
cells, whereas overexpression of wild-type UTP23 did not 
yield the same effect. This observation could be attributed 
to the fact that UTP23 plays a crucial role in ribosome 
processing, and the knockdown of UTP23 directly inhi-
bited protein synthesis in CRC cells. The mutant UTP23 
is observed to be diffusely expressed in CRC cells and is 
capable of promoting CRC progression through non-ri-
bosomal processing-related functions. Additionally, there 
have been reports indicating altered localization of nucleo-
lus protein, which consequently impacts tumor progres-
sion through non-ribosomal processing-related functions 
[19, 20]. Furthermore, our investigation into UTP23 muta-
tions in CRC patients within the TCGA database unveiled 
a missense mutation that was exclusive to a single patient. 
This mutation occurred within the nuclear localization 
sequence (NLS), where lysine at position 195 was altered 
to glutamine. This substitution of a basic amino acid with a 
neutral amino acid may potentially disrupt the disordered 
structure of UTP23, subsequently impacting the localiza-
tion of UTP23 within the nucleus. 

KRT5 is an intermediate filament protein that is distri-
buted in the cytoplasm for the formation of fibers network 
[21, 22]. KRT5 has been utilized as a molecular marker 
associated with promoting tumor progression in a variety 
of cancer types [23, 24]. Our findings indicate that UTP23 
has the capability to bind to KRT5 in the cytoplasm, the-
reby contributing to the promotion of CRC progression. 
However, the exact molecular mechanism remains elusive.
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