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Abstract: The abnormal expression of ubiquitin-specific protease 11 (USP11) is thought to be related to tumor 
development and progression; however, few studies have reported the biological function and clinical impor-
tance of USP11 in colorectal cancer (CRC). Therefore, it is necessary to further explore the role of USP11 in CRC. 
Immunohistochemical staining was used to explore the association between prognosis and USP11 expression in 
CRC. Cholecystokinin octapeptide (CCK-8), colony formation, transwell, and animal assays were used to study the 
abilities of proliferation, migration, and invasion in CRC cells. Co-immunoprecipitation assays, Western blotting, 
ubiquitination assays, and rescue experiments were performed to elucidate the interaction between USP11 and 
insulin-like growth factor 2 mRNA binding protein 3 (IGF2BP3). We verified that USP11 was overexpressed in CRC 
tissues and was associated with the depth of tumor invasion and metastasis. USP11 knockdown or overexpres-
sion could weaken or reinforce the abilities of proliferation, migration, and invasion in CRC cells in vivo or in vi-
tro. IGF2BP3 was protected by USP11 from degradation via deubiquitination. The rescue experiments revealed 
that IGF2BP3 overexpression could effectively reverse the decrease in cell proliferation, migration, and invasion 
caused by USP11 knockdown. Therefore, USP11 might be involved in CRC tumorigenesis and development through 
a USP11-IGF2BP3 axis pathway, and USP11 overexpression might be a novel indicator for poor prognosis and a 
potential therapeutic target in CRC patients. 
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Introduction 

In 2020, an estimated 1.81 million new cancer 
cases occurred and 0.61 million people died 
from cancer in the United States [1]. Among all 
cancers, the incidence and mortality of colorec-
tal cancer (CRC) accounted for 5.8% and 8.8%, 
respectively [1]. In recent years, the improve-
ment in surgical techniques and the emergence 
of a variety of targeted therapeutic drugs and 
biological agents have improved the outcomes 
of patients with CRC; however, the prognosis 
and 5-year survival rate remain unsatisfactory 
[2, 3].

In eukaryotic cells, the ubiquitin-proteasome 
system is one of the major pathways for cellular 

protein degradation [4]. Proteins are labeled 
with ubiquitin through a series of ubiquitination 
enzyme cascade reactions, and subsequently, 
ubiquitinated proteins are transported to the 
26S proteasome for degradation [5]. Protein 
ubiquitination is a post-translational modifica-
tion that can not only change the stability of 
intracellular proteins and regulate protein local-
ization and activity but can also affect the func-
tion of target proteins [6]. Previous studies have 
reported that polyubiquitination protein modifi-
cation is a reversible and dynamic process [7]. 
Deubiquitinating enzymes (DUBs) protect target 
proteins from proteasome by hydrolyzing the 
thioester bonds between polyubiquitination 
chains, or between ubiquitin and its substrates, 
to remove the ubiquitin. USP11 is a cysteine 
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protease belonging to the ubiquitin-specific 
proteases (USPs) family-the most important 
family of a variety of deubiquitinating enzymes 
discovered to date [8-10].

USP11 participates in multiple cell metabolism 
processes [11], including DNA damage repair 
functions [12], signaling pathway regulation 
[12], and cell-cycle progression. Studies have 
reported that USP11 can interact with the 
breast cancer 2 tumor suppressor (BRCA2) 
gene to repair DNA double-strand breaks and 
protect cancer cells [13, 14]. USP11 was fo- 
und to serve as an upstream regulator of the 
IkappaB kinase alpha (IKKalpha-p53) signaling 
pathway [15]. Moreover, it can regulate the 
Hippo signaling pathway by improving the sta-
bility of vestigial-like protein 4 (VGLL4) using 
deubiquitination [16]. In addition, phosphatase 
and tensin homolog (PTEN) can maintain its 
stability through the PTEN-PI3K-FOXO-USP11 
signaling pathway [17]. 

USP11 plays an important role in the occur-
rence and development of tumors as a pro-
oncogenic factor. Research shows that mito-
xantrone, an inhibitor of USP11, can effectively 
inhibit the survival of pancreatic cancer cells 
[13]. Pathological studies have revealed that 
USP11 is highly expressed in breast cancer, 
and it can promote the metastasis of cancer 
cells through transforming growth factor-beta 
and snail protein regulation [18, 19]. Moreover, 
the proliferation of cervical cancer cells was 
inhibited by USP11 knockdown [20]. Hongze 
Sun and colleagues also reported that USP11 
enhances the proliferation and metastatic 
potential of tumor cells through the ERK/MAPK 
signaling pathway [21]. Furthermore, USP11 is 
highly expressed in hepatocellular carcinoma 
[7], and melanoma [22], and it is closely associ-
ated with poor survival outcomes. Considering 
that only a few studies have reported the bio-
logical function and clinical value of USP11 in 
CRC, it is necessary to further explore.

In the current study, we confirmed that USP11 
was overexpressed in CRC tissues; moreover, 
its expression level in cancer tissues was asso-
ciated with tumor invasion depth, lymph node 
metastasis, and distant metastasis. Finally, we 
verified that USP11 promoted the proliferation, 
migration, and invasion of CRC cells by mo- 
dulating IGF2BP3 stability. Therefore, USP11 
might be involved in CRC tumorigenesis through 

a USP11-IGF2BP3 axis pathway, and USP11 
overexpression might be a novel indicator for 
poor prognosis in CRC patients.

Materials and methods

Clinical sample collection

A total of 138 patients with primary CRC who 
underwent radical surgery for CRC at The 
Second Affiliated Hospital of Fujian Medical 
University between April 2010 and June 2014 
were selected, and paraffin-embedded speci-
mens of CRC tissue and para-cancerous tissue 
were obtained from the pathology department. 
The patients had not received antineoplastic 
therapy before surgical resection. Complete 
follow-up information of the 138 patients was 
obtained via telephonic consultations. The data 
of the patients are summarized in Table 1. The 
study was approved by the Ethics Committee of 
The Second Affiliated Hospital of Fujian Medical 
University (No. 2017-32). Informed consent 
was obtained from all patients, and the study 
complied strictly with the principles outlined in 
the Declaration of Helsinki.

Immunohistochemical (IHC) staining

For immunohistochemical (IHC) staining, the 
paraffin-embedded CRC tissue and para-can-
cerous tissue specimens were processed into 
4-µm sections. Tissue sections were soaked in 
xylene for deparaffinization and rehydration th- 
rough a series of descending concentrations of 
ethanol, followed by an antigen retrieval step 
using a high-pressure method. Endogenous per- 
oxidase was blocked using an endogenous per-
oxidase blocking solution for 10 min. Then, the 
sections were incubated with USP11 monoclo-
nal antibody (Proteintech, Wuhan, China) for 3 
h at room temperature. Subsequently, the sec-
tions were flushed five times with phosphate-
buffered saline (PBS) and then incubated with 
biotinylated secondary antibody (Maixin-Bio, 
Fuzhou, China). Finally, diaminobenzidine was 
used as a chromogen to reveal antigen-anti-
body reactions, followed by counterstaining wi- 
th hematoxylin at room temperature for 40 s.

Cell lines and cell culture

Human CRC cell lines (HT-29, DLD-1, and HCT-
15) and 293T cells (ATCC, Manassas, VA, USA) 
were cultured in DMEM or RPMI1640 medium 
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supplemented with 10% FBS (Bovogen, Uru- 
guay). Cells were incubated at 37°C in a humidi-
fied atmosphere containing 5% CO2. We used 
Myco-Lumi™ Luminescent Mycoplasma Detec- 
tion Kit (Beyotime, Shanghai, China) to detect 
mycoplasma.

Plasmids, small interfering RNA treatment, 
and gene overexpression

For target gene knockdown, the control and two 
shRNA sequences against USP11 were insert-
ed into the pLv-puro interference plasmid. Next, 
using TurboFect transfection reagent, the plas-
mids carrying the knockdown gene and the 
virus packaging plasmids were transfected into 
293T cells. The cell culture supernatant con-
taining the lentivirus was collected at 48 h and 
72 h. Then, CRC cells were infected with the 
supernatant. Infected cells were cultured in 

ing the UltraSYBR One-Step RT-qPCR Kit and 
the ABI Prism 7000 System. The primer se- 
quences were as follows: GAPDH, F: 5’-3’ CT- 
TTGGTATCGTGGAAGGACTC, R: 5’-3’ AGTAGAGG- 
CAGGGATGATGT; USP11, F: 5’-3’CGTTTCCGGG- 
ACCAGAATCC, R: 5’-3’CATCGCCGTCCGTTCTCT- 
TC; IGF2BP3, F: 5’-3’ CCATAGAAGTTGAGCACTC- 
GGTCC, R: 5’-3’ TCTCCACCACTCCATACTGGACT- 
AG.

Western blotting analysis

Cells were lysed in RIPA lysis buffer containing 
a protease and phosphatase inhibitor cocktail 
for 30 min. Thirty micrograms of protein were 
separated using 10% SDS-PAGE and then 
transferred onto polyvinylidene difluoride mem-
branes. After blocking with Beyotime blocking 
buffer at room temperature for 15 min, the 
membranes were incubated with the primary 

Table 1. Relationship between USP11 expression and the clinico-
pathological characteristics of CRC

Factors Cases
USP11 expression 

χ2 P
High (n=75) Low (n=63)

Age (year)
    < 60 71 41 (57.7%) 30 (42.3%) 0.681 0.409
    ≥60 67 34 (50.7%) 33 (49.3%)
Gender
    Male 57 29 (50.9%) 28 (49.1%) 0.471 0.492
    Female 81 46 (56.8%) 35 (43.2%)
Tumor invasion
    T1+T2 30 11 (36.7%) 19 (63.3%) 4.830 0.028*

    T3+T4 108 64 (59.3%) 44 (40.7%)
Lymph node metastasis
    No 62 26 (41.9%) 36 (58.1%) 6.991 0.008*

    Yes 76 49(64.5%) 27 (35.5%)
Distant metastasis
    No 106 52 (49.1%) 54 (50.9%) 5.158 0.023*

    Yes 32 23(71.9%) 9 (28.1%)
Clinical stage
    I-II 52 23 (44.2%) 29 (55.8%) 3.442 0.064
    III-IV 86 52 (60.5%) 34 (39.5%)
Differentiation
    Poorly 10 4 (40%) 6 (60%) 0.380 0.538
    Moderately, Well 128 71 (55.5%) 57 (44.5%)
Serum CEA level
    < 5 ng/mL 71 37 (52.1%) 34 (47.9%) 0.294 0.587
    ≥5 ng/mL 67 38(56.7%) 29 (43.3%)
CRC: Colorectal cancer; CEA: Carcino-embryonic antigen. *Statistically significant, P 
< 0.05.

puromycin for selection after 
infecting twice. The target 
sequences of USP11 were 
as follows: Sh1: F: 5’-3’CCG- 
GTGCCGTGACTACAACAACT- 
CCTACTCGAGTAGGAGT T- 
GTTGTAGTCACGGTTTTTG R:  
5’-3’AATTCAAAAACCGTGAC- 
TACAACAACTCCTACTCGA- 
GTAGGAGT TGT TGTAGTC - 
ACGGCA; Sh2: F: 5’-3’CCGG- 
TGCCGTGATGATATCTTCGTC- 
TACTCGAGTAGACGAAGATA- 
TCATCACGGTTTTTG R: 5’-3’ 
AATTCAAAAACCGTGATGATA- 
TCTTCGTCTACTCGAGTAGA- 
CGAAGATATCATCACGGA. For 
USP11 and IGF2BP3 overex-
pression, we transfected the 
plasmids (GENE, Shanghai, 
China) carrying the overex-
pressed sequence into cells 
using TurboFect transfection 
reagent. 

Quantitative reverse tran-
scription PCR

Total RNA was isolated from 
cell lines using TRIzol re- 
agent following the manu-
facturer’s instructions. cDNA 
was synthesized using the 
SuperRT cDNA synthesis kit. 
RT-qPCR was performed us- 
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antibodies (Proteintech, Wuhan, China) at 4°C 
overnight and then incubated with the appropri-
ate secondary antibodies at room temperature 
for 1 h. The protein bands were visualized using 
the BeyoECL Moon detection system.

Cell proliferation assay

Approximately 2 × 103 cells/well for DLD-1, HT-
29, and HCT-15 were seeded in 96-well plates 
with five repeats. After culturing for the appro-
priate time, the CCK-8 solution was injected 
into each well. After 1 h of incubation, the OD 
values of all the wells were measured at a 
wavelength of 450 nm.

Colony formation

Approximately 2000 cells were seeded in six-
well plates with three repeats. The cells were 
cultured for some days, and some of them 
showed the growth of macroscopic cell clus-
ters. Thereafter, cells were fixed with 4% para-
formaldehyde for 20 min, stained with crystal 
violet for 20 min, and washed three times with 
PBS. 

Migration and invasion assays

Invasion and migration of cells were assessed 
using transwell chambers with 8-μm pore filter 
inserts with or without Matrigel. In the cell 
migration assay, 5 × 104 cells with 200 μL 
serum-free medium were added to the upper 
chamber, and 500 μL cell culture medium with 
10% fetal calf serum was added to the bottom 
chamber. After incubation for some time, the 
passed cells were fixed with 4% paraformalde-
hyde for 60 min and stained with crystal violet 
for 10 min. Finally, photographs were taken, 
and the numbers of cells adhered to the lower 
side of the filter were counted. In the cell inva-
sion assay, 10 × 104 cancer cells were seeded 
in the top chamber and incubation was contin-
ued for a longer period. 

Co-immunoprecipitation (co-IP) assay

To understand protein-protein interactions, 
total protein was extracted and incubated with 
magnetic beads and antibodies (anti-USP11 
and anti-IGF2BP3) at 4°C overnight. After fixing 
the magnetic beads with magnets, the super-
natant was removed, and the beads were 
washed three times with PBS. SDS-PAGE load-

ing buffer was added to the Eppendorf tube 
and boiled at 100°C for 10 min. After fixing the 
magnetic beads with magnets again, the su- 
pernatant was collected for the Western blot 
assay.

Ubiquitination assay

MG132, as a proteasome inhibitor, can effec-
tively reduce ubiquitin-conjugate protein degra-
dation by the 26S proteasome complex. Cells 
were treated with MG132 (10 µg/mL) for 12 h 
and then collected and lysed with RIPA buffer 
for the immunoprecipitation assay to quanti-
tate the ubiquitin molecules binding to the tar-
get proteins. 

Cycloheximide assay

To explore the half-life of the proteins, cells 
were treated with cycloheximide (CHX) (10 µM) 
for 0, 3, 6, 12, and 24 h; then, a Western blot 
assay was performed.

In vivo tumor growth and peritoneum implant-
ing metastasis model

Male BALB/c nude mice were purchased from 
Shanghai SLAC Laboratory Animal Center. 
HT-29 cells (5 × 106) transfected with shUSP11 
or shCtrl plasmids were suspended in 100 μL 
basal culture medium and were subcutaneous-
ly injected into the armpits of the mice (n=8). 
The tumor volumes were measured and calcu-
lated every 3 days using the formula v=0.5 × 
length × width2. After 15 days, the mice were 
euthanized, and the tumors were dissected, 
weighed, and photographed.

Subsequently, we selected 5 × 106 HT-29 cells 
for the peritoneal implantation metastasis mo- 
del. The mice were randomly divided into two 
groups (n=8). Tumor formation and the metas-
tasis of shUSP11 and shCtrl cancer cells were 
examined following injection into the abdominal 
cavity of the nude mice. After 4 weeks, all mice 
were euthanized, and the abdominal neo-
plasms and metastatic nodules of the liver 
were removed, counted, and weighed.

In addition, 16 nude mice were randomly allo-
cated into two groups (n=8). Then, shUSP11 
and shCtrl HT-29 cancer cells (5 × 106) were 
injected into the abdominal cavity of the nu- 
de mice. The survival time of the mice were 
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observed within 60 days after injection. After 
60 days of intervention, the surviving mice 
were euthanized. All the experiments were 
approved by the ethics committee of The 
Second Affiliated Hospital of Fujian Medical 
University (No. 2017-32). All animal experi-
ments complied with the ARRIVE guidelines 
and were carried out in accordance with the 
U.K. Animals Act.

Immunostaining evaluation and statistical 
analysis

IHC evaluation of USP11 expression was inde-
pendently performed by two experienced pa- 
thologists blinded to the clinical data. Positive 
expression of USP11 located in the nucleus 
and cytoplasm. IHC staining intensity scores 
included 0 (no expression), 1 (weak expres-
sion), 2 (moderate expression), and 3 (strong 
expression) (Figure 1), and the percentage 
score of the positively stained area included 0 
(no stain), 1 (< 25% stain), 2 (26-50% stain), 3 
(51-75% stain), and 4 (76-100% stain). The two 
scores were multiplied to obtain a total IHC 
score ranging from 0 to 12. The cases were 
divided into two groups: low (total score ≤5) 
and high (total score >5) USP11 expression. 

IBM SPSS Statistics version 20.0 software, 
GraphPad Prism version 6.0 software, and 
Image J software were used as statistical tools. 
The Pearson’s chi-squared test and Wilcoxon 

low/zero (Figure 2F) compared to high expres-
sion in the CRC tissues (Figure 2E). The expres-
sion level of USP11 was significantly higher in 
cancerous tissues than in non-cancerous tis-
sues (Figure 2G, P < 0.001). The percentage  
of high USP11 expression was higher in CRC  
tissues than in non-CRC tissues (Figure 2H, 
54.3% vs. 16.7%, P < 0.001).

High expression of USP11 is associated with 
clinicopathological characteristics of CRC

To further evaluate the clinical implication of 
USP11 expression in the occurrence and devel-
opment of CRC, the clinicopathological infor-
mation of 138 patients was summarized (Table 
1). The Pearson’s chi-squared test was used to 
analyze the association of USP11 expression 
with clinical features. The expression of USP11 
in CRC tissues was related to the depth of 
tumor invasion (P=0.028), lymph node metas-
tasis (P=0.008), and distant metastasis (P= 
0.023).

USP11 knockdown weakened the abilities of 
proliferation, migration, and invasion of CRC 
cells in vitro

The expression of USP11 was significantly re- 
duced in DLD-1 and HT-29 cell lines in terms  
of protein levels (Figure 3A) and RNA levels 
(Figure 3B); therefore, USP11 knockdown mod-
els (shCtrl, sh1, and sh2) were established. 

Figure 1. Representative IHC staining of USP11 in CRC tissue. Tissue sam-
ples exhibiting USP11 staining based on staining intensity scores (0-4). (A) 
0: no expression; (B) 1: weak expression; (C) 2, moderate expression; and 
(D) 3: strong expression. (IHC, 200 ×).

matched-pairs test were us- 
ed to describe the relationsh- 
ip between USP11 expressi- 
on and clinicopathological fea-
tures, as well as the differenc-
es in total IHC scores between 
cancerous and non-cancerous 
tissues. Student’s t-test was 
used to analyze the differenc-
es between groups. Two-tailed 
P-values < 0.05 were consid-
ered statistically significant.

Results

USP11 expression status

IHC/hematoxylin-eosin (HE) st- 
aining results of 138 patho- 
logical specimens were rea- 
nalyzed. USP11 expression in 
non-cancerous tissues was 
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Next, CCK-8 and clone formation assays were 
used to evaluate the role of USP11 in cellular 
proliferation and clonogenicity. We found that 
USP11 knockdown significantly inhibited prolif-
eration in CRC cell lines (Figure 3C). The clone 
formation assay indicated that USP11 knock-
down significantly decreased the number of cell 
clusters (Figure 3D). 

Migration and invasion assays revealed that 
USP11 knockdown cells displayed weak migra-
tion and invasion behaviors (Figure 3E, 3F). 
Collectively, these data strongly suggest that 
USP11 knockdown weakened the abilities of 
proliferation, migration, and invasion in CRC 
cells in vitro.

USP11 knockdown weakened the proliferative 
and metastatic abilities of CRC cells in vivo

To further clarify the role of USP11 in CRC 
tumorigenicity in vivo, a xenograft mouse model 
was established via subcutaneous injection of 
shUSP11 and shCtrl HT-29 cancer cells into 
nude mice. The effect of USP11 knockdown on 

CRC tumorigenesis in vivo is shown in Figure 
4A. IHC and HE were performed to verify the 
expression level of USP11 in subcutaneous 
tumor tissues (Figure 4B). USP11-knockdown 
CRC cells showed slower cell growth and lower 
tumor volume and weight than the shCtrl cells 
(P < 0.05, Figure 4A, 4C, 4D).

A peritoneal implantation metastasis model 
was applied through intraperitoneal injection of 
shUSP11 and shCtrl HT-29 cancer cells into 
nude mice. Four weeks after injection, the mice 
were euthanized, and the abdominal neo-
plasms were stripped (Figure 4E). IHC and HE 
were performed to further verify the expression 
level of USP11 in abdominal neoplasms and 
hepatic metastatic neoplasms (Figure 4F, 4G). 
The mice injected with shCtrl HT-29 cancer 
cells developed more and heavier tumors (P < 
0.05, Figure 4H, 4I), and exhibited more hepat-
ic metastatic lesions as indicated by HE and 
IHC staining (P < 0.05, Figure 4J). The USP11 
knockdown group in the peritoneal implanta-
tion model showed a better survival rate (P < 

Figure 2. USP11 expression in paired cancerous and para-cancerous tissue. The representative expression levels of 
USP11 in one paired cancerous and para-cancerous tissue (A-C: HE; D-F: IHC). USP11 is strongly expressed in the 
cancerous tissue (E), while it is weakly expressed in the para-cancerous tissue (F). (HE and IHC: A, D 100 ×; B, C, E, 
F 200 ×). (G) The expression level of USP11 is significantly higher in cancerous tissues (P=0.001). (H) The percent-
age of high USP11 expression is higher in cancerous tissues (54.3% vs. 16.7%, P=0.001). The red arrows represent 
USP11 high expression.
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0.05, Figure 4K). Collectively, the data demon-
strate that USP11 knockdown weakened the 

proliferative and metastatic abilities of CRC 
cells in vivo.

Figure 3. USP11 knockdown weakened the abilities of proliferation, migration, and invasion of CRC cells in vitro. 
(A, B) The protein and RNA levels of USP11 are significantly reduced following transfection with shRNA lentiviruses 
compared with those after transfection with an empty vector. USP11 knockdown significantly inhibits proliferation 
(C), clone formation (D), migration (E) and invasion (F) behavior in DLD-1 and HT-29 cell lines. Data are presented 
as means ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001.

Figure 4. USP11 knockdown weakened the abilities of cell proliferation and metastasis of CRC cells in vivo. (A) Ef-
fect of USP11 knockdown on CRC tumorigenesis in subcutaneous tissue. (B) HE and IHC used to verify the expres-
sion level of USP11 in subcutaneous tumor tissues (100 ×, 200 ×, and 400 ×). (C) The measured and calculate 
tumor volumes. (D) Tumors weighed. (E) Effect of USP11 knockdown on CRC tumorigenesis and metastasis in the 
abdominal cavity. Black arrows indicate hepatic metastases (F, G). USP11 expression in abdominal neoplasms and 
hepatic metastatic neoplasms (Representative HE and IHC images, 50 ×, 200 ×, and 400 ×) (H, I). The abdominal 
neoplasms were counted and weighed. (J) Metastatic nodules of the liver were counted. (K) Kaplan-Meier survival 
analysis shows that the USP11 knockdown group in the peritoneal implantation model had a better survival rate. 
*P < 0.05, **P < 0.01, ***P < 0.001.
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USP11 and IGF2BP3 could interact with each 
other

To explore the possible mechanism through 
which USP11 promoted the proliferation, migra-
tion, and invasion of CRC cells, we reviewed 
numerous relevant articles in the literature and 
selected several potentially relevant down-
stream target genes. Of all the possible USP11-
associated targets, IGF2BP3 was chosen for 
follow-up research based on studies that 
showed that the upregulation of IGF2BP3 in 
CRC cells could promote tumor cell prolifera-
tion and metastasis through the adjustment of 
mRNA stability [23-25]. An endogenous co-IP 
assay primitively validated that USP11 and 
IGF2BP3 interact with each other in CRC cell 
lines (Figure 5A). GFP-USP11 and Myc-IGF2BP3 
were co-transfected into 293T cells for exoge-
nous reciprocal co-IP assays to further prove 
the interaction of USP11 and IGF2BP3, and the 
result was consistent with that of endogenous 
co-IP assay (Figure 5B). Knockdown of USP11 
did not lead to significant changes in IGF2BP3 
mRNA levels, as revealed by qRT-PCR (Figure 
5C). Moreover, we also observed that the ex- 
pression of IGF2BP3 decreased in shUSP11 
cancer cells (Figure 5D). Besides, we detected 
the protein levels of USP11 and IGF2BP3 in 
vivo using Western blotting. We observed that 
the expression levels of both proteins decreas- 
ed in the subcutaneous neoplasms which for- 
med from shUSP11 HT-29 cells (Figure 5E). To 
improve the accuracy of our experiment, HCT-
15 CRC cells were transfected with a wild-type 
USP11 (HCT-15-USP11WT) or USP11-mutant 
(HCT-15-USP11MUT) overexpression plasmid. 
The USP11MUT had no catalytic activity. As 
shown in Figure 6A, USP11 overexpression in 
HCT-15-USP11WT cells increased IGF2BP3 ex- 
pression; however, USP11MUT overexpression  
in HCT-15-USP11MUT cells did not influence 
IGF2BP3 protein levels. Moreover, the abilities 
of cell proliferation, migration, and invasion 
were reinforced in HCT-15-USP11WT but not in 
HCT-15-USP11MUT cells compared with those in 
HCT-15 control cells (Figure 6B-E). In conclu-
sion, USP11 and IGF2BP3 interact with each 
other.

USP11 protects IGF2BP3 protein from degra-
dation by deubiquitination

USP11, belonging to the DUB family, protects 
downstream target proteins from proteaso- 

me hydrolysis. Therefore, we hypothesized that 
USP11 could stabilize IGF2BP3 expression via 
deubiquitination. To test our hypothesis, a ubiq-
uitination assay was performed to reveal the 
number of ubiquitins bound to IGF2BP3. The 
results showed that the knockdown of USP11 
led to an increase in the polyubiquitination 
level of IGF2BP3 (Figure 7A). We further treat-
ed DLD-1 and HT-29 cells with 10 µg/mL 
MG132 for 12 h to investigate whether it can 
effectively reduce ubiquitin-conjugate protein 
degradation. Expectedly, when treated with 
MG132, IGF2BP3 was protected from USP fam-
ily-mediated downregulation (Figure 7B). For 
USP11 to affect protein levels through post-
translational modifications, we used 10 µM 
cycloheximide (CHX) to determine the half-life 
of USP11 and IGF2BP3 proteins. The results 
showed that USP11 knockdown led to a 
decrease in the half-life of IGF2BP3 (Figure 7C). 
Therefore, USP11 protects the IGF2BP3 protein 
from degradation. Collectively, these findings 
suggest that USP11 protects the IGF2BP3 pro-
tein from degradation via deubiquitination in 
CRC cells.

USP11 promotes proliferation, migration, and 
invasion of CRC cells by modulating IGF2BP3 
stability

The biological significance of IGF2BP3 in the 
USP11-mediated poor prognosis of CRC re- 
mained unclear. To further investigate whe- 
ther the function of USP11 is dependent on 
IGF2BP3, we reintroduced IGF2BP3 into sh- 
USP11 and shCtrl DLD-1 and HT-29 CRC cells 
for rescue experiments (Figure 8A). CCK-8, and 
colony formation, and transwell assays revealed 
that IGF2BP3 overexpression could effective- 
ly reverse the decrease in cells proliferation, 
tumor formation, migration and invasion ca- 
used by USP11 knockdown (Figure 8B-D). In 
summary, USP11 promotes the proliferation, 
migration, and invasion of CRC cells by modu-
lating IGF2BP3 stability.

Discussion

Protein ubiquitination is a dynamic and multi-
level process of post-transcriptional modifica-
tion that is involved in almost all biological 
behaviors of eukaryotes. Previous studies have 
reported that polyubiquitination protein mo- 
dification is a reversible process [26]. USPs, 
belonging to the DUB family, protect down-
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stream target proteins from proteasome hydro-
lysis, and they have also been found to be asso-
ciated with a variety of cell-life activities, includ-
ing tumor formation [27]. Studies have shown 
that an aberrant expression of USP22 is associ-
ated with liver metastasis and poor prognosis 
of CRC [28], that USP22 can drive CRC invasion 

and metastasis via EMT by the adjustment of 
AP4 expression [29], and that the deubiquitin-
ase USP54 can promote intestinal tumorigene-
sis [30]. USP11, belonging to USPs, has similar 
capabilities. Typically, abnormal USP11 expres-
sion has been linked to tumors in the brain 
[31], breast [18], pancreas [32], and liver [7]. In 

Figure 5. USP11 and IGF2BP3 could interact with each other. Endogenous co-IP (A) and exogenous reciprocal co-IP 
assay (B) showing interaction of USP11 and IGF2BP3 with each other. (C) Knockdown of the USP11 did not lead 
to significant changes in IGF2BP3 mRNA levels. (D) Decreased IGF2BP3 expression in shUSP11 cancer cells. (E) 
Decreased IGF2BP3 expression in subcutaneous neoplasms formed from shUSP11 HT-29 cells.
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the current study, we further investigated the 
role of USP11 in the occurrence and develop-
ment of CRC. 

We confirmed that USP11 expression is higher 
in CRC tissue specimens than in para-cancer-
ous specimens. Notably, in cancerous tissues, 
the upregulation of USP11 was associated with 
the depth of tumor invasion, lymph node metas-
tasis, and distant metastasis. 

We then tested this result in CRC cells. By CCK-
8, clone formation, and transwell assays, we 
found that the proliferation, migration, and 
invasion capacity of CRC cells were down-regu-
lated after USP11 knockdown. In contrast, the- 
se abilities were reinforced in HCT-15 CRC cells 
transfected with wild-type USP11 overexpres-
sion plasmid. Using animal experiments, we 
also discovered that tumors grew more slowly, 
hepatic metastatic lesions were fewer, and the 

Figure 6. USP11 overexpressed reinforced the abilities of proliferation, migration, and invasion of CRC cells in vitro. 
(A) USP11 overexpression in HCT-15-USP11WT cells leads to an increased in IGF2BP3 expression. USP11 overex-
pression significantly reinforces proliferation (B), clone formation (C), migration (D) and invasion (E) behaviors in 
HCT-15-USP11WT but not in HCT-15-USP11MUT cells. Data are presented as means ± SEM. *P < 0.05, **P < 0.01, 
***P < 0.001.
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Figure 7. USP11 protects IGF2BP3 protein from degradation by deubiquitination. A. Western blotting analysis shows 
knockdown of USP11 leads to an increase in the polyubiquitination level of IGF2BP3. B. Cells (treated with 10 µg/
mL MG132 for 12 h), show that IGF2BP3 is protected from degradation. C. We used 10 µM CHX, a protein synthesis 
inhibitor, to explore the half-life of USP11 and IGF2BP3 proteins. The results showed that USP11 knockdown led to 
a decrease in the half-life of IGF2BP3 in both DLD-1 and HT-29 cells.
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survival rate was better in the shUSP11 group 
than in the shCtrl group.

Previous research has shown that IGF2BP3, as 
a carcinoma embryo protein, is upregulated in 
lung carcinoma [33], ovarian carcinoma [34], 
hepatocellular carcinoma [35], and pancreatic 
carcinoma [36]. XiaoPing H [37], Gong Y [25] 
and Paul Lochhead [38] reported that IGF2BP3, 
as a tumor initiator, was closely related to the 
prognosis of CRC patients and could also pro-
mote tumor cell proliferation and metastasis. 
WeiMin Xu [39] found that IGF2BP3 expression 
was obviously upregulated in CRC tissues and 
was associated with poor prognosis and that 
IGF2BP3 can be deubiquitinated by USP10 
[33]. We demonstrated that USP11 and IGF- 
2BP3 interacted with each other and that 

IGF2BP3 expression decreased in shUSP11 
cells, increased in HCT-15-USP11WT cells, and 
was not influenced in HCT-15-USP11MUT cells 
compared with that in shCtrl and HCT-15-
controls. The protein levels of USP11 and 
IGF2BP3 in subcutaneous tumor tissues of 
mice were examined, and the findings con-
firmed the above results.

Researchers have found that USP11 can deu-
biquitinate both TGFBR1 and TGFBR2 leading 
to breast cancer cell metastasis [19, 40, 41]. 
Encheng Zhang [16] also verified that USP11 
controls VGLL4 protein stability by deubiquiti-
nation. Therefore, we hypothesized that USP11 
stabilizes IGF2BP3 expression via deubiquiti-
nation. We established that USP11 knockdo- 
wn led to an increase in the polyubiquitination 

Figure 8. USP11 promotes proliferation, migration, and invasion of CRC cells by modulating IGF2BP3 stability. (A) 
IGF2BP3 overexpression plasmid reintroduced into shUSP11 and shCtrl DLD-1 and HT-29 CRC cells. IGF2BP3 over-
expression could effectively reverse the decrease in cell proliferation (B), clone formation (C), migration, (D) and 
invasion (D) caused by USP11 knockdown.

Figure 9. The USP11-IGF2BP3 pathway. USP11 can protect IGF2BP3 protein from degradation by deubiquitination 
to promote CRC proliferation, migration, and metastasis.
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level of IGF2BP3 in DLD-1 and HT-29 cells. 
Moreover, USP11 knockdown led to a decrease 
in the half-life of IGF2BP3. 

Given that the biological significance of IGF- 
2BP3 in USP11-mediated poor prognosis of 
CRC is unclear, we reintroduced IGF2BP3 into 
shUSP11 and shCtrl DLD-1 and HT-29 CRC 
cells. Rescue experiments revealed that IGF- 
2BP3 overexpression could effectively reverse 
a decrease in cell proliferation, tumor forma-
tion, migration and invasion caused by USP11 
knockdown. Therefore, USP11 promotes the 
proliferation, migration, and invasion of CRC 
cell by modulating IGF2BP3 stability.

To our knowledge, this is the first report that 
describes the role of the USP11-IGF2BP3 path-
way in tumor proliferation and metastasis (Fi- 
gure 9). These findings provide a novel molecu-
lar biological mechanism for the role of USP11 
in CRC, which will aid us in further understand-
ing of the molecular basis of the occurrence 
and development of CRC. Furthermore, the pro-
posed USP11-IGF2BP3 pathway is a potential 
new therapeutic target for CRC.

Acknowledgements

We want to thank the editors and reviewers for 
their review of our manuscript. We would like to 
thank Editage (www.editage.cn) for English lan-
guage editing. This work was supported by the 
Natural Science Foundation of Fujian Province 
under Grant No. 2018J01292; Quanzhou Sci- 
ence and Technology Project under Grant No. 
2018Z2099 and Quanzhou Science and Tech- 
nology Bureau High-level Talent Project under 
Grant No. 2018C051R.

Disclosure of conflict of interest

None.

Address correspondence to: Tian-Wen Xu and 
Zhong-Xin Huang, The Second Affiliated Hospital of 
Fujian Medical University, Quanzhou 362000, 
Fujian, China. Tel: +86-13808525411; Fax: +86-
0595-22770258; E-mail: xutianwen54@163.com 
(TWX); Tel: +86-15359982883; +86-0595-22791- 
001; E-mail: fjmuhuang@163.com (ZXH)

References

[1] Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2020. CA Cancer J Clin 2020; 70: 7-30.

[2] Liu X, Zhang H, Lai L, Wang X, Loera S, Xue L, 
He H, Zhang K, Hu S, Huang Y, Nelson RA, 
Zhou B, Zhou L, Chu P, Zhang S, Zheng S and 
Yen Y. Ribonucleotide reductase small subunit 
M2 serves as a prognostic biomarker and pre-
dicts poor survival of colorectal cancers. Clin 
Sci 2013; 124: 567-579.

[3] Davies JM and Goldberg RM. Treatment of 
metastatic colorectal cancer. Semin Oncol 
2011; 38: 552-560.

[4] Kar G, Keskin O, Fraternali F and Gursoy A. 
Emerging role of the ubiquitin-proteasome sys-
tem as drug targets. Curr Pharm Des 2013; 
19: 3175-3189.

[5] Pickart CM. Mechanisms underlying ubiquiti-
nation. Annu Rev Biochem 2001; 70: 503-
533.

[6] Clague MJ and Urbe S. Ubiquitin: same mole-
cule, different degradation pathways. Cell 
2010; 143: 682-685.

[7] Zhang S, Xie C, Li H, Zhang K, Li J, Wang X and 
Yin Z. Ubiquitin-specific protease 11 serves as 
a marker of poor prognosis and promotes me-
tastasis in hepatocellular carcinoma. Lab In-
vest 2018; 98: 883-894.

[8] Reyes-Turcu FE, Ventii KH and Wilkinson KD. 
Regulation and cellular roles of ubiquitin-spe-
cific deubiquitinating enzymes. Annu Rev Bio-
chem 2009; 78: 363-397.

[9] Nijman SM, Luna-Vargas MP, Velds A, Brum-
melkamp TR, Dirac AM, Sixma TK and Ber-
nards R. A genomic and functional inventory of 
deubiquitinating enzymes. Cell 2005; 123: 
773-786.

[10] Komander D, Clague MJ and Urbe S. Breaking 
the chains: structure and function of the deu-
biquitinases. Nat Rev Mol Cell Biol 2009; 10: 
550-563.

[11] Schoenfeld AR, Apgar S, Dolios G, Wang R and 
Aaronson SA. BRCA2 is ubiquitinated in vivo 
and interacts with USP11, a deubiquitinating 
enzyme that exhibits prosurvival function in 
the cellular response to DNA damage. Mol Cell 
Biol 2004; 24: 7444-7455.

[12] Harper S, Gratton HE, Cornaciu I, Oberer M, 
Scott DJ, Emsley J and Dreveny I. Structure and 
catalytic regulatory function of ubiquitin spe-
cific protease 11 N-terminal and ubiquitin-like 
domains. Biochemistry 2014; 53: 2966-2978.

[13] Burkhart RA, Peng Y, Norris ZA, Tholey RM, Tal-
bott VA, Liang Q, Ai Y, Miller K, Lal S, Cozzitorto 
JA, Witkiewicz AK, Yeo CJ, Gehrmann M, Nap-
per A, Winter JM, Sawicki JA, Zhuang Z and 
Brody JR. Mitoxantrone targets human ubiqui-
tin-specific peptidase 11 (USP11) and is a po-
tent inhibitor of pancreatic cancer cell survival. 
Mol Cancer Res 2013; 11: 901-911.

[14] Deng S, Zhou H, Xiong R, Lu Y, Yan D, Xing T, 
Dong L, Tang E and Yang H. Over-expression of 

mailto:xutianwen54@163.com
mailto:fjmuhuang@163.com


USP11 promotes the malignant phenotype of CRC by IGF2BP3

495 Am J Transl Res 2021;13(2):480-496

genes and proteins of ubiquitin specific pepti-
dases (USPs) and proteasome subunits (PSs) 
in breast cancer tissue observed by the meth-
ods of RFDD-PCR and proteomics. Breast Can-
cer Res Treat 2007; 104: 21-30.

[15] Yamaguchi T, Kimura J, Miki Y and Yoshida K. 
The deubiquitinating enzyme USP11 controls 
an IkappaB kinase alpha (IKKalpha)-p53 sig-
naling pathway in response to tumor necrosis 
factor alpha (TNFalpha). J Biol Chem 2007; 
282: 33943-33948.

[16] Zhang E, Shen B, Mu X, Qin Y, Zhang F, Liu Y, 
Xiao J, Zhang P, Wang C, Tan M and Fan Y. 
Ubiquitin-specific protease 11 (USP11) func-
tions as a tumor suppressor through deubiqui-
tinating and stabilizing VGLL4 protein. Am J 
Cancer Res 2016; 6: 2901-2909.

[17] Park MK, Yao Y, Xia W, Setijono SR, Kim JH, Vila 
IK, Chiu HH, Wu Y, Billalabeitia EG, Lee MG, 
Kalb RG, Hung MC, Pandolfi PP, Song SJ and 
Song MS. PTEN self-regulates through USP11 
via the PI3K-FOXO pathway to stabilize tumor 
suppression. Nat Commun 2019; 10: 636.

[18] Zhou Z, Luo A, Shrivastava I, He M, Huang Y, 
Bahar I, Liu Z and Wan Y. Regulation of XIAP 
turnover reveals a role for USP11 in promotion 
of tumorigenesis. EBioMedicine 2017; 15: 48-
61.

[19] Garcia DA, Baek C, Estrada MV, Tysl T, Bennett 
EJ, Yang J and Chang JT. USP11 enhances TGF-
beta-induced epithelial-mesenchymal plastici-
ty and human breast cancer metastasis. Mol 
Cancer Res 2018; 16: 1172-1184.

[20] Lin CH, Chang HS and Yu WC. USP11 stabilizes 
HPV-16E7 and further modulates the E7 bio-
logical activity. J Biol Chem 2008; 283: 15681-
15688.

[21] Sun H, Ou B, Zhao S, Liu X, Song L, Liu X, Wang 
R and Peng Z. USP11 promotes growth and 
metastasis of colorectal cancer via PPP1CA-
mediated activation of ERK/MAPK signaling 
pathway. EBioMedicine 2019; 48: 236-247.

[22] Lee EW, Seong D, Seo J, Jeong M, Lee HK and 
Song J. USP11-dependent selective cIAP2 deu-
biquitylation and stabilization determine sensi-
tivity to Smac mimetics. Cell Death Differ 
2015; 22: 1463-1476.

[23] Liao B, Hu Y, Herrick DJ and Brewer G. The 
RNA-binding protein IMP-3 is a translational 
activator of insulin-like growth factor II leader-3 
mRNA during proliferation of human K562 leu-
kemia cells. J Biol Chem 2005; 280: 18517-
18524.

[24] Bell JL, Wachter K, Muhleck B, Pazaitis N, 
Kohn M, Lederer M and Huttelmaier S. Insulin-
like growth factor 2 mRNA-binding proteins 
(IGF2BPs): post-transcriptional drivers of can-
cer progression? Cell Mol Life Sci 2013; 70: 
2657-2675.

[25] Gong Y, Woda BA and Jiang Z. Oncofetal pro-
tein IMP3, a new cancer biomarker. Adv Anat 
Pathol 2014; 21: 191-200.

[26] Kit LLS, Iyengar PV, Jaynes P, Isa Z, Pang B, Tan 
TZ and Eichhorn P. USP26 regulates TGF-beta 
signaling by deubiquitinating and stabilizing 
SMAD7. EMBO Rep 2017; 18: 797-808.

[27] Sacco JJ, Coulson JM, Clague MJ and Urbe S. 
Emerging roles of deubiquitinases in cancer-
associated pathways. IUBMB Life 2010; 62: 
140-157.

[28] Liu YL, Yang YM, Xu H and Dong XS. Aberrant 
expression of USP22 is associated with liver 
metastasis and poor prognosis of colorectal 
cancer. J Surg Oncol 2011; 103: 283-289.

[29] Li Y, Yang Y, Li J, Liu H, Chen F, Li B, Cui B and 
Liu Y. USP22 drives colorectal cancer invasion 
and metastasis via epithelial-mesenchymal 
transition by activating AP4. Oncotarget 2017; 
8: 32683-32695.

[30] Fraile JM, Campos-Iglesias D, Rodriguez F, Es-
panol Y and Freije JM. The deubiquitinase 
USP54 is overexpressed in colorectal cancer 
stem cells and promotes intestinal tumorigen-
esis. Oncotarget 2016; 7: 74427-74434.

[31] Wu HC, Lin YC, Liu CH, Chung HC, Wang YT, Lin 
YW, Ma HI, Tu PH, Lawler SE and Chen RH. 
USP11 regulates PML stability to control 
Notch-induced malignancy in brain tumours. 
Nat Commun 2014; 5: 3214.

[32] Bayraktar S, Gutierrez BA, Liu D, Pusztai L, Lit-
ton J, Valero V, Hunt K, Hortobagyi GN, Wu Y, 
Symmans F and Arun B. USP-11 as a predictive 
and prognostic factor following neoadjuvant 
therapy in women with breast cancer. Cancer J 
2013; 19: 10-17.

[33] Zhao W, Lu D, Liu L, Cai J, Zhou Y, Yang Y, 
Zhang Y and Zhang J. Insulin-like growth factor 
2 mRNA binding protein 3 (IGF2BP3) promotes 
lung tumorigenesis via attenuating p53 stabil-
ity. Oncotarget 2017; 8: 93672-93687.

[34] Kobel M, Xu H, Bourne PA, Spaulding BO, Shih 
I, Mao TL, Soslow RA, Ewanowich CA, Kalloger 
SE, Mehl E, Lee CH, Huntsman D and Gilks CB. 
IGF2BP3 (IMP3) expression is a marker of un-
favorable prognosis in ovarian carcinoma of 
clear cell subtype. Mod Pathol 2009; 22: 469-
475.

[35] Li M, Zhang L, Ge C, Chen L, Fang T, Li H, Tian 
H, Liu J, Chen T, Jiang G, Xie H, Cui Y, Yao M and 
Li J. An isocorydine derivative (d-ICD) inhibits 
drug resistance by downregulating IGF2BP3 
expression in hepatocellular carcinoma. Onco-
target 2015; 6: 25149-25160.

[36] Taniuchi K, Furihata M, Hanazaki K, Saito M 
and Saibara T. IGF2BP3-mediated translation 
in cell protrusions promotes cell invasiveness 
and metastasis of pancreatic cancer. Oncotar-
get 2014; 5: 6832-6845.



USP11 promotes the malignant phenotype of CRC by IGF2BP3

496 Am J Transl Res 2021;13(2):480-496

[37] Huang X, Wei Q, Liu J, Niu H, Xiao G and Liu L. 
Analysis of IMP3 expression in primary tumor 
and stromal cells in patients with colorectal 
cancer. Oncol Lett 2017; 14: 7304-7310.

[38] Lochhead P, Imamura Y, Morikawa T, Kuchiba 
A, Yamauchi M, Liao X, Qian ZR, Nishihara R, 
Wu K, Meyerhardt JA, Fuchs CS and Ogino S. 
Insulin-like growth factor 2 messenger RNA 
binding protein 3 (IGF2BP3) is a marker of un-
favourable prognosis in colorectal cancer. Eur 
J Cancer 2012; 48: 3405-3413.

[39] Xu W, Sheng Y, Guo Y, Huang Z, Huang Y, Wen 
D, Liu CY, Cui L, Yang Y and Du P. Increased 
IGF2BP3 expression promotes the aggressive 
phenotypes of colorectal cancer cells in vitro 
and vivo. J Cell Physiol 2019; 234: 18466-
18479.

[40] Jacko AM, Nan L, Li S, Tan J, Zhao J, Kass DJ 
and Zhao Y. De-ubiquitinating enzyme, USP11, 
promotes transforming growth factor beta-1 
signaling through stabilization of transforming 
growth factor beta receptor II. Cell Death Dis 
2016; 7: e2474.

[41] Al-Salihi MA, Herhaus L, Macartney T and Sap-
kota GP. USP11 augments TGFbeta signalling 
by deubiquitylating ALK5. Open Biol 2012; 2: 
120063.


