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Abstract
Background and Objective: The functional role of USP47 has been reported in many cancer types, but its role in colon cancer (CC) and
its correlation with COX2 have not been reported so far. In this present investigation, the azoxymethane (AZ)/dextran sulphate sodium
(DSS) mixture induces both early and late phases of colon cancer in mice, examines USP47 and COX2 in the development of CC and tries
to examine whether both are correlated. Materials and Methods: The mice exhibited the early and advanced phases of CC after receiving
a single injection of AZ, followed by either 3 or 7 injections of DSS at 5-day intervals. Histology, immunohistochemistry, in-situ 
hybridization and western blotting methods are employed to understand the expression of USP47 and COX2 and their association with
CC progression. Results: The histology reveals cells with modest variations and the development of cellular clusters in early CC. The
advanced phases of CC are characterised by the presence of many aggregations of undifferentiated cells that give rise to various foci. The
levels of USP47 and COX2 exhibit a small rise in the early phases of CC, but their expression undergoes a significant exponential increase
in the later stages of CC. On the other hand, the expression of COX2 in tissue where USP47 has been silenced is increased to a certain
extent during the early stages of CC. However, it is suddenly reduced during the later stages of CC. Conclusion: Overall, current study data
confirm that silencing of USP47 had a positive effect in inhibiting the progression of CC and also hampers the expression of COX2 at the
final phase of CC.
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INTRODUCTION

Colon cancer (CC) is a prominent kind of cancer that ranks
second and third in terms of cancer-related mortality
worldwide1,2. Another key factor to note about CC is that it
commonly results in malignant tumors with high deaths and
incidence rates3. The common cause of CC is mostly linked to
poor dietary habits, genetic mutations and induced
inflammation4. The changes in genetic and epigenetic level
alter the tissue microenvironment and that are evident with
tumour development, invasion and metastasis5. Tumour
progression and the interplay of its tissue microenvironment
are considered important features to be investigated along
with the genes responsible for carcinogenesis6.

Early diagnosis of CC helps to improve the patient survival
rate but when it progresses to advanced stages due to its
aggressive and metastatic nature, the survival rate rapidly
declines7. Ubiquitin-Specific Protease 47 (USP47) can
deubiquitinate specific substrates like MAPK, E-cadherin, DNA
polymerase $, SNAIL, $-catenin, $-Trcp, YAP and katanin-p60
thereby affect its stability, activity or localizations and regulate
the cellular activity8,9. Recent research with USP47 confirms
that in the absence of USP47 the CC proliferative, migrative
and tumorigenicity properties are highly inhibited10. However,
the interaction between USP47 and inflammatory markers like
COX2 needs to be correlated to a better understanding of the
function of USP47 in the advancement of CC.

The COX2 has a role in inflammation, cellular
transformation, proliferation, tumour growth, cellular
metastasis and tissue invasion and that promotes tumor
development and progression11,12. The COX2 also has a role in
angiogenesis in which increased expression of COX2 promotes
VEGF overexpression13. Overexpression of COX2 is particularly
associated with the gastrointestinal tract and implies its
aggressive nature14. This study was planned to assess the
expression of USP47 and COX2 in the development of CC and
try to examine whether both are correlated. 

MATERIALS AND METHODS

Study area: The current investigation was conducted at the
Beilun District People’s Hospital from June to August 2023.

Mice  model:  A total of 16 female C57BL/6 mice (8 weeks)
were obtained from Jackson’s Laboratory in Beijing, China.
They were kept in a sterile setting for 15 days to adapt to their
new surroundings. Following the experimental procedures,
the  animals  were  kept  in  a   12   hrs   dark/light   cycle  and

maintained a room temperature with a relative humidity of
55%. The animals are freely allowed to intake their food as well
as  tap  water.  To  initiate  CC  in  mice at both the early stage
(n = 8) and advanced stage, a single subcutaneous injection of
azoxymethane (AZ) (Santa Cruz Biotechnology, California,
USA) (11 mg kgG1 b.wt.) was administered. On the fifth day of
the AZ injection, dextran sulphate sodium (DSS) (4 % w/v)
(Sigma-Aldrich, Shanghai, China) was  delivered  into  the
mice's bodies through the drinking water. Repeatedly, the
same dose of DSS was given for every 5th day and like those
three repeated doses for initial phases of CC-developing mice
and seven repeated doses for advanced-stage developing
mice were given. At the end of 3rd dose and 7th dose of DSS
intake, the mice were sacrificed by decapitation. From the
sacrificed mice, the colon portion of the mice was carefully
dissected and kept for further experimental analysis.

Ethical consideration: The animal procedures and protocol
were approved by the Institutional Animal Care Committee of
the host institution (Reg. No. 2022/CO/0269).

Histology and immunohistochemistry: Following animal
scarifies the colon samples shown with visible polyps are
carefully dissected from the rest of the tissue and fixation for
2 days at room temperature in 10% formalin. The fixation aids
in  the  preservation  of  the  original tissue structure; the
tissues are then dehydrated with a steady rise in isopropyl
alcohol (Sigma-Aldrich, Shanghai, China). The tissues were
then subjected to xylene (Sigma-Aldrich, Shanghai, China)
treatment for 45 min which aids in tissue clearance and
following that wax was allowed to impregnate the tissue. The
tissues were ultimately encased in a wax block and secured in
a microtome to create tiny slices measuring 6 µm in size. The
thin tissue sections obtained in the slide were processed and
finally stained with haematoxylin and eosin for visualization.
In immunohistochemistry, the thin slices (6 µm in size) are
dewaxed and then treated with a boiling sodium citrate
solution (0.01 M, pH 6.0) (Sigma-Aldrich, Shanghai, China) for
20 min to retrieve the antigens. After being rinsed with 1X
TBST (Sigma-Aldrich, Shanghai, China), the slides undergo a
blocking phase to inhibit the non-specific binding of
antibodies. This involves treating the sections with a 4%
bovine  serum  albumin  (BSA)  solution  in  TBST buffer
(Sigma-Aldrich, Shanghai, China) for 1 hr at 37EC. The main
antibodies, anti-USP47 antibody (Abcam, ab3465; diluted
1:250) or anti-COX2 antibody (Abcam, ab19898; diluted 1:250)
(Thermo Fisher, Shanghai, China), were mixed with 4% BSA
and  placed  on  top  of  the  tissue  slices for a duration of 6 hrs
at  4EC. After  undergoing  thorough  washing  3 times with a
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solution of 1X TBST, the slides were next exposed to secondary
antibodies that are conjugated with horseradish peroxidase
(HRP) (Thermo Fisher, Shanghai, China). This exposure takes
place for a duration of 2 hrs at 4EC. Following the washing
step,  the  brown-coloured  signals  are  obtained  by  using  a
3,3'-diaminobenzidine (DAB) substrate (Sigma-Aldrich,
Shanghai, China).

In situ  hybridization: For in situ  hybridization,  thin sections
(6 µm size) were initially fixed on slides and subjected to
dewaxing. Following rehydration, the sections undergo
antigen retrieval by being immersed in preheated 50 mM of
Tris solution containing 20 µg mLG1 proteinase K (ACRO
Biosystems China, Beijing, China) for 15 min at a temperature
of 37EC. The slices were immersed in a hybridization buffer
solution and incubated  at  37EC  for  5  hrs.  Subsequently,
miR-122 probes (Exiqon, double-DIG-labelled LNA probes)
were applied to the section and allowed to incubate at a
concentration of 18 nM, coupled with denaturation buffer, at
56EC for 5 hrs. To ensure control, the U6snRNA probe (Exiqon,
3'-DIG-labelled  LAN  probe) was  used  at  a  concentration of
12 nM. After incubation, the non-specific binding of the probe
is washed out using saline sodium citrate (SSC) buffer (Sigma-
Aldrich, Shanghai, China). Before proceeding with anti-DIG
HRP antibody (Roche; 1:3000; 6 hrs, 4EC) the slides were
treated with blocking solution (3% Fetal calf serum and 0.1%
Tween-20 in B1 solution) (Thermo Fisher, Shanghai, China) for
1 hr at room temperature. After incubation with the antibody,
the slides were washed and the signals were generated by the
DAB kit (Sigma-Aldrich, Shanghai, China).

Western blotting: The proteins were isolated from the
specimens taken from the colon and then analysed for protein
content using the Lowry technique. Equal amounts of protein
samples (60 µg/well) were put onto the 12% SDS-PAGE gel
(Sigma-Aldrich,  Shanghai,  China)  and  divided  by a voltage
of 50V. The proteins were effectively moved from the gel to
the PVDF membrane utilising the semi-dry technique. The
membrane is blocked using a 4% BSA solution for 2 hrs at
ambient temperature. After that, it was incubated with either
the primary antibody anti-USP47 antibody (Abcam, ab3465;
diluted 1:400) or the anti-COX2 antibody (Abcam, ab19898;
diluted  1:400)  (Thermo  Fisher,  Shanghai,  China)  at 4EC for
6 hrs. Following the rinse of the membrane with 1X TBST
buffer (Sigma-Aldrich, Shanghai, China), the membrane is
subjected to a 2 hrs incubation at 37EC with appropriate
secondary  antibodies  that  are  conjugated  with  HRP
(Thermo Fisher, Shanghai, China). Once the signals have been
thoroughly washed to remove any unwanted substances, such

as  the  secondary  antibody  that  specifically  targets  the
main antibody, they are then processed using the ECL
chemiluminescence kit (Thermo Fisher, Shanghai, China) to
produce a visible signal. The acquired signals were quantified
via the use of ImageJ software (National Institutes of Health,
Bethesda, Maryland, USA) and the outcomes were recorded
utilising the gel recording system (Bio-Rad Laboratories Co.,
Ltd., Shanghai, China). The $-actin was used for control and
the ultimate outcomes were standardised to the control
protein.

Statistical analysis: To attain significance levels, the
investigations were replicated a minimum of 3 times or more
and the outcomes were represented by the Mean±Standard
Deviation (SD). For comparing multiple data groups ANOVA
was performed using post hoc Tukey’s t-test. The findings
were deemed statistically trustworthy at p<0.005.

RESULTS

Inducing the early and late phases of CC: In mice, the AZ/DSS
combination was employed to develop the early and late
phases of CC. As explained in materials and methods, a single
AZ injection followed by three or seven doses of DSS results in
the development of early and late phases of CC respectively.
To confirm the pathological changes associated with the early
and late phases of CC development, histology was performed
and compared along with the control colon tissue (Fig. 1a-c).
In control colon tissue, the cells appear in uniform size without
any abnormalities (Fig.1a), but in the early phases of CC
cytologic atypia is common along with the loss of cellular
polarity (Fig. 1b). Also, small loci start to appear along the
tissue surface (Fig. 2b), similarly in a late phase of CC, multiple
loci with more proliferated enlarged cells are observed
throughout the tissue surface (Fig. 1c).

USP47 expression regulates COX2 in the early and late
phases of CC: To analyse the levels of USP47 in the early and
late  phases  of  CC,  immunohistochemistry  was  performed
and  it  was  compared  with COX2 expression to correlate it
(Fig. 2a-f). The USP47 shows profound expression in control
colon tissue (Fig. 2a) and its expression was upregulated in the
initial CC  condition  which  is  evident  with a high-intensity
signal (Fig. 2b). Also, USP47 expression was observed almost
in all cells of the initial phase of CC tissue with strong signals,
particularly around the boundary of loci (Fig. 2b). Surprisingly,
USP47 was extremely downregulated through the tissue
surface  of  the  advanced  stage of CC with signals remaining
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Fig. 1(a-c): Histological variation of initial and advanced stage of colon cancer, (a) Control colon tissue with compact and regularly
packed cells, the nucleus size is small and uniform throughout the tissue structure, (b) Mice developed with initial
stage of colon cancer show a heterogenous population of cells (cytologic atypia) along with losing cellular polarity
and (c) Mice developed with advanced stage of colon cancer represent the formation of multiple loci with enlarged
cellular structure
Scale bar 100 µm

Fig. 2(a-f): USP47 and COX2 expression in initial and advanced stages of colon cancer tissue layers, (a) Slight expression of USP47
in control colon tissue, (b) In relative to control tissue, USP47 is highly expressed in the initial phases of colon cancer,
(c) USP47 is overexpressed in advanced stages of colon cancer when compared with the control tissue, (d) Lack of
COX2 expression in control colon tissue, (e) COX2 expression is upregulated and observed only in restricted cells in
initial colon cancer and (f) COX2 is sharply upregulated in almost every cell of the advanced stage of colon cancer
Scale bar 50 µm

observed only in the boundary of some loci (Fig. 2c). The
COX2, a marker for cancer stem cells is not detectable in
control colon tissue  (Fig.  2d) but it shows very limited

expression in initial CC tissue  (Fig.  2e).  Notably,  COX2 
overexpression  was observed throughout the tissue surface
in the late phases of CC (Fig. 2f).
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Fig. 3(a-d): Assessment of silenced USP47 in tumor progression using in-situ  hybridization technique, (a) Silenced USP47 show
very  limited  expression  in  control  colon  tissue,  (b)  Silenced  USP47  expression is positively upregulated in the
initial  phase  of  colon  cancer,  (c)  Silenced USP47 expression is diminished in advanced stages of colon cancer and
(d) U6 snRNA expression in control colon tissue acts as a positive control
Scale bar 50 µm

Fig. 4(a-b): Expression analysis of (a) USP47, COX2 and $-actin protein using western blotting and (b) Band intensity of USP47,
COX2 and $-actin are analyzed using ImageJ software and plotted using a bar diagram
USP47 is 3.2 times highly overexpressed in the initial phase of colon cancer when compared with the control tissue but 2.4 times more likely
downregulated in an advanced stage of colon cancer when compared it to the control tissue, COX2 shows no signal in control tissue but it is 7.6 times
upregulated in advanced phase colon cancer when compared with the initial phase of colon cancer,  Lane 1 represents control colon tissue, Lane 2
represents the initial phase of colon cancer, Lane 3 shows advanced stages of colon cancer and "CC" represents colon cancer 
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Silencing of USP47 in different phases of CC: To assess the
role of silenced USP47 in CC progression, the expression of
silenced USP47 was tracked in various phases of CC using a
specific probe and investigated through in-situ  hybridization
technique as described in materials and method (Fig. 3a-d). In
control colon tissue, the silenced USP47 shows only restricted
expression and is observed only in a limited number of cells
(Fig. 3a). As the CC progresses to the initial stage, silenced
USP47 is highly overexpressed in almost every cell of the initial
stage colon tissue surface (Fig. 3b). On the other hand, its
expression diminished as the complexity of CC advanced and
it is mostly observed only at the loci boundary of the advanced
phase of CC (Fig. 3c). A U6 snRNA probe was used as a positive
control and it displayed a signal in the colon tissue of the
control group (Fig. 3d).

Assessing the expression of USP47 and COX2 via western
blotting: Western blotting assessments were conducted to
determine the precise degree of overexpression or
downregulation of USP47 and COX2 in various phases of CC.
The results of these experiments are shown and described in
Fig. 4(a-b). The expression of USP47 normally appears in a
predominate level in control colon tissue and its level
increased to a fold of 3.2 times in the initial phase of CC. In
contrast, USP47 depletion was observed at a level of 2.4 times
in the advanced phase of colon tissue when compared with
the control tissue (Fig. 4a-b). The COX2 a cancer stem cell
marker shows only a slight signal in control colon tissue and
also shows limited expression in the initial phase of CC. But
perhaps COX2 expressed 7.6 times higher expression in
advanced phases of CC tissue than in primary colon cancer
tissue. 

DISCUSSION

The USP47 is an mRNA-binding protein that regulates
many proteins and predominantly contributes to the tumor-
suppressive role in many cancer types. In addition to that,
current studies with USP47 in CC confirmed similar findings.
Initially, USP47 is 3.2 times upregulated in initial CC but
downregulated to 2.4 times in advanced colon stages when
compared with control tissue. Even though the expression of
USP47 in an advanced phase of CC is downregulated its
expression is observed in the boundary of loci representing
the extreme abnormality of those cells. The results represent
it had control over the initial stage of CC because the COX2
expression is also under control in the initial phase of colon
development.  But  once  the  USP47  is downregulated in an

advanced phase of CC the COX2 reaches maximum expression
and thereby USP47 has a direct link in regulating COX2
expression. 

In this research, the well-proven combination of AZ/DSS
was used to induce CC in a mice model15. Following a single
dose of AZ, a tumor-inducing agent and with a subsequent
dose of DSS which was adjusted to induce the severity of
colitis to form successfully the initial and advanced phase of
CC. Histopathology results show cytologic atypia initiates in
the initial phase of CC and progresses with the formation of
enlarged cells with round nuclei which denote the
advancement of histopathological condition16.

Recent studies with USP47 showed that it fine-tunes the
miRNA-145-5p and thereby contributes to the tumor
suppressive activity of prostate cancer17. In this present
investigation, it was observed that the silenced USP47
expression is correlated with the USP47 expression, as that the
higher expression of silenced USP47in the initial stage of CC
aids in downregulating the USP47 in an advanced stage of CC.
The downregulation of USP47 on the other hand favours the
overexpression of COX2 in advanced stages of CC. The CPEB
mediates both translational repression as well as translational
activation of many genes18 and here, the USP47 inactivation
affects many associated genes that may control tumour
development.

In  hepatocellular  carcinoma,  the  differential  expression
of  silenced  USP47  is  reported19,20. Through current studies,
the differential expression pattern of silenced USP47 is
systematically analysed and it provides an important
understanding that the higher expression of silenced USP47in
initial CC is downregulated after suppressing the tumour
suppressor protein like USP47 in the latter stage of CC. Other
than cancer, silenced USP47 contribute to the development of
cardiovascular diseases, diabetes, immunological diseases and
obesity21,22 and it denotes silenced USP47higher expression in
initial CC is associated with tumour enhancement as well as
contributes to dysfunction of cellular function.

This investigation is restricted. The current study only
examines limited factors, such as USP47 and COX2, in the
development of CC. There are more factors to investigate, thus
additional research will be conducted in the future. More
study is required to investigate the processes behind CC-
induced apoptosis. To successfully address this issue, further
research activities focusing on possible long-term remedies
are required. The aforementioned therapeutic goals have a
significant influence on cognitive outcomes. As a result,
researchers must prioritize the study of preventative measures
and the use of effective apoptosis.
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CONCLUSION

Overall, the investigation unveiled the function of
suppressed USP47 in controlling USP47 throughout various
stages of CC. The upregulation of USP47 in early CC is
counteracted by the upregulation of miRNA-122. The
expression of the cancer stem cell marker COX2 is controlled
in a coordinated manner and relies on the expression of
USP47.

SIGNIFICANCE STATEMENT

Among the many types of cancer, colon cancer (CC) is a
significant form of the condition that ranks second and third
in terms of fatality rates associated with cancer globally.
During this experiment, the combination of azoxymethane
and dextran sulphate sodium was shown to promote both the
early and late stages of colon cancer in mice. The inquiry
revealed the role of suppressed USP47 in managing USP47
throughout the different phases of CC. This was based on the
findings that were gained from the research. The increase of
miRNA-122 in early CC acts as a counterbalance to the
upregulation of USP47 at this stage. It is dependent on the
expression of USP47 that the expression of the cancer stem
cell marker COX2 is regulated in a coordinated way when it
comes to cancer stem cells.
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