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progression through manipulating neurocalcin 
delta mediated Wnt/β‑catenin signalling
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Abstract 

Background  Colorectal cancer (CRC), a complex and multifactorial disease, has been associated with elevated 
expression of microRNA miR-182-5p, although its precise regulatory role in CRC progression remains unclear. This 
study aims to identify potential therapeutic targets to improve clinical outcomes and to decipher the intricate role 
of miR-182-5p in the pathobiology of CRC.

Methods  We conducted comprehensive bioinformatics analyses using GEO databases to investigate differences 
in miRNA expression between CRC and normal tissues, with a particular focus on miR-182-5p. Its expression levels 
in CRC cells and tumor tissues were quantified by quantitative real-time PCR (qRT-PCR). The expression of neurocal-
cin delta (NCALD) and proteins related to Wnt/β-catenin signalling was evaluated by qRT-PCR and Western blotting. 
Pathological changes in tumor-bearing mice as well as the proliferation, invasion, and migration of CRC cells, were 
assessed. Tumor cell proliferation and apoptosis were examined using Ki-67 immunohistochemistry and TUNEL stain-
ing, respectively. A dual luciferase reporter assay explored the regulatory interaction between miR-182-5p and NCALD.

Results  Our findings reveal significantly elevated miR-182-5p levels in CRC tissues and cell lines, positively correlated 
with tumor invasion depth, differentiation degree, clinical stage, and lymph node metastasis. miR-182-5p appears 
to accelerate CRC progression in both cell lines and mouse models by downregulating NCALD, thereby enhancing 
Wnt/β-catenin signalling. This study identifies miR-182-5p as a pivotal enhancer of CRC progression, modulating 
Wnt/β-catenin signalling via NCALD regulation.

Conclusions  The findings position the miR-182-5p/NCALD axis as promising targets for CRC therapy, offering new 
avenues for treatment strategies.

Trial registration: Retrospectively registered.
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Introduction
Colorectal cancer (CRC), a predominant malignancy 
within the gastrointestinal tract, ranks as the third 
most commonly diagnosed cancer worldwide [1]. In 
developing countries, the incidence of CRC has been 
rising annually, attributable to dietary changes linked 
with economic development [2]. Despite a recent 
deceleration in its growth rate, the asymptomatic 
onset and terrible prognosis of CRC exert considerable 
impact on individual well-being [3, 4], thus posing a 
significant challenge to public health. Hence, clarifying 
the potential mechanisms underlying the occurrence, 
development, and metastasis, as well as devising 
efficacious prevention and treatment approaches, 
remain critical in CRC research [5].

The pathogenesis and progression of CRC involve 
complex biological processes, encompassing multiple 
stages and the interaction of numerous genes and 
regulatory factors [6]. MicroRNAs (miRNAs), 
21-nucleotide long non-coding RNA molecules, are 
ubiquitous in organisms and crucially regulate gene 
expression via transcriptional silencing, degradation, 
or translational alteration [7, 8]. These molecules 
are critical in various biological functions, including 
growth, development, and apoptosis [9]. Mounting 
evidence underscores the diverse functions of miRNAs 
in disease regulation, including their significant 
impact on CRC development [10, 11]. Liu et  al. 
observed heightened levels of exosomal miR-106b-3p 
in metastatic CRC patients, implicating its role in 
promoting metastasis by repressing DLC-1 expression 
[12]. Similarly, Zhang et  al. confirmed miR-335-5p as 
a modulator of CRC cell proliferation, migration, and 
invasion by inhibiting LDHB expression, suggesting 
its potential as a therapeutic target [13]. Moreover, a 
meta-analysis conducted by Gu et  al. demonstrated 
the prognostic value of miRNA-181a/b in CRC [14]. 
Collectively, these researches spotlight the crucial role 
of miRNAs in CRC development, offering valuable 
insights for diagnosis, treatment, and prognosis.

However, only a limited number of miRNAs have been 
confirmed to play definitive roles in CRC diagnosis, 
prognosis, or treatment [15, 16]. Su et  al. previously 
identified 44 differentially expressed miRNAs in CRC, 
comprising 19 downregulated and 25 upregulated 
ones, through systematic bioinformatics analyses 
[16]. Among these, miR-182-5p exhibited the most 
significant upregulation in CRC cells [16]. Despite this, 
the functional role and underlying mechanisms of miR-
182-5p in CRC remain poorly understood. This study 
aims to elucidate the biological mechanisms through 
which miR-182-5p contributes to CRC progression, 
with the expectation that the findings will offer valuable 

insights for the development of novel diagnostic and 
therapeutic targets.

Materials and methods
Clinical specimen and cell line acquisition
This study involved the procurement of 30 CRC tissue 
samples and corresponding adjacent normal tissues, 
obtained from 2019 to 2020 at The First Affiliated 
Hospital of Soochow University. All samples were 
obtained via surgical resection from patients who had 
not undergone radiotherapy or chemotherapy prior to 
surgery. Three board-certified pathologists independently 
confirmed the CRC diagnoses. The First Affiliated 
Hospital of Soochow University’s Ethical Committee 
approved the research procedure, which was carried out 
in accordance with ethical guidelines (Approval number: 
NL09-2019017). Informed consent was obtained from all 
participants. Furthermore, the normal cell line FHC and 
the CRC cell lines HT29, SW620, SW480, LOVO, and 
HCT116 were obtained from the American Type Culture 
Collection (ATCC, USA).

Cell culture and transfection protocol
These CRC cell lines were cultured in Dulbecco’s 
Modified Eagle Medium (DMEM, Gibco), which was 
supplemented with 100  U/mL penicillin (Catalog 
No. 61305, Sigma), 100  μg/mL streptomycin (Catalog 
No. 85886, Sigma), and 10% fetal bovine serum (FBS, 
Catalog No. 16140071, Gibco, USA). These cultures were 
kept in an atmosphere with 5% CO2 and at a constant 
temperature of 37  °C. Following the manufacturer’s 
instructions, the NCALD and miR-182-5p transfection 
procedure was carried out using Lipofectamine 2000 
Reagent (Catalog No. 11668019, Invitrogen). When the 
cell confluence was between 60 and 90%, the transfection 
was started. In the instance of miR-182-5p transfection, 
the HCT116 CRC cell line was treated with mimics, 
inhibitors, and matching controls, using hsa-miR-182-5p 
mirVanaTM miRNA inhibitor (ID: MH12369) and 
mimic (ID: MC12369) assays (AMBION, Austin, TX, 
USA). MirVanaTM miRNA inhibitor as negative control 
(NC). Simultaneously, logarithmic growth phase LoVo 
and SW480 CRC cells were plated in 6-well plates and 
transfected with a miR-182-5p overexpression lentivirus 
(miR-182-5p-OE) or a control (NC-OE), and a miR-
182-5p interference lentivirus (miR-182-5p-shRNA) or a 
control (NC-shRNA). Regarding NCALD transfections, 
the constructs NCALD-pcDNA3.1, sh-NCALD, and 
pCDNA3.1 were transfected into HCT116 CRC cells 
as required. All plasmids were graciously supported by 
GenePharma (Shanghai, China). Transfection efficiency 
was quantitatively evaluated 48-h post-transfection via 
qRT-PCR. Cells receiving various treatments were then 
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collected for subsequent analysis, employing qPCR to 
confirm the efficacy of the transfections.

Cell proliferation analysis via CCK‑8 assay
CRC cell lines HCT116, LoVo, and SW480 were seeded 
at a density of 1.5 × 103 cells per well in 96-well plates. 
Cells were subsequently treated with miR-182-5p and 
NCALD, respectively. The cells were then cultivated 
using DMEM supplemented with 10% FBS for 24, 48, and 
72  h at 37  °C in a 5% CO2 environment. Following the 
incubation period, each well received 10 μL of the CCK-8 
solution (Dojindo, Japan), and an additional hour of 
incubation was required. Cell viability was then assessed 
by measuring the optical density (OD) at 450 nm using a 
microplate reader (BioTek, USA).

Cell migration and invasion assessment
The migratory and invasive capacities of HCT116, LoVo, 
and SW480 cells were assessed using wound-healing 
and Transwell assays. For the wound-healing assay, cells 
(2 × 105 per well) transfected with either miR-182-5p 
or NCALD were seeded in 6-well plates and cultivated 
at 37  °C in a 5% CO2 atmosphere until they reached 
approximately 90% confluence. After creating a scratch 
in the cell monolayer with a 200  μL pipette tip, any 
unfastened cells were cleaned with PBS. An inverted 
microscope was used to record the wound closure after 
a 24-h incubation period in a serum-free solution. The 
formula (Initial Wound Width–Wound Width at 24  h)/
Initial Wound Width was used to calculate the migration 
rate. For the Transwell invasion assay, the procedure 
followed the standardized protocol provided by the Cell 
Invasion Assay Kit (CHEMICON, Millipore, USA), in 
line with previous reports [17]. Briefly, 4 × 109 cells were 
resuspended in serum-free media containing 1  μg/mL 
Mitomycin C to prevent proliferation, and then added 
to the upper chambers of Millipore Transwell inserts. 
A medium containing 10% FBS was added to the lower 
chambers to serve as a chemoattractant. The cells that 
had passed through the membrane were observed using 
a Zeiss fluorescence photomicroscope (Carl Zeiss, 
Germany) after being fixed in methanol and stained 
with 0.1% crystal violet. After a 24-h incubation period, 
non-migratory cells on the upper membrane surface 
were eliminated. One of the steps in the quantification 
procedure was to count the cells in at least ten random 
fields.

qRT‑PCR
TRIzol reagent (Invitrogen, USA) was used to 
extract total RNA from CRC cells and tumor tissues. 
PrimeScript Reverse Transcriptase (Takara) was used to 
convert 0.5 μg of the isolated RNA to cDNA for reverse 

transcription, in accordance with the manufacturer’s 
instructions [18]. Thermo Scientific SYBR Green qPCR 
kit and the ABI7500 real-time PCR system were used to 
conduct the qRT-PCR analysis. Two minutes of initial 
denaturation at 95  °C, forty cycles of denaturation at 
95  °C for 15  s each, and 30  s of annealing/extension at 
60 °C comprised the PCR cycling conditions. The relative 
expression of mRNAs or miRNAs was measured using 
the 2−ΔΔCT technique with internal controls adjusted to 
GAPDH and U6. The following primer sequences were 
used: miR-182-5p: Forward: 5′-ATC​ACT​TTT​GGC​AAT​
GGT​AGA​ACT​-3′, Reverse: 5′-TAT​GGT​TTT​GAC​GAC​
TGT​GTGAT-3′; NCALD: Forward: 5′-CAA​GTA​GTT​
AGC​AAA​GGG​AGGC-3′, Reverse: 5′-CCT​GGA​GGT​
TAG​CAT​GTC​TAGT-3′; U6: Forward: 5′-GCT​TCG​
GCA​GCA​CAT​ATA​CTAA-3′, Reverse: 5′-AAC​GCT​
TCA​CGA​ATT​TGC​GT-3′; GAPDH: Forward: 5′-TGT​
GTC​CGT​CGT​GGA​TCT​GA-3′, Reverse: 5′-CCT​GCT​
TCA​CCA​CCT​TCT​TGA-3′.

Western blot
Protein extraction from cellular and tissue samples was 
performed using RIPA buffer, with mechanical disruption 
facilitated by a Qiagen tissue lyser (Qiagen, USA). An 
assay utilizing BSA was used to determine protein 
concentrations. We separated 20 µg of protein from each 
sample on Millipore-provided 10% SDS–PAGE gels to 
perform electrophoresis. The resolved proteins were 
then electrotransferred onto PVDF membranes. The 
membranes were then subjected to blocking using 5% 
non-fat milk in TPBS. For antibody incubation, we kept 
the blocked membranes at 4  °C overnight with primary 
antibodies that targeted NCALD, Wnt3a, β-catenin, 
GSK-3, and GAPDH. All these primary antibodies were 
sourced from Abcam and used at a dilution of 1:1000. 
Post-incubation, we thoroughly washed the membranes 
three times and then allowed them to incubate with 
an HRP-conjugated goat anti-mouse IgG secondary 
antibody for a duration of 10 min at room temperature. 
Detection of protein bands was achieved using the 
Amersham Imager 600 and the Thermo Fisher Scientific 
ECL Chemiluminescent Kit (GE, USA). Protein band 
intensities were quantified utilizing ImageJ software 
(USA).

Animal experiment
Six-week-old BALB/c nude mice were purchased from 
Gem Pharmatech (Nanjing, China), and housed under 
standard conditions in a barrier facility with 12-h 
light/dark cycles. HCT116 cells (5 × 10⁶), transfected 
with agomir-182-5p (miR-182-5p mimics group) or 
antagomir-182-5p (miR-182-5p inhibitor group) using 
Lipofectamine 2000 were subcutaneously injected into 
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the right armpit region of each mouse. Tumor volumes 
were assessed using the following formula on days 7, 
14, and 28 after injection to track the progression of the 
tumor (mm3) = 1/2 × width2 × length. The tumors were 
taken out, measured, photographed, and quickly kept in 
formalin for further analysis when 4 weeks were up. After 
that, the mice were mercifully put to sleep. Approved by 
the Animal Protection and Use Committee (Approval 
No. DW102A.07), this animal study was carried out at 
The First Affiliated Hospital of Soochow University in 
strict accordance with established norms for animal 
welfare.

Fractionation of subcellular materials
The cytoplasmic and nuclear RNA were separated using 
the Cytoplasmic and Nuclear RNA Purification Kit 
(Norgen Biotek, Thorold, Canada). The expression levels 
of NCALD, miR-182-5p, GAPDH, and U6 in the nuclear 
and cytoplasmic fractions of HCT116 cells were assessed 
by qRT-PCR.

Histochemical analysis
Tumor tissues were fixed overnight in 4% 
paraformaldehyde, embedded in paraffin, and sectioned 
into 4  μm slices. For immunohistochemical analysis, 
sections were incubated overnight at 4  °C with Ki-67 
monoclonal antibodies (1:200, Abcam), followed by 
incubation with a secondary goat anti-rabbit IgG 
(H + L) antibody. To prepare sections for the terminal 
deoxynucleotidyl transferase-mediated UTP end-
labelling (TUNEL) assays, 0.1% Triton X-100 in 0.1% 
sodium citrate was used as a pretreatment. They were 
then incubated on ice for 2 min and then for 1 h at 37 °C 
in the dark with 50  µl of the TUNEL reaction mixture. 
Nuclear counterstaining was executed using 1  mg/ml 
DAPI. Imaging of the stained sections was performed 
using either a standard fluorescence or an inverted 
fluorescence microscope (Leica, Germany; Nikon, Tokyo, 
Japan).

Dual‑luciferase reporter assays
Subcloned complementary DNA (cDNA) fragments 
encoding the wild-type and mutant forms of NCALD 
were introduced into the pmirGLO-Basic luciferase 

reporter vector (Promega) after being cloned downstream 
of the luciferase gene. After then, miR-182-5p mimics 
and negative control (NC) mimics were co-transfected 
into HCT116 cells using these recombinant vectors. The 
dual-luciferase reporter assay system (Promega) was used 
to assess luciferase activity 48 h after transfection.

Data interpretation from publicly accessible databases
The miR-182-5p target genes were identified using online 
prediction tools from RNA22 (https://​cm.​jeffe​rson.​edu/​
rna22/), Starbase (https://​starb​ase.​sysu.​edu.​cn), and 
Diana Tools (http://​diana.​imis.​athena-​innov​ation.​gr/​
Diana​Tools/​index.​php).

Statistical analysis
All the information gathered for this study was 
statistically assessed using the SPSS software, version 
22.0 (IBM SPSS, USA). The way of displaying the data was 
mean ± standard deviation (SD). Comparisons between 
two groups were performed using the Student’s t test, 
while one-way analysis of variance (ANOVA) followed 
by Tukey’s post hoc test was applied for comparisons 
involving more than two groups. A P value of less than 
0.05 was considered statistically significant.

Results
miR‑182‑5p is significantly promoted in CRC tissues 
and cell lines
To elucidate the role of miRNAs in CRC, an initial 
investigation was conducted on miRNA expression pro-
files using microarray data sets from two independent 
CRC cohorts. This analysis identified a group of miR-
NAs with altered expression in CRC, with miR-182-5p 
showing significant upregulation in both cohorts. The 
dysregulated expression of miR-182-5p in CRC was 
further verified by further bioinformatics analysis, as 
shown in Fig.  1A–D. A comparative analysis revealed 
that CRC tissues had significantly higher levels of miR-
182-5p than normal tissues (Fig.  1E). Furthermore, in 
comparison with the normal cell line FHC, the expres-
sion levels of miR-182-5p were considerably greater in 
the CRC cell lines HT29, SW620, SW480, LOVO, and 
HCT116 (Fig.  1F). HCT116, LoVo, and SW480 cells 
were chosen for further investigations due to their 

Fig. 1  Elevated expression of miR-182-5p in colorectal cancer (CRC) tissues and cell lines. A, C Hierarchical clustering heatmaps display 
the differential expression of miRNAs in CRC vs. normal tissues, derived from RNA sequencing data in the GEO database. Upregulated miRNAs are 
shown in red, downregulated ones in blue, with miR-182-5p highlighted by a red line. B, D Bioinformatics analysis revealing the expression pattern 
of miR-182-5p in CRC. E Comparative analysis of miR-182-5p expression levels between CRC tissues and normal tissues (control). F qRT-PCR analysis 
of miR-182-5p expression in various CRC cell lines (HT29, SW620, SW480, LOVO, and HCT116) vs. the normal cell line FHC. Data are presented 
as mean ± SD; **P < 0.01, comparing CRC groups to the FHC group

(See figure on next page.)
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http://diana.imis.athena-innovation.gr/DianaTools/index.php
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Fig. 1  (See legend on previous page.)
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prevalent use in colorectal cancer research and distinct 
molecular characteristics, including a strong respon-
siveness to miRNA regulation and widespread applica-
tion in the investigation of the Wnt/β-catenin signalling 
system. In addition, as shown in Table  1, a significant 
association was found between the expression of miR-
182-5p and several clinical indicators, such as tumor 
invasion depth, degree of differentiation, clinical stage, 
and lymph node metastasis.

CRC cells invasion, migration, and proliferation are all 
aided by miR‑182‑5p
Using lentiviral transfection techniques, LoVo and 
SW480 cell lines were genetically altered to either over-
express or inhibit miR-182-5p to study the impact of this 
gene on CRC cell behaviors. Post-transfection analy-
sis demonstrated a significant rise in miR-182-5p levels 
in the overexpression group and a noteworthy drop in 
the knockdown group in comparison with their respec-
tive controls, confirming the successful manipulation 
of miR-182-5p (Fig.  2A). To examine the role of miR-
182-5p in the development of CRC, miR-182-5p mimics 
and inhibitors were utilized to alter the expression of the 
protein in HCT116 cells. We next evaluated the changes 
in cell invasion, migration, and proliferation. Treat-
ment with miR-182-5p mimics significantly enhanced 
its expression, whereas inhibitors decreased it (Fig. 2B). 
The CCK-8 experiment demonstrated that miR-182-5p 
mimics increased HCT116 cell proliferation, whereas 
the inhibitor reduced it. Consequently, overexpression 
of miR-182-5p boosted LoVo and SW480 cell prolifera-
tion, whereas its inhibition lowered it (Fig. 2C). In addi-
tion, miR-182-5p mimics greatly improved HCT116 cells’ 
capacity for invasion and migration, while the inhibi-
tor dramatically decreased these activities, according to 
Transwell and wound-healing experiment results. Simi-
larly, overexpression of miR-182-5p increased, whereas 
its inhibition decreased the ability of LoVo and SW480 
cells to invade and migrate (Fig. 2D–O).

NCALD is identified as a direct target of miR‑182‑5p
TargetScan was used to anticipate probable targets in the 
search for miR-182-5p downstream effectors. This pro-
cess resulted in the putative target NCALD being identi-
fied, as shown in Fig. 3A. Positions 79–86 on the 3’UTR 
of NCALD were found to contain a particular binding site 
for miR-182-5p, suggesting that miR-182-5p and NCALD 
may interact in CRC cells. Figure 3B, C illustrates the sig-
nificant decline in NCALD expression in CRC tissues as 
compared to control samples, as determined by compara-
tive analysis. In co-transfection studies utilizing miR-
182-5p mimics or NC mimics and wild-type NCALD 

Table 1  Clinical features of 30 CRC patients

Clinical features Number 
of cases

miR-182-5p 
Expression

P value

χ2

Sex  > 0.05

 Male 18 8.21 ± 8.58

 Female 12 7.30 ± 7.25

Age  > 0.05

 < 60 12 7.10 ± 6.02

 ≥ 60 18 7.26 ± 8.16

Tumor site  > 0.05

 Colon 10 6.25 ± 5.42

 Rectum 20 7.41 ± 3.69

Invasion depth  < 0.05

 T2 11 4.15 ± 5.02

 T3 19 7.58 ± 8.23

Differentiation  < 0.05

 High + Middle differentiation 9 4.26 ± 1.36

 Low + none differentiation 21 10.41 ± 8.45

Lymph node metastasis  < 0.05

 Negative 10 4.24 ± 3.34

 Positive 20 8.61 ± 4.65

TNM stage  < 0.05

 I + II 13 5.32 ± 7.36

 III + IV 17 9.11 ± 8.14

(See figure on next page.)
Fig. 2  miR-182-5p enhances migration, invasion, and proliferation of CRC Cells. A qPCR data demonstrating miR-182-5p overexpression 
and knockdown in LoVo and SW480 cells. **P < 0.01 between the miR-182-5p-OE and NC–OE groups; ##P < 0.01 between the miR-182-5p-shRNA 
and NC-shRNA groups. B After treatment with mimics or inhibitors, changes in the miR-182-5p expression, using U6 as a reference. **P < 0.01 
for mimics vs. mimics NC group; ##P < 0.01 for inhibitor vs. inhibitor NC group. C CCK-8 assay measuring HCT116, LoVo, and SW480 cell proliferation 
at 24, 48, and 72 h after treatment. **P < 0.01 vs. reference group. D–I Transwell experiments measuring the impact of miR-182-5p on the invasion 
of HCT116, LoVo, and SW480 cells. **P < 0.01 for the mimics NC group vs. the mimics group or the miR-182-5p-OE group vs. the NC-OE group; 
##P < 0.01 for the inhibitor NC group vs. the inhibitor NC group or the miR-182-5p-shRNA group vs. the NC-shRNA group. J–O Wound healing 
tests investigating the miR-182-5p-affected migration of HCT116, LoVo, and SW480 cells. **P < 0.01 for the mimics NC group vs. the mimics group 
or the miR-182-5p-OE group vs. the NC–OE group; ##P < 0.01 for the inhibitor NC group vs. the inhibitor NC group or the miR-182-5p-shRNA group 
vs. the NC-shRNA group. Scale bar = 100 µm. Data are presented as mean ± SD
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Fig. 2  (See legend on previous page.)
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pmirGLO vectors, the miR-182-5p mimics group demon-
strated a substantial reduction in luciferase activity asso-
ciated with NCALD–WT, in contrast to the NC group. 
However, this effect was not observed with mutant 
NCALD vectors (Fig.  3D). Following transfection with 
miR-182-5p mimics, NCALD levels were considerably 
lower compared to control groups, and following trans-
fection with miR-182-5p inhibitors, NCALD levels were 
significantly greater (Fig. 3E, F). NCALD and miR-182-5p 
were mostly detected in the cytoplasm of HCT116 cells, 
according to subcellular fractionation studies (Fig. 3G).

CRC cells proliferative, invasive, and miR‑182‑5p‑mediated 
migration are facilitated by NCALD downregulation
To elucidate NCALD’s function in the pathogenesis of 
CRC, we examined the impact of NCALD overexpres-
sion and knockdown on the migration, invasion, and 
proliferation of LoVo cells. The confirmation of the 

effective modulation of NCALD expression may be 
shown in Fig.  4A, B. The CCK-8 test findings demon-
strated a substantial reduction in cell proliferation in 
the over-NCALD group and increased cell proliferation 
in the sh-NCALD group relative to the control group 
(Fig.  4C). Furthermore, NCALD overexpression dra-
matically reduced HCT116 cell invasion and migration, 
while NCALD suppression increased them, accord-
ing to data from Transwell and wound-healing experi-
ments (Fig.  4D–G). Moreover, our findings imply that 
NCALD’s effects on HCT116 cell invasion, migration, 
and proliferation may be somewhat offset. Specifi-
cally, the application of miR-182-5p mimics appeared 
to negate the effects of NCALD overexpression, while 
miR-182-5p inhibitors seemed to alleviate the impact of 
NCALD knockdown, as demonstrated in Fig. 4C–G.

Fig. 3  Identification of NCALD as a direct target of miR-182-5p. A TargetScan prediction reveals a potential binding site for miR-182-5p at positions 
79–86 on the 3’UTR of NCALD. The context +  + score indicates the overall score, with a lower value signifying a higher likelihood of the goal. PCT 
is the score derived from evolutionary conservation among species, with elevated values signifying greater conservation. B, C Analysis of NCALD 
expression in CRC tissues by Western blot and qRT-PCR; **P < 0.01 between the CRC group and the control group. D Dual luciferase reporter assays 
were employed to investigate the association between miR-182-5p and NCALD. A significant difference is noted between the negative control 
(NC) group and the miR-182-5p mimic group, with **P < 0.01. E, F Assessment of the impact of miR-182-5p on NCALD expression using Western 
blot and qRT-PCR. **P < 0.01 between the miR-182-5p mimics and the NC groups; ##P < 0.01 between the miR-182-5p inhibitor and the NC groups. 
G In HCT116 cells, subcellular fractionation tests were performed to determine the distribution of NCALD and miR-182-5p. Data are presented 
as mean ± SD
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NCALD downregulation activates Wnt/β‑catenin signalling
The formation and progression of CRC are significantly 
influenced by the Wnt/β-catenin signalling pathway. To 
investigate the possible regulatory impact of NCALD 
on this pathway, we looked at the expression of three 
important proteins: Wnt3a, GSK-3β, and β-catenin. 
When comparing CRC tissues to controls, analysis at 
the mRNA and protein levels revealed large increases 
in Wnt3a and β-catenin expression, combined with a 
dramatic decrease in GSK-3β expression (Fig. 5A, B). In 
HCT116 cells, overexpression of NCALD (over-NCALD 
group) led to a notable reduction in Wnt3a and β-catenin 
levels, while GSK-3β expression was increased relative to 
the NC group. As opposed to the over-NCALD group, 
the NCALD knockdown (sh-NCALD group) showed an 
inverted expression pattern with increased Wnt3a and 
β-catenin and decreased GSK-3β expression (Fig. 5C, D). 

These findings suggest a regulatory connection between 
the stimulation of the Wnt/β-catenin signalling pathway 
and the downregulation of NCALD.

Role of miR‑182‑5p in CRC progression through NCALD 
modulation
In vivo investigations were carried out to confirm the 
involvement of miR-182-5p in the advancement of CRC. 
Mice overexpressing miR-182-5p (mimic group) exhib-
ited significantly increased Ki-67 staining, indicating 
higher tumor cell proliferation, whereas inhibition of 
miR-182-5p led to reduced proliferation (Fig. 6A). West-
ern blot analysis supported these observations, showing 
decreased NCALD expression in the miR-182-5p mimic 
group and increased expression in the inhibitor group 
(Fig. 6B, C). Moreover, due to the very low transfection 
efficiency of the miR-182-5p mimic and inhibitor groups, 

Fig. 4  Impact of NCALD modulation on miR-182-5p-regulated cellular dynamics in LoVo Cells. A, B Validation of NCALD overexpression 
and knockdown efficiency in LoVo cells using qRT-PCR and Western blot analyses, with GAPDH serving as an internal control. C CCK-8 assay 
evaluating the proliferation of LoVo cells under NCALD modulation and its reversal by miR-182-5p at 24-, 48-, and 72-h post-treatment. D, E 
Transwell assays assessing the invasive capacity of LoVo cells in response to NCALD modulation and its reversal by miR-182-5p. F, G Wound healing 
assays analyzing the migration ability affected by NCALD and its reversal by miR-182-5p. **P < 0.01 for over-NCALD group vs. control group; 
##P < 0.01 for sh-NCALD group vs. control group. Scale bar = 100 µm. Data are presented as mean ± SD
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no differences were detected in the results of the TUNEL 
assay for apoptosis (Fig.  6D). The subcutaneous trans-
plantation of tumor cells into mice further demonstrated 
that tumors in the miR-182-5p mimic group were signifi-
cantly larger than those in the inhibitor group (Fig.  6E, 
F). Collectively, these findings robustly support that 
miR-182-5p enhances CRC progression by modulating 
NCALD expression.

Discussion
CRC, a common malignancy of the gastrointestinal tract, 
is characterized by a complex and not fully understood 
pathogenesis [19]. This complexity underscores 
the urgent need for in-depth research into CRC’s 
pathophysiology and the development of diagnostic 
markers to improve patient survival rates [20]. Aligning 
with previous studies that reported an upregulation of 
miR-182-5p in CRC cells [16], our investigation also 

identified a significant elevation in miR-182-5p levels 
in CRC tissues and cell lines. This increase was found 
to be positively associated with factors, such as tumor 
invasion depth, cellular differentiation, clinical stage, 
and lymph node metastasis. This study further reveals 
that miR-182-5p tends to the progression of CRC by 
modulating NCALD, which in turn affects the Wnt/β-
catenin signalling pathway. These findings suggest that 
miR-182-5p is a viable option for CRC treatment and 
diagnostic approaches.

MicroRNAs (miRNAs) are increasingly recognized as 
crucial regulators in the progression of CRC, affecting 
various biological processes [21, 22]. For instance, miR-
17-5p has been shown to regulate epithelial–mesenchy-
mal transition (EMT) in CRC cells; miR-31 enhances 
the radiosensitivity of CRC cells; and aberrant expres-
sion of miR-9 has been associated with poor progno-
sis in CRC patients [23–25]. A thorough investigation 

Fig. 5  NCALD downregulation triggers the activation of Wnt/β-catenin signalling. A, B Expression levels of Wnt/β-catenin signalling-related 
proteins (Wnt3a, GSK-3β, and β-catenin) in CRC tissues were analyzed using qRT-PCR and Western blot. **P < 0.01 vs. control group. C, D Effects 
of NCALD overexpression and knockdown on the expression of Wnt3a, GSK-3β, and β-catenin at both mRNA and protein levels were analyzed 
in CRC tissues, with GAPDH used as an internal control. **P < 0.01 for the over-NCALD group vs. control group; ##P < 0.01 for the sh-NCALD group vs. 
control group. Data are presented as mean ± SD
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using bioinformatics by Su et al. confirmed that CRC tis-
sues exhibit a substantial overexpression of miR-182-5p. 
Numerous investigations have linked miR-182-5p to the 
pathophysiology of CRC. For instance, the suppression of 
miR-182 has been reported to inhibit CRC development 
by promoting apoptosis [26].

Moreover, Cheng et al. found that the long noncoding 
RNA GAS5, which sponging miR-182-5p reduces CRC 
cell growth, influences the expression of FOXO3a [27]. 
In the present study, we observed significantly elevated 
expression levels of miR-182-5p in CRC tissues and cell 
lines. Furthermore, miR-182-5p expression was positively 
correlated with key clinicopathological features, 
including tumor invasion depth, degree of differentiation, 
clinical stage, and lymph node metastasis. These findings 
support the oncogenic potential of miR-182-5p in CRC. 
Our in  vitro experiments further demonstrated that 
miR-182-5p promotes CRC cell proliferation, invasion, 
and migration, while in  vivo data confirmed its role in 
accelerating tumor development. Collectively, these 
results underscore the critical role of miR-182-5p in CRC 
pathogenesis and highlight its potential as a therapeutic 
target.

To alter the expression of specific genes, miRNA, a 
naturally occurring single-stranded non-coding RNA 
molecule, targets the 3’ untranslated region (3’UTR) 
of those genes. In particular, miR-182-5p has been 
connected to several cancers through its effects on 
radioresistance, cell proliferation, and the inhibition of 
cell invasion and multiplication [28–30]. For instance, 
miR-182-5p has been shown by Jin et al. to downregulate 
MTDH in CRC cells, which reduces metastasis and cell 
proliferation [31]. Similar findings were made by Yan 
et al., who discovered that miR-182-5p inhibits VEGF-C 
expression to reduce tumorigenesis, angiogenesis, 
and lymphangiogenesis in colon cancer [32]. NCALD 
was shown to be the main target of miR-182-5p in our 
investigation. Low NCALD expression was associated in 
earlier studies by Feng et al. with treatment resistance and 
a poor prognosis for epithelial ovarian cancer [33]. Shi 
et al. reported that the overexpression of lncRNA00673, 
which suppresses NCALD, led to increased tumor 
proliferation in non-small cell lung cancer [34].

Moreover, individuals with high expression of NCALD 
who have cytogenetically normal acute myeloid leukemia 
have a poor prognosis [35], suggesting that NCALD may 

Fig. 6  miR-182-5p facilitates CRC progression through NCALD regulation. A Ki-67 immunohistochemical staining was performed to assess tumor 
cell proliferation following miR-182-5p modulation. Scale bar = 50 µm. B, C Western blot analysis showing the expression of NCALD in response 
to miR-182-5p overexpression or inhibition. **P < 0.01 between the miR-182-5p mimics and NC groups; ##P < 0.01 between the miR-182-5p inhibitor 
and NC groups. D TUNEL assay was used to evaluate apoptosis in CRC cells influenced by miR-182-5p. Scale bar: 200 μm. E Representative images 
of subcutaneous tumorigenesis of CRC in mice and excised tumors after the experiment. F Measurement of tumor volume at 7, 14, and 28 day 
post-induction in mice, showing the influence of miR-182-5p. G Measurement of tumor weight post-induction in mice. *P < 0.05, **P < 0.01 vs. 
the indicated group. Data are mean ± SD
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act as a tumor suppressor in a range of cancers. The 
widespread use of HCT-116 cells in colorectal cancer 
research, along with their significant responsiveness 
to miRNA regulation, especially with Wnt/β-catenin 
signalling. Simultaneously, LoVo cells have distinct 
genetic traits that make them especially appropriate 
for studying the regulation of NCALD expression. Our 
findings demonstrate that NCALD silencing promotes 
HCT116 CRC cell motility, invasion, and proliferation. 
Interestingly, we discovered that miR-182-5p might 
inhibit NCALD’s effects on HCT116 cell migration, 
invasion, and proliferation. This suggests that NCALD 
downregulation may play a major role in the miR-182-
5p-mediated proliferation, invasion, and migration 
of HCT116 cells. To the best of our knowledge, by 
elucidating the role and significance of the protein in the 
context of CRC, our work provides new insights into the 
therapeutic potential of NCALD.

Numerous animal species include the highly expressed 
and vital Wnt/β-catenin signalling pathway [36]. It 
is essential for controlling several physiological and 
pathological cellular processes, including differentiation, 
apoptosis, proliferation, and others [37]. A new study has 
demonstrated the important significance of the Wnt/β-
catenin pathway in the advancement of colorectal cancer 
[38]. For example, the compound Rg3 has been shown to 
inhibit β-catenin’s nuclear translocation in colon cancer 
cells, thereby hindering colorectal tumor growth [39]. 
The lncRNA HOTAIR, implicated in CRC progression 
and chemotherapy resistance, may exert its effects 
through the activation of the Wnt/β-catenin pathway 
and modulation of miR-203a-3p [40]. Furthermore, 
the inhibition of ZFP36 in CRC disrupts the EMT by 
interfering with the Wnt/β-catenin pathway [41]. In 
CRC tissues, we found that the Wnt/β-catenin signalling 
pathway was promoted in our investigation. Subsequent 
research showed that this mechanism is activated by 
NCALD downregulation, and inhibited by NCALD 
overexpression. Notably, this study shows that miR-
182-5p regulates Wnt/β-catenin signalling mediated by 
NCALD, which in turn affects the development of CRC. 
The Wnt/β-catenin signalling pathway was shown to be 
active in CRC tissues in this investigation. Our research 
also showed that NCALD overexpression inhibits this 
crucial pathway, whereas downregulation of the protein 
promotes the signalling pathway. Most importantly, our 
results demonstrate that miR-182-5p modifies Wnt/β-
catenin signalling, which is mediated by NCALD, and is 
implicated in the development of CRC.

Nevertheless, this study possesses specific limitations. 
The luciferase test lacks data pertaining to inhibitors. 
The demonstration experiment of the Wnt signalling 
pathway did not include miR-182-5p. In subsequent 

research, we intend to perform a more thorough 
examination of the synergistic effects of miR-182-5p 
and NCALD on Wnt/β-catenin signalling. The TUNEL 
assay indicated that the transfection effectiveness 
of both the miR-182-5p mimic and inhibitor groups 
was comparatively low, potentially altering the 
apoptotic pathway of colorectal cancer cells and 
thereby impacting the outcomes of the TUNEL assay. 
Furthermore, due to its sensitivity, early apoptosis or 
minimal levels of apoptosis may not be identifiable 
by TUNEL. No difference in apoptosis was seen as 
indicated by the TUNEL assay.

Conclusion
In this work, we found that CRC tissues and cell lines 
had a considerable elevation of miR-182-5p, which was 
positively linked with important clinical criteria, such 
as tumor invasion depth, differentiation, stage, and 
metastasis. Importantly, it was discovered that miR-
182-5p accelerated the progression of CRC by controlling 
NCALD, suggesting that the miR-182-5p/NCALD axis 
may be a viable target for treatment.
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