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Abstract
Introduction. The purpose of this study is to elucidate the impact of long non-coding RNA (lncRNA) MIR4435-
2HG/microRNA (miR)-125b-5p/ Semaphorins 4D (Sema4D) on colorectal cancer (CRC) cell propagation and 
migration.
Material and methods. Sema4D expression in 73 pairs of CRC tissues and matched adjacent normal tissues was 
measured by qRT-PCR and western blot and its association with pathological characteristics of CRC patients 
was analyzed by chi-square test. Also, the expression of MIR4435-2HG, miR-125b-5p and Sema4D in CRC cell 
lines was detected by qRT-PCR and Western blot. Knockdown or overexpression of MIR4435-2HG, miR-125b-
5p and Sema4D were separately performed in Caco-2 and LoVo cells, and the cell propagation, migration and 
invasiveness were detected by cell-counting kit 8, scratch, and transwell assays.
Results. LncRNA MIR4435-2HG and Sema4D were highly expressed, while miR-125b-5p expression was de-
creased in CRC tissues and cells. Knockdown of MIR4435-2HG/Sema4D or overexpression of miR-125b-5p 
inhibited CRC cell proliferation and aggressiveness; overexpression of MIR4435-2HG/Sema4D or knockdown 
of miR-125b-5p prompted the malignant behaviors of cancer cells. MIR4435-2HG and Sema4D competitively 
bound to miR-125b-5p.
Conclusions. LncRNA MIR4435-2HG targets miR-125b-5p to upregulate Sema4D expression, and thus regu-
lates CRC cell propagation, migration and invasiveness. (Folia Histochemica et Cytobiologica 2022, Vol. 60, No. 
2, 191–202)
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a better understanding of the mechanism responsible 
for tumor metastasis and invasion.

Long non-coding RNAs (lncRNAs) are defined as 
a subset of ncRNAs with more than 200 nucleotides 
in length that could regulate CRC progression and 
the therapeutic efficacy [7–9]. LncRNA MIR4435-
2HG was demonstrated to be increasingly expressed 
in CRC [10], and its upregulation could promote 
CRC growth and liver metastasis [11]. Mechanically, 
lncRNAs could act through competitive endogenous 
RNA (ceRNA) regulatory networks, that is, they 
competitively bind with microRNAs (miRs) to se-
quester the miRs and change the expression levels of 
their downstream target genes [12]. The regulation 
of CRC progression by lncRNAs, such as lncRNA 
nuclear receptor 4 A1, lncRNA MALAT1, and lnc- 
RNA RAD51-AS1, through ceRNA networks, has 
been well documented in previous works [13–15]. 

Introduction

Colorectal cancer (CRC) is the third most commonly 
diagnosed cancer and the second leading cause of 
death from cancer worldwide [1–3]. The main cause of 
CRC-related death is distant invasion and metastasis 
to the liver, lung, and bone [4]. The available thera-
pies for CRC, including surgery, chemotherapy, ra-
diotherapy, and immunotherapy, are developed, and 
disappointedly, the efficiency is often restrained by the 
high metastatic capability and drug resistance during 
treatment [5, 6]. The facts highlight the importance of 
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Given that MIR4435-2HG has a pivotal role in CRC, 
the precise molecular mechanisms still have much to 
be investigated. Semaphorins 4D (Sema4D) belonging 
to the class IV semaphorins is capable of regulating 
tumor growth and vascularity in CRC [16]. The pro-
motive effects of Sema4D on tumor metastasis have 
also been found in multiple cancers, such as lung 
cancer, head and neck squamous cell carcinoma, 
and cutaneous squamous cell carcinoma [17–19]. 
Sema4D could be regulated by a circular RNA via 
ceRNA mechanism to function its tumor-promoting 
effect in esophageal squamous cell carcinoma [20]. 
Interestingly, a bioinformatics tool predicts a pos-
sible interaction among lncRNA MIR4435-2HG, 
miR-125b-5p, and Sema4D. miR-125b-5p is widely 
considered a tumor-suppressor in colon cancer [21, 
22]. miR-125b-5p-mediated chemosensitivity of 
colon cancer cells to cisplatin could be sequestered 
by lncRNA DANCR through ceRNA regulatory 
mechanism [23]. To characterize the mechanisms 
of MIR4435-2HG regulating CRC progression, we 
boldly speculated that MIR4435-2HG, through com-
petitively occupying the shared binding sequence of 
miR-125b-5p, mediated the expression of Sema4D, 
thus regulating CRC cell aggressiveness.

Material and methods

TCGA database. UALCAN website (http://ualcan.path.
uab.edu/index.html) was applied to analyze Sema4D gene 
expression in colon cancer and rectal cancer tissue samples 
in TCGA database. Sema4D gene expression in multiple 
tumor cell lines was analyzed using CCLE database (https://
portals.broadinstitute.org/ccle).

Cells. CRC cell lines (Caco-2, DLD-1, HCT116, LoVo and 
NCL-H498) and human colonic epithelial cells (NCM460) 
from American Type Culture Collection (ATCC, Manas-
sas, Virginia, USA) were maintained at 37°C with 5% CO2 
in Dulbecco’s modified Eagle’s medium (DMEM, Gibco, 
Grand Island, NY, USA) supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin/streptomycin.

CRC tissues. CRC tissues (n = 73) and matched adja-
cent normal tissues were acquired from CRC patients in 
Shangrao Municipal Hospital and all CRC tissue samples 
were diagnosed as CRC after the pathological examination. 
All the subjects did not receive radiotherapy or chemothe- 
rapy before surgery. The samples were rapidly preserved 
in liquid nitrogen for later use. Acquirement of the tissues 
was allowed by the ethics committee of Shangrao Municipal 
Hospital, and informed consent had been obtained from the 
patients. All the experiments concerning humans complied 

Table 1. Clinical data of 73 colorectal cancer patients

Number

Age

      ≤ 60 45

      > 60 28

Sex

      Male 39

      Female 34

Primary tumor location

      Colon 43

      Rectum 30

TNM stage

      I-II 46

      III-IV 27

Differentiated degree 

      Poor 20

      Moderate or well 53

Location of metastases

      Liver 34

      Lung 24

      Lymph nodes 31

      Peritoneal 6

TNM — tumor node metastasis.

with the Declaration of Helsinki. The clinical data of the 73 
CRC patients are detailed in Table 1.

qRT-PCR.Total RNA was isolated using TRIZOL (In-
vitrogen, Carlsbad, CA, USA) and reverse-transcribed by 
using a reverse transcription kit (TaKaRa, Tokyo, Japan). 
Gene expressions were quantified using LightCycler 480 
fluorescent quantitative PCR instrument (Roche, Indi-
anapolis, IN, USA) per the instruction of the fluorescent 
quantitative PCR kit (SYBR Green Mix, Roche Diag-
nostics). Thermal parameters were 95°C for 10 s; 95°C for  
5 s, 60°C for 10 s, 72°C for 10 s (a total of 45 cycles); extension 
at 72°C for 5 min. Each qPCR was performed in triplicate, 
and U6 was utilized to normalize miR-125b-5p expression 
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
to standardize the expression of MIR4435-2HG-F and Se-
ma4D. Data were analyzed through the 2-ΔΔCt method, and 
the formula was: ΔΔCt = (Ct target gene – Ct internal control) experimental 

group – (Ct target gene – Ct internal control) control group. The names of genes 
and their amplified primers are quoted in Table 2.

Western blotting. Protein was harvested from cells lysed 
with RIPA lysis buffer (Beyotime), and the concentration 

http://ualcan.path.uab.edu/index.html
http://ualcan.path.uab.edu/index.html
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was evaluated by using a BCA kit (Beyotime). Then, the 
protein was homogenized with an equal volume of loading 
buffer (Beyotime) and degraded through a boiling water 
bath for 3 min. Then, electrophoresis was run to separate 
the protein at 80 V for 30 min and switched to 120 V for  
1 ~ 2  h. The protein was transferred onto membranes 
through an ice bath at 300 mA for 60 min, and after being 
washed for 1 ~ 2 min, the membranes were blocked for 
60 min at room temperature or at 4°C overnight. Primary 
antibodies against GAPDH (5174S, 1:1000) and Sema4D 
(53108S, 1:1000) (Cell Signaling, Boston, USA) were added 
for 1-h incubation on a shaking table at room temperature, 
and the membranes were then washed for 3 × 10 min. Then 
the membranes were blotted by secondary antibody (14708S, 
1:2000, Cell Signaling) for 1 h at room temperature prior 
to 3× washing, 10 min each time. Finally, the membranes 
were visualized using a chemiluminescence image system 
(Bio-Rad, Hercules, CA, USA) after being developed with 
the chemiluminescent reagent.

Cell transfection. pcDNA3.1-Sema4D (pcDNA3.1 is an 
overexpression vector used for Sema4D overexpression), 
sh-Sema4D (short hairpin RNA for silencing Sema4D), 
pcDNA3.1-MIR4435-2HG (MIR4435-2HG overexpression 
vector), sh-MIR4435-2HG (short hairpin RNA for silencing 
MIR4435-2HG), miR-125b-5p mimic, miR-125b-5p inhibi-
tor and their negative controls (NCs) from GenePharma Co., 
Ltd (Shanghai, China) were introduced into cells based on 

the instructions of Lipofectamine 2000 reagent (Invitrogen, 
Carlsbad, CA, USA).

CCK-8 assay. After transfection for 24 h, Caco-2 and LoVo 
cells were seeded onto 96-well plates and 100 μL of diluted 
cell suspension (1 × 105 cells/mL) was added to each well. 
Each sample was seeded in triplicate. After being placed in 
an incubator for 0 h, 24 h, 48 h, 72 h, or 96 h, the cells in 
each well were immersed in 10 μL of CCK-8 reagent (To-
kyo, Dojindo, Japan), and following further incubation for  
2 h, the absorbance was obtained at 450 nm wavelength by  
a microplate spectrophotometer (VSERSA Max, Molecular 
Devices, California, CA, USA).

Colony formation assay. Caco-2 and LoVo cells were di-
gested by trypsin and centrifuged at 25°C and 1,500 rpm for  
5 min. Thereafter, the cells were resuspended in a complete 
medium. Then, 500 cells/well were seeded onto 6-well plates 
containing 2 mL of pre-warmed (37°C) complete medium 
and cultured at 37°C and 5% CO2 for 2 ~ 3 weeks. The 
incubation was terminated, and the medium was removed 
once the colony formation could be seen by eyes. After 
washing twice with phosphate-buffered saline (PBS), cells 
were fixed with methanol (1.5 mL/well) for 15 min, and then 
the methanol was discarded. The cells were stained with  
1 mL of Giemsa stain for 20 min in dark. After being washed 
with running water, the cells were aired and the number 
of colonies with more than 10 cells was counted under  
a low-power microscope.

Scratch assay. Transfected Caco-2 and LoVo cells (2 × 106 
cells/well) were seeded onto 6-well plates and maintained 
in an incubator (37°C, 5% CO2) for 24 h. Each sample was 
seeded in triplicate. Until the cells covered the bottom of 
the plates, a sterile 200 μL pipette tip was used to scratch 
the confluent cells. After PBS wash, the cells were cultured 
at 37°C and 5% CO2 for another 24 h. The distance of the 
scratch was measured at 0 h and 24 h to analyze the migra-
tion rate. Migration rate = (the distance of the scratch at 
0 h — the distance of the scratch at 24 h)/the distance of 
the scratch at 0 h.

Transwell invasion assay. Caco-2 and LoVo cells were 
starved for 24 h in a serum-free medium before disassoci-
ation and 2× PBS washing. The cells were resuspended in 
a serum-free medium to adjust cell concentration. Twenty-
four-well plates and 8-μm Transwell filters (Corning, NY, 
USA) were used in this assay. The Transwell filters were 
added with 50 μL Matrigel (Sigma, USA), and each group 
had three replicate chambers. Then, 100 μL cell suspension  
(3 × 105 cells) was pipetted onto a matrigel-covered apical 
chamber (354480, Corning), and a 600 μL medium contain-
ing 10% FBS was pipetted into the basolateral chamber. 
Following incubation at 37°C for 24 h, the medium and 

Table 2. Genes and their amplified primers

Name of primer Sequences

miR-125b-5p-F TCCCTGAGACCCTAAC

miR-125b-5p-R TGGTGTCGTGGAGTCG 

U6-F CGGGTTTGTTTTGCATTTCT

U6-R AGTCCCAGCATGAACAGCTT

MIR4435-2HG-F TGCCAGAAAATCTCGTGCCT

MIR4435-2HG-R TCAAATCCTTGCTGTGCCCT

Sema4D-F GGTCCTGGGGCTCATCTCTA

Sema4D-R GTGTGCTATTGCAGATGCGG

GAPDH-F AATGGGCAGCCGTTAGGAAA

GAPDH-R GCGCCCAATACGACCAAATC

F — forward; R — reverse.
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noninvasive cells in the bottom of the apical chamber were 
removed. Thereafter, the cells were cultured with 4% 
paraformaldehyde for 30 min and Giemsa for 20 min. In-
vaded cells were counted by an inverted microscope (Leica 
DMi8-M, Germany) from 5 random fields. Each experiment 
was repeated three times.

RNA immunoprecipitation (RIP). Caco-2 cells were col-
lected and then washed with pre-cooled PBS twice prior to 
centrifugation at 1,500 rpm for 5 min. Thereafter, the cells 
were homogenized with an equal volume of RIP lysate. 
Magnetic beads were resuspended in 100 μL of RIP wash 
buffer and added with 5 μg of Ago2 antibody (ab186733, 
1:30, Abcam, Cambridge, MA, USA) for 30 min of incuba-
tion (room temperature), with IgG antibody as the negative 
control. The centrifuge tubes were placed on the magnet-
ic rack to discard the supernatant. RIP washing buffer  
(500 μL) was added and vibrated before the supernatant was 
discarded, which was repeated once. Then, 500 μL of RIP 
wash buffer was added and vibrated, after which the tubes 
were maintained on ice. The prepared magnetic beads were 
added into centrifuge tubes and then placed on a magnetic 
rack. The supernatant was removed before 900 μL of RIP 
immunoprecipitation buffer was added. The unfrozen cell 
lysate was centrifuged (4°C) at 14,000 rpm for 10 min, and 
100 μL of the supernatant was then pipetted into bead- 
-antibody complexes for incubation at 4°C overnight. Then 
the tubes were shortly centrifuged and placed on a magnetic 
rack to remove the supernatant, after which 500 μL of RIP 
wash buffer was added. After vibration, the tubes were fixed 
on the magnetic rack to remove the supernatant and then 
washed six times. The complexes resuspended in 150 μL of 
proteinase K buffer were maintained at 55°C for 30 min. 
Thereafter, the tubes were fixed on the magnetic rack to 
collect the supernatant. Gene expressions were evaluated 
by qRT-PCR after RNA extraction.

Dual-luciferase reporter assay. StarBase was applied to 
predict the binding site between MIR4435-2HG and miR-
125b-5p or between miR-125b-5p and Sema4D, and the wild 
or mutated sequence of the binding site (WT-MIR4435-
2HG, MT-MIR4435-2HG, WT-Sema4D, and MT-Sema4D) 
was synthesized and cloned into the luciferase reporter 
vectors (pGL3-Promoter). Thereafter, the vectors were 
transfected with miR-125b-5p mimic (50 nM) or mimic NC 
into HEK293T cells. After transfection, firefly luciferase 
activity and renilla luciferase activity were examined, with 
renilla luciferase activity as internal reference. Relative 
activity was the ratio of firefly luciferase activity to renilla 
luciferase activity.

Statistical analysis. Statistical analysis was performed on 
GraphPad Prism 8.0 Software and data were exhibited 
as average ± standard deviations (average ± SDs). Two-

group comparisons and multiple-group comparisons were 
carried out by nonparametric tests Mann-Whitney test and 
Kruskal-Wallis test, respectively. Kaplan-Meier survival 
analysis was employed to detect the relationship between Se-
ma4D expression and prognosis of CRC patients, and the chi-
square test examined the associations between the patholog-
ical characteristics of CRC patients and Sema4D expression.  
A P value < 0.05 denotes statistical significance.

Results

Increased Sema4D expression in CRC
The TCGA database analysis revealed that Sema4D 
gene was overexpressed in patients with colon cancer 
and rectal cancer (Fig. 1A). In the collected 73 pairs of 
CRC and matched adjacent normal tissues, Sema4D 
mRNA and protein were upregulated in the carci-
noma group compared to the para-carcinoma group 
(Figs. 1B, 1C). Then, the chi-square test was used to 
analyze the relevance of Sema4D protein expression 
with the clinicopathological characteristics of the 
subjects. The subjects were divided into Sema4D low 
group (n = 36) and Sema4D high group (n = 37) 
based on the median of Sema4D protein expression 
(1.35). The results revealed that Sema4D protein 
level was closely associated with tissue differentiation  
(P = 0.0172) and lymph node metastasis (P = 0.0323) 
(Table 3), while Sema4D protein expression showed 
no relevance with age, sex, and TNM staging (Table 3). 

Kaplan-Meier survival analysis reported that the 
five-year survival rate was shorter for patients with 
higher Sema4D protein expression than that for 
patients with lower Sema4D protein expression (Fig. 
1D). CCLE database (https://portals.broadinstitute.
org/ccle) suggested that Sema4D was generally over-
expressed in CRC cell lines (Fig. 1E). Then, Sema4D 
expression was examined in CRC cell lines (Caco-2, 
DLD-1, HCT116, LoVo and NCL-H498) and human 
colon epithelial cells (NCM460). qRT-PCR and  
Western blotting revealed upregulated Sema4D ex-
pression in listed CRC cell lines (Fig. 1F, G). Among 
the listed CRC cell lines, Caco-2 and LoVo cells 
showed higher Sema4D protein expression than oth-
er CRC cell lines, and thus these two cell lines were 
selected for subsequent experiments. Altogether, 
Sema4D was increasingly expressed in CRC tissues 
and cells and correlated with clinicopathological 
characteristics of CRC patients.

Upregulated Sema4D in CRC cells promotes cell 
propagation and aggressiveness
Caco-2 and LoVo cells were transfected with sh-Se-
ma4D or pcDNA3.1-Sema4D, and the results showed 
that Sema4D expression was decreased in the sh-Se-
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ma4D group compared to that in the sh-NC group, 
and its expression was increased in the pcDNA3.1-Se-
ma4D group in contrast with pcDNA3.1 group (Figs. 
2A, 2B). Then CCK-8 assay showed that Caco-2 and 
LoVo cell viability was reduced when Sema4D was 
silenced, and the cell viability was elevated when Se-
ma4D was overexpressed (Fig. 2C). Colony formation 
assay recapitulated that Sema4D silencing resulted 
in a decrease of colony number, and inversely the 
transfection of pcDNA3.1-Sema4D led to an increase 
of colony number (Fig. 2D). Sractch and Transwell 
invasion assays indicated that the invasion and migra-
tion rates of Caco-2 and LoVo cells were increased 
in the pcDNA3.1-Sema4D group and decreased in 
the sh-Sema4D group (Figs. 2E, 2F). Collectively, 
silencing of Sema4D inhibited CRC cell behaviors 

Table 3. Relevance between Sema4D expression and CRC 
pathological characteristics

Pathological 
characteristics

Sema4D 
Low (36)

Sema4D 
High (37)

P

Gender (F/M) 16/20 18/19 0.8158

Age 51 ± 13 48 ± 14 0.3463

TNM (I-II/III-IV) 25/11 21/16 0.3342

Differentiated degree 
(poor/moderate or well)

5/31 15/22 0.0172*

Lymph node metastasis 
(no/yes)

25/11 17/20 0.0323*

F — female; CRC — colorectal cancer; M — male; Sema4D — Sema-
phorins 4D; TNM — tumor-node-metastasis. *P < 0.05.

Table 3. Relevance between Sema4D expression and CRC pathological characteristics 

Pathological characteristics Sema4D Low (36) Sema4D High (37) P 

Gender (F/M) 16/20 18/19 0.8158 

Age 51 ± 13 48 ± 14 0.3463 

TNM (I-II/III-IV) 25/11 21/16 0.3342 

Differentiated degree (poor/moderate or well) 5/31 15/22 0.0172* 

Lymph node metastasis (no/yes) 25/11 17/20 0.0323* 

F — female; CRC — colorectal cancer; M — male; Sema4D — Semaphorins 4D; TNM — tumor-

node-metastasis.  

*P < 0.05. 

 

Figure 1. Upregulation of Sema4D in colorectal cancer (CRC) tissues and cell lines. UALCAN 

website (http://ualcan.path.uab.edu/index.html) suggested that Sema4D was highly expressed in 

Figure 1. Upregulation of Sema4D in colorectal cancer (CRC) tissues and cell lines. UALCAN website (http://ualcan.path.
uab.edu/index.html) suggested that Sema4D was highly expressed in colon cancer and rectal cancer samples from TCGA 
database (A); qRT-PCR (B) and Western blotting (C) of Sema4D expression in CRC tissues and matched adjacent normal 
tissues; D. Kaplan-Meier survival analysis evaluated the relationship between Sema4D expression and 5-year survival rate 
of CRC patients (x axis: months); E. CCLE database (https://portals.broadinstitute.org/ccle) suggested Sema4D expression 
in tumor cell lines. qRT-PCR (F) and Western blotting (G) examined Sema4D expression in CRC cell lines. Abbreviations: 
CCLE — Cancer Cell Line Encyclopedia; CRC — colorectal cancer; Sema4D — Semaphorins 4D; TCGA — the Cancer 
Genome Atlas.
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http://ualcan.path.uab.edu/index.html
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(i.e., proliferation, migration and invasion) but overex-
pression of Sema4D promoted CRC cell progression.

miR-125b-5p targets Sema4D to inhibit CRC cell 
proliferation, migration and invasion
The detection of miR-125b-5p expression using qRT-
PCR suggested the downregulated expression of 
miR-125b-5p in CRC tissues and cell lines (Figs. 3A, 

3B). The binding between Ago2 and Sema4D mRNA 
was identified by RIP assay. In Caco-2 cells, AGO2 
antibody could enrich Sema4D mRNA (Fig.  3C). 
There was a binding site between miR-125b-5p and 
Sema4D in StarBase (http://starbase.sysu.edu.cn/) 
(Fig. 3D). In addition, the dual luciferase reporter 
assay corroborated that miR-125b-5p mimic reduced 
the luciferase activity in the WT-Sema4D group, and 

 
Figure 2. Increasingly expressed Sema4D in CRC cells prompts cell proliferation, migration and 

invasion. Sema4D expression in CRC cells as measured by qRT-PCR (A) and western blotting (B); 

C. CCK-8 assay measured cell viability; D. Colony formation assay evaluated cell proliferation; E. 

Scratch assay assessed the migration rate of CRC cells; F. Invasiveness of cells was detected through 

Transwell invasion assay.  

CCLE — Cancer Cell Line Encyclopedia; CRC — colorectal cancer; Sema4D — Semaphorins 

4D. 

 

Figure 2. Increasingly expressed Sema4D in CRC cells prompts cell proliferation, migration and invasion. Sema4D expres-
sion in CRC cells as measured by qRT-PCR (A) and western blotting (B); C. CCK-8 assay measured cell viability; D. Colony 
formation assay evaluated cell proliferation; E. Scratch assay assessed the migration rate of CRC cells; F. Invasiveness of 
cells was detected through Transwell invasion assay. Abbreviations: CRC — colorectal cancer; Sema4D — Semaphorins 4D.

http://starbase.sysu.edu.cn/
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the luciferase activity in the MT-Sema4D group was 
not changed by the miR-125b-5p mimic (Fig. 3E), 
supporting that miR-125b-5p bound to Sema4D.

Next, to characterize the role of miR-125b-5p/Se-
ma4D axis in CRC cells, Caco-2 and LoVo cells were 
transfected with miR-125b-5p mimic, miR-125b-5p 
inhibitor or miR-125b-5p mimic + pcDNA3.1-Se-
ma4D, and the cell behaviors, i.e., proliferation, 
migration and invasion, were evaluated. qRT-PCR 
results showed that transfection of miR-125b-5p 
mimic elevated miR-125b-5p expression in Caco-2 
and LoVo cells, and miR-125b-5p level was reduced 
in the cells transfected with miR-125b-5p inhibitor 
(Fig. 3F). As measured by qRT-PCR and Western 
blotting, Sema4D expression in Caco-2 and LoVo cells 
declined after transfection of miR-125b-5p mimic, 
and transfection of miR-125b-5p inhibitor rescued 
Sema4D expression (Figs. 3G, 3H).Caco-2 and LoVo 
cells overexpressing miR-125b-5p showed weakened 
cell viability and colony formation ability in addition 
to decreased migration rate and invasiveness, but 
these effects were minimized when Sema4D was over-
expressed despite upregulated miR-125b-5p (Figs. 
3I–3L). Results were reversed (i.e., strengthened cell 
viability and colony formation ability and increased 
migration and invasion rates) when miR-125b-5p was 
inhibited (Figs. 3I–3L). Altogether, miR-125b-5p 
overexpression suppressed the malignant behaviors 
of CRC cells by targeting Sema4D.

LncRNA MIR4435-2HG enhances CRC cell  
propagation and aggressiveness through miR-125b-5p
Firstly, we analyzed lncRNA MIR4435-2HG expres-
sion in the TCGA database, and the results suggested 
increasingly expressed MIR4435-2HG in CRC tissues 
(Fig. 4A, P < 0.05). MIR4435-2HG expression in 73 
pairs of CRC and normal adjacent tissues was exam-
ined by qRT-PCR. As expected, our data proved that 
MIR4435-2HG was upregulated in CRC tissues and 
cells (Figs. 4B, 4C). RIP results presented that the 
AGO2 antibody could enrich MIR4435-2HG in Caco-
2 cells (Fig. 4D). StarBase (http://starbase.sysu.edu.
cn/) predicted a binding site between MIR4435-2HG 
and miR-125b-5p (Fig. 4E). According to the results 
of dual-luciferase reporter assay, transfection with 
miR-125b-5p mimic reduced the luciferase activity 
of the WT-MIR4435-2HG group, and the luciferase 
activity was not altered in MT-MIR4435-2HG group 
(Fig. 4F). As suggested by the aforementioned results, 
lncRNA MIR4435-2HG and Sema4D could compet-
itively bind to miR-125b-5p.

To examine the effects of lncRNA MIR4435-2HG/
miR-125b-5p axis in CRC cells, Caco-2 and LoVo cells 
were transfected with sh-MIR4435-2HG, pcDNA3.1-

MIR4435-2HG or sh-MIR4435-2HG + miR-125b-5p 
inhibitor. The results of qRT-PCR manifested that 
transfection of sh-MIR-4435-2HG downregulated 
MIR4435-2HG expression while elevating miR-
125b-5p expression in the cells, and transfection of 
pcDNA3.1-MIR4435-2HG increased MIR4435–2HG 
expression but lowered miR-125b-5p expression 
(Fig. 4G). Compared to sh-MIR-4435-2HG group, 
sh-MIR4435-2HG+miR-125b-5p inhibitor group 
showed a decrease of miR-125b-5p expression  
(Fig. 4G). Transfection of sh-MIR4435-2HG reduced 
the cell viability, migration rate, colony formation 
ability, and invasiveness of Caco-2 and LoVo cells, 
and transfection of pcDNA3.1-MIR4435-2HG en-
hanced the aforementioned biological behaviors  
(Figs. 4H–4K). Moreover, the cell viability, colony 
formation ability, migration rate, and invasiveness of 
Caco-2 and LoVo cells were promoted when miR-125b-
5p was inhibited in spite of silenced MIR4435-2HG  
(Fig. 4H–K). Overall, lncRNA MIR4435-2HG en-
hanced the proliferation and the aggressive pheno-
type of CRC cells through upregulating Sema4D by 
decoying miR-125b-5p.

Discussion

Accumulating evidence has reported that MIR4435-
2HG is implicated in the onset and development of 
various types of tumors [24, 25]. The goal of the pres-
ent study was to reveal whether lncRNA MIR4435-
2HG could mediate CRC development by upregulat-
ing Sema4D expression through sequestering miR-
125b-5p. In the present work, MIR4435-2HG plays 
an oncogenic role in CRC development by relieving 
the inhibition of miR-125b-5p on Sema4D, which 
contributes to a deeper insight into gene-regulatory 
mechanisms associated with MIR4435-2HG-induced 
cell migration and invasion.

First of all, we unveiled that increased Sema4D 
expression in CRC tissues was tightly associated 
with adverse pathological characteristics and a poor 
5-year survival rate in CRC patients, which is in line 
with the findings in other cancers such as epithe-
lial ovarian cancer and gastric carcinoma [26, 27].  
A previous study also stated that overexpression of 
Sema4D is positively correlated with the advancement 
in lymphatic metastasis, the TNM stage, the differ-
entiation status of the tumor and survival time for 
CRC patients [28]. These findings demonstrated that 
Sema4D might be an indicator for CRC progression. 
In cellular experiments, the Sema4D overexpressing 
CRC cells showed strengthened potentials for pro-
liferation, invasiveness, and migration, and Sema4D 
knockdown significantly suppressed the aggressive 

http://starbase.sysu.edu.cn/
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Figure 3. miR-125b-5p inhibits CRC cell proliferation, migration and invasion by acting on Sema4D. MiR-125b-5p expression 
in tumor tissue of CRC patients (A) and CRC cell lines (B) as detected by qRT-PCR; C. Direct binding between miR-125b-5p 
and Sema4D as measured by RIP assay; D. A binding site of miR-125b-5p and Sema4D was determined according to StarBase; 
E. The binding between miR-125b-5p and Sema4D was identified by dual luciferase reporter assay; F. Following transfection 
of miR-125b-5p mimic, miR-125b-5p inhibitor or miR-125b-5p mimic + pcDNA3.1-Sema4D, qRT-PCR detected miR-125b-
5p level. Sema4D expression was measured by qRT-PCR (G) and Western blotting (H). Cell viability was assessed by CCK-8 
assay (I), colony formation ability by colony formation assay (J), migration rate by scratch assay (K), and invasiveness by 
Transwell invasion assay (L). CRC — colorectal cancer; RIP — RNA immunoprecipitation; Sema4D — Semaphorins 4D.
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Figure 4. MIR4435-2HG targets miR-125-5p to act on CRC cells. A. MIR4435-2HG expression in colon cancer and rectal 
cancer from TCGA database in UALCAN website. qRT-PCR analysis of MIR4435-2HG expression in CRC tissues (B) and 
cells (C); D. The direct binding between MIR4435-2HG and miR-125b-5p as measured by RIP assay; E. The binding sites 
of MIR4435-2HG and miR-125b-5p in StarBase (E); The binding of MIR-4435-2HG to miR-125b-5p were identified by 
dual luciferase reporter assay (F); levels of MIR4435-2HG and miR-125b-5p were detected by qRT-PCR (G); CCK-8 assay 
determined the cell viability (H); colony formation assay examined the colony formation ability (I); Scratch assay detected 
the migration rate (J); Transwell invasion assay assessed the cell invasiveness (K). CRC — colorectal cancer; RIP — RNA 
immunoprecipitation.
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phenotype of CRC cells. Previous studies also have 
reported the oncogenic role of Sema4D in terms of 
facilitating migratory capacity, vasculogenic mimicry 
formation, and invasiveness [27, 29, 30]. Despite that 
Sema4D has been mentioned to promote angiogenesis 
and invasive growth in CRC through binding to its 
receptor PlexinB1 [31], the action mechanism being 
still far from clear.

Then, bioinformatics prediction revealed a binding 
site between miR-125b-5p and Sema4D. To charac-
terize the action mechanism of Sema4D exacerbating 
CRC development, functional experiments were con-
ducted and confirmed the binding of miR-125b-5p to 
Sema4D concurrent with the negative regulation of 
Sema4D by miR-125b-5p. Ren and colleagues have 
documented that miR-125b suppressed the tumor 
aggressiveness induced by subgroup J avian leukosis 
virus and enhanced apoptosis in chicken by binding 
to Sema4D [32]. miR-125b-5p was expressed at a low 
level in CRC tissues and cells, and upregulation of 
its expression exhibited significant inhibitory effects 
on CRC cell propagation and aggressiveness. The 
suppressive effect of miR-125b-5p on cancer devel-
opment has been referred. For instance, miR-125b-
5p could inhibit cervical cancer cell migration and 
proliferation mediated by lncRNA CAR10 [33]. In 
CRC cells, miR-125b-5p could reduce the migratory 
and invasive phenotypes of chemo-resistant cancer 
cells through binding to Sp1 [34, 35]. Our data proved 
that the tumor-suppressive effect of miR-125b-5p 
in CRC cells was partially counteracted by Sema4D 
overexpression. In the present study, we validated 
that miR-125b-5p harbored inhibiting effects on the 
aggressive phenotypes of CRC cells through binding 
to Sema4D.

As its well known, lncRNA could participate in 
the biological functions of cells through its binding 
targets such as miRs and proteins [36]. Therefore, we 
considered whether a certain lncRNA could regulate 
the miR-125b-5p/Sema4D axis to participate in the 
biological processes of CRC cells. In combination 
with bioinformatics prediction and RIP result, we 
confirmed that MIR4435-2HG could directly bind 
to miR-125b-5p. As expected, the expression of 
MIR4435-2HG was increased in both CRC tissues 
and cells, and it functioned as an oncogenic gene in 
CRC, as evidenced by enhanced CRC cell propaga-
tion and aggressiveness in response to MIR4435-2HG 
overexpression. Patients with higher expression of 
MIR4435-2HG are more likely to have larger tumor 
size and advanced TNM staging in addition to lymph 
node metastasis [37]. Besides, the downregulated 
MIR4435-2HG could not only inhibit CRC cell pro-
liferation but also prompt CRC cell apoptosis [38]. 

Moreover, MIR4435-2HG has also been confirmed to 
mediate tumor growth and liver metastasis in CRC by 
acting as a ceRNA [11]. The current work suggested 
that the malignant phenotypes of CRC cells were re-
strained when MIR4435-2HG expression was silenced 
but overexpression of miR-125b-5p strengthened 
the proliferation and migration of CRC cells in spite 
of silenced MIR4435-2HG. Overall, the findings of 
this study illuminated that MIR4435-2HG regulated 
Sema4D expression by occupying the shared binding 
sequence of miR-125b-5p to exacerbate CRC pro-
gression. This study highlighting the implication of the 
MIR4435-2HG/miR-125b-5p/Sema4D axis in tumor 
metastasis and invasion may provide a chance for 
controlling CRC development. But the interpretation 
of the results should be cautious due to the limitations 
of this study. For instance, the tumor-promoting effect 
of lncRNA MIR4435-2HG in CRC should be further 
confirmed in pre-clinical models. The regulatory re-
lationship of lncRNA MIR4435-2HG/miR-125b-5p/
Sema4D axis needs to be identified in CRC patients.

In conclusion, this study demonstrated lncRNA 
MIR4435-2HG knockdown suppressed CRC cell 
propagation and aggressiveness via miR-125b-5p-me-
diated Sema4D. The research regarding MIR4435-
2HG/miR-125b-5p/Sema4D axis provides a possible 
therapeutic candidate targeting tumor metastasis 
and invasion for CRC treatment. Meanwhile,  
a larger number of specimens are required to inten-
sify the clinical significance of the MIR4435-2HG/
miR-125b-5p/Sema4D axis in CRC patients for future 
investigations.
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