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MiR-378a-5p exerts a radiosensitizing effect on CRC through LRP8/β-catenin axis
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ABSTRACT
Background: MiRNAs are closely related to tumor radiosensitivity. MiR-378a-5p level is down-regulated 
in colorectal cancer (CRC). Therefore, this study intends to explore the role of miR-378a-5p in CRC, 
especially radiosensitivity.
Methods: The expression of miR-378a-5p was analyzed in CRC samples. CRC cell lines were treated with 
different doses of X-rays. Bioinformatics analysis, dual-luciferase reporter assay and RT-qPCR were used to 
detect the expressions and binding relationship of miR-378a-5p and low-density lipoprotein receptor- 
related protein 8 (LRP8). MiR-378a-5p inhibitor or/and siLRP8 were transfected into CRC cells with or 
without irradiation. Subsequently, clonogenic assay, flow cytometry and in vivo experiments including 
tumorigenesis assay, immunohistochemistry, RT-qPCR and Western blot were performed to clarify the 
role of miR-378a-5p/LRP8 axis in the radiosensitivity of CRC.
Results: The down-regulated expression of miR-378a-5p in CRC is related to histological differentiation 
and tumor-node-metastasis (TNM) stage. After irradiation, the survival fraction of CRC cells was 
decreased, while the apoptotic rate and the level of miR-378a-5p were increased. Restrained miR-378a- 
5p repressed apoptosis and apoptosis-related protein expressions, yet promoted the proliferation and 
the radioresistance of cells by regulating β-catenin in CRC cells. LRP8 was highly expressed in CRC, and 
targeted by miR-378a-5p. SiLRP8 improved radiosensitivity and reversed the effect of miR-378a-5p down- 
regulation on CRC cells. Overexpressed miR-378a-5p and irradiation enhanced the level of miR-378a-5p, 
yet suppressed the expressions of Ki67 and LRP8 as well as tumorigenesis.
Conclusion: MiR-378a-5p may exert a radiosensitizing effect on CRC through the LRP8/β-catenin axis, 
which may be a new therapeutic target for CRC radioresistance.
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Introduction

Colorectal cancer (CRC) is the fourth most deadly cancer in 
the world,1 greatly threatening human health, and its early 
diagnosis and early treatment have attracted more and more 
attention.2,3 Radiotherapy is an important part of the compre-
hensive treatment of CRC, especially for patients at an 
advanced stage.4,5 However, about one-third of CRC patients 
show low sensitivity or complete resistance to radiotherapy.6,7 

The occurrence of radioresistance is a complex process, 
including DNA damage, abnormal activation of certain signal 
pathways, angiogenesis and autophagy.7,8 Therefore, exploring 
the molecular mechanism of radiosensitivity regulation and 
identifying new early diagnostic or therapeutic targets can help 
improve the cure rate of CRC patients.

In the radiotherapy of CRC, radioresistance is a challenging 
topic. Many studies have tried to find biomarkers related to 
CRC radiotherapy sensitivity to better select patients, includ-
ing lncRNA regulators of reprogramming (ROR), P53 and 
lincRNA-p21.9,10 Elucidating the molecular mechanism of 
radiosensitivity or radioresistance can help improve the effec-
tiveness of CRC treatment. Some studies have shown that 
miRNAs can increase or decrease tumor radiosensitivity.11,12 

For example, miR-145 can be used as a target to reverse snail 

family transcriptional repressor 1 (SNAI1)-mediated stemness 
and radioresistance in CRC.13

MiR-378a-5p plays a tumor-suppressing role in a variety of 
cancers.14,15 Notably, miR-378a-5p is lowly expressed in renal 
cell carcinoma (RCC), and its overexpression can inhibit the 
malignant progression of RCC cells.14 In choriocarcinoma cell 
line BeWo, miR-378a-5p is found to inhibit the differentiation 
of syncytiotrophoblast by reducing the expression of clinical 
significance of cyclin G2 (CCNG2).15 Importantly, miR-378a- 
5p level is down-regulated in CRC and is related to the prog-
nosis of CRC,16 but there is still a lack of research on the 
mechanism of miR-378a-5p in CRC, and its role in the radio-
resistance of CRC cells is still unknown. In view of this, our 
study is committed to deciphering the effect of miR-378a-5p 
on the radioresistance of CRC cells and probing into its under-
pinning mechanism.

In addition, it has been found that the radioresistance of 
CRC cells is linked to the Wnt/β-catenin pathway.17 A prior 
study has pointed out that low-density lipoprotein receptor- 
related protein 8 (LRP8) silencing can inhibit Wnt/β-catenin 
in breast cancer.18 However, the mechanism of LRP8 and its 
radioresistance to tumor cells in CRC remain elusive. In light 
of this, our study is designed to investigate whether miR-378a- 
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5p regulates the radioresistance of CRC cells by targeting LRP8 
to regulate the Wnt/β-catenin pathway via performing cell 
function assays and in vivo experiments. The intention of 
this study is to clarify and enrich the mechanism of miR- 
378a-5p in modulating the radioresistance of CRC cells.

Results

The expression of miR-378a-5p in CRC was declined

Seventy pairs of CRC clinical samples were collected to 
detect the abnormal expression of miR-378a-5p, and it 
was found that the expression of miR-378a-5p in CRC 
tissues was remarkably lower than in normal tissues 

(p < .001, Figure 1a). According to the median value of 
patients’ expression data (Table 1), the patients were 
divided into high expression group (n = 35) and low 
expression group (n = 35). The low expression of miR- 
378a-5p was related to histological differentiation and 
tumor-node-metastasis (TNM) stage (p < .05, Table 1). 
Through in vitro cell experiments, it was found that the 
expression of miR-378a-5p was markedly higher in CCD- 
18Co cell lines as compared with that in HCT116, HCT-15, 
SW480, SW-620, and LOVO cell lines (p < .001, Figure 1b). 
Given that HCT116 and LOVO cells presented the highest 
and the lowest expression of miR-378a-5p among CRC cell 
lines, respectively, they were selected for subsequent 
experiments.

Figure 1. The expression of miR-378a-5p in CRC was declined (a) the expression of miR-378a-5p in CRC and adjacent tissues (n = 70) was determined by RT-qPCR. 
(b) The expression of miR-378a-5p in normal colon cell line CCD-18Co and CRC cell lines (HCT116, HCT-15, SW480, SW-620, and LOVO) was detected by RT-qPCR. Results 
were expressed as the mean ± SD. Each experiment was independently repeated in triplicate. CRC: colorectal cancer; RT-qPCR: real-time quantitative PCR. U6 was 
employed as internal control. ***p < .001 vs. Normal; ^^^p < .001 vs. CCD-18Co.

Table 1. The relationship between miR-378a-5p expression and clinical characteristics.

Variable n

miR-378a-5p expression

P valueLow High

Total 70 35 35
Gender

Male 39 18 21 0.470
Female 31 17 14

Age
≤60 36 17 19 0.632
>60 34 18 16

Location
Colon 37 17 20 0.473
Rectum 33 18 15

Histological differentiation
Well 35 11 24 0.002
Moderately & poorly 35 24 11

TNM stage
I-II 34 12 22 0.017
III-IV 36 23 13

T classification
T1-T2 27 10 17 0.086
T3-T4 43 25 18

N classification
N0 33 13 20 0.094
N1-N2 37 22 15

M classification
M0 62 30 32 0.452
M1 8 5 3
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Effects of irradiation on the proliferation, apoptosis and 
miR-378a-5p level in CRC cells

Reducing the radioresistance of tumor cells is of great signifi-
cance to the treatment and prognosis of patients. In the early 
stage, the expression of miR-378a-5p in CRC was found to be 
reduced, but whether it was related to radioresistance was 
unclear. Subsequently, irradiation was applied to construct 
CRC cells with radioresistance. After treatment with 2, 4, or 
6 Gy of irradiation, the survival fraction of CRC cells was 
observed to be declined, while the apoptotic rate was clearly 
increased (p < .05, Figure 2a–d). Similarly, the level of miR- 
378a-5p was pronouncedly up-regulated after irradiation treat-
ment (p < .01, Figure 2e–f), suggesting that miR-378a-5p may 
have a synergistic effect with irradiation. In addition, the above 
experiment results showed that 4 Gy of irradiation had an 
effect of considerably reducing cell proliferation and increas-
ing apoptosis, but 6 Gy and 4 Gy of irradiation showed no 
significant difference, so 4 Gy of irradiation was selected for 
subsequent experiments (p < .001, Figure 2a–f).

Restrained miR-378a-5p may promote the proliferation 
yet reduce the apoptosis of CRC cells after irradiation by 
regulating β-catenin

To further verify our conjecture, miR-378a-5p inhibitor was 
transfected into HCT116 and LOVO cells with or without 
irradiation (p < .001, Figure 3a–b). MiR-378a-5p inhibitor pro-
moted the proliferation of CRC cells and partially reversed the 
anti-proliferation ability of irradiation (p < .05, Figure 3c–d). 
Conversely, miR-378a-5p inhibitor reduced CRC cell apopto-
sis and partially reversed the pro-apoptotic ability of irradia-
tion (p < .001, Figure 3e–f). It has been reported that the 
chemoradiotherapy resistance of CRC cells is related to the 
enhancement of Wnt/β-catenin pathway.17 Therefore, we 
detected the level of β-catenin in CRC cells and found that 
irradiation reduced the level of β-catenin, while miR-378a-5p 
inhibitor greatly increased the expression of β-catenin and the 
radioresistance of CRC cells (p < .001, Figure 4a–b).

LRP8 was highly expressed in CRC and targeted by 
miR-378a-5p

To further study the intermediate genes of miR-378a-5p reg-
ulating β-catenin level, TargetScan v7.2 was used for bioinfor-
matics analysis. LRP8 was found to bind to miR-378a-5p, and 
this result was verified by dual-luciferase reporter assay 
(p < .001, Figure 5a–c). LRP8 exhibited a notably high expres-
sion in colon adenocarcinoma (COAD) and rectum adenocar-
cinoma (READ) (p < .05, Figure 5d). Likewise, the expression 
of LRP8 was detected to be greatly increased in CRC cell lines 
(p < .001, Figure 5e).

MiR-378a-5p regulated the radiosensitivity of CRC cells by 
targeting LRP8 to regulate the β-catenin pathway

Small interfering RNA (siRNA) targeting LRP8 (siLRP8) was 
successfully transfected into HCT116 and LOVO cells, as evi-
denced by the markedly reduced mRNA and protein levels of 

LRP8 (p < .001, Figure 6a–d). Then, CRC cell lines were sub-
jected to co-transfection and irradiation treatment. The results 
showed that compared with 0 Gy of irradiation, 4 Gy of irradia-
tion significantly inhibited LRP8 level; siLRP8 dramatically 
diminished LRP8 level and enhanced the sensitivity of CRC 
cells to irradiation; and miR-378a-5p inhibitor, on the contrary, 
partially reversed the effect of siLRP8 on LRP8 level (p < .001, 
Figure 6e–h). SiLRP8 was found to inhibit cell proliferation, 
promote cell apoptosis, partially offset the effects of miR-378a- 
5p inhibitor on the above functions in CRC cells, and enhance 
the sensitivity of CRC cells to irradiation (p < .001, Figure 7a–d).

Mechanically, siLRP8 down-regulated the expression of β- 
catenin and partially suppressed the up-regulation of β-catenin 
caused by miR-378a-5p inhibitor (p < .01, Figure 8a–b). 4 Gy 
of irradiation promoted Bax level yet inhibited Bcl-2 level 
relative to 0 Gy of irradiation; miR-378a-5p knockdown 
reduced the protein level of Bax, but increased the level of 
Bcl-2; siLRP8 had the opposite effect, partially reversing the 
impact of miR-378a-5p knockdown upon apoptosis-related 
proteins and enhancing the role of irradiation in CRC cells 
(p < .05, Figure 8c–d).

MiR-378a-5p enhanced the radiosensitivity of CRC yet 
reduced tumorigenesis through LRP8

Both the high expression of miR-378a-5p and irradiation 
reduced tumor size and tumor weight, and the high expression 
of miR-378a-5p further enhanced the radiosensitivity of tumor 
cells (p < .01, Figure 9a–c). Then, overexpression of miR-378a- 
5p and irradiation were found to inhibit the level of represen-
tative proliferation marker Ki67, and high expression of miR- 
378a-5p enhanced the effect of irradiation on the level of ki67 
(Figure 9d). In addition, RT-qPCR and Western blot results 
showed that agomir-miR-378a-5p or irradiation alone 
increased the level of miR-378a-5p, yet decreased the level of 
LRP8, while more stronger regulatory effects were induced by 
the combined use of the two (p < .01, Figure 9e–f).

Discussion

CRC is a relatively common malignant tumor of the digestive 
tract, and many miRNAs are related to the malignant biologi-
cal behavior and drug resistance of CRC tumors.1,11,12 Our 
study found that miR-378a-5p is under-expressed in CRC and 
is related to the clinicopathological characteristics. Both in vivo 
and in vitro experiments have proved that miR-378a-5p 
attenuates tumor formation and inhibits the malignant pro-
gression of cancer cells, suggesting that miR-378a-5p may be 
a potential therapeutic target in CRC. At present, radiotherapy 
is an important part of comprehensive treatment of CRC.4,5 In 
this study, we aimed to uncover the effect of miR-378a-5p on 
the radioresistance of CRC cells and its mechanism. Thus, 
CRC cell lines were subsequently treated with irradiation. It 
was found that irradiation treatment could significantly reduce 
the proliferation of CRC cells and induce apoptosis. 
Interestingly, after irradiation, the level of miR-378a-5p in 
CRC cells showed a very significant upward trend, suggesting 
that miR-378a-5p may play a role in the radiosensitivity of 
CRC cells.
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Figure 2. Effects of irradiation on the proliferation, apoptosis and miR-378a-5p level in CRC cells. (a-b) HCT116 and LOVO cells were treated with 2, 4, or 6 of gy 
irradiation, and clonogenic experiment was used to detect cell survival fraction (%). (c-d) the apoptotic rate of CRC cells treated with 2, 4, or 6 of gy irradiation was 
evaluated by flow cytometry. (e-f) RT-qPCR was carried out to detect the level of miR-378a-5p in irradiation-treated CRC cells. U6 was employed as the internal control. 
*p < .05, **p < .01, ***p < .001 vs 0 gy.
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Figure 3. The effect of restrained miR-378a-5p on the proliferation and apoptosis of CRC cells after irradiation. (a-b) CRC cells were treated with 0 or 4 gy of irradiation. 
RT-qPCR was performed to determine miR-378a-5p level after miR-378a-5p inhibitor transfection. (c-d) the survival fraction (%) of CRC cells after irradiation and 
transfection was tested by clonogenic experiment. (e-f) after treatment with 0 or 4 gy of irradiation, the effect of miR-378a-5p inhibitor on CRC cell apoptosis was 
evaluated by flow cytometry. IC: inhibitor control; I: inhibitor. *p < .05, ***p < .001 vs IC.
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The role of miRNAs in affecting the radiosensitivity of 
tumors is currently a new research focus.19 It has been con-
firmed that miRNA-214, miR-20a, miR-185 and other 
miRNAs can regulate the proliferation and apoptosis of var-
ious tumor cells, and participate in the regulation of tumor 
radiotherapy sensitivity.20–24 In addition, downregulated miR- 
1 in CRC is able to promote radioresistance and aggressive 
phenotypes,25 while miR-124 up-regulation enhances the 
radiosensitivity of CRC cells by targeting paired-related 
homeobox 1 (PRRX1).26 In our study, CRC cells with or with-
out irradiation treatment were compared. It turned out that 
miR-378a-5p inhibitor significantly enhanced the radioresis-
tance of CRC cells. Contrarily, overexpression of miR-378a-5p 
further strengthened the effect of irradiation on inhibiting 
tumors during in vivo experiments, suggesting that up- 
regulation of miR-378a-5p can be used as a therapeutic target 
to enhance radiosensitivity, providing new ideas for persona-
lized treatment.

Delving into the molecular mechanism of miR-378a-5p in 
CRC can better explain its radiosensitizing effect. A number 
of studies have shown that miR-378a-5p specifically binds to 
the downstream target mRNA at 3’ untranslated regions 
(3’UTRs) to inhibit the process of translation, thereby reg-
ulating its downstream pathways and ultimately participat-
ing in cell biological behaviors.27,28 LRP8 is one of the target 
genes of miR-378a-5p, and it is highly expressed in CRC, 
signifying that miR-378a-5p may mediate the malignant 
phenotype and radioresistance of CRC through LRP8. 
LRP8 has been found to be a target for cancers including 
breast cancer and colon cancer.29,30 Also, LRP8 acts as 
a positive regulator of Wnt/β-catenin signaling, participating 
in osteogenic differentiation.31 Moreover, LRP8 reduction 

partially regulates the degradation of β-catenin in colon 
cancer cells.30 Interestingly, in oral squamous cell carci-
noma, miR-378a-5p activates Wnt/β-catenin signaling path-
way through KLK4.32 In this study, we found that miR-378a- 
5p inhibitor boosted β-catenin level, while diminishing the 
expression of LRP8, suggesting that miR-378a-5p may reg-
ulate β-catenin pathway through LRP8 to play an anti-tumor 
role in CRC.

The Wnt/β-catenin signaling pathway is one of the classic 
signaling pathways that regulate the occurrence and develop-
ment of various tumors including CRC.33 In addition, many 
studies have shown that the Wnt/β-catenin signaling pathway 
can be targeted by multiple genes, such as LIG4, miR-532-3p, 
miR-148a and WNT10b, to mediate the radiosensitivity of 
CRC.24,34,35 Besides, we also discovered that LRP8 silencing 
enhanced the radiosensitivity of CRC cells and suppressed β- 
catenin level. Combined with previous studies, we have reason 
to speculate that miR-378a-5p may play a role in radiosensi-
tivity in CRC cells through LRP8/β-catenin.

In summary, up-regulation of miR-378a-5p in CRC is 
related to the prognosis of patients and inhibits the malignant 
progression of cancer cells. In addition, up-regulated miR- 
378a-5p can increase the radiosensitivity of CRC cells by 
down-regulating the expression of LRP8 to decline β-catenin 
level. The radioresistance of miR-378a-5p inhibitor to CRC 
cells can be partially but not completely eliminated by LRP8 
silencing. Namely, the radiosensitizing effect of miR-378a-5p 
is only partially mediated by LRP8/β-catenin. There are other 
pathways mediating this effect, which needs to be probed in 
the near future. All in all, miR-378a-5p may become 
a promising target to treat CRC by enhancing the 
radiosensitivity.

Figure 4. The effect of restrained miR-378a-5p on the β-catenin protein expression in CRC cells after irradiation. (a-b) CRC cells were treated with 0 or 4 of gy irradiation, 
and the β-catenin protein level in the control, IC, and I groups was evaluated by Western blot. β-actin served as the internal control. ***p < .001 vs IC.
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Materials and methods

Ethics statement and tissues

70 tumor tissues and adjacent normal tissues were collected 
from individuals who had signed the written informed con-
sent. The present study was approved by the Ethics Committee 
of Qingyuan People’s Hospital (EAR201906002). The relation-
ship between miR-378a-5p expression and clinicopathological 
data of CRC patients was analyzed, as shown in Table 1.

Cell lines and culture conditions

Normal colon cell line CCD-18Co (CRL-1459) and CRC cell 
lines HCT116 (CCL-247), HCT-15 (CCL-225), SW480 (CCL- 
228), SW-620 (CCL-227) and LOVO (CCL-229) were pur-
chased from American Type Culture Collection (ATCC) 
(USA). Cells were maintained in high-glucose Dulbecco’s 
Modified Eagle Medium (DMEM) (11965092, Gibco, USA) 

supplemented with 10% fetal bovine serum (FBS) (16140063, 
Gibco, USA) and were placed in a 5% CO2 incubator (Steri- 
Cycle i250, Thermo Scientific, USA) at 37°C.

Transfection and irradiation treatment

MiR-378a-5p inhibitor (I) (miR20000731-1-5) and inhibitor 
control (IC) (miR2N0000002-1-5) were bought from RIBOBIO 
(China). The negative control (NC) of siRNA (siNC) (A06001) 
and siLRP8 (A09003) (TTGCGAAAAGGACCAATTCCAGT) 
were synthesized from GenePharma Company (China). MiR- 
378a-5p inhibitor or inhibitor control was transfected into 
HCT116 and LOVO cells using Lipofectamine 3000 reagent 
(L3000015, Invitrogen, USA), whilst siLRP8 or siNC was trans-
fected into HCT116 and LOVO cells using Lipofectamine 
RNAiMAX transfection reagent (13778500, Invitrogen, USA). 
24 h after transfection, CRC cells were irradiated once with 0, 2, 
4, or 6 Gy of X-rays (200 kV, 10 mA, 1 Gy per 66 s, Model 

Figure 5. LRP8 was targeted by miR-378a-5p. (a) TargetScan v7.2 website (http://www.Targetscan.org/vert_72/) was applied to predict the binding sites between LRP8 
and miR-378a-5p. (b-c) after the wild-type and mutant luciferase reporter plasmids of LRP8 3’UTR were constructed, the dual-luciferase reporter assay was used to 
verify the targeting relationship between LRP8 and miR-378a-5p. (d) The expression of LRP8 in READ and COAD was analyzed by GEPIA website (http://gepia2.Cancer- 
pku.Cn/#index), p < .05. (e) RT-qPCR was employed to determine the expression of LRP8 in normal colon cell line CCD-18Co and CRC cell lines (HCT116, HCT-15, SW480, 
SW-620, and LOVO). β-actin was employed as the internal control. LRP8: low-density lipoprotein receptor-related protein 8; rectum adenocarcinoma (READ); colorectal 
adenocarcinoma(COAD); MC: mimic control. +++p < .001 vs MC; ^^^p < .001 vs CCD-18Co.
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Figure 6. SiLRP8 reduced the level of LRP8 that had been raised by miR-378a-5p inhibitor. (a-d) after the transfection of siLRP8, the mRNA and protein levels of LRP8 in 
CRC cells were assessed by RT-qPCR and Western blot. (e-h) after treatment of CRC cells with 0 or 4 gy of irradiation, RT-qPCR and Western blot were performed to 
detect the effects of siLRP8 and miR-378a-5p inhibitor on LRP8 levels. β-actin was employed as the control. SiLRP8: small interfering RNA targeting LRP8; NC: negative 
control. +++p < .001 vs siNC; ***p < .001 vs IC + siNC; ^^^p < .001 vs IC + siLRP8; ###p < .001 vs I + siLRP8.
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Figure 7. SiLRP8 partially offset the effects of miR-378a-5p inhibitor on the proliferation and apoptosis of CRC cells after irradiation. (a-b) after treatment with 0 or 4 gy 
of irradiation, the survival fractions (%) in the IC + siNC, IC + siLRP8, I + siLRP8, and I + siNC groups were analyzed by clone formation assay. (c-d) the apoptotic rate in 
each group was evaluated by flow cytometry. ***p < .001 vs IC + siNC; ^^^p < .001 vs IC + siLRP8; ###p < .001 vs I + siLRP8.
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Figure 8. SiLRP8 partially offset the effects of miR-378a-5p inhibitor on the protein expressions of β-catenin, Bax and bcl-2 in CRC cells after irradiation. (a-b) after 
treatment with 0 or 4 of gy irradiation, the protein level of β-catenin in the IC + siNC, IC + siLRP8, I + siLRP8, and I + siNC groups was evaluated by Western blot. (c-d) 
Western blot was performed to determine the protein expressions of Bax and bcl-2 in CRC cells. β-actin was employed as the internal control. **p < .01, ***p < .001 vs 
IC + siNC; ^^p < .01, ^^^p < .001 vs IC + siLRP8; #p < .05, ###p < .001 vs I + siLRP8.
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X-RAD 320, Precision X-ray, USA),36 and the cell culture con-
tinued for 48 h following irradiation.

Real-time quantitative PCR (RT-qPCR)

The total RNAs from cultured cells or tumor tissues were 
extracted using the Triquick Reagent (R1100, Solarbio, 
China). Reverse transcription was performed according 
to the supplied protocol of cDNA Synthesis Kit (D7170, 
Beyotime, China) or miRNA first-strand cDNA synthesis 
kit (KR211, TIANGEN, China). Thereafter, real-time PCR 
was performed in RT-PCR system (4485695, Applied 
Biosystems, USA) using SYBR Green kit (FP313, 
TIANGEN, China). The relative expression levels were 
determined using 2−ΔΔCt method,10 with β-actin or U6 
serving as housekeeping genes. Primers were as follows. 
MiR-378a-5p: CTGACTCCAGGTCCTGTGTA, 

TATCCAGTGCGTGTCGTGGA; U6: CTCGCTTCGGC 
AGCACATATACT, ACGCTTCACGAATTTGCGTGTC; 
LRP8: CTGTGGCGACATTGATGAGTG, TCTTGGTCAG 
TAGGTCCATCTC; β-actin: CATGTACGTTGCTATCC 
AGGC, CTCCTTAATGTCACGCACGAT.

Clonogenic assay

Clonogenic assay was conducted in HCT116 and LOVO cells 
(approximately 1 × 105/well) with transfection or/and irradia-
tion treatment to detect survival fraction (%). CRC cells main-
tained in the complete medium were placed in 6-well culture 
plates and incubated for about 10 days. After that, the colonies 
were fixed by methanol (322415, Sigma-Aldrich, USA), reacted 
with 0.5% crystal violet (C8470, Solarbio, China) for 20 min-
utes (min), and eventually recorded using a light microscope 
(Nikon, Japan).

Figure 9. MiR-378a-5p enhanced the radiosensitivity of CRC cells and reduced tumorigenesis through LRP8. (a-c) the effects of irradiation treatment and overexpressed 
miR-378a-5p on tumor formation were tested by nude mouse tumorigenesis experiment. (d) Immunohistochemistry was used to detect the level of Ki67 in the control, 
agomir-miR-378a-5p, IR (irradiation), and IR + agomir-miR-378a-5p groups (magnification: ×200, scale bar = 50 μm). (e) The level of miR-378a-5p in each group was 
analyzed by RT-qPCR. U6 was employed as the internal control. (f) Western blot was exploited to evaluate the protein level of LRP8 in each group. β-actin was 
employed as the internal control. **p < .01, ***p < .001 vs Control; ^^p < .01, ^^^p < .001 vs agomir-miR-378a-5p; ##p < .01, ###p < .001 vs IR.
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Cell apoptosis assay

The apoptosis of HCT116 and LOVO cells was determined using 
Cell Apoptosis Analysis Kit (C1062, Beyotime, China). 
Transfected or/and irradiated cells (1 × 105/well) were stained 
with 5 μL of Annexin V-FITC and 10 μL of propidium iodide 
solution at room temperature for 10 min in the dark. Lastly, cell 
apoptotic rate was quantified using a CytoFLEX flow cytometer 
(Beckman Coulter, USA).

Bioinformatics assay and dual-luciferase reporter assay

The expressions of LRP8 in COAD and READ were predicted 
using GEPIA 2 (Gene Expression Profiling Interactive 
Analysis) (http://gepia2.cancer-pku.cn/#index). TargetScan 
v7.2 (http://www.targetscan.org/vert_72/) was used to analyze 
the target relationship between LRP8 and miR-378a-5p.

HCT116 and LOVO cells (3 × 104/well) were incubated for 
24 h and then transfected with the pmirGLO recombinant 
vector (5001, Tiandz, China) containing wild-type (WT) or 
mutated (MUT) LRP8 sequences. Thereafter, miR-378a-5p 
mimic (M) (miR10000731-1-5, RIBOBIO, China) or mimic 
control (MC) (miR1N0000002-1-5, RIBOBIO, China) was 
transfected into the HCT116 or LOVO cells using 
Lipofectamine 3000 reagent. After 48 h of transfection, relative 
luciferase activities of CRC cells were assessed using dual- 
luciferase detection kits (30005–1, Biotium, USA).

Western blot

HCT116 and LOVO cells were suspended in RIPA lysis buffer 
(PC901, Biomiga, USA) to extract total proteins. Protein con-
centrations were quantified by BCA assay kit (AO45-3-2, 
Jiancheng, China). After that, proteins were resolved with 
10% sodium dodecyl sulfate-polyacrylamide gel and electro-
phoretically transferred onto polyvinylidene fluoride mem-
branes (2215, Millipore, USA). The membranes were 
subsequently blocked in 5% nonfat milk and then hybridized 
with specific antibodies (Abcam, UK). Primary antibodies 
were detailed as follows: Bax (ab32503, 21 kDa, 1 μg/ml); Bcl- 
2 (ab59348, 26 kDa, 2 μg/ml); β-Catenin (ab32572, 92 kDa, 0.2  
μg/ml); LRP8 (ab204112, 106 kDa, 2 μg/ml). The information 
of secondary antibodies (Abcam, UK) was listed below: goat 
anti-rabbit IgG (ab205718, 0.2 μg/ml) and goat anti-mouse 
IgG (ab205719, 0.2 μg/ml). Ultimately, protein bands were 
visualized with BeyoECL Moon ECL reagent (P0018FS, 
Beyotime, China) and gel imaging system (A44114, 
Invitrogen, USA). β-actin (ab8226, 42 kDa, 1 µg/mL, Abcam, 
UK) was used as the internal control.

Tumorigenesis assay

All animal experiments were approved by the Animal Care and 
Use Committee of Qingyuan People’s Hospital 
(ODR202005021), and conducted in accordance with the 
guidelines of the China Council on Animal Care and Use. 
The pain and discomfort to the animals were minimized. 
BABL/c nude mice (female, 4–6 weeks old) (401) purchased 
from Charles River (China) were maintained in a specific 

pathogen-free animal room with controlled temperature and 
humidity. Mice were divided into the following groups with 
random number table method: Control group (n = 8), irradia-
tion group (IR) (n = 8), agomir-miR-378a-5p group (n = 8) 
and IR + agomir-miR-378a-5p group (n = 8). Determination 
of the sample size in each group referred to the previous 
study.37 A total of 5 × 106 HCT116 cells in 200 μL phosphate- 
buffered saline (PBS) (P1032, Solarbio, China) were subcuta-
neously injected into the mice from Control group. HCT116 
cells pre-transfected with agomir-miR-378a-5p 
(miR40000731-4-5, RIBOBIO, China) in 200 μL PBS were 
subcutaneously injected into the mice from agomir-miR 
-378a-5p group or IR + agomir-miR-378a-5p group. When 
the tumor volume reached about 50–100 mm3 (the smallest 
tumor grew to 50 mm3), the mice in IR group and IR + ago-
mir-miR-378a-5p group were exposed to 2 Gy of X-rays (1.53  
Gy/min, 300 kV, filter: 0.5 mm Cu, 10 mA, 5-mm tissue depth, 
twice a day) per day until 20 days.38 The tumor volumes were 
measured with calipers every 5 days. After that, the mice were 
sacrificed by excessive anesthesia using pentobarbital sodium 
(150 mg/kg, P0500000, Merck, Germany). Then, the tumor 
was exposed, weighed and stored for further analysis.

Immunohistochemistry (IHC)

CRC tumor tissues were embedded in paraffin (1496904, 
Merck, Germany). Sections (4 μm thick) were routinely depar-
affinized, rehydrated, and heated in sodium citrate buffer 
(C9999, Sigma-Aldrich, USA). Next, sections were sealed 
with goat serum (G9023, Sigma-Aldrich, USA) and then incu-
bated with anti-Ki67 antibody (Abcam, UK) in the dilution of 
1 : 150 at 4°C for 12 h, followed by incubation with goat anti- 
rabbit IgG (1/2000). Furthermore, sections were stained with 
DAB substrate kit (ab64238, Abcam, UK) and analyzed under 
a microscope (magnifications 200×).

Statistical analysis

All results from at least triplicate experiments were expressed as 
mean ± standard deviation. The data analysis was carried out 
using SPSS 20.0 (IBM, USA). Comparisons between two groups 
were evaluated using independent-samples t test. Paired-samples 
t-test was used to compare data between CRC tissues and 
normal tissues, and χ2 test was employed for comparing miR- 
378a-5p expression and clinicopathological parameters of CRC 
patients. One-way analysis of variance was used to evaluate the 
significance among multiple groups, followed by the Bonferroni 
post hoc test. p < .05 was identified to be statistically significant.
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