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Purpose: LACTB, regulated by a variety of microRNAs (miRNAs), is proven to be a tumor 
suppressor. However, there are few reports that LACTB in colon cancer cells is regulated by 
miRNA. Therefore, the aim of this study was to explore the miRNAs that regulate LACTB in 
colon cancer.
Patients and Methods: Data from TCGA were analyzed in starBase and GEPIA2, and 
Western blot and quantitative PCR (qPCR) were used to detect the expression of LACTB in 
colon cancer cell lines. MiRNAs targeting LACTB were predicted by MicroT-CDS, starBase, 
miRDB, mirDIP, and DIANA. The relationship between LACTB and miRNA was explored 
by dual-luciferase assay. MTT, propidium iodide (PI), Western blot, Annexin V-FITC/PI Kit, 
qPCR and transwell assay were used to detect the changes in cell proliferation, cell cycle, 
autophagy, apoptosis, epithelial-to-mesenchymal transition (EMT), cell migration, and inva-
siveness in colon cancer cells that overexpressed miR-1276 and/or LACTB.
Results: The results showed that the LACTB mRNA level was lower and the miR-1276 
level was higher in colon cancer than in normal tissue. MiR-1276 inhibited the expression of 
LACTB. Furthermore, overexpression of miR-1276 in colon cancer cells increased prolifera-
tion, migration, invasiveness and EMT, and decreased autophagy and apoptosis. 
Supplementing LACTB suppressed these effects of miR-1276.
Conclusion: In conclusion, miR-1276, which may be a potential therapy for colon cancer, 
inhibits cell growth and promotes apoptosis by targeting LACTB in colon cancer cells.
Keywords: microRNA, colonic neoplasms, cell proliferation, LACTB, miR-1276

Introduction
Colon cancer is one of the deadliest, most common and increasingly prevalent 
malignancies, and it currently has the second-highest rate of cancer-related deaths 
worldwide.1–3 Despite the development of methods for early diagnosis and mole-
cular therapeutic targets for colon cancer, the mortality rate among colon cancer 
patients remains high, making the development of more sensitive and specific 
diagnostic molecules, biomarkers, and therapeutic targets extremely urgent.1,4,5

Serine beta-lactamase-like protein (LACTB) is a mitochondrial protein that is 
most commonly expressed in the skeletal muscles, heart, and liver in mammals.6–8 

It has been reported that LACTB is likely to regulate oxidative phosphorylation and 
mitochondrial lipid metabolism, thereby influencing tumor progression by influen-
cing mitochondrial membrane tissue and microencapsulation.1,9 Studies have 
shown that LACTB has a strong inhibitory effect on a variety of tumors, including 
breast cancer, glioma, and colorectal cancer.1 LACTB can inhibit the epithelial-to- 
mesenchymal transition (EMT) and cell proliferation of breast cancer and colorectal 
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cancer.1 In addition, studies have revealed that LACTB 
regulates the stability of p53 tumor suppressor to inhibit 
colorectal cancer invasion and migration.1,4,10–12

MicroRNA (miRNA), a type of endogenous non-cod-
ing RNA of approximately 22 nucleotides, has cell-speci-
fic or tissue-specific expression.13 It has the ability to 
regulate the stability and translation of messenger RNA 
(mRNA).13 It has been reported that miRNAs are involved 
in many biological processes, including migration, inva-
sion, EMT, and metastasis.13 Among them, miRNA-1276 
(miR-1276) is involved in many tumor processes by reg-
ulating certain genes, including gastric cancer, lung cancer, 
laryngeal cancer, and hepatocellular carcinoma.13–16 

Moreover, many studies have found that LACTB is regu-
lated by a variety of miRNAs, including miR-125b-5p, 
miR-351-5p, and miR-374a.12,17,18 However, there are 
few reports about miR-1276 regulating the expression of 
LACTB in colon cancer. Therefore, this study aims to 
explore the regulation of miR-1276 on LACTB expression 
and its influence on colon cancer cells.

Patients and Methods
Bioinformatics Analysis
RNA-seq data from patients with colon adenocarcinoma 
(COAD) from The Cancer Genome Atlas (TCGA) were 
analyzed in starBase (http://starbase.sysu.edu.cn/) and 
GEPIA2 (http://gepia2.cancer-pku.cn/#analysis). An in- 
depth analysis was performed using GraphPad Prism 
8.2.1 to compare the differences of LACTB levels in 
tumor of different stages. Patients with COAD were 
divided into two groups based on the average value of 
miR-1276 level or the expression level (FPKM) of 
LACTB at 4.0 to compare perform Kaplan-Meier (KM) 
curve analysis in the starBase database or The Human 
Protein Atlas database, respectively. MiRNA data target-
ing LACTB which were predicted in MicroT-CDS, 
starBase, miRDB, DIANA, and mirDIP were screened 
using UpSetR package in R version 3.5.1.

Cell Lines
Cell lines, HCT-8, HCT-116 and Caco-2, purchased from 
American Type Culture Collection (ATCC, Manassas, VA 
20110 USA), were cultured in RPMI-1640 medium 
(ATCC, Catalog No. 30-2001) supplemented with 10% 
horse serum (GIBCO, Catalog No. 26050070, Shanghai, 
China), McCoy’s 5a medium (ATCC, Catalog No. 
30–2007) supplemented with 10% fetal bovine serum 

(FBS) (GIBCO, Catalog No. 10091-148, Shanghai, 
China), and Eagle’s Minimum Essential Medium (ATCC, 
Catalog No. 30-2003) supplemented with 20% FBS, 
respectively. Cell lines, SW480, SW620, and NCM460, 
obtained from Xiamen Immocell Biotechnology Co., Ltd 
(Xiamen, Fujian, China), were cultured in Dulbecco’s 
modified eagle medium (DMEM) (GIBCO, Catalog No. 
11965-092, Shanghai, China) supplemented with 10% 
FBS. All cell lines were maintained in a humidified incu-
bator at 37°C with 5% CO2.

Quantitative PCR (qPCR)
TRIzol reagent (Invitrogen, Catalog No. 15596026, 
Shanghai, China) was used to extract total RNA, 
which was then reverse transcribed into cDNA by 
Hiscript Reverse Transcriptase (VAZYME, Catalog No. 
R101-01/02, Nanjing, Jiangsu, China). Subsequently, 
according to the manufacturer’s instructions, qPCR was 
performed with AceQ qPCR SYBR Green Master Mix 
(VAZYME, Catalog No. Q111-02, Nanjing, Jiangsu, 
China) in an iQ5 Real-Time PCR Detection System 
(Bio-Rad Laboratories, Hercules, CA, USA) using the 
obtained cDNA to determine relative RNA expression 
levels. The primers for qPCR are shown in Table 1. 
Finally, the target gene expression was quantified using 
the 2−ΔΔCt method.

Western Blot
Ice-cold RIPA buffer (Beyotime Biotechnology, Catalog 
No. P0013C, Shanghai, China) and the BCA protein assay 
kit (Beyotime Biotechnology, Catalog No. P0012S, 
Shanghai, China) were used to extract and quantify pro-
teins, respectively. Afterward, Western blotting was per-
formed as previously described.19 The primary antibodies 
used were LACTB Antibody (Proteintech, Catalog No. 
66785-1-Ig, 1:3000, Wuhan, Hubei, China), LC3 
Antibody (Proteintech, Catalog No. 14600-1-AP, 1:1000, 
Wuhan, Hubei, China), P62 Antibody (Proteintech, 
Catalog No. 18420-1-AP, 1:1000, Wuhan, Hubei, China) 
and GAPDH Antibody (Proteintech, Catalog No. 60004-1- 
Ig, 1:20,000, Wuhan, China). The secondary antibodies 
were HRP-conjugated Affinipure Goat Anti-Mouse IgG 
(Proteintech, Catalog No. SA00001-1, 1:2000, Wuhan, 
Hubei, China) and HRP-conjugated Affinipure Goat 
Anti-Rabbit IgG (Proteintech, Catalog No. SA00001-2, 
1:2000, Wuhan, Hubei, China).
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Construction of Plasmids
Wild type or mutant of the LACTB 3ʹUntranslated 
Regions (3ʹUTR) were cloned into pmirGLO vectors, 
which were acquired from XIAMEN Anti-HeLa 
Biological Technology Trade Co. Ltd (Xiamen, Fujian, 
China) and named LACTB 3ʹUTR WT and LACTB 
3ʹUTR MUT, respectively. The LACTB 3ʹUTR mutation 
site is shown in red letters in Figure 1B. The correspond-
ing primers were designed using DNAMAN 10.0 and are 
shown in Table 2.

LACTB and miR-1276 were cloned into pCDH vec-
tors, purchased from XIAMEN Anti-HeLa Biological 
Technology Trade Co. Ltd (Xiamen, Fujian, China), to 
prepare the LACTB and miR-1276 expression plasmids, 
respectively. The corresponding primer sequences were 
designed using DNAMAN 10.0 (Table 2).

Dual-Luciferase Reporter Assay
HCT-8 and HCT-116 cells were incubated overnight in 24- 
well plates at a density of 4 × 104 cells per well. Plasmid 
LACTB 3ʹUTR WT or LACTB 3ʹUTR MUT was co- 
transfected into cells with the negative control of miR- 
1276 plasmid or miR-1276 plasmid using the Xfect 
Transfection Reagent (VAZYME, Catalog No. T101-01, 
Nanjing, Jiangsu, China) according to the manufacturer’s 

instructions. After 48 h, a dual-Luciferase Reporter Assay 
(Promega, Catalog No. E1910, Beijing, China) was per-
formed following the manufacturer’s instructions.

MTT Assay
HCT-8 and HCT-116 cells, co-transfected with MiR-1276 
plasmid and LACTB plasmid or their negative control for 
24 h, were cultured in 96-well plates at a density of 1×104 

cells per well. After 24 hours, the MTT assay was per-
formed as previously described.20 Absorbance was mea-
sured at OD450 on a microplate reader (Thermo, 
Shanghai, China).

Apoptosis Assay
HCT-8 and HCT-116 cells, transfected with plasmids as 
above described, were cultured in 6-well plates at a density 
of 5×105 cells per well. After 48 h, cells were stained 
using Annexin V-FITC/propidium iodide (PI) Apoptosis 
Detection Kit (VAZYME, Catalog No. A211-01, Nanjing, 
Jiangsu, China) as previously described.21 Flow cytometry 
(ACEA Biosciences, Inc., San Diego, CA, USA) was then 
used for detection.

Cell Cycle Assay
HCT-8 and HCT-116 cells were evenly plated in 6-well 
plates. MiR-1276 plasmid and its negative control were 

Table 1 Primers for qPCR and Reverse Transcription

Gene Name Primer Name Sequence (5ʹ-3ʹ)

U6 RT AACGCTTCACGAATTTGCGT
QF CTCGCTTCGGCAGCACA

QR AACGCTTCACGAATTTGCGT

18s QF AGGCGCGCAAATTACCCAATCC
QR GCCCTCCAATTGTTCCTCGTTAAG

miR-1276 RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGTCTC
QF GCGCGTAAAGAGCCCTGTG

QR GAGGTAGAGAATAGAATGATAG

LACTB QF ACAGAGCAGGAGAATGAA
QR TGACTACCAGGTTTGAAGA

E-cadherin QF GCCTCCTGAAAAGAGAGTGGAAG
QR TGGCAGTGTCTCTCCAAATCCG

N-cadherin QF CCTCCAGAGTTTACTGCCATGAC
QR GTAGGATCTCCGCCACTGATTC

Vimentin QF AGGCAAAGCAGGAGTCCACTGA
QR ATCTGGCGTTCCAGGGACTCAT

Abbreviations: RT, primer for reverse transcription; QF, forward primer for qPCR; QR, reverse primer for qPCR.
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Figure 1 MiR-1276 targets LACTB. (A) MicroRNAs targeting LACTB were analyzed in MicroT-CDS, starBase, miRDB, mirDIP, and DIANA databases. (B) Schematic 
diagram of the LACTB 3ʹUTR mutation site. (C) The dual-luciferase reporter system was used to verify that miR-1276 targeted LACTB. (D–F) After HCT-8 and HCT-116 
cells were transfected with plasmid expressing miR-1276 or its negative control, the levels of miR-1276 and LACTB were detected by qPCR (D and E), the protein level of 
LACTB was detected by Western blotting assay (F). (G) Comparison of miR-1276 level in 450 normal tissues and 8 tumor tissues from the TCGA database. (H) qPCR was 
used to detect miR-1276 levels in colon cancer cell lines and normal colon epithelial cell lines. (I) The KM curve was used to analyze the effects of a high and low level of 
miR-1276 on patient survival. **p < 0.01; ***p < 0.001; ****p < 0.0001. 
Abbreviations: 3ʹUTR WT, the wild-type 3ʹnon-coding region of LACTB; 3ʹUTR MUT, the mutant 3ʹnon-coding region of LACTB; miR-1276, microRNA 1276; ns, not 
significant.
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transfected into cells with a plasmid expressing LACTB or 
the negative control of LACTB using Xfect Transfection 
Reagent. After 24 h, cell cycle assay was performed using 
PI and a flow cytometer (ACEA Biosciences, Inc., San 
Diego, CA, USA) as previously described.22

Transwell Assay
After HCT-8 and HCT-116 cells were transfected with 
plasmids as above described, transwell plates with and 
without Matrigel were used for migration and invasion, 
respectively, by transwell assay as previously 
described.19,23 After 24 h, migrated or invasive cells 
were evaluated through 0.5% crystal violet staining, 
photographed using a light microscope (MOTIC, 
Hongkong, China), and counted.

Statistical Analysis
SPSS 22.0 (IBM SPSS, Armonk, New York, USA) was 
used to analyze all statistics, Student’s t-test (unpaired) 
was used to analyze the difference between the two 
groups, and analysis of variance (ANOVA) was used to 
analyze the multiple groups, with p <0.05 defined as a 
significant difference. GraphPad Prism 8.2.1 was used to 
draw a graph. Data are expressed as mean ± standard 
deviation (SD).

Results
LACTB Level Was Lower in Colon 
Cancer Than That in Normal Tissue
The mRNA level of LACTB in colon cancer tissues and 
normal tissues from TCGA and starBase was analyzed, 
finding that the mRNA level of LACTB in colon cancer 
tissues is lower than that in normal tissues, and the mRNA 
level of LACTB is associated with the TNM stage of colon 

cancer (Figure 2A–C). Next, the mRNA and protein levels 
of LACTB were measured in colon cancer cell lines 
(SW480, SW620, HCT-8, HCT-116, and Caco-2) and a 
normal colon epithelial cell line (NCM460). The result 
showed that the mRNA and protein levels of LACTB are 
lower in SW480, SW620, HCT-8, HCT-116, and Caco-2 
than in NCM460 (Figure 2D and E), which is consistent 
with the above results. The KM curve analysis from The 
Human Protein Atlas (THPA) showed that compared with 
patients with high-level LACTB, patients with low-level 
LACTB have worse overall survival (Figure 2F). These 
findings suggested that in colon cancer, low levels of 
LACTB are likely to have an impact on tumor progression 
and indicate poor prognosis.

MiR-1276 Targets LACTB
MiRNAs targeting LACTB were screened from MicroT- 
CDS, starBase, miRDB, mirDIP, and DIANA databases, 
and showed miR-1276 targeting LACTB in all five data-
bases (Figure 1A). By comparing the miR-1276 sequence 
with LACTB 3ʹ UTR, we found the site where miR-1276 
may targets (Figure 1B). Then, we constructed the mutated 
LACTB 3ʹUTR by producing mutation at the site where 
LACTB 3ʹUTR targets to further verify this site and the 
regulatory effect of miR-1276 on LACTB by dual-lucifer-
ase reporter assay. The dual-luciferase reporter assay 
showed that miR-1276 inhibited the wild-type LACTB 
3ʹUTR, but not the LACTB 3ʹUTR mutant (Figure 1C). 
Transfection of the plasmid expressing miR-1276 in HCT- 
8 and HCT-116 cells increased the level of miR-1276, 
while decreasing the mRNA and protein levels of 
LACTB (Figure 1D–F). By analyzing the data from 
TCGA, it was found that the level of miR-1276 in colon 
cancer tissues was higher than that in normal tissues 

Table 2 Primers for Plasmid Construction

Plasmid Name Primer Name Sequence (5ʹ-3ʹ)

LACTB expression plasmid F CTAGAGCTAGCGAATTCGCCACCATGTACCGGCTCATGTCAG
R TGTCGTCATCGTCTTTGTAGTCCCTTGCTCTATTGTAAATC

miR-1276 expression plasmid F ATTCACGCGTGCGGCCGCCTCCATCACTCTGAGCGCC
R CTAGGGATCCGGGCCCGGGCTTTGACCACATTCCACTC

LACTB 3ʹ UTR WT F AGCTCGCTAGCCTCGAGATACCTTCTGCTGTGTCTAG
R CATGCCTGCAGGTCGACCTTATTTCCAAATGGTTCAG

LACTB 3ʹ UTR MUT F AATTTGGAGAAAAACCATTCCTTTTTTAGG

R GAATGGTTTTTCTCCAAATTACAGATGCTC

Abbreviations: F, forward primer; R, reverse primer.
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(Figure 1G). Moreover, the miR-1276 level in SW480, 
SW620, HCT-8, HCT-116, and Caco-2 was higher than 
that in NCM460 (Figure 1H). Through the KM curve 
analysis, it was found that the level of miR-1276 had no 
effect on the survival time of colon cancer patients 
(Figure 1I).

MiR-1276 Negatively Regulates LACTB to 
Promote the Proliferation
To investigate the effect of miR-1276 negatively regulat-
ing LACTB on cell biological processes, a plasmid expres-
sing LACTB was constructed. As shown in Figure 3A and 
B, the plasmid effectively increased the mRNA and pro-
tein levels of LACTB in HCT-8 and HCT-116 cells 
(Figure 3A and B). Subsequently, the cells were treated 
with miR-1276 and plasmids individually or together, and 
it was found by qPCR and Western blot that miR-1276 
reduced the mRNA and protein levels of LACTB, whereas 
after supplementing LACTB, the expression level of 

LACTB increased (Figure 3C–E). Furthermore, increasing 
the level of miR-1276 accelerated the proliferation of 
cells, increased the number of cell colonies, and promoted 
the conversion of the G0/G1 phase to the S phase of the 
cell cycle, while the supplementation of LACTB retarded 
down these effects of miR-1276 on cells (Figure 3F–J). 
These findings revealed that miR-1276 targets LACTB to 
improve proliferation.

MiR-1276 Suppresses the Apoptosis by 
Negatively Regulating LACTB
After overexpression of miR-1276, the ratio of the protein 
levels of LC3I to LC3II in the cells was increased, and 
simultaneously, the protein level of p62 was increased 
(Figure 4A and B). After supplementation of LACTB, 
the ratio of the protein levels of LC3I to LC3II and the 
protein level of p62 were both decreased, suggesting that 
miR-1276 inhibits autophagy by reducing the level of 
LACTB (Figure 4A and B).

Figure 2 LACTB was lowly transcribed in colon cancer and lowly expressed in colon cancer cell lines. (A) Comparison of LACTB mRNA level in 275 normal tissues and 41 
tumor tissues from the TCGA database. (B) Comparison of LACTB mRNA level in 471 normal tissues and 41 tumor tissues from the starBase database. (C) Comparison of 
LACTB mRNA levels in tumor tissues of different TNM stages. (D) qPCR was used to detect LACTB mRNA levels in colon cancer cell lines and normal colon epithelial cell 
lines. (E) Western blotting assay was used to detect LACTB mRNA levels in colon cancer cell lines and normal colon epithelial cell lines. (F) The KM curve was used to 
analyze the effects of a high and low level of LACTB on patient survival. ****p < 0.0001. 
Abbreviation: TCGA, The Cancer Genome Atlas.
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Figure 3 MiR-1276 negatively regulates LACTB to promote the proliferation of HCT-8 and HCT-116 cells. (A and B) The mRNA and protein level of LACTB in HCT-8 and 
HCT-116 cells transfected with plasmid that expresses LACTB or its negative control was detected by qPCR and Western blotting assay, respectively. (C–J) After HCT-8 and 
HCT-116 cells were transfected independently or jointly with plasmid expressing miR-1276 and plasmid expressing LACTB, the mRNA levels of miR-1276 and LACTB were 
detected by qPCR (C and D), the protein level of LACTB was detected by Western blotting assay (E), the proliferation of HCT-8 and HCT-116 cells was detected using MTT 
and plate clone formation assay (F–H), the cell cycle of cells using PI (I and J). **p < 0.01, ***p < 0.001, ****p < 0.0001 vs vector; ##p < 0.01, ###p < 0.001, ####p < 0.0001 vs 
miR-1276. 
Abbreviations: PI, propidium iodide; ns, not significant.
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Moreover, after miR-1276 treatment, the apoptosis 
level of HCT-8 and HCT-116 cells was decreased, while 
apoptosis level was elevated after LACTB supplementa-
tion (Figure 4C and D). These results showed that miR- 
1276 suppresses apoptosis by negatively regulating 
LACTB. In short, miR-1276 hindered autophagy by nega-
tively regulating LACTB, thereby inhibiting cell 
apoptosis.

Replenishment of LACTB Disrupts miR- 
1276-Induced Migration and Invasion
Afterward, migrated and invasive cells were also 
detected using a transwell assay. The results showed 
that miR-1276 enhanced cell migration ability and inva-
siveness, while the amount of migrating and invasive 
cells decreased after overexpression of LACTB 
(Figure 5A–D).

Furthermore, increasing miR-1276 reduced the mRNA 
level of E-cadherin and elevated the mRNA levels of 
N-cadherin and Vimentin (Figure 5E). After supplement-
ing LACTB, the mRNA level of E-cadherin was increased, 
and the mRNA levels of N-cadherin and Vimentin were 
decreased (Figure 5E), indicating that miR-1276 facilitates 
EMT by lowering LACTB levels.

Discussion
Colon cancer is an aggressive tumor with high morbidity 
and mortality.1 The distant metastasis of the tumor ser-
iously impairs the survival of colon cancer patients, which 
suggests that the molecular mechanism of colon cancer 
invasion needs to be clarified urgently.1 Many studies have 
proved that LACTB can inhibit tumor development.6 

Moreover, studies have reported that LACTB is signifi-
cantly down-regulated in colorectal cancer, and the low 

Figure 4 MiR-1276 suppresses apoptosis by negatively regulating LACTB. HCT-8 and HCT-116 cells were transfected independently or jointly with the plasmid expressing 
miR-1276 and the plasmid expressing LACTB. (A and B) The protein levels of LC3I, LC3II and p62 were detected by Western blot. (C) Apoptosis was tested using annexin 
V-FITC/PI kit. (D) Statistical histogram of the percentage of apoptosis. *p < 0.05, **p < 0.01, ***p < 0.001 vs vector; #p < 0.05, ##p < 0.01, ###p < 0.001 vs miR-1276. 
Abbreviation: PI, propidium iodide.
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expression of LACTB correlates with the poor overall 
survival of colorectal cancer patients, which is consistent 
with this study’s findings.9 In addition, low levels of 
LACTB are associated with colorectal cancer metastasis 
and advanced clinical stages.9 LACTB has also been iden-
tified as an independent prognostic factor for colorectal 
cancer.9 Overexpression of LACTB in vitro promotes 
autophagy of colon cancer cells and inhibits the prolifera-
tion, migration, invasion, and EMT of colon cancer cells.-
1,9 Consistent with this, we observed that miR-1276 
suppresses autophagy and accelerates EMT by lowering 
LACTB levels. In vivo experiments confirmed that over-
expression of LACTB can inhibit the growth and metas-
tasis of colorectal cancer.9 These findings indicate that 

LACTB can be another strategy for the treatment of 
colon cancer.

Previous studies have found multiple ways in which 
LACTB inhibits tumor progression.1 LACTB inhibits the 
progression of colorectal cancer by attenuating the MDM2- 
mediated p53 ubiquitination.1,7,24 LACTB promotes autop-
hagy of colorectal cancer cells by regulating the activity of 
PIK3R3 and by inhibiting EMT and proliferation.1 LACTB 
inhibits tumors by increasing mitochondrial lipid 
metabolism.11 MiRNAs are a class of conservative non-cod-
ing RNAs, which promote mRNA degradation or inhibit the 
translation of target genes by binding to the 3ʹUTR region of 
target genes, thereby inhibiting the expression of target 
proteins.12,25 Accumulating evidence has shown that 

Figure 5 Replenishment of LACTB disrupts miR-1276-induced migration and invasion. HCT-8 and HCT-116 cells were transfected independently or jointly with the plasmid 
expressing miR-1276 and the plasmid expressing LACTB. (A) The migration ability of HCT-8 and HCT-116 cells was tested by transwell assay. (B) Histogram of the number 
of migrated cells per field. (C) The invasiveness of HCT-8 and HCT-116 cells was examined by transwell assay. (D) Histogram of the number of invasive cells per field. (E) 
The mRNA levels of E-cadherin, N-cadherin and Vimentin were tested by qPCR. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs vector; ###p < 0.001, ####p < 0.0001 
vs miR-1276. 
Abbreviation: VIM, Vimentin.
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LACTB is also regulated by miRNA. LACTB is regulated by 
miR-125b-5p to reduce the secretion of MCP-1 in 
macrophages.17 MiR-351-5p directly targets LACTB to 
mediate skeletal muscle production and miR-374a promotes 
breast cancer metastasis and progression by down-regulating 
LACTB.12,18

In addition, more and more studies have found that a 
large number of miRNAs are involved in cancer develop-
ment and progression.12,26,27 MiR-1276 is also involved in 
the regulation of cancer cells, for example, MiR-1276 is a 
target of NF-κB, which can help tumor necrosis factor α 
promote adriamycin-induced apoptosis of cancer cells by 
positively regulating CASP9 and miR-1276 regulates the 
expression of CTNNB1 through the regulation of LncRNA 
HCG11, thus affecting the proliferation and migration of 
gastric cancer cells.14,28 It was found that miR-1276 is 
highly expressed in colon cancer cells, and promotes cell 
proliferation, migration, and invasion, while inhibiting cell 
apoptosis. In this study, we found that LACTB is also 
negatively regulated by miR-1276 in colon cancer cells.

In the current study, the KM curve analysis from THPA 
shows that the overall survival of patients with low-level 
LACTB is worse than that of patients with high-level 
LACTB, while the KM curve analysis grouped by the 
median value of miR-1276 showed that the overall survi-
val of patients was not significantly affected by the miR- 
1276 level, which may be related to the fact that not only 
LACTB is regulated by miR-1276.

Conclusions
In conclusion, this study found that miR-1276 was highly 
expressed in colon cancer, and promoted colon cancer cell 
proliferation by negatively regulating LACTB. Moreover, 
LACTB has been confirmed to be an anticancer gene, and 
supplementing LACTB can reduce the cell proliferation, 
migration, and invasion induced by miR-1276. These find-
ings provided new insights into the regulation of colon 
cancer.
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