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Abstract. – OBJECTIVE: The aim of this study 
was to investigate the effects of micro ribonu-
cleic acid (miR)-129-5p on the proliferation and 
apoptosis of gastric cancer cells via targeted 
repression on the expression of high mobility 
group protein B1 (HMGB1).

PATIENTS AND METHODS: Expression lev-
els of miR-129-5p and HMGB1 in gastric cancer 
tissues (n=25) and adjacent normal tissues were 
measured via reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR). The reg-
ulatory effect of miR-129-5p on the proliferation 
of gastric cancer MGC-803 and SGC7901 cells 
was determined through Cell Counting Kit-8 
(CCK-8) assay. Flow cytometry was employed 
to analyze the apoptosis rate of gastric cancer 
cells. To further discover the mechanism of 
miR-129-5p in regulating malignant behaviors 
of gastric cancer cells, the miRDB database was 
employed to predict the binding targets of miR-
129-5p. Finally, binding sites of HMGB1 3'-un-
translated region (3'-UTR) to miR-129-5p were 
discovered. Subsequently, HMGB1 wild-type 
or mutant 3'-UTR Luciferase reporter vectors 
were constructed, and transfected to MGC-803 
and SGC7901 cells together with miR-129-5p or 
negative control miRNA. Next, Western blotting 
was adopted to measure the protein expres-
sion level of HMGB1 in MGC-803 and SGC7901 
cells transfected with miR-129-5p or negative 
control miRNA, so as to investigate whether 
miR-129-5p affected HMGB1 protein expression. 
Additionally, to determine whether HMGB1 me-
diated the regulatory effect of miR-129-5p on the 
proliferation of gastric cancer cells, MGC-803 
and SGC7901 cells were transfected with pcD-
NA-HMGB1 or pcDNA-vector, respectively. The 
expression level of HMGB1 was measured via 
RT-qPCR, and cell proliferation was determined 
by CCK-8 assay.

RESULTS: The expression level of miR-129-5p 
in gastric cancer tissues was significantly lower 
than that in adjacent normal tissues (p<0.001). 
Meanwhile, the level of miR-129-5p was overtly 
lower in gastric cancer MGC-803 and SGC7901 
cell lines than that in normal gastric mucosal 
epithelial GES-1 cells (p<0.001). These results 
indicated that miR-129-5p was lowly expressed 
in gastric cancer tissues and cell lines. Sub-
sequent results demonstrated that the expres-
sion of HMGB1 increased remarkably in gastric 
cancer tissues compared with normal adjacent 
tissues (p<0.05). The proliferation ability of 
MGC-803 (p<0.001) and SGC7901 (p<0.01) cells 
with over-expressed miR-129-5p was remarkably 
weakened. Overexpression of miR-129-5p dis-
tinctly promoted the apoptosis rate of gastric 
cancer MGC-803 (p<0.01) and SGC7901 (p<0.001) 
cells. Moreover, miR-129-5p up-regulation signifi-
cantly reduced the Luciferase activity of wild-
type HMGB1 (p<0.001). However, no significant 
effect was observed on that of mutant HMGB1. 
The results suggested that overexpression of 
miR-129-5p significantly down-regulated the lev-
el of HMGB1 in gastric cancer cells. In addition, 
the messenger RNA (mRNA) level of HMGB1 in 
cells transfected with miR-129-5p also decreased 
significantly (p<0.001). HMGB1 overexpression 
overtly reversed the inhibitory effect of miR-129-
5p on the proliferation of gastric cancer cells 
(p<0.05). All these results demonstrated that the 
miR-129-5p/HMGB1 axis played a key role in reg-
ulating the growth of gastric cancer cells. 

CONCLUSIONS: MiR-129-5p suppresses the 
progression of gastric cancer through targeted 
inhibition on the expression of HMGB1.
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Introduction 

Gastric cancer, characterized by strong inva-
siveness and low diagnosis rate, is one of the most 
common malignant tumors worldwide1. Surgical 
resection combined with chemotherapy and radio-
therapy is the main treatment for gastric cancer in 
recent decades2,3. Due to the reason that most pa-
tients have already been in advanced stage when 
diagnosed with extensive invasion and lymphatic 
metastasis, the prognosis of gastric cancer pa-
tients is relatively poor4,5. Hence, discovering new 
pathogenic factors and potential targeted drugs is 
of great significance for the early diagnosis and 
effective treatment of gastric cancer.

Micro ribonucleic acids (miRNAs), a kind of 
small single-stranded non-coding RNAs with ap-
proximately 22 nucleotides in length6, are vital 
regulators in gene expression and can bind to the 
3’-untranslated region (3’-UTR) of target genes to 
degrade messenger RNAs (mRNAs) or repress 
the translation of mRNAs7,8. MiRNAs play cru-
cial roles in the development and progression of 
human cancers by modulating the expression of 
tumor suppressor genes or oncogenes9-14. Consis-
tently, Yu et al15 have shown that miR-6852 inhib-
its the proliferation and invasion of gastric cancer 
cells by targeting the forkhead box J1. MiR-543 
promotes the development of gastric cancer by 
downregulating the expression of speckle-type 
POZ protein16. MiR-21-5p is highly expressed in 
gastric cancer, serving as a promising target for 
gastric cancer treatment17-19. In addition, miR-
1179 impedes the growth and invasion of non-
small cell lung cancer by modulating the AKT 
signaling pathway20.

High mobility group protein B1 (HMGB1) is 
a protein in the high mobility group box super-
family21,22. As a chromatin component common 
in mammalian cells, HMGB1 plays an import-
ant role in various cellular processes, such as 
inflammation, cell differentiation and tumor cell 
migration. Meanwhile, it has been found to par-
ticipate in transcriptional regulation23. HMGB1 is 
of vital importance in the progression of cancers 
by regulating the transcription of cancer-related 
genes24. HMGB1 has also been confirmed to be 
overexpressed in many human cancers25,26. As a 
result, blocking the expression of HMGB1 inhib-
its cancer progression. However, few reports have 
elucidated the effects of miR-129-5p on the pro-
liferation of gastric cancer cells through HMGB1. 
In this study, our findings showed that miR-129-
5p was significantly down-regulated in patients 

with gastric cancer. Overexpression of miR-129-
5p significantly inhibited the proliferation and 
promoted the apoptosis of gastric cancer cells by 
targeting HMGB1. All these results revealed the 
key role of the miR-129-5p/HMGB1 axis in mod-
ulating the progression of gastric cancer.

Patients and Methods

Clinical Specimens
A total of 50 pairs of gastric cancer tissues 

and adjacent normal tissues were collected from 
patients who underwent surgery in Shanxi Pro-
vincial People’s Hospital from January 2018 to 
October 2019. The selection of patients was based 
on the guideline proposed by the Union for In-
ternational Cancer Control (UICC). All collected 
tissues were immediately frozen in liquid nitro-
gen at -80°C for use. No patient received radia-
tion or chemotherapy before surgery. Informed 
consent was obtained from all subjects before 
the study. This investigation was approved by the 
Ethics Committee of Shanxi Provincial People’s 
Hospital.

Cell Culture 
Human gastric cancer MGC-803 and SGC7901 

cell lines were cultured in Dulbecco’s Modified Ea-
gle’s Medium (DMEM; Thermo Fisher Scientific, 
Waltham, MA, USA) in a 5% CO2 incubator at 37°C.

Plasmid Construction 
pcDNA-HMGB1 plasmid was constructed 

as follows. HMGB1 complementary deoxyri-
bose nucleic acid (cDNA) full length sequence 
was amplified via polymerase chain reaction 
(PCR) and inserted into pcDNA™3.1 (+) mam-
malian expression vectors (V79020, Thermo 
Fisher Scientific, Waltham, MA, USA). EcoRI 
and XhoI were used as endonucleases. The ex-
pression of pcDNA-HMGB1 was detected by 
Western blotting.

Reverse Transcription-Quantitative 
Polymerase Chain Reaction (RT-qPCR)

Total RNA in tissues and cells was extract-
ed using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA). The concentration of RNA was deter-
mined using a NanoDrop 2000 spectrophotom-
eter (Thermo Fisher Scientific, Waltham, MA, 
USA). A reverse transcription kit (SuperScript 
II cDNA synthesis kit, Thermo Fisher Scientific, 
Waltham, MA, USA) was utilized. QPCR was 
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performed using SYBR Green dye (Applied Bio-
systems, Foster City, CA, USA) and an ABI Prism 
7900 detection system (Thermo Fisher Scientific, 
Waltham, MA, USA). U6 was used as the internal 
reference in the quantitative analysis of miR-129-
5p expression, and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) as the internal refer-
ence in the quantitative analysis of the HMGB1 
expression. Primer sequences used in this study 
were shown in Table I.

Cell Proliferation Assay
Cell Counting Kit-8 (CCK-8; Dojindo Molecu-

lar Technologies, Kumamoto, Japan) was adopted 
to detect the proliferation of gastric cancer cells. 
Briefly, gastric cancer cells were first transfected 
with corresponding expression vectors for 24 h. 
Next, CCK-8 reagent was added in cells, followed 
by incubation at 37°C for 2 h in the dark. Absor-
bance of each well at 450 nm was determined us-
ing a micro-plate reader (Bio-Rad Laboratories, 
Hercules, CA, USA).

Western Blotting 
Total proteins were extracted from gastric 

cancer cells with NP-40 lysis buffer (Beyotime 
Institute of Biotechnology, Shanghai, China). 
The concentration of proteins was determined 
via bicinchoninic acid (BCA) method (Beyotime, 
Shanghai, China). 30 μg of proteins were load-
ed, subjected to electrophoresis and transferred 
onto polyvinylidene difluoride (PVDF) mem-
branes. After blocking with 5% skimmed milk, 
the membranes were incubated with primary an-
tibodies at room temperature for 2 h. Next, the 
membranes were incubated with horseradish per-
oxidase (HRP)-labeled secondary antibody for 1 
h. Immunoreactive bands were finally observed 
via enhanced chemiluminescence (ECL) West-
ern blotting substrate (Thermo Fisher Scientific, 
Waltham, MA, USA).

Cell Apoptosis Through Flow Cytometry 
The cells were first digested with trypsin. The 

supernatant of the culture was collected and cen-
trifuged at 2000 rpm for 6 min at room tempera-
ture. Subsequently, the cell pellet was collected 
and washed twice with phosphate-buffered saline 
(PBS). 300 μL of binding buffer was then added 
to suspend cells, followed by addition of two flu-
orescent probes (Annexin V-FITC and PI). After 
incubation in dark at room temperature for 15-20 
min, cell apoptosis was determined by flow cy-
tometry.

Luciferase Reporter Gene Assay 
HMGB1 3’-UTR wild-type (5’-TTT TGT TGA 

TCAT CAT TCT GAA TGCTT) and mutant (5’-
TTT TGT TGA TCAT CAT TCT CCC TAATC) 
sequences were inserted into the pGL3 Lucif-
erase reporter vectors (GenScript; Piscataway, 
NJ, USA). Gastric cancer cells were inoculated 
into 24-well plates and transfected with 100 ng 
of pGL3-HMGB1 or pGL3-HMGB1 mutant and 
miR-129-5p mimic or control vector in accor-
dance with the instructions of Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA). 48 h later, 
Luciferase activity was determined using a Du-
al-Luciferase reporter kit (Promega, Madison, 
WI, USA).

Statistical Analysis 
Statistical Product and Service Solutions 

(SPSS) 15.0 (SPSS Inc., Chicago, IL, USA) was 
employed for statistical analysis. Data were ex-
pressed as mean ± standard deviation of three in-
dependent experiments. The differences between 
the two groups were analyzed via t-test. p<0.05 
was considered statistically significant.

Results

MiR-129-5p Was Significantly 
Downregulated in Patients 
with Gastric Cancer

To evaluate the role of miR-129-5p in gastric 
cancer, the expression of miR-129-5p in gastric 
cancer tissues and adjacent normal tissues was de-
tected via RT-qPCR. The results (Figure 1) showed 
that miR-129-5p was lowly expressed in gastric 
cancer tissues and MGC-803 and SGC7901 cell 
lines when compared with adjacent normal tis-
sues and gastric mucosal epithelial GES-1 cells. 
These results suggested the down-regulation of 
miR-129-5p in gastric cancer.

Table I. Primer sequences.

Gene Primer sequences

MiR-129-5p F: 5'-CUUUUUGCGGUCUGGGCUUGC-3′
 R: 5′-AGCAAGCCCAGACCGCAAAAA-3′
HMGB1 F: 5′- CCAGCGATAGTCCCACTGAT-3′
 R: 5′-CCTTCTCCTTGGCAGACATC-3′
U6 F: 5'- CTCGCTTCGGCAGCACA -3'
 R: 5'- AACGCTTCACGAATTTGCGT -3'
GAPDH F: 5'- CGCTCTCTGCTCCTCCTGTTC -3'
 R: 5'-ATCCGTTGACTCCGACCTTCAC-3'
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HMGB1 Was Highly Expressed 
In Patients With Gastric Cancer 

Subsequently, the role of HMGB1 in gas-
tric cancer was evaluated. QRT-PCR results 
demonstrated that the expression of HMGB1 
was (3.16±0.12) in adjacent normal tissues and 
(7.82±0.24) in gastric cancer tissues, respectively. 
It could be seen that the expression of HMGB1 
was remarkably higher in gastric cancer tissues 
than that of adjacent normal tissues (Figure 2).

Mir-129-5p Was Negatively 
Correlated With HMGB1 Expression 
In Gastric Cancer

The expression levels of miR-129-5p and 
HMGB1 in gastric cancer tissues were statisti-
cally analyzed. The results (Figure 3) revealed 
that there was a significant negative correlation 
between miR-129-5p expression and HMGB1 
expression (r2=0.9578, p=0.0085), implying that 
there might be a mutual relationship between the 
expressions of miR-129-5p and HMGB1.

Figure 1. The expression level of miR-129-5 is overtly higher in adjacent normal tissues than gastric cancer tissues (p<0.001), 
and is distinctly lower in gastric cancer cell lines than gastric mucosal epithelial cells (p<0.001). A, Expression level of miR-129-5 
in gastric cancer tissues and adjacent normal tissues, and B, Expression level of miR-129-5 in gastric cancer cell lines and normal 
gastric mucosal epithelial cells).

A B

Figure 2. Expression level of HMGB1 in gastric cancer tis-
sues and adjacent normal tissues. The expression level of 
HMGB1 is overtly lower in adjacent normal tissues than that in 
gastric cancer tissues (p<0.001).

Figure 3. MiR-129-5p expression is negatively correlated 
with HMGB1 expression in gastric cancer tissues (r2=0.9578, 
p=0.0085).
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Mir-129-5p Overexpression Inhibited 
Gastric Cancer Cell Proliferation 

Since miR-129-5p was lowly expressed in gas-
tric cancer tissues, its effect on the progression of 
gastric cancer was detected using MGC-803 and 
SGC7901 cell lines with low expression of miR-
129-5p. RT-qPCR was conducted to verify the ex-
pression of miR-129-5p in MGC-803 and SGC7901 
cells transfected with miR-129-5p or negative con-
trol miRNA. The results showed that miR-129-5p 
expression increased significantly after transfection 
of miR-129-5p mimic (Figure 4A). The regulation 
of miR-129-5p on the proliferation of gastric cancer 
cells was determined via CCK-8 assay. It was dis-

covered that the proliferation ability of MGC-803 
and SGC7901 cells with overexpressed miR-129-5p 
was remarkably inhibited (Figure 4B and 4C).

Overexpression of Mir-129-5p Promoted 
Apoptosis of Gastric Cancer Cells

Flow cytometry was employed to determine 
the apoptosis rate of gastric cancer cells. As 
shown in Figure 5, overexpression of miR-129-5p 
markedly promoted the apoptosis rate of MGC-
803 and SGC7901 cells. The above results demon-
strated that miR-129-5p overexpression repressed 
the proliferation and induced the apoptosis of gas-
tric cancer cells.

Figure 4. MiR-129-5p overexpression inhibits the proliferation of gastric cancer cells. A, Expression level of miR-129-5p in MGC-
803 and SGC7901 cells transfected with miR-129-5p and control plasmids detected by qPCR, B, Viability of SGC7901 cells deter-
mined via CCK-8 assay (**p<0.01: a significant difference vs. control group), and C, Viability of MGC-803 cells determined through 
CCK-8 assay (***p<0.001: an extremely significant difference vs. control group).

A B C

Figure 5. Overexpression of miR-129-5p facilitates the apoptosis of gastric cancer cells. The apoptosis rate of MGC-803 and 
SGC7901 cells transfected with miR-129-5p and control plasmids is detected via flow cytometry. The results show that the apoptosis 
rate is markedly elevated in gastric cancer cells compared with control group (**p<0.01: a significant difference, ***p<0.001: an 
extremely significant difference).
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HMGB1 Was a Target Of Mir-129-5p
in Gastric Cancer 

To further discover the mechanism of miR-
129-5p in regulating malignant behaviors of gas-
tric cancer cells, the binding targets of miR-129-
5p were predicted using the miRDB database. It 
was found that there were binding sites of HMGB1 
3’-UTR to miR-129-5p. To further verify the pre-
diction results, HMGB1 wild-type or mutant 3’-
UTR Luciferase reporter vectors were then con-
structed. Meanwhile, MGC-803 and SGC7901 
cells were transfected with miR-129-5p or nega-
tive control miRNA and Luciferase reporter vec-
tors, respectively. Subsequent results showed that 

overexpressing miR-129-5p significantly reduced 
the Luciferase activity of wild-type HMGB1 
(p<0.001) (Figure 6A). However, no significant 
effect was observed on mutant HMGB1 (Figure 
6B). Next, Western blotting was adopted to mea-
sure the protein expression level of HMGB1 in 
MGC-803 and SGC7901 cells transfected with 
miR-129-5p or negative control miRNA (Figure 
6C). The results uncovered that overexpression of 
miR-129-5p significantly down-regulated the pro-
tein expression level of HMGB1 in gastric can-
cer cells. Besides, the mRNA level of HMGB1 in 
cells transfected with miR-129-5p also decreased 
remarkably (Figure 6D).

Figure 6. HMGB1 is a target of miR-129-5p in gastric cancer. A, In MGC-803 cells, overexpressing miR-129-5p markedly reduces 
the Luciferase activity of wild-type HMGB1 (p<0.001), but has no significant effect on mutant HMGB1. B, In SGC7901 cells, miR-
129-5p overexpression overtly lowers the Luciferase activity of wild type HMGB1 (p<0.001), but has no significant effect on mutant 
type. C, MGC-803 and SGC7901 cells transfected with miR-129-5p or negative control miRNA. Western blotting indicates that 
overexpression of miR-129-5p significantly decreases the protein expression level of HMGB1 in gastric cancer cells. D, The mRNA 
level of HMGB1 in MGC-803 and SGC7901 cells is also down-regulated after transfection of miR-129-5p (p<0.001).

 A

C

 B

D
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HMGB1 Overexpression Overtly 
Reversed the Inhibitory Effect 
of MiR-129-5p on the Growth 
of Gastric Cancer Cells

To determine whether HMGB1 mediated the 
regulatory effect of miR-129-5p on the prolif-
eration of gastric cancer cells, both MGC-803 
and SGC7901 cells were transfected with pcD-
NA-HMGB1 or pcDNA-vector. The expres-
sion level of HMGB1 therein was measured via 
RT-qPCR, and cell proliferation was determined 
by CCK-8 assay (Figure 7A). It was discovered 
that HMGB1 overexpression markedly reversed 
the inhibitory effect of miR-129-5p on the prolif-
eration of gastric cancer cells (Figure 7B and 7C). 
All these findings suggested that the miR-129-5p/
HMGB1 axis was a key player in regulating the 
growth of gastric cancer cells.

Discussion

Cancer has always been a great threat to human 
society, bringing huge economic burden and suf-
fering to humans. Gastric cancer is one of the most 
common cancers worldwide. Latest global cancer 
statistics have shown there are 1.03 million patients 
with gastric cancer in 2019, ranking fifth among all 
cancers. As the most common malignancy of the 
digestive system, morbidity and mortality rates of 
gastric cancer are relatively high. Therefore, under-
standing the molecular mechanism of gastric cancer 
is of great significance to discover new therapeu-
tic targets. MiRNAs are endogenous inhibitors of 
genes, which can bind to 3’-UTR to trigger trans-

lation inhibition or mRNA degradation. MiRNAs 
have been confirmed to be closely correlated with 
the development and progression of cancers. In gas-
tric cancer, various carcinogenic miRNAs or tumor 
suppressor miRNAs are deregulated, which play 
important roles in the proliferation, apoptosis and in-
vasion of tumor cells. In this study, it was discovered 
that miR-129-5p was significantly downregulated in 
gastric cancer tissues and cell lines. Down-regula-
tion of miR-129-5p was closely related to tumor en-
largement, increased tumor stage and lymph node 
metastasis. Our findings provided new insights into 
the vital role of miR-129-5p in the progression of 
gastric cancer. MiRNAs act as oncogenes or tumor 
suppressor genes in the development and progres-
sion of cancers in humans. MiRNAs may be prom-
ising targets in the treatment of malignancies. MiR-
1179 is lowly expressed in glioblastoma, which can 
also inhibit the proliferation of glioblastoma cells 
by targeting E2F5. Moreover, miR-1179 represses 
the proliferation of gastric cancer cells by targeting 
HMGB1. Therefore, it is necessary to further dis-
cover the inhibitory effect of miR-129-5p on the pro-
gression of gastric cancer, and to verify the inhibito-
ry effect of miR-129-5p on the malignant behavior of 
gastric cancer in vivo. 

As a protein in the high mobility group box su-
perfamily, HMGB1 is a chromatin component com-
mon in mammalian cells and it plays an important 
role in various cellular processes, such as inflam-
mation, cell differentiation, tumor cell migration, 
as well as transcriptional regulation23. HMGB1 is of 
great importance in the progression of cancers by 
regulating the transcription of cancer-related genes. 
Overexpression of HMGB1 is associated with poor 

Figure 7. HMGB1 overexpression overtly reverses the inhibitory effect of miR-129-5p on the growth of gastric cancer cells (A,  
Expression level of HMGB1 in MGC-803 and SGC7901 cells measured via RT-qPCR, and B, and C, proliferation of MGC-803 and 
SGC7901 cells transfected with pcDNA-HMGB1 determined through CCK-8 assay.). HMGB1 overexpression offsets the inhibitory 
effect of miR-129-5p on the proliferation of gastric cancer cells, and the proliferation capacity of cells rises again.

A B C
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prognosis of patients with cancers, which may be a 
promising biomarker for survival prediction. Fur-
thermore, HMGB1 can also be a target for miRNAs 
to interfere in the progression of cancers27. MiR-1284 
enhances the sensitivity of cervical cancer cells to 
cisplatin by down-regulating HMGB1. HMGB1 is 
a target of miR-505 in hepatocellular carcinoma, 
which enhances doxorubicin-induced cytotoxici-
ty28. It has also been observed29 that miR-505 exerts 
a suppressive effect on gastric cancer by targeting 
HMGB1. Wu et al30 have denoted that miR-449a tar-
gets HMGB1 to repress the migration and invasion 
of non-small cell lung cancer. Therefore, the poten-
tial regulatory effects of miR-449a and HMGB1 in 
gastric cancer may be interesting topics worthy of 
further study. In this research, it was uncovered that 
miR-129-5p could bind to the 3’-UTR of HMGB1 
and reduce the expression of HMGB1 in gastric 
cancer cells. Overexpressing HMGB1 reversed the 
inhibitory effect of miR-129-5p on the proliferation 
of gastric cancer cells. These results indicated that 
HMGB1 mediated the regulatory effect of miR-129-
5p on the progression of gastric cancer. The function 
of miR-129-5p/HMGB1 axis in other types of cancer 
warrants further studies in the future. Blocking the 
expression of HMGB1 may inhibit cancer progres-
sion. However, the repression of miR-129-5p on the 
proliferation of gastric cancer cells through HMGB1 
is rarely reported.

Conclusions

Taken all together, the results of this study 
miR-129-5p is lowly expressed in gastric cancer 
tissues and cell lines. Overexpressed miR-129-5p 
suppresses the proliferation and induces the apop-
tosis of gastric cancer cells by directly targeting 
HMGB1. The novelty of this research was it un-
covered the molecular mechanism of miR-129-5p 
in modulating the progression of gastric cancer, 
making miR-129-5p a potential target in newly 
developed treatment strategies for gastric cancer. 
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