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Abstract. – OBJECTIVE: To explore the role of 
hsa-microRNA-99b/let-7e/microRNA-125a cluster 
in the progression of liver cancer and its possible 
regulatory mechanisms.

PATIENTS AND METHODS: Ten liver cancer 
tissues were randomly selected and matched 
with normal liver tissue samples. The mRNA ex-
pression levels of miR-99b, let-7e and miR-125a 
were detected by Real Time-quantitative Poly-
merase Chain Reaction (RT-qPCR). The three 
miRNA mimics were transfected alone or togeth-
er into hepatoma cells SMMC-7721; at the same 
time, the knockdown of the three miRNAs was al-
so performed. Then the cell invasive and migra-
tory abilities were examined through transwell 
assay. Bioinformatics analysis was used to de-
tect the potential transcription factors that bind 
to the hsa-microRNA-99b/let-7e/microRNA-125a 
promoter sequence, and the binding of the two 
was verified by the Luciferase reporting assay. 
The level of hsa-microRNA-99b/let-7e/microR-
NA-125a mature mRNA was detected after ZEB1 
was inhibited by ZEB1 siRNA. Meanwhile, after 
interfering with Drosha and ZEB1, the expression 
level of hsa-microRNA-99b/let-7e/microRNA-125a 
of the primary transcript was examined. Res-
cue experiments were carried out to assess the 
role of hsa-microRNA-99b/let-7e/microRNA-125a 
in the ZEB1 regulation of invasive cell capacity.

RESULTS: The mRNA levels of microRNA-99b, 
let-7e, and microRNA-125a in 10 selected he-
patocarcinoma tissues were significantly high-
er than those in the matched paracancerous 
tissues. After overexpressing the three miR-
NA mimics either alone or together, cell inva-
sive and migratory abilities were extensively en-
hanced, and vice versa. It was found that there 

is a binding site in the upstream sequence of the 
promoter region of the hsa-microRNA-99b/let-
7e/microRNA-125a cluster for ZEB1. The Lucif-
erase reporter gene results showed an increase 
in the Luciferase activity of the cells transfected 
with E-box element wild-type sequence, while 
mutant E-box element group did not change. Af-
ter knocking out ZEB1, the levels of mature mi-
croRNA-99b, let-7e and microRNA-125a were re-
duced. However, when DROSHA was knocked 
out, the levels of immature microRNA-99b, let-
7e and microRNA-125a were increased, while si-
multaneous knocking out ZEB1 reversed this ef-
fect. Besides, the invasive ability of SMMC-7721 
cells decreased after KEB1 was knocked down, 
while the opposite result was observed after 
transfection of hsa-microRNA-99b/let-7e/mi-
croRNA-125a alone or together.

CONCLUSIONS: Hsa-microRNA-99b/let-7e/mi-
croRNA-125a cluster is highly-expressed in he-
patocarcinoma, and its expression can be regu-
lated by ZEB1. In addition, the overexpression of 
this cluster can promote the invasion of liver can-
cer cells and advance liver cancer progression.
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Introduction

Hepatocellular carcinoma (HCC) is the most 
important type of liver cancer, accounting for 
about 90% of the total number of liver cancers. 
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ZEB1 causes the production of 
hsa-microRNA-99b/let-7e/microRNA-125a 
cluster and promotes invasion of 
liver cancer cells
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It is one of the most common malignant tumors 
in humans1. Liver cancer has the characteristics 
of high incidence and high mortality, and the 
incidence of liver cancer ranks fifth in the world 
while the mortality rate of liver cancer continues 
to rise2. What’s worse, the incidence of the crowd 
of liver cancer has gradually become younger in 
recent years3. At present, the main methods for 
treating early liver cancer include surgical resec-
tion, radiofrequency ablation and liver transplan-
tation. However, the high recurrence rate after 
surgery has affected the long-term survival of 
patients, and most patients die from the invasion 
and migration of liver cancer4. Therefore, finding 
suitable therapeutic targets based on the molecu-
lar mechanism of liver cancer and selecting active 
and effective treatment methods are important 
contents in the field of liver cancer research.

MiRNAs are mostly between 20 and 25 nu-
cleotides in length and are usually endogenous 
and conserved. They can inhibit the degradation 
or translation of mRNA molecules, and regulate 
the early development of organisms, cell pro-
liferation, differentiation, apoptosis and organ 
formation through the regulation of genes. The 
expression levels of certain miRNAs in various 
tumor tissues such as chronic lymphocytic leu-
kemia, thyroid cancer, lung cancer, breast cancer, 
liver cancer and other tumors are adjusted or 
downregulated to varying degrees5. These ab-
normally- expressed miRNAs can act as some 
oncogenes or tumor suppressor genes during the 
development of tumors. In recent years, research-
es6-8 have found that miRNA is closely related 
to the incidence, development and metastasis of 
liver cancer. At present, the research of miRNA 
in the mechanism of liver cancer mainly involves 
the proliferation, apoptosis, invasion and metas-
tasis of liver cancer cells. The study found that 
miRNA-124 acts on CDK6, which silences CpG 
in liver cancer cells and blocks cells in the Gl/S 
phase, and thus inhibits cell proliferation9. MiR-
NA-221/222 targets the negative regulation of 
the tumor suppressor genes PTEN and TIMP-3, 
inhibits the TRAIL-induced death receptor apop-
tosis pathway, and activates the AKT pathway 
to promote cell migration, ultimately promoting 
liver cancer progression and leading to liver can-
cer resistance10. Down-regulated miRNA-199a-3p 
in cancer tissues induces G1 arrest and reduc-
es invasiveness by acting on c-Met and Mtor11. 
Therefore, miRNAs will become a new class of 
molecular targets for the diagnosis and treatment 
of various types of liver cancer.

ZEB1 is a member of the ZEB-Zinc finger 
E-box binding protein family and plays a cru-
cial role in EMT transformation of hepatoma 
cells12. ZEB1 can recognize the E-box sequence 
of a certain gene, act as a transcriptional re-
pressor, bind to the E-cadherin gene promoter, 
inhibit the expression of the E-cadherin gene 
and ultimately promote EMT transformation 
in cells13.

Numerous studies14,15 have demonstrated that 
miRNA can participate in tumor proliferation 
and invasion by targeting ZEB1 expression. 
Also, in some researches, ZEB1 was found to 
induce tumor cell metastasis via miRNA16. In 
esophageal cancer, reports have observed that 
ZEB1 regulates the expression of the cluster of 
hsa-microRNA-99b/let-7e/ microRNA-125a and 
affects the invasion of esophageal cancer cells17. 
However, whether ZEB1 and the three miRNA 
cluster in liver cancer cells have similar regula-
tory effects has not been reported.

Patients and Methods 

Patients
The 10 pairs of liver cancer and the matched 

normal tissues adjacent to the cancer were col-
lected from The Affiliated Yantai Yuhuangding 
Hospital of Qingdao University from April 2015 
to April 2017. All patients were newly diagnosed 
without anti-tumor treatment such as radiother-
apy, chemotherapy or immunotherapy. The col-
lection of the specimens received the informed 
consent of the subjects and was approved by the 
hospital Ethics Committee.

Cell Culture and Cell Transfection
The human hepatoma cell line SMMC-7721 

was cultured in an incubator at 37°C and a CO2 
volume fraction of 5% with Dulbecco’s Modified 
Eagle Medium (DMEM; Gibco, Grand Island, 
NY, USA) medium containing 100 U/mL of Pen-
icillin and 100 mg/mL of Streptomycin and 10% 
fetal bovine serum (FBS; Gibco, Grand Island, 
NY, USA). The cells were seeded into a 6-well 
culture dish 24 h before transfection. When the 
cell fusion degree reached about 70%, the culture 
medium without fetal bovine serum was add-
ed, and the mimics, inhibitor and siRNA were 
transferred into cells via Lipo3000 according to 
the procedures. After 4-6 hours of transfection, 
DMEM medium containing 10% FBS was added 
and the culture continued for 48h.
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RNA Extraction and Real 
Time-Quantitative Polymerase 
Chain Reaction (RT-qPCR)

An appropriate amount of frozen tissue was taken 
and grinded into a broken shape while adding liquid 
nitrogen. Total RNA of tissues or cells was extracted 
from each group using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA), and reverse transcribed into 
complementary Deoxyribose Nucleic Acid (cDNA) 
by a reverse transcription kit, followed by Real Time 
Polymerase Chain Reaction (RT-PCR) using this 
cDNA as a template. The primer sequences are 
as follows: miR-99b (F: 5’-ACACTCCAGCTGG-
GCACCCGTAGAACCGAC-3’, R: 5’-TGGTGTC-
GTGGAGTCG-3’), let-7e (F: 5’-ACACTCCAGCT-
GGGTGAGGTAGGAGGTTGT-3’, R: 5’-TGGT-
GTCGTGGAGTCG-3’), miR-125a (F: 5’-ACACTC-
CAGCTGGGTCCCTGAGACCCTTTAAC-3’, R: 
5’-TGGTGTCGTGGAGTCG-3’), pri-miR-125a 
(F: 5’-:CTGAGGGCCTGGACTCCTGGG-3’, R: 
5’-GGTGAGCCCCCGACACGGACC-3’), pri-let-
7e (F: 5’-CTAAGCCCTGGTCCTCCTGGTCC-3’, 
R: 5’-CAGGGCGCAGCCTGGGGAAAG-3’), pri-
miR-125a (F: 5’-GCCTGCTTACATCTGACCCC-3’, 
R: 5’-TGTGTGGTTGGGCCAGACGCC-3’), U6 
primer (F: 5’-CTCGCTTCGGCAGCAGCACATA-
TA-3’, downstream of the kit universal primer).

Transwell Assay
Matrigel (BD Biosciences, Franklin Lakes, NJ, 

USA) and serum-free medium were diluted at a 
ratio of 1:40, 100 μL was added to the transwell 
chamber, and allowed to stand at 37°C for 1 h 
to allow Matrigel to coagulate. The cells were 
digested and resuspended in serum-free medium. 
The medium in the upper chamber was aspirated, 
100 μL cell suspension was added to each well to 
adjust the cell number to 50,000, and 700 μL of 
medium containing 10% serum was added to the 
lower chamber. After incubating in a 37°C incu-
bator for 20-24 hours, the chamber was removed 
and the cells in the upper chamber were carefully 
wiped off with a cotton swab; then the chamber 
was fixed in methanol. After 20 minutes, the 
chamber was placed in a 5% crystal violet solu-
tion for dying. The stained chamber was washed 
twice with phosphate-buffered saline (PBS), and 
4-5 fields of view were randomly selected under 
a microscope. 

Dual Luciferase Reporting Assay
12-16 hours before transfection, the cells were 

digested with trypsin and seeded into 96-well 
plates at 1-1.2×10^4 cells/well, so that the cell 

density reached 70% during transfection. Af-
terward, wild-type and mutation plasmids were 
transfected into cells, and 5 parallel wells were 
set in each group. After 48 h of transfection, 
the Luciferase activity of each group was mea-
sured using a dual fluorescent reporter system kit 
(Promega, Madison, WI, USA). 

Statistical Analysis
The data were statistically analyzed using Sta-

tistical Product and Service Solutions (SPSS) 19.0 
software (IBM, Armonk, NY, USA) and plotted 
using GraphPad Prism 6.0 software (La Jolla, 
CA, USA). Measurement data were expressed 
as mean ± standard deviation. Comparisons be-
tween the two independent samples were carried 
out using a two-sided independent t-test. The 
difference was statistically significant at p < 0.05.

Results

MiR-99b, Let-7e, MiR-125a are Highly 
Expressed in Liver Cancer Tissues

Studies18-20 have demonstrated that miR-99b, 
let-7e, and miR-125a can exert a significant in-
fluence on the progression of hepatocarcinoma. 
To explore the underlying mechanism, 10 cases 
of hepatocarcinoma tissues and their adjacent 
paracancerous ones were collected and the mR-
NA levels of miR-99b, let-7e, miR-125a were de-
tected by RT-qPCR. The results indicated that the 
levels of the three microRNAs in liver cancer tis-
sues were considerably higher than that in control 
tissues (Figure 1), further verifying the labeling 
role of the three miRNAs during the progression 
of liver cancer.

Hsa-MicroRNA-99b/let-7e/MicroRNA-125a 
Cluster Promotes Invasion 
of Hepatoma Cells

To validate the role of hsa-microRNA-99b/
let-7e /microRNA-125a in hepatoma cell invasive 
capacity, we transfected the three microRNA 
mimics alone or together in human hepatoma cell 
line SMMC-7721 and found by transwell experi-
ment that the cell invasive capacity was apprecia-
bly enhanced (Figure 2A, 2B). Subsequently, the 
mixture of specific hsa-microRNA-99b/let-7e/mi-
croRNA-125a inhibitors was used to knockdown 
the three miRNAs simultaneously in the liver 
cancer cells, and the cell invasive and metastasis 
ability was found greatly reduced (Figure 2C). 
The above experimental results suggested that 
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hsa-microRNA-99b/let-7e/microRNA-125a could 
advance the invasion and metastasis of hepatoma 
cells in vitro.

The Hsa-MicroRNA-99b/let-7e/MicroRNA- 
125a Cluster is Regulated by ZEB1

We found the E-box element CACCTG in the 
hsa-microRNA-99b/let-7e/microRNA-125a pro-
moter sequence, which can be bound by ZEBl 
(Figure 3A). To demonstrate the transcriptional 

activity of the E-Box element, we constructed a 
plasmid of wild-type and mutant E-box element 
and transfected them into SMMC-7721 cells. 
Afterward, the Luciferase activity of wild-type 
sequence group was found increased while the 
mutant one did not change (Figure 3B), indicat-
ing that the E-box element is transcriptionally 
active. Furthermore, we observed whether ZEB1 
could regulate the transcriptional expression of 
hsa-microRNA-99b, let-7e, and microRNA-125a, 

Figure 1. MiR-99b, let-7e, miR-125a are highly expressed in liver cancer tissues. The expression of miR-99b, let-7e and miR-
125a in 10 liver cancer tissues was significantly higher than that in 10 control tissues.

Figure 2. The miR-99b/let-7e/miR-125a cluster promotes invasion of liver cancer cells. A, Transwell assay showed that 
the invasion ability of liver cancer cell SMMC-7721 was enhanced after overexpression of miR-99b, let-7e or miR-125a. B, 
Transwell assay showed that the invasive ability of SMMC-7721 cells was enhanced after overexpression of miR-99b/let-7e/
miR-125a cluster. C, Transwell assay showed that the invasion ability of SMMC-7721 cells was weakened after knockdown of 
miR-99b/let-7e/miR-125a cluster.



X.-F. Wang, J.-Y. Liu, J.-L. Li, F.-Z. Wang, B.-L. Sun

1472

and the results showed that their expression was 
decreased after ZEB1 was knocked out (Figure 
3C). In addition, the primary transcripts of these 
three miRNAs were also tested, and the results 
showed that knocking out DROSHA enhanced 
the levels of immature microRNA-99b, let-7e and 
microRNA-125a, while simultaneously knock-
ing out ZEB1 decreased their expression (Figure 
3D), suggesting that ZEB1 can positively regulate 
hsa-microRNA-99b/let-7e/microRNA-125a clus-
ter at the transcriptional level.

Hsa-MicroRNA-99b/let-7e/MicroRNA-25a 
Cluster can Reverse the Inhibitory Effect 
of Downregulated ZEB1 on the Invasive 
Ability of SMMC-7721 Cells

Studies have shown that ZEB1 can enhance 
the invasion of tumor cells by regulating the tran-

scription of enhanced genes21. Similar to previous 
reports, we knocked down the ZEB1 level and 
found the invasion of SMMC-7721 cells was no-
tably downregulated. After we overexpressed mi-
croRNA-99b, let-7e, and microRNA-125a alone 
or in combination, the inhibition of cell invasion 
induced by knockdown of ZEB was considerably 
attenuated (Figure 4).

Discussion

Primary liver cancer is one of the most com-
mon and invasive malignancies worldwide. The 
occurrence and progression of liver cancer is a 
multi-step, multi-stage process. In this process, 
hepatocytes proliferate and differentiate abnor-
mally to acquire the malignant properties of 

Figure 3. The miR-99b/let-7e/miR-125a cluster is regulated by ZEB1. A, The figure shows the upstream sequence of the 
promoter region of the miR-99b/-7e/miR-125a cluster. B, Luciferase reporter gene assay detected that overexpressing a 
sequence in the promoter region increased the luciferase activity. C, RT-qPCR detection showed that the expression of mature 
miR-99b, let-7e and miR-125a was decreased after knocking out ZEB1. D, RT-qPCR assay knocked out DROSHA increased 
the expression of immature miR-99b, let-7e and miR-125a, while simultaneously knocking out ZEB1 reduced their expression.
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intrahepatic and distant metastasis maximally22. 
The expression changes of genes involved in cell 
division, proliferation, differentiation, apoptosis, 
invasion and metastasis in this process are im-
portant mechanisms that cause the progression of 
liver cancer.

A great deal of research evidence indicates 
that miRNA exerts an essential influence on 
the progression of liver cancer. It is directly in-
volved in the differentiation, apoptosis, invasion 
and distant metastasis of hepatocellular carcino-
ma cells and is closely related to the pathological 
type, malignant degree, stage, grading and other 
clinicopathological features of liver cancer23,24. 
Studies have demonstrated that high expres-
sion of miR-99b in the liver is associated with 
decreased overall survival and disease-free sur-
vival in patients with liver cancer. Meanwhile, 
it was confirmed that the overexpression of 

miR-99b can promote migration and invasion of 
liver cancer cells18,25. The expression of let-7e in 
patients with liver cancer also increased signifi-
cantly, and its up-regulation considerably pro-
moted the progression of cancer and shortened 
the overall survival of the disease19. MiR-125a 
also plays a crucial role in the progression of 
liver cancer. Some researches26,27 have verified 
that miR-125a is down-regulated in hepatocarci-
noma, and it can inhibit the proliferation, migra-
tion and invasion of hepatoma cells by regulat-
ing the expression of ErbB3, PI3K/AKT/mTOR. 
Besides, studies suggest that the expression of 
miR-125a in hepatocellular carcinoma can also 
be enhanced by the regulation of transcription 
factor NF-KB. The results of our work revealed 
that miR-99b, let-7e, miR-125a are highly ex-
pressed in hepatocarcinoma tissues to promote 
the invasion of liver cancer cells.

Figure 4. The miR-99b/let-7e/miR-125a cluster can restore the inhibitory effect on the invasive ability of SMMC-7721 
cells after knocking down ZEB1. Transwell assay was carried out to detect the invasive ability of SMMC-7721 cells after 
overexpression of miR-99b, let-7e and miR-125a or overexpression of miR-99b/let-7e/miR-125a cluster. It was then found that 
the inhibition of cell invasion induced by knockdown of ZEB was considerably attenuated.
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Recently, a large number of investigations28,29 
have shown that ZEB1, as a target gene for a large 
number of miRNAs, plays an essential regulatory 
role in the proliferation, invasion and migra-
tion of liver cancer cells. ZEB1 also regulates 
miRNA expression. In esophageal cancer, ZEB1 
regulates the level of hsa-microRNA-99b/let-7e/
microRNA-125a to affect the invasion of esoph-
ageal cancer cells17. The results of this study are 
consistent with the above conclusion. ZAB1 regu-
lates the E-box element in the promoter region of 
the hsa-microRNA-99b/let-7e/microRNA-125a in 
hepatoma cells, and thus regulates the expression 
of this gene cluster at the transcriptional level. 
Also, this miRNA cluster can restore the inhibi-
tory effect of ZEB1 on the invasion ability of liver 
cancer cells. In summary, the above experimental 
results revealed the vital role of hsa-microR-
NA-99b/let-7e/microRNA-125a gene cluster and 
ZEB1 in the invasion of hepatocellular carcinoma 
cells, and provide a new perspective for the diag-
nosis and treatment of diseases.

Conclusions

The content of hsa-microRNA-99b/let-7e/mi-
croRNA-125a was significantly increased in he-
patocarcinoma tissues, and ZEB1 could directly 
regulate this cluster at the transcriptional level. 
Besides, overexpressing this cluster can advance 
the invasion of liver cancer cells and thus pro-
mote the progression of liver cancer.
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