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MicroRNA-122-5p inhibits cell proliferation, 
migration and invasion by targeting CCNG1 
in pancreatic ductal adenocarcinoma
Chen Dai2†, Yan Zhang3†, Zhihua Xu2* and Mengxian Jin1*

Abstract 

Background: Pancreatic ductal adenocarcinoma (PDAC) is a lethal human malignancy, and previous researches 
support the contribution of microRNA (miRNA) to cancer progression. MiR-122-5p is reported to participate in the 
regulation of various cancers, while the function of miR-122-5p in PDAC remains unclear. In this study, we investigated 
the precise mechanism of miR-122-5p involved in PDAC pathogenesis.

Methods: The expression levels of miR-122-5p were detected in human PDAC tissues and cell lines by miRNA RT-
PCR. The effects of miR-122-5p on cell proliferation were explored by MTT assays, colony formation assays and flow 
cytometry assays. The ability of migration and invasion was determined by transwell assays. Dual Luciferase reporter 
assay was performed to validate the direct interaction between miR-122-5p and its target gene. The related molecules 
of cell cycle, apoptosis and epithelial–mesenchymal transition (EMT) were examined with qRT-PCR and western blot. 
In addition, xenograft mouse models were applied to explore the effects of miR-122-5p in vivo.

Results: MiR-122-5p was underexpressed, while CCNG1 was highly expressed in PDAC tissues and cells. MiR-122-5p 
was negatively correlated with TNM stage, tumor size and lymph node metastasis in PDAC patients. Overexpression of 
miR-122-5p suppressed the proliferation, migration and invasion in vitro and inhibited tumorigenesis in vivo. Further-
more, CCNG1 was a direct target of miR-122-5p. Upregulated CCNG1 could partially reverse the effects caused by 
miR-122-5p. Moreover, miR-122-5p inhibited EMT through downregulation of CCNG1.

Conclusion: Overexpression of miR-122-5p could inhibit cell proliferation, migration, invasion, and EMT by down-
regulating CCNG1 in PDAC, suggesting a potential therapeutic target for PDAC.
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Background
Pancreatic ductal adenocarcinoma (PDAC) is a lethal 
human malignancy and predicted to be the second 
leading cause of cancer-related death by 2030 [1]. With 
a 5-year survival rate of 9%, it is usually detected at 

advanced stages and has limited therapeutic options [2]. 
PDAC exhibits the characteristics of extensive desmopla-
sia, rapid metastasis, and advanced resistance to chem-
otherapy and radiation, rendering this disease a major 
priority for public health care [3]. One of the main rea-
sons for such poor prognosis is the limited understanding 
of molecular mechanisms of PDAC progression. There-
fore, a better understanding of key mechanisms driving 
initiation and development of PDAC is urgently needed.

Recently, microRNAs (miRNAs), an evolutionarily 
conserved kind of small non-coding RNAs (sncRNAs) 
with a length of 18–24 nucleotides, have emerged as 
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pivotal regulators of gene expression by directly binding 
to the 3′-untranslated region (UTR) of the targeted genes 
[4]. MicroRNAs have been reported to be involved in a 
variety of cellular processes, including differentiation, 
proliferation, apoptosis, invasion and migration [5, 6]. 
Dysregulated miRNAs have been correlated with tumori-
genesis, cancer progression and response to therapy with 
a role that activates or silences some oncogenes or tumor 
suppressors in human [7, 8]. As reported, an alteration 
in miRNA expression has contributed a lot in a variety 
of cancers [9]. Mechanisms underlying the interactions 
between miRNAs and corresponding targeted mRNAs in 
cancer are under urgent priority to be elucidated.

In a large family of miRNAs, miR-122-5p was first 
shown to play a role in breast cancer by targeting 
ADAM10 [10]. Later, other studies indicated that miR-
122-5p could act as a tumor suppressor in hepatocellular 
carcinoma [11], renal cell carcinoma [12], gastric cancer 
[13], bile duct carcinoma [14] and so on. In 2017, Calat-
ayud et al. found that miR-122-5p was downregulated in 
pancreatic cancer tissues compared to that in paired nor-
mal tissues [15]. A same conclusion appeared in Zhou’s 
research [16]. However, the specific molecular mecha-
nism of miR-122-5p in the field of PDAC is still unclear. 
In the present study, we tended to elucidate the role of 
miR-122-5p in PDAC. We found that miR-122-5p was 
downregulated in both pancreatic cancer tissues and 
cells, and overexpression of miR-122-5p could inhibit cell 
proliferation, migration and invasion of PDAC.

Through bioinformatic prediction and experimen-
tal confirmation, cyclin G1 (CCNG1) was identified as 
the putative target of miR-122-5p. CCNG1 was firstly 
found in 1996, located on chromosome 5q-32-q34 with 
six exons at length [17]. It is a subtype of Cyclin G of the 
cyclin family which positively or negatively regulates cell 
proliferation through cell cycle in different kinds of can-
cers [18, 19]. Former researches focused on CCNG1 have 
suggested lots of valuable conclusions. Han et al. discov-
ered that CCNG1 was upregulated in lung cancer tissues 
and cells and presented a new target for treatment of lung 
cancer [20]. A study of Zhao et al. indicated that CCNG1 
could promote tumorigenesis and epithelial-mesenchy-
mal transition (EMT), which influenced cell proliferation, 
migration and invasion of esophageal carcinoma [21]. 
However, the studies of CCNG1 in PDAC have not been 
clarified. In our research, we demonstrated that CCNG1, 
which could be directly regulated by miR-122-5p, was 
overexpressed in pancreatic cancer tissues and cell lines, 
and could antagonize the effects caused by miR-122-5p in 
inhibiting cell growth, migration and invasion.

In conclusion, we explored the functions of miR-
122-5p and its correlation with CCNG1 in PDAC. Our 
results suggested that the downregulation of miR-122-5p 

had vital effects in affecting cell proliferation, migration, 
invasion and EMT of PDAC, presenting miR-122-5p the 
role as a novel therapeutic target for treatment of PDAC.

Materials and methods
Cell lines and cell culture
Two human pancreatic adenocarcinoma cell lines 
(PANC-1 and PL-45) used in this study were purchased 
from the Chinese Academy of Sciences Cell Bank (Shang-
hai, China). The cells were cultured in RPMI-1640 
(Gibco, Thermo Fisher Scientific Inc., Waltham, MA) 
medium containing 10% fetal bovine serum (Gibco, 
Thermo Fisher Scientific Inc., Waltham, MA), 100 units/
mL penicillin and 100  μg/mL streptomycin and incu-
bated at 37 °C in a humidified chamber with 5%  CO2.

Patients and tissue samples
Human primary pancreatic cancer tissues and paired 
normal adjacent tissues were obtained from 60 patients 
who underwent surgical resection in the Department of 
Surgery, First Affiliated Hospital of Soochow University, 
China, from October 2015 to October 2017. All patients 
were diagnosed with PDAC based on histopathological 
evaluation. None of the patients had received chemother-
apy, radiotherapy or any other anticancer therapy prior 
to surgery. Written informed consent was signed before 
specimen collection. This study was approved by the Eth-
ics Committee of the First Affiliated Hospital of Soochow 
University. Tissue fragments including PDAC samples 
and adjacent normal tissues were frozen in liquid nitro-
gen right after the resection and stored at − 80  °C until 
RNA extraction.

The 60 samples were detected for their miR-122-5p 
expression using miRNA RT-PCR, indicating 27 rela-
tively high expressed and 33 low. In total, there were 
35 male and 25 female patients. These cohorts con-
sisted of 26 patients who were under 60  years old and 
34 who were over 60  years old with an average age of 
62.17 ± 16.35  years. According to the TNM staging cri-
teria issued by the American Joint Committee on Can-
cer (AJCC), TNM stage was determined. There were 15 
patients in stage I–II and 45 in stage III–IV. 24 patients 
did not have lymph node metastasis, and 36 patients did. 
14 patients were well-differentiated, 22 presented with 
moderate-differentiated carcinoma, and 24 were poorly 
differentiated. There were 44 patients with tumor size < 5 
and 16 patients with tumor size ≥ 5. Among these sam-
ples, CCNG1 was detected using qRT-PCR. The results 
revealed that 33 patients were CCNG1 high level and 27 
were CCNG1 low. The clinical information of patients 
was summarized in Table 1.
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MTT assay
Cell proliferation was evaluated using 3-(4, 5-dymethyl-
2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide 
(MTT) assay. Cells were seeded in 96-well plates at a con-
centration of 3000 cells/well and cultured for 24, 48, or 
72  h after transfection. After that, cells were incubated 
for another 4 h with a volume of 20 μL of MTT (5 mg/
mL) solution per well. The medium was then replaced 
with 100 μL dimethyl-sulfoxide (DMSO) and vortexed 
for 10  min. The optimal density (OD) was read at a 
wavelength of 490 nm on a Versamax microplate reader 
(Molecular Devices, Sunnyvale, CA, USA). Blank wells 
without cells were designated as controls.

Western blot analysis
Cell lines (PANC-1 and PL-45) after transfection were 
harvested and lysed using radio immunoprecipitation 
assay lysate (RIPA, PS0013, Beijing Leagene Biotech-
nology Co., Ltd., Beijing, China) supplemented with 
protease inhibitor cocktail and phosphatase inhibitor 
cocktail (Roche). The extracted proteins were added to 

sample loading buffer, boiled for ∈10 min at 95 °C, sepa-
rated by 10% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE), and transferred to nitro-
cellulose membranes (Millipore, MA, USA) by semi-dry 
blotting. The membranes were blocked with 5% bovine 
serum albumin for 1  h at room temperature and incu-
bated in primary antibody overnight at 4  °C. The pri-
mary antibodies used in this study were raised against 
CCNG1 (1:1000, WH0000900M1, Sigma-Aldrich), Cyc-
lin E (1:1000, #20808, Cell Signaling Technology), Cyclin 
D1 (1:1000, #2922, Cell Signaling Technology), Cyclin 
A2 (1:1000, #91500, Cell Signaling Technology), Cyclin 
B1 (1:1000, #12231, Cell Signaling Technology), CDK2 
(1:1500, ab32147, Abcam), CDK4 (1:1000, #12790, Cell 
Signaling Technology), CDK6 (1:1000, #13331, Cell Sign-
aling Technology), P21 (1:1000, #2947, Cell Signaling 
Technology), P27 (1:1000, #3686, Cell Signaling Tech-
nology), Bax (1:1000, #5023, Cell Signaling Technol-
ogy), Bcl-2 (1:1000, #3498, Cell Signaling Technology), 
E-cadherin (1:1000, #3195, Cell Signaling Technology), 
Vimentin (1:1000, #5741, Cell Signaling Technology), 
N-cadherin (1:1000, #13116, Cell Signaling Technology), 
MMP9 (1:1000, #15561, Cell Signaling Technology) and 
GAPDH (1:1000, #5174, Cell Signaling Technology). 
Then, the membranes were incubated at room tempera-
ture for 1  h with goat immunoglobulin G (IgG, 1:5000, 
ab6721, Abcam) containing conjugated horseradish per-
oxidase. Immunoreactive signals were developed with 
ECL kit (Thermo Scientific, Waltham, MA). The band 
density was normalized to GAPDH, and quantified by 
ImageJ software.

RNA extraction and quantitative reverse transcription 
real‑time polymerase chain reaction (RT‑PCR)
Total RNA or miRNA was isolated and extracted by TRI-
zol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) or 
miRcute Extraction and Separation of miRNAs kit (Tian-
gen Biotech Co., Ltd., Beijing, China), and then reversely 
transcribed into cDNA using PrimeScript™ II 1st strand 
cDNA synthesis kit (Takara Biotechnology Co., Ltd., 
Dalian, China). SYBR Premix kit or SYBR PrimeScript 
miRNA RT-PCR kit (both from Takara Biotechnol-
ogy Co., Ltd.) was used for qRT-PCR. The thermocy-
cling conditions were one cycle of initial denaturation at 
95 °C for 3 min, 40 cycles of 95 °C for 15 s and 60 °C for 
30  s. Glyceraldehyde-3-phosphate or dehydrogenase 
(GAPDH) and U6 small nuclear RNA (U6) were used for 
normalization. The relative expression levels of miRNA 
and mRNA between the experimental group and the con-
trol group were calculated using 2-ΔΔCq method. The 
experiments were repeated at least 3 times. The primers 
were as follows: miR-122-5p forward, 5′-TAT TCG CAC 
TGG ATA CGA CAC AAA C-3′ and reverse, 5′-GCC CGT 

Table 1 Correlation between  miR-122-5p expression 
and clinicopathological features in 60 PDAC patients

PDAC pancreatic ductal adenocarcinoma, TNM tumor-node-metastasis

Variables No. 
of cases 
(n = 60)

MiR‑122‑5p expression P‑value

Low (n = 33) High (n = 27)

Gender 0.895

 Male 35 19 16

 Female 25 14 11

Age 0.875

 < 60 26 14 12

 ≥ 60 34 19 15

TNM stage 0.011

 I–II 15 4 11

 III–IV 45 29 16

Tumor size 0.014

 < 5 44 20 24

 ≥ 5 16 13 3

Lymph node 
metastasis

0.006

 Yes 36 25 11

 No 24 8 16

Differentiation 0.082

 High 14 9 5

 Moderate 22 15 7

 Low 24 9 15

CCNG1 0.011

 Positive 33 23 10

 Negative 27 10 17
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GGA GTG TGA CAA TGGT-3′; U6 forward, 5′-GCT TCG 
GCA GCA CAT ATA CTA AAA T-3′ and reverse, 5′-CGC 
TTC ACG AAT TTG CGT GTCAT-3′; CCNG1 forward, 
5′-GTT ACC GCT GAG GAG CTG CAGTC-3′ and reverse, 
5′-GCA GCC ATC CTG GAT GGA TTCAG-3′; GAPDH 
forward, 5′-GGT GAA GGT CGG AGT CAA CG-3′ and 
reverse, 5′-CAA AGT TGT CAT GGATGHACC -3′.

Colony formation assay
1 × 103 cells were seeded into 6-well plates. During col-
ony growth, culture medium was replaced every 3 days. 
The cells were stained with Crystal Violet Staining Solu-
tion (Beyotime, Shanghai, China) 10  days later, and the 
colony number in each well was counted.

Flow cytometry analysis
Propidium iodide (PI) staining flow cytometry was per-
formed for cell cycle distribution with a Cell Cycle Detec-
tion Kit (Vazyme Biotech, Nanjing, China). Briefly, cells 
were seeded in a six-well plate and cultured for 48  h. 
Then, the cells were collected and fixed with 70% pre-
chilled ethanol overnight at 4  °C. After washing with 
phosphate-buffered saline (PBS) twice, the cells were 
stained with 50 μg/mL PI containing PBS–Triton X-100 
for 30 min at room temperature. Finally, the stained cells 
were analyzed by a FACSCalibur flow cytometer (BD 
Biosciences, New York, NY, USA).

For apoptosis assay, the cells were seeded into 6-well 
plates and treated for 48 h. The cell apoptosis was exam-
ined using an AnnexinV FITC Apoptosis Detection Kit 
(Vazyme Biotech, Nanjing, China) according to the man-
ufacturer’s instructions. Apoptotic cells were measured 
by a FACSCalibur flow cytometer (BD Biosciences, New 
York, NY, USA).

Transwell assay
Migration and invasion assay was conducted using 
Transwell chambers (Corning Incorporated, Corning, 
NY, USA). For migration assay, 4 × 104 cells seeded into 
a transwell insert containing 5% DMEM serum. After 
incubation of 24–48  h, cells on the bottom side of the 
membrane were treated with 95% alcohol and stained 
with crystal violet for 20 min at room temperature. Next, 
the number of cell on the lower side was counted using 
a microscope. For invasion assay, matrix gel was added 
to the upper surface before the cells were seeded. The 
remaining steps were the same as above.

Transient transfection
MiR-122-5p mimics and corresponding negative control 
(miR-NC), siRNA against CCNG1 (si-CCNG1) and its 
scrambled control (si-con) were purchased from GeneP-
harma (Shanghai, China). The sequence of miR-122-5p 

mimics was 5′-AAC GCC AUU AUC ACA CUA AAUA-3′. 
The sequence of mimics control was 5′-GUG CAC GAA 
GGC UCA UCA UU-3′. The siRNA sequences for CCNG1 
were 5′-GGU GUG UUG GAA AGU CAA AGC-3′ (sense) 
and 5′-UUU GAC UUU CCA ACA CAC CUU-3′ (anti-
sense). PDAC cells were seeded into 24-well plates at a 
density of 2 × 105 cells per well 1 day before transfection. 
To manipulate the expressions of miR-122-5p or CCNG1, 
lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, 
USA) was used for transfection with 40  nmol/L miR-
122-5p mimics and miR-NC or 50  nmol/L si-CCNG1 
and si-con according to the manufacturer’s instructions. 
After a 24–48  h of culture, the cells were further incu-
bated for subsequent experiments.

Construction of stable cell lines
Following the experimental design, lentiviral vector was 
used to construct the LV2-hsa-miR-122-5p-mimic vector 
(L-miR-122-5p-mimic) (GenePharma, Shanghai, China). 
The structure was used to overexpress miR-122-5p in PC 
cells after being verified by DNA sequencing. The LV2 
empty lentiviral construct (L-miR-NC) served as a nega-
tive control. When PANC-1 and PL-45 grew to 50–60% 
confluence, they were infected by L-miR-122-5p-mimic 
and L-miR-NC at an appropriate multiplicity of infec-
tion (MOI). Stable cell lines were screened by using 5 μg/
mL puromycin (Sigma, Aldrich) for a week. The cod-
ing sequence of CCNG1 was amplified and cloned into 
a pcDNA3.1 vector to generate CCNG1 overexpression 
vector, and the empty pcDNA3.1 vector was used as a 
control.

Immunohistochemistry
Tumor tissue sections were incubated in a dry oven at 
60 °C for 1 h, then dealkylated in xylene and rehydrated 
with graded ethanol. Then the slides were pretreated 
in 0.01  M citrate buffer (pH 6.0) for 10  min in micro-
wave oven, and antigen retrieval was carried out at high 
power (1200  W). 3% hydrogen peroxide (H2O2) was 
subsequently used to block the activity of endogenous 
peroxidase at room temperature for 30  min. After seal-
ing with 5% BSA (bovine serum albumin, Boster Bioen-
gineering, Wuhan, China), the sections were incubated 
with diluted CCNG1 antibody (1:1000, WH0000900M1, 
Sigma-Aldrich), Ki-67 antibody (1:400, #9027, Cell Sign-
aling Technology) or Cleaved Caspase-3 antibody (1:250, 
#9579, Cell Signaling Technology) for 2 h at room tem-
perature. After rinsing, the sections were incubated with 
the secondary peroxidase conjugated antibody for 45 min 
at room temperature. Finally, 3, 3-diaminobenzine (DAB, 
Vector Laboratories, Burlingame, CA, USA) was used for 
visualization and hematoxylin was used for microscopic 
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examination. The sections were dehydrated, cleared and 
placed under the light microscope.

Luciferase reporter assay
The full-length of 3′UTR CCNG1 containing the putative 
wild-type (wt) miR-122-5p binding sites were amplified 
by PCR and cloned into pmirGlo luciferase reporter vec-
tor (named pmirGlo-CCNG1-WT; WT). QuikChange 
Multi Site-Directed Mutagenesis kit (Agilent Tech-
nologies, Inc., Santa Clara, CA, USA) was used for the 
site-directed mutagenesis (mut) of CCNG1 3′-UTR 
(pmirGlo-CCNG1-MUT; MUT) with WT as control. 
The constructed luciferase reporter plasmids CCNG1-
wt or CCNG1-mut were co-transfected with miR-122-5p 
mimics or negative control into HEK293T cells using 
Lipofectamine 2000 reagent. After transfection for 48 h, 
the luciferase activity was determined using a Dual-
Luciferase Reporter Assay system (Promega Corpora-
tion, Madison, WI, USA) according to the manufacturer’s 
protocol.

Tumor xenograft study in vivo
Six-week-old male BALB/c nude mice (weight: 250–
350  g) were purchased from the Shanghai Institute for 
Biological Sciences (Shanghai, China). All animal experi-
ments were carried out in compliance with the guidelines 
of the Research Ethics Committee of the First Affiliated 
Hospital of Soochow University. To construct a xenograft 
tumor model, the mice were randomly divided into miR-
122-5p mimic and control groups (n = 5 each). For miR-
122-5p mimic group, 1 × 107/0.2 mL PANC-1 cells stably 
expressing miR-122-5p were subcutaneously injected 

into the mice. For control group, 1 × 107/0.2 mL PANC-1 
cells transfected with L-miR-NC were subcutaneously 
injected into the mice. After a week of tumor formation, 
the tumor volume of each mouse was measured at day 
6, 9, 12, 15, 18, 21 and 24 after inoculation using Vernier 
caliper. The volume of tumor was calculated with the for-
mula of V = 0.5*length*width^2. At day 25, the tumors 
were excised and miR-122-5p expression was analyzed by 
miRNA RT-PCR. The expression of CCNG1 was meas-
ured by qRT-PCR and western blot analysis.

Statistical analysis
All statistical analyses were performed with SPSS 17.0 
software. Every experiment in  vitro was performed in 
triplicate and repeated three times. All data were pre-
sented as mean ± standard deviation (SD). Differences 
between groups were evaluated using unpaired Student’s 
t-test and one-way ANOVA. P < 0.05 was considered sta-
tistically significant.

Results
MiR‑122‑5p expression was downregualted in both PDAC 
tissues and cell lines
To confirm whether miR-122-5p was abnormally regu-
lated in PDAC tissues, 60 pairs of PDAC tissues and 
matched normal tissues were collected to detect the 
relative expression of miR-122-5p by miRNA RT-PCR. 
As shown in Fig.  1a, compared with the paired adja-
cent normal tissues, the expression of miR-122-5p was 
downregulated in human PDAC tissues. The miR-122-5p 
expression was further examined in human normal pan-
creatic duct epithelial cells (HPDE6-C7) and PDAC cell 

Fig. 1 The expression of miR-122-5p in PDAC tissues and cells. a The expression levels of miR-122-5p in 60 cases of human PDAC tissues and paired 
adjacent normal tissues were examined by miRNA RT-PCR. b The expression levels of miR-122-5p in PDAC cells and HPDE6-C7 cells were detected 
using miRNA RT-PCR (*P < 0.05)



Page 6 of 18Dai et al. Cancer Cell Int           (2020) 20:98 

lines (SW1990, PANC-1, BxPC-3, PL-45) by miRNA 
RT-PCR. As shown in Fig.  1b, the expression level of 
miR-122-5p was lower in PDAC cell lines than that in 
normal cell line. Furthermore, we investigated the cor-
relation between the miR-122-5p expression and clin-
icopathologic features of PDAC. 60 PDAC patients were 
divided into a miR-122-5p overexpression group and a 
miR-122-5p low expression group according to expres-
sion levels of miR-122-5p whether higher than the 
mean expression or not. As shown in Table  1, 27 cases 
belonged to the high miR-122-5p group, while 33 cases 
belonged to the low miR-122-5p group. Downregulated 
miR-122-5p expression was associated with advanced 
tumor-node-metastasis (TNM) stage, larger tumor size 
and positive lymph node metastasis. These data indicated 
that miR-122-5p was downregulated in PDAC tissues and 
cell lines.

MiR‑122‑5p inhibits proliferation, migration and invasion 
of PDAC cell lines
To assess the role of miR-122-5p in PDAC develop-
ment, we selected PANC-1 and PL-45 cell lines to verify 
the biological function of miR-122-5p according to the 
results of miRNA RT-PCR. MiR-122-5p mimics and 
mimics control were constructed to transfect PANC-1 
and PL-45 cells, respectively. MiRNA RT-PCR was 
applied to detect the efficiency of the transfection. As 
shown in Fig. 2a, miR-122-5p was remarkably increased 
in PANC-1-mimics and PL-45-mimics compared to the 
levels detected in the control groups. MTT assay was 
performed to verify the effect of miR-122-5p on the pro-
liferation of PDAC cells. The results suggested that prolif-
eration rate of PANC-1 cells transfected with miR-122-5p 
mimics was significantly decreased compared to that 
transfected with mimics control (mimics-con) (Fig.  2b). 
Similar result was observed in PL-45 cells (Fig. 2b). Con-
sistent with the results of MTT assay, colony forma-
tion assay revealed that upregulated miR-122-5p could 
decrease the proliferation in both PANC-1 and PL-45 cell 
lines (Fig. 2c). To further evaluate whether the inhibitory 
effect of miR-122-5p on PDAC cells was due to cell cycle 
arrest and/or apoptotic death, flow cytometry was con-
ducted to reflect the cell cycle distribution and apoptotic 
rate of PANC-1 and PL-45 cells. The results revealed that 
both PANC-1 and PL-45 cells that transfected with miR-
122-5p mimics extended cell cycle in the G0/G1 phase 
(Fig. 2d). In PANC-1 cells, increase in the percentage of 
cells in G0/G1 phase was from 58.9 ± 4.5% to 68.6 ± 3.1%, 
with concomitant decrease in the percentage of cells in 
S phase from 25.7 ± 1.2% to 19.2 ± 1.9% and G2/M phase 
from 15.4 ± 1.8% to 12.2 ± 2.4%. In PL-45 cells, increase 
in the percentage of cells in G0/G1 phase was from 
61.5 ± 5.1% to 69.7 ± 2.8%, with concomitant decrease 

in the percentage of cells in S phase from 22.8 ± 1.1% 
to 17.7 ± 2.3% and G2/M phase from 15.7 ± 2.1% to 
12.6 ± 3.2%. In addition, compared with mimics-con 
groups, the miR-122-5p mimics groups significantly 
prompted apoptosis in PANC-1 and PL-45 cells (Fig. 2e). 
In summary, these data mentioned above demonstrated 
that upregulation of miR-122-5p could inhibit prolifera-
tion of PDAC cells through inducing cell cycle arrest at 
G0/G1 phase and prompting apoptosis.

The effects of miR-122-5p on migration and invasion 
of PDAC cell lines were investigated by transwell assay. 
Compared with the control cells, the number of migrated 
cells was significantly decreased by highly expressed miR-
122-5p in PANC-1 and PL-45 cells (Fig. 2f ). In the inva-
sion assay, increased miR-122-5p expression inhibited 
the number of invaded cells of PDAC cell lines (Fig. 2g). 
These data indicated that miR-122-5p suppressed cell 
migration and invasion in PDAC cells. In addition, the 
expression levels of molecules correlated with cell cycle 
and apoptosis (Cyclin E, Cyclin D1, Cyclin A, Cyclin B1, 
CDK2, CDK4, CDK6, p21, p27, Bcl-2 and Bax), as well 
as EMT (E-cadherin, Vimentin, N-cadherin and MMP9), 
were detected by qRT-PCR and western blot analysis. 
As shown in Fig. 3a, b, the expression of Cyclin E, CDK2 
and Bcl-2 was significantly reduced, while the expression 
of Cyclin D1, p21, p27 and Bax was elevated at mRNA 
and protein levels in mimics groups compared with that 
in control groups. There were no significant changes in 
the expression levels of Cyclin A, Cyclin B1, CDK4 and 
CDK6. Furthermore, compared to the control groups, 
increased expression of E-cadherin and decreased 
expression of Vimentin, N-cadherin and MMP9 were 
observed in mimics groups (Fig. 3c, d).

CCNG1 is a target gene of miR‑122‑5p and up‑regulated 
in human PDAC tissues and cell lines
To predict the target genes of miR-122-5p, Targetscan 
(http://www.targe tscan .org/vert_71/), PicTar (https ://
picta r.mdc-berli n.de/) and miRDB (http://www.mirdb 
.org) were applied. According to the prediction results 
from the miRNA bioinformatics websites, we found 
that CCNG1, an oncogene in many human cancers, 
might be a target gene of miR-122-5p (Fig. 4a). To assess 
the correlation of miR-122-5p and CCNG1 in PDAC, 
60 pairs of PDAC tissues and matched adjacent nor-
mal tissues were collected to detect the expression level 
of CCNG1 by qRT-PCR. The results showed that the 
expression level of CCNG1 in PDAC tissues was higher 
than that in normal tissues (Fig. 4b). To further explore 
the expression of CCNG1 in PDAC, we investigated the 
reactivity for CCNG1 by immunohistochemical stain-
ing. Representative example of reactivity for CCNG1 
was shown (Fig.  4c). Interestingly, elevated expression 

http://www.targetscan.org/vert_71/
https://pictar.mdc-berlin.de/
https://pictar.mdc-berlin.de/
http://www.mirdb.org
http://www.mirdb.org
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Fig. 2 MiR-122-5p inhibited the proliferation, migration and invasion of PDAC cells. a The efficacy of transfection was detected in PDAC cells 
transfected with miR-122-5p mimics. b MTT assay was applied to determine the proliferation of PDAC cells transfected with miR-122-5p mimics. 
c Effects of miR-122-5p overexpression on the colony formation of PDAC cells. d–g Effects of miR-122-5p difference on cell cycle distribution, 
apoptosis, migration and invasion of PDAC cells (*P < 0.05)
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Fig. 3 MiR-122-5p regulated the expression of proteins associated with cell cycle and apoptosis as well as migration and invasion. a, b The 
expression levels associated with cell cycle and apoptosis were determined in PDAC cells using qRT-PCR and western blot after transfection with 
miR-122-5p mimics. c, d The expression levels associated with migration and invasion were examined in PDAC cells transfected with miR-122-5p 
mimics by qRT-PCR and western blot (*P < 0.05)
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Fig. 4 CCNG1 was upregulated in PDAC tissues and cells and was verified to be a direct target of miR-122-5p. a The predicted target site of 
miR-122-5p on 3′-UTR of CCNG1 mRNA. b 60 pairs of human PDAC tissues and paired normal tissues were collected to detect the relative 
expression of CCNG1 by qRT-PCR. c Immunohistochemistry analysis of CCNG1 expression in human PDAC tissue and paired normal tissue. d The 
correlation between the expression levels of miR-122-5p and CCNG1. e The relative expression of CCNG1 was determined in PDAC cells compared 
to HPDE6-C7 cells. f, g Effects of highly expressed miR-122-5p on the expression of CCNG1 in PDAC cells were verified by western blot and qRT-PCR. 
h Effects of miR-122-5p overexpression on the luciferase activity in HEK293T cells (*P < 0.05)
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of CCNG1 was observed in PDAC tissue compared with 
that in adjacent normal tissue. Notably, there was a nega-
tive correlation between the expression levels of miR-
122-5p and CCNG1 (Fig. 4d). Next, CCNG1 expression 
level was detected in PDAC cells and HPDE6-C7 using 
qRT-PCR. The data demonstrated that the expression 
of CCNG1 was upregulated in PDAC cells compared 
to HPDE6-C7 cells (Fig.  4e). To verify the mechanism 
by which miR-122-5p regulated CCNG1, western blot 
and qRT-PCR were applied to evaluate CCNG1 expres-
sion levels after transfection with miR-122-5p mim-
ics. The CCNG1 protein expression was significantly 
decreased in both PANC-1 and PL-45 cells after trans-
fected with miR-122-5p mimics compared to the con-
trol group (Fig.  4f ). Consistent with the results from 
western blot, the CCNG1 mRNA expression levels in 
PDAC cells transfected with miR-122-5p mimics were 
evidently lower than that in control group (Fig.  4g). To 
determine whether miR-122-5p directly targets CCNG1, 
a dual-luciferase reporter system containing the wild-
type (WT) and mutant-type (MUT) 3′-UTR of CCNG1 
was employed. HEK293T cells were co-transfected with 
reporter plasmids and pre-miR-122-5p or the pmirGLo 
empty vector (control). Cells that transfected with pre-
miR-122-5p/WT-CCNG1-UTR exhibited a remarkable 
decrease in luciferase activity. Instead, overexpression of 
miR-122-5p did not affect luciferase activity in the cells 
transfected with pre-miR-122-5p/MUT-CCNG1-UTR 
(Fig. 4h). The results suggested that miR-122-5p directly 
targets the 3′-UTR of CCNG1.

Downregulation of CCNG1 inhibits proliferation, migration 
and invasion in PDAC cells
To further explore the potential mechanism by which 
miR-122-5p regulated the cell behavior of human PDAC 
cells, we assessed the function of CCNG1 in PANC-1 
and PL-45 cells by downregulation of the gene. As shown 
in Fig.  5a, we observed a significantly downregulated 
expression of CCNG1 at both mRNA and protein levels 
in PDAC cells that transfected with si-CCNG1. When 
compared with si-con group, si-CCNG1 group exhibited 
significantly less viable cells, less numbers of clone for-
mation, a higher percentage of G0/G1 cells and a lower 
percentage of S and G2/M cells, as well as a higher pro-
portion of apoptosis and less numbers of migrated and 
invaded cell (Fig. 5b–g). In PANC-1 cells, increase in the 
percentage of cells in G0/G1 phase was from 60.7 ± 6.1% 
to 69.1 ± 3.5%, with concomitant decrease in the percent-
age of cells in S phase from 24.5 ± 1.3% to 17.7 ± 2.1% 
and G2/M phase from 14.8 ± 1.9% to 13.2 ± 2.6%. In 
PL-45 cells, increase in the percentage of cells in G0/G1 
phase was from 62.1 ± 4.1% to 70.3 ± 3.5%, with con-
comitant decrease in the percentage of cells in S phase 

from 21.8 ± 1.7% to 15.3 ± 2.5% and G2/M phase from 
16.1 ± 1.6% to 14.4 ± 3.7%. In addition, lower expression 
of Cyclin E and CDK2 and higher expression of Cyclin 
D1, p21, p27 and Bax were observed at mRNA and pro-
tein levels in PDAC cells after transfection with siCCNG1 
compared to the control group (Fig. 6a, b). However, no 
significant changes were observed in the expression of 
Cyclin A, Cyclin B1, CDK4, CDK6 and Bcl-2 (Fig. 6a, b). 
For EMT associated molecules, we found that the expres-
sion of E-cadherin was increased, while the expression 
of Vimentin, N-cadherin and MMP9 was reduced in si-
CCNG1 group compared to control group (Fig. 6c, d).

MiR‑122‑5p inhibits proliferation, migration and invasion 
of PDAC cells via targeting CCNG1
To further determine whether miR-122-5p inhibited pro-
liferation, migration and invasion in PDAC by directly 
regulating CCNG1, the coding sequence of CCNG1 was 
cloned into a pcDNA3.1 vector to generate CCNG1 over-
expression vector. Panc-1 and PL-45 cells were next co-
transfected with miR-NC + CCNG1-NC, miR-122-5p 
mimics + CCNG1-NC, miR-NC + CCNG1, and miR-
122-5p mimics + CCNG1. Western blot and qRT-PCR 
were applied to detect CCNG1 expression at protein 
and mRNA levels in both cell lines (Fig.  7a and Addi-
tional file 1: Fig. S1a). Through MTT assay, colony forma-
tion assay, flow cytometry analysis and transwell assay, 
we found that ectopic CCNG1 expression could reverse 
the suppression of proliferation, migration and inva-
sion induced by miR-122-5p overexpression in PANC-1 
and PL-45 cells (Fig.  7b–g and Additional file  1: Fig. 
S1b–g). For mimics + CCNG1-NC vs mimics + CCNG-
1group, decrease in the percentage of cells in G0/G1 
phase was from 67.6 ± 1.9% to 60.1 ± 3.5%, with con-
comitant increase in the percentage of cells in S phase 
from 18.0 ± 2.5% to 22.7 ± 2.8% and G2/M phase from 
14.4 ± 2.1% to 17.2 ± 3.0% in PANC-1 cells, and decrease 
in the percentage of cells in G0/G1 phase was from 
69.2 ± 2.1% to 62.9 ± 2.5%, with concomitant increase 
in the percentage of cells in S phase from 19.5 ± 1.6% 
to 23.8 ± 2.1% and G2/M phase from 11.3 ± 1.9% to 
13.3 ± 1.8% in PL-45 cells. These observations indicated 
that miR-122-5p played an inhibitory effect on prolifera-
tion, migration and invasion of PDAC cells by directly 
targeting CCNG1.

MiR‑122‑5p inhibits tumorigenicity in vivo
To further confirm the role of miR-122-5p in tumo-
rigenicity of PDAC cells in vivo, PANC-1 and PL-45 cell 
lines stably upregulating miR-122-5p were injected into 
the right flank of nude mice to generate tumor ectopi-
cally. As shown in Fig.  8a, b, mice injected with miR-
122-5p overexpression PANC-1 cells or PL-45 cells 
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Fig. 5 Silencing of CCNG1 expression inhibited the proliferation, migration and invasion of PDAC cells. a Efficacy of PDAC cells transfected with 
si-CCNG1 on CCNG1 expression was confirmed by qRT-PCR and western blot. b The cell viability of PDAC cells transfected with si-CCNG1 was 
detected using MTT assay. c The colony formation of transfected PANC-1 and PL-45 cells was examined. d–g Effects of CCNG1 difference on cell 
cycle distribution, apoptosis, migration and invasion of PDAC cells (*P < 0.05)
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Fig. 6 Knock down of CCNG1 influenced the expression levels of proteins associated with cell cycle and apoptosis as well as migration and 
invasion. a, b The expression levels associated with cell cycle and apoptosis were detected in PDAC cells by qRT-PCR and western blot after 
transfection with si-CCNG1. c, d The expression levels associated with migration and invasion were determined in PDAC cells transfected with 
si-CCNG1 by qRT-PCR and western blot (*P < 0.05)
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Fig. 7 Highly expressed CCNG1 could partially reverse the effects of miR-122-5p on PANC-1 cells. a Western blot and qRT-PCR were conducted 
to confirm the expression of CCNG1 in each group. b MTT assay was performed to verify the effect of ectopic CCNG1 expression on cell viability 
induced by miR-122-5p overexpression in PANC-1 cells. c Colony formation of transfected PANC-1 cells was detected. d–g The effects of CCNG1 
alteration in cell cycle distribution, apoptosis, migration and invasion of PANC-1 cells were confirmed (*P < 0.05)
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Fig. 8 miR-122-5p inhibited tumorigenicity in vivo. a Xenograft tumors were obtained from 2 groups of nude mice transfected with mimics control 
and miR-122-5p mimics respectively. b Tumor growth curve was significantly different between miR-122-5p mimics and mimics control group. c 
The expression of miR-122-5p in the implanted tumors was explored by miRNA RT-PCR. d The expression of CCNG1 mRNA level was determined by 
qRT-PCR. e Immunohistochemical staining of CCNG1, Ki-67 and Cleaved caspase 3 in xenograft tumors (*P < 0.05)
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had smaller tumor volume compared with those in the 
negative control group. Furthermore, miRNA RT-PCR 
demonstrated that miR-122-5p expression dramatically 
increased in miR-122-5p overexpression group com-
pared with that in the negative control group (Fig.  8c). 
Reversely, CCNG1 expression was evidently reduced 
in miR-122-5p overexpression group (Fig.  8d). Moreo-
ver, immunohistochemical analysis of resected tumor 
demonstrated that miR-122-5p mimics group had sig-
nificantly decreased CCNG1 and Ki-67, but increased 
Cleaved caspase 3 (Fig. 8e). These findings suggested that 
miR-122-5p suppressed tumor formation in vivo.

Discussion
In recent years, significant advances in miRNA research 
have provided valuable clues for elucidating the occur-
rence and progression of cancers [22]. Analysis of the 
aberrant expression of miRNAs in cancer tissue sam-
ples or cell lines has provided important information for 
indentifying tumor therapeutic targets [23]. It has been 
reported that miRNA could act as an oncogene or tumor 
suppressor in cancers via directly targeting mRNA6. Pre-
vious researches have demonstrated that miR-122-5p is 
aberrantly expressed and plays significant roles in differ-
ent human malignancies [11–13]. However, the biological 
function of miR-122-5p and its potential molecular mech-
anism in PDAC remain to be elucidated. In the current 
study, miR-122-5p expression was significantly decreased 
in PDAC tissues and cell lines compared to paired normal 
adjacent tissues and HPDE6-C7 cells. Moreover, we found 
that there was a negatively correlation between miR-
122-5p expression and clinicopathological features. The 
results showed that downregulated miR-122-5p expres-
sion was associated with advanced TNM stage, larger 
tumor size and positive lymph node metastasis. Further-
more, on the basis of a series of experiments, overexpres-
sion of miR-122-5p inhibited proliferation, migration and 
invasion in vitro, and tumorigenicity in vivo. These results 
indicated that miR-122-5p may be a potential prognostic 
factor and therapeutic target for PDAC patients.

To elucidate the molecular mechanisms underlying the 
involvement of miR-122-5p in the proliferation, migra-
tion and invasion of PDAC, bioinformatics analysis was 
employed to predict putative targets of miR-122-5p. 
Among the candidate target genes, CCNG1 was selected 
for further study. CCNG1 is a member of G-type cyclins 
located at chromosome 5q-32-q34, which constitutes 
of 259 amino acids [24, 25]. It has been reported that 
CCNG1 plays an important role in the tumorigenesis and 
progression of many human malignancies [18]. Previous 
researches have demonstrated that dysregulated CCNG1 
mainly exerted a facilitator on various cancers, by pro-
moting epithelial-to-mesenchymal transition (EMT) 

in esophageal squamous cell carcinoma [21], facilitat-
ing migration and invasion in ovarian cancer [19] and 
stimulating proliferation and metastasis in prostate can-
cer [26] and lung cancer [20]. In this work, we detected 
the expression levels of CCNG1 between PDAC tissues 
and paired adjacent normal tissues, as well as in PDAC 
cell lines and HPDE6-C7 cells. We found that the expres-
sion levels of CCNG1 in PDAC tissues and cell lines 
were much higher than that in paired normal tissues and 
HPDE6-C7 cells respectively, which revealed a signifi-
cantly inverse correlation between CCNG1 expression 
and miR-122-5p expression in PDAC tissues. Further-
more, the dual-luciferase reporter assay revealed that 
miR-122-5p directly targeted CCNG1 by recognizing the 
3′-UTR of CCNG1 mRNA and overexpression of miR-
122-5p could inhibit CCNG1 expression by degrading 
CCNG1 mRNA. The results also suggested that silenc-
ing of CCNG1 expression suppressed cell proliferation by 
inducing G0/G1 phase arrest and cell apoptosis, as well 
as migration and invasion. Moreover, ectopic expression 
of CCNG1 partially counteracted the effects on the sup-
pression of proliferation, migration and invasion caused 
by miR-122-5p overexpression. These results further ver-
ified that the inhibitory effects of miR-122-5p in PDAC 
were mediated by the downregulation of CCNG1.

It has been reported that there are a serial of genes reg-
ulating proliferation. To confirm the accumulation of cells 
in G0/G1 phase, we examined the expression of Cyclins, 
CDKs (cyclin-dependent kinases) and CDK inhibitors in 
the two cell lines. Cyclin is a kind of cell cycle oscillat-
ing protein, which is repeatedly expressed and degraded 
in the whole cell cycle [27]. Cyclin E, Cyclin D1, Cyclin A 
and Cyclin B1 occur in G1, late G1 or early S, and the S 
or G2 phases, respectively [28]. Cyclins function by bind-
ing CDKs, which play an important role in cell cycle pro-
gression of cancer [29]. CDK inhibitor plays the role of 
‘cell cycle brake’ which combines the complex of Cyclin 
and CDK and inhibits their cell cycle accelerator function 
[30]. In this study, we detected two CDK inhibitors, p21 
and p27, both of which are closely related to DNA dam-
age repair and cell cycle arrest [31]. The anti-apoptotic 
Bcl-2 and pro-apoptotic Bax are pivotal regulators of cell 
apoptosis [32].

In the present study, we examined the expression levels 
of Cyclin E, Cyclin D1, Cyclin A, Cyclin B1, CDK2, CDK4, 
CDK6, p21, p27, Bcl-2 and Bax by qRT-PCR and western 
blot analysis. The results revealed that PDAC cells trans-
fected with miR-122-5p mimics exhibited significantly 
reduced expression of Cyclin E, CDK2 and Bcl-2, but 
increased expression of Cyclin D1, p21, p27 and Bax when 
compared with control groups. However, no significant 
changes were observed in the expression levels of Cyclin 
A, Cyclin B1, CDK4 and CDK6. In addition, PDAC cells 
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transfected with si-CCNG1 showed similar results. How-
ever, no significant alterations in the expression of Bcl-2 
were observed in PDAC cells transfected with si-CCNG1 
compared with control groups, suggesting that the effect 
of Bcl-2 alteration was induced by miR-122-5p rather than 
directly by CCNG1. Moreover, Cyclin D1 has been rec-
ognized as an oncogene, and its overexpression can pro-
mote the proliferation of tumor cells [33]. Interestingly, 
the expression of Cyclin D1 was increased in PDAC cells 
transfected with miR-122-5p mimics or si-CCNG1, which 
was contrary to the inhibitory effect of miR-122-5p on cell 
cycle. MiR-122-5p overexpression or CCNG1 silencing 
had modest effects on cell proliferation of the 2 cell lines 
tested. However, the expression levels of CCNG1 were 
dramatically decreased upon miR-122-5p upregulation or 
CCNG1 silencing, suggesting this was not due to incom-
plete CCNG1 downregulation. The above results suggested 
that this could be due to compensatory mechanisms by 
upregulated Cyclin D1 that rescued the inhibitory effects 
on cell growth. These results provided important clues for 
the molecular mechanism by which miR-122-5p induced 
G0/G1 phase arrest and apoptosis in PDAC.

Epithelial–mesenchymal transition (EMT) is a bio-
logical process that epithelial cells are transformed into 
stromal phenotype cells [34]. During this process, the 
epithelial cells gradually lose their adhesion with the 
basement membrane, and gain migratory and invasive 
features [35]. Furthermore, EMT is characterized by 
reduced expression of cell adhesion proteins, such as 
E-cadherin, as well as increased expression of mesenchy-
mal associated proteins, such as N-cadherin and Vimen-
tin [36]. It has been known that EMT plays an important 
role in cancer stemness, metastasis and invasion [37]. In 
addition, previous studies have reported that miRNAs are 
closely related to EMT in various human malignancies. A 
research from Cai et al. found that highly expressed miR-
539 significantly suppressed EMT via targeting specificity 
protein 1 (SP1) in breast cancer [38]. Xiao et al. demon-
strated that miR-21 could promote invasion and metasta-
sis of gastric cancer by EMT [39]. In the present study, we 
examined the expression of EMT associated molecules 
of PDAC cells after transfection with miR-122-5p mim-
ics or si-CCNG1 according to qRT-PCR and western 
blot analysis. The results showed that overexpression of 
miR-122-5p or silencing of CCNG1 could suppress EMT 
by dramatically increasing the expression of E-cadherin, 
while decreasing the expression of Vimentin, N-cadherin 
and MMP9. These findings were consistent with the 
migration and invasion results in vitro.

In summary, our results revealed that miR-122-5p was 
downregulated in PDAC. MiR-122-5p was negatively 
correlated with TNM stage, tumor size, lymph node 
metastasis and CCNG1. Overexpression of miR-122-5p 

suppressed PDAC proliferation, migration, invasion 
and EMT. Furthermore, miR-122-5p regulated CCNG1 
expression via directly binding to the 3′-UTR of CCNG1. 
Ectopic expression of CCNG1 could counteract the 
inhibitory effect induced by miR-122-5p overexpression. 
In general, our findings suggested the miR-122-5p could 
be a potential therapeutic target for PDAC. According to 
above results we herein proposed a model for potential 
mechanism of action of miR-122-5p in pancreatic cancer 
cells as shown in Fig. 9.

Conclusions
Our study provides strong evidence for a correlation 
between miR-122-5p and PDAC. MiR-122-5p suppressed 
the growth, invasion and migration of PDAC cells by 
directly targeting CCNG1. Therefore, miR-122-5p may 
be a promising therapeutic target for PDAC.

Supplementary information
Supplementary information accompanies this paper at https ://doi.
org/10.1186/s1293 5-020-01185 -z.

Additional file 1: Fig. S1. Highly expressed CCNG1 could partially reverse 
the effects of miR-122-5p on PL-45 cells. a Western blot and qRT-PCR were 
conducted to confirm the expression of CCNG1 in each group. b MTT 
assay was performed to verify the effect of ectopic CCNG1 expression 
on cell viability induced by miR-122-5p overexpression in PL-45 cells. c 
Colony formation of transfected PL-45 cells was detected. d–g The effects 
of CCNG1 alteration in cell cycle distribution, apoptosis, migration and 
invasion of PL-45 cells were confirmed (*P < 0.05).

Fig. 9 Schematic representation of proposed mechanism of 
action of miR-122-5p induced G0/G1 phase arrest and apoptosis 
as well as inhibition of migration and invasion in pancreatic cancer 
cells. Upregulation of miR-122-5p caused G0/G1 phase arrest by 
decreasing the levels of Cyclin E and CDK2 and enhancing the 
expression of p21 and p27 in both cell lines. MiR-122-5p also leaded 
to apoptosis via Bcl-2 and Bax. Overexpression of miR-122-5p could 
suppress EMT by dramatically increasing the expression of E-cadherin, 
while decreasing the expression of Vimentin, N-cadherin and MMP9. 
Furthermore, miR-122-5p exerted anticancer effects by directly 
targeting CCNG1

https://doi.org/10.1186/s12935-020-01185-z
https://doi.org/10.1186/s12935-020-01185-z


Page 17 of 18Dai et al. Cancer Cell Int           (2020) 20:98  

Abbreviations
PDAC: Pancreatic ductal adenocarcinoma; miRNAs: MicroRNAs; CCNG1: Cyclin 
G1; UTR : Untranslated regions; RPMI: Roswell Park Memorial Institute; DMEM: 
Dulbecco’s modified Eagle’s medium; cDNA: Complementary DNA; MTT: 3- (4, 
5-Dymethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide; SDS-PAGE: 
Sodium dodecyl sulfate polyacrylamide gel electrophoresis; PI: Propidium 
iodide; BSA: Bovine serum albumin; EMT: Epithelial–mesenchymal transition; 
RT-PCR: Quantitative reverse transcriptionreal-time polymerase chain reaction; 
MMP: Matrix metalloproteinase; ANOVA: Analysis of variance.

Acknowledgements
Not applicable.

Authors’ contributions
MJ and ZX conceived and designed the experiments; CD and YZ performed 
the experiments; ZX wrote the paper; MJ revised the paper. All authors read 
and approved the final manuscript.

Funding
This work was supported by the foundation of the Natural Science Foundation 
of the Jiangsu Higher Education Institutions of China (18KJB320018).

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Ethics approval and consent to participate
The present study was approved by the Ethics Committee of The First Hospital 
of Soochow University (Suzhou, China), and all enrolled patients provided 
written informed consent. The animal experiments were conducted with the 
approval of the Experimental Animal Ethical Committee of Soochow Univer-
sity, and were conducted in accordance with the Guide for the Care and Use 
of Laboratory Animals by US National Institutes of Health.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Endocrinology, Suzhou Xiangcheng People’s Hospi-
tal, Suzhou 215131, China. 2 Department of General Surgery, The First 
Affiliated Hospital of Soochow University, Suzhou 215006, China. 3 Depart-
ment of Oncology, The First Affiliated Hospital of Soochow University, 
Suzhou 215006, China. 

Received: 9 December 2019   Accepted: 23 March 2020

References
 1. Pancreatic Cancer Treatment (Adult) (PDQ(R)): Health Professional Version. 

PDQ Cancer Information Summaries. Bethesda (MD); 2002.
 2. Weidle UH, Birzele F, Nopora A. Pancreatic ductal adenocarcinoma: 

microRNAs affecting tumor growth and metastasis in preclinical in vivo 
models. Cancer Genomics Proteomics. 2019;16(6):451–64.

 3. Maharaj AD, Samoborec S, Evans SM, et al. Patient-reported outcome 
measures (PROMs) in pancreatic cancer: a systematic review. HPB. 
2019;22:187–203.

 4. Wei L, Wang X, Lv L, et al. The emerging role of microRNAs and long non-
coding RNAs in drug resistance of hepatocellular carcinoma. Mol Cancer. 
2019;18(1):147.

 5. Santoni G, Morelli MB, Santoni M, Nabissi M, Marinelli O, Amantini C. Tar-
geting transient receptor potential channels by MicroRNAs drives tumor 
development and progression. Adv Exp Med Biol. 2020;1131:605–23.

 6. Balatti V, Croce CM. MicroRNA dysregulation and multi-targeted therapy 
for cancer treatment. Adv Biol Regul. 2019;75:100669.

 7. Wan TM, Iyer DN, Ng L. Roles of microRNAs as non-invasive bio-
marker and therapeutic target in colorectal cancer. Histol Histopathol. 
2019;35:225–37.

 8. Roncarati R, Lupini L, Shankaraiah RC, Negrini M. The importance of 
microRNAs in RAS oncogenic activation in human cancer. Front Oncol. 
2019;9:988.

 9. Dai X, Kaushik AC, Zhang J. The emerging role of major regulatory RNAs 
in cancer control. Front Oncol. 2019;9:920.

 10. Ergun S, Ulasli M, Igci YZ, et al. The association of the expression of miR-
122-5p and its target ADAM10 with human breast cancer. Mol Biol Rep. 
2015;42(2):497–505.

 11. Ma J, Li T, Han X, Yuan H. Knockdown of LncRNA ANRIL suppresses 
cell proliferation, metastasis, and invasion via regulating miR-122-5p 
expression in hepatocellular carcinoma. J Cancer Res Clin Oncol. 
2018;144(2):205–14.

 12. Heinemann FG, Tolkach Y, Deng M, et al. Serum miR-122-5p and miR-206 
expression: non-invasive prognostic biomarkers for renal cell carcinoma. 
Clin Epigenet. 2018;10:11.

 13. Pei ZJ, Zhang ZG, Hu AX, Yang F, Gai Y. miR-122-5p inhibits tumor cell 
proliferation and induces apoptosis by targeting MYC in gastric cancer 
cells. Pharmazie. 2017;72(6):344–7.

 14. Xu Z, Liu G, Zhang M, et al. miR-122-5p inhibits the proliferation, invasion 
and growth of bile duct carcinoma cells by targeting ALDOA. Cellul 
Physiol Biochem. 2018;48(6):2596–606.

 15. Calatayud D, Dehlendorff C, Boisen MK, et al. Tissue MicroRNA profiles 
as diagnostic and prognostic biomarkers in patients with resectable 
pancreatic ductal adenocarcinoma and periampullary cancers. Biomark 
Res. 2017;5:8.

 16. Zhou X, Lu Z, Wang T, Huang Z, Zhu W, Miao Y. Plasma miRNAs in diag-
nosis and prognosis of pancreatic cancer: a miRNA expression analysis. 
Gene. 2018;673:181–93.

 17. Xu Y, Zhang Q, Miao C, et al. CCNG1 (Cyclin G1) regulation by mutant-
P53 via induction of Notch3 expression promotes high-grade serous 
ovarian cancer (HGSOC) tumorigenesis and progression. Cancer Med. 
2019;8(1):351–62.

 18. Al-Shihabi A, Chawla SP, Hall FL, Gordon EM. Exploiting oncogenic drivers 
along the CCNG1 pathway for cancer therapy and gene therapy. Mol Ther 
Oncolytics. 2018;11:122–6.

 19. Yan J, Jiang JY, Meng XN, Xiu YL, Zong ZH. MiR-23b targets cyclin G1 and 
suppresses ovarian cancer tumorigenesis and progression. J Exp Clin 
Cancer Res. 2016;35:31.

 20. Han H, Zhang Z, Yang X, Yang W, Xue C, Cao X. miR-23b suppresses 
lung carcinoma cell proliferation through CCNG1. Oncol Lett. 
2018;16(4):4317–24.

 21. Zhao Y, Wang Y, Xing G. miR-516b functions as a tumor suppressor by 
directly modulating CCNG1 expression in esophageal squamous cell 
carcinoma. Biomed Pharmacother. 2018;106:1650–60.

 22. Abolghasemi M, Tehrani SS, Yousefi T, et al. MicroRNAs in breast 
cancer: roles, functions, and mechanism of actions. J Cell Physiol. 
2019;235:5008–29.

 23. Mirza Z, Karim S. Nanoparticles-based drug delivery and gene therapy for 
breast cancer: recent advancements and future challenges. Semin Cancer 
Biol 2019.

 24. Horne MC, Goolsby GL, Donaldson KL, Tran D, Neubauer M, Wahl AF. 
Cyclin G1 and cyclin G2 comprise a new family of cyclins with contrast-
ing tissue-specific and cell cycle-regulated expression. J Biol Chem. 
1996;271(11):6050–61.

 25. Ye XX, Liu CB, Chen JY, Tao BH, Zhi-Yi C. The expression of cyclin G in naso-
pharyngeal carcinoma and its significance. Clin Exp Med. 2012;12(1):21–4.

 26. Pimenta RC, Viana NI, Amaral GQ, et al. MicroRNA-23b and microRNA-27b 
plus flutamide treatment enhances apoptosis rate and decreases CCNG1 
expression in a castration-resistant prostate cancer cell line. Tumour Biol. 
2018;40(11):1010428318803011.

 27. Al Bitar S, Gali-Muhtasib H. The role of the cyclin dependent kinase inhibi-
tor p21(cip1/waf1) in targeting cancer: molecular mechanisms and novel 
therapeutics. Cancers. 2019;11(10):1475.

 28. Ettl J. Management of Adverse Events Due to Cyclin-Dependent Kinase 
4/6 Inhibitors. Breast Care. 2019;14(2):86–92.

 29. Liu Q, Gao J, Zhao C, et al. To control or to be controlled? Dual roles 
of CDK2 in DNA damage and DNA damage response. DNA Repair. 
2019;85:102702.



Page 18 of 18Dai et al. Cancer Cell Int           (2020) 20:98 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

 30. Sanchez-Martinez C, Lallena MJ, Sanfeliciano SG, de Dios A. Cyclin 
dependent kinase (CDK) inhibitors as anticancer drugs: recent advances 
(2015–2019). Bioorg Med Chem Lett. 2019;29(20):126637.

 31. Manu KA, Cao PHA, Chai TF, et al. p21cip1/waf1 coordinate autophagy, 
proliferation and apoptosis in response to metabolic stress. Cancers. 
2019;11(8):1112.

 32. Chen Y, Huang T, Shi W, Fang J, Deng H, Cui G. Potential targets for 
intervention against doxorubicin-induced cardiotoxicity based on 
genetic studies: a systematic review of the literature. J Mol Cell Cardiol. 
2019;138:88–98.

 33. John RR, Malathi N, Ravindran C, Anandan S. Mini review: multifac-
eted role played by cyclin D1 in tumor behavior. Indian J Dent Res. 
2017;28(2):187–92.

 34. Brabletz T, Kalluri R, Nieto MA, Weinberg RA. EMT in cancer. Nat Rev 
Cancer. 2018;18(2):128–34.

 35. Vynckier S, Schmidt R. The physical basis for radiotherapy with neutrons. 
Recent Results Cancer Res. 1998;150:1–30.

 36. Teeuwssen M, Fodde R. Wnt signaling in ovarian cancer stemness, EMT, 
and therapy resistance. J Clin Med. 2019;8(10):1658.

 37. Russo J, Su Y. An in vitro model of triple-negative breast cancer. Adv Exp 
Med Biol. 2019;1164:35–46.

 38. Cai F, Chen L, Sun Y, He C, Fu D, Tang J. MiR-539 inhibited the malignant 
behaviors of breast cancer cells by targeting SP1. Biochem Cell Biol. 2019;. 
https ://doi.org/10.1139/bcb-2019-0111.

 39. Xiao T, Jie Z. MiR-21 promotes the invasion and metastasis of gastric 
cancer cells by activating epithelial-mesenchymal transition. Eur Surg Res. 
2019;60:1–11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1139/bcb-2019-0111

	MicroRNA-122-5p inhibits cell proliferation, migration and invasion by targeting CCNG1 in pancreatic ductal adenocarcinoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Cell lines and cell culture
	Patients and tissue samples
	MTT assay
	Western blot analysis
	RNA extraction and quantitative reverse transcription real-time polymerase chain reaction (RT-PCR)
	Colony formation assay
	Flow cytometry analysis
	Transwell assay
	Transient transfection
	Construction of stable cell lines
	Immunohistochemistry
	Luciferase reporter assay
	Tumor xenograft study in vivo
	Statistical analysis

	Results
	MiR-122-5p expression was downregualted in both PDAC tissues and cell lines
	MiR-122-5p inhibits proliferation, migration and invasion of PDAC cell lines
	CCNG1 is a target gene of miR-122-5p and up-regulated in human PDAC tissues and cell lines
	Downregulation of CCNG1 inhibits proliferation, migration and invasion in PDAC cells
	MiR-122-5p inhibits proliferation, migration and invasion of PDAC cells via targeting CCNG1
	MiR-122-5p inhibits tumorigenicity in vivo

	Discussion
	Conclusions
	Acknowledgements
	References




