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Objective: To investigate the expression of miR-29b-3p in tissues and cells of non-small-cell

lung cancer (NSCLC) and its effect on cisplatin resistance in NSCLC cells and its mechanism.

Methods: The mRNA expression of miR-29b-3p and COL1A1 in NSCLC tissue, cell line

A549 and cisplatin-resistant cell line A549/DDP was detected by RT-qPCR. MiR-29b-3p

Mimics was transfected into A549/DDP cells, and the cell viability, proliferation, apoptosis

and related protein expression were detected by CCK-8, flow cytometry and Western blot.

Also, luciferase reporter gene assay was used to verify the targeting relationship between

miR-29b-3p and COL1A1. Moreover, COL1A1 overexpression lentivirus and miR-29b-3p

mimics (Mimics+COL1A1) were simultaneously transfected into A549/DDP cells, and then

the cell viability and related protein expression were measured.

Results: In NSCLC tissue and its cell line, miR-29b-3p was downregulated and COL1A1

was upregulated (P<0.05). After A549/DDP cell was transfected by mimics, its cell viability

and proliferation rate decreased, apoptosis rate and the expression of tumor suppressor gene

PTEN and apoptosis-related protein BAX were increased (P<0.05), which could be reversed

by Mimics+COL1A1 co-transfection. Luciferase reporter gene assay indicated that COL1A1

was the target gene of miR-29b-3p.

Conclusion: All in all, miR-29b-3p can reverse the cisplatin resistance of A549/DDP cells by

inhibiting the expression of COL1A1 gene and increasing the expression of PTEN and BAX.
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Introduction
Lung cancer is the most common malignant tumor, and its morbidity and mortality are

the highest among all malignant tumors.1 Non-small-cell lung cancer (NSCLC), a type

of lung cancer, accounts for about 85% of all newly diagnosed lung cancer cases.2 At

present, there are many treatments for NSCLC, such as surgery, radiotherapy and

chemotherapy, immunotherapy. As the early symptoms of NSCLC are not obvious

and relatively insidious, most of the patients are diagnosed with advanced tumor stage

and lose the opportunity of radical operation. Chemotherapy is one of the main

methods for the treatment of advanced NSCLC. However, due to drug resistance,

the efficacy of chemotherapeutic drugs is greatly reduced in clinic.3,4 Currently,

cisplatin (DDP) is one of the most effective and widely used anti-tumor drugs. It

has been used to treat a variety of solid malignant tumors, including head and neck,

lung, ovary, leukemia, breast cancer, brain cancer, kidney cancer, testicular cancer,

colorectal cancer, bladder cancer, etc., all of which have shown better efficacy.5
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However, long-term use of cisplatin can lead to drug resis-

tance of tumor cells and weaken its clinical efficacy.6

NSCLC patients are sensitive to cisplatin at the beginning

and later develop cisplatin resistant, which leads to the fail-

ure of chemotherapy.7,8 Therefore, understanding the mole-

cular mechanism of cisplatin resistance in NSCLC to

identify potential therapeutic targets can improve the prog-

nosis of patients with NSCLC.

MicroRNAs (miRNAs) is a non-coding regulatory factor,

which contains 21–25 nucleotides and is a key regulator of

post-transcriptional gene expression. Multiple studies have

demonstrated that miRNAs play a key role in tumor prolif-

eration, metastasis and drug resistance.9,10 Some studies have

shown that miR-29b-3p has anti-cancer effects in a variety of

tumors, and its expression decreases in pancreatic cancer,

colorectal cancer and oral cancer.11–13 Inoue et al reported

that mir-29b-3p can inhibit the activity of colon cancer cells

mutated by KRAS by inhibiting NF-κB signaling pathway.14

Wang et al demonstrated that mir-29b can inhibit the growth

and metastasis of colorectal cancer by downregulating the

expression of Tiam1 and inhibiting epithelial-mesenchymal

transformation.13 Wang et al11 found that mir-29b can inhibit

the proliferation of pancreatic cancer cells by targeting

DNMT3b. He et al showed that miRNA-29b-3p can inhibit

the migration and invasion of OSCC cells through il32/Akt

signaling pathway.12 In contrast, type I collagenα 1

(COL1A1) is an extracellular matrix protein, which is highly

expressed in breast cancer, colorectal cancer, etc. It is related

to tissue hypoxia and oxidative stress response, which may

help cells adapt to oxidative stress and hypoxia, thus promot-

ing tumor cell invasion and metastasis.15–17 Under hypoxia

condition, COL1A1 was upregulated in mRNA and/or pro-

tein level, which mainly enhanced the transcription and

extracellular deposition of COL1A1 through TGF-b

pathway.18,19 Moreover, at present, the expression of miR-

29b-3p and COL1A1 in NSCLC and whether they are

involved in cisplatin resistance of NSCLC are unknown.

Therefore, this study investigated the expression of miR-

29b-3p and COL1A1 in NSCLC and its effect on cisplatin

resistance and its mechanism.

Materials and Methods
Tissue Specimens Collection
Tumor tissues and corresponding paracancerous tissues with

normal histology were selected from patients who underwent

surgery resection for NSCLC in Tianjin medical university

cancer institute and hospital from January 2014 to

December 2016. Twenty cases in normal group and tumor

group, respectively. All tissues were resected and immedi-

ately put into liquid nitrogen and then stored in refrigerator at

−80°C. This experiment was approved by Tianjin medical

university cancer institute and hospital ethics review board.

All patients did not receive radiotherapy, chemotherapy and

other related treatments before surgery and signed an

informed consent form.

Main Reagents
Human normal pulmonary epithelial cells (BESA-2B) and

human lung adenocarcinoma cell line A549 were purchased

from Shanghai Cell Bank of Chinese Academy of Medical

Sciences (CAMS), while cisplatin-resistant variant A549/

DDP cells were purchased from Cancer Hospital of

Chinese Academy of Medical Sciences and Peking Union

Medical College. LipofectamineTM2000 was purchased from

Invitrogen Company of the United States. DMEM medium,

fetal bovine serum and penicillin-streptomycin mixture were

purchased from Gibco Company, while FITC/PE apoptosis

detection kit, Cell Counting Kit-8 (CCK-8), trypan blue,

anhydrous ethanol and PBS were purchased from Jiangsu

Kaiji Biotechnology Co., Ltd. The dual-luciferase reporter

gene assay kit was purchased from Beyotime Company,

China. BestarTM qPCR RT Kit and Bestar® SybrGreen

qPCR Master Mix were purchased from DBI Company in

Germany.

Cell Culture and Transfection
All cryopreserved BESA-2B, A549 and A549/DDP cells

were resuscitated and cultured in DMEMmedium containing

10% fetal bovine serum, penicillin and streptomycin. Then,

they were placed in an incubator with temperature 37°C, CO2

concentration 5% and humidity 100%. Moreover, DDP was

added to the DMEMmedium of A549/DDP cells to adjust its

final concentration to 1 μg/mL.When the cells in logarithmic

growth phase, subculture and follow-up experiments were

carried out. According to the experimental design, A549/

DDP cells were divided into empty transfection group

(Blank group), mimic transfection negative control group

(NC group), miR-29b-3p mimic transfection group (Mimics

group), negative overexpression lentivirus and miR-29b-3p

mimic co-transfection group (Mimics+con group), and

COL1A1 overexpression lentivirus and miR-29b-3p mimic

co-transfection group (Mimics+COL1A1 group). A549/DPP

cells in logarithmic growth phase were inoculated into

96-well plates with 1.5×104 cells per well and a total volume

of 100 μL per well, and cultured for 24 hrs in an incubator at
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37°C. 10 μL OPTI-MEM culture medium was used to dilute

Mimic, 25 μL OPTI-MEM medium was used to dilute 0.25

μL LipofectamineTM 2000 reagent, and after 5 mins, the two

diluted solutions were mixed and shaken gently, then let the

mixture stand for 20 mins. The mixture of NC mimics, mir-

29b-3p, Mimics+con and Mimics+COL1A1 group was pre-

pared with this system.

Cisplatin Sensitivity and Proliferation Rate

of Cells Detected by CCK8
A549 and A549/DPP cells in logarithmic growth phase

were inoculated into 96-well plate containing a total

volume of 200 μL and 1×105 cells per well, and the

wells were randomly divided into 7 Groups containing 0,

1, 10, 20, 40, 80, 160 μM Cisplatin, respectively. After the

cells of each group were cultured in an incubator at 37°C

with 5% CO2 for 24 hrs, 10 μL CCK8 reagent was added

to each well and incubated in the dark incubator for 1.5

hrs. After the well had colour reaction, the optical density

(OD) was detected by ELISA at 450 nm wavelength.

Moreover, A549/DPP cells in logarithmic growth

phase were inoculated into 6-well plates with a total

volume of 2 mL per well and 1.5×106 cells per well, and

then cultured for 24 hrs in an incubator at 37°C. After that,

they were divided into Blank, NC and Mimics groups. The

corresponding mixture was added to each group of cells,

and then the complete medium was added. After adding

CCK8 reagent and incubating in the incubator without

light for 1.5 hrs, the optical density was detected by

ELISA at the wavelength of 450 nm.

Furthermore, the cells in Blank, NC and Mimics

groups were cultured in 5% CO2 incubator at 37°C for 0,

24, 48, 72 hrs; then, CCK8 reagent was added and incu-

bated in the dark incubator for 1.5 hrs. The optical density

was detected by ELISA at 450 nm wavelength, and the

cell proliferation rate was calculated.

Detection of Apoptosis by Flow

Cytometry
A549/DPP cells in logarithmic growth phase were inocu-

lated in 6-well plates having 1.5×106 cells and a total

volume of 2 mL per well, and cultured in an incubator at

37°C for 24 hrs. Then, they were divided into blank, NC and

Mimics groups. The adherent cells of each group were

digested by trypsin without EDTA and washed with PBS

twice (centrifuged at 2000 rpm for 5 mins) to collect

1~5×105 cells; 500 μL Binding Buffer was added to suspend

the cells. After mixing with 5 μL Annexin V-FITC, 5 μL
Propidium Iodide was added and mixed well, and then let

the mixture stand in dark at room temperature for 5–15 mins.

Finally, flow cytometry was used to detect cell apoptosis.

Detection of mRNA Expression by

RT-qPCR
The mRNA expression of miR-29b-3p and COL1A1 in

NSCLC tissue and its adjacent normal tissues, also mRNA

expression of miR-29b-3p, COL1A1 and PTEN in BESA-

2B group, A549 group and A549/DDP group were mea-

sured by qRT-PCR. The tissues and logarithmic growing

cells of each group were collected and the total RNA was

extracted by Trizol and reverse transcribed into cDNA at

37°C for 15 mins, 98°C for 5 mins and then keeping at 4°C.

Then, qPCR reaction was carried out, and parallel experi-

ments of three target genes and three internal reference

genes were set up in each sample. The PCR reaction system

was 20 μL. The reaction conditions were as follows: at

95°C for 2 mins, 95°C for 10 s, 60°C for 34 s, 72°C for

30 s and lasting 45 cycles. Ct method (2−ΔΔCT) was used for

relative quantitative analysis. The primer sequences were:

COL1A1-F: CGGAGCAGACGGGAGTTTC, COL1A1-R:

CCATTCTTTCCAGGGGGACC; PTEN-F: TTTGAGAGT

TGAGCCGCTGT, PTEN-R: ATGCTTTGAATCCAAAAA

CCTTACT; miR-29b-3p-F: TTGTGACTAAAGTTTACC

ACGAT.

Detection of Protein Expression by

Western Blot
The cells in logarithmic growth phase were lysed by RIPA

lysis buffer to collect total protein, which were quantified

according to BCA protein quantitative kit. The extracted

total protein was added with 2×SDS protein loading buffer

(according to the ratio of 1:1) and boiled at 100°C for 5 min,

and then stored at −20°C for later use. A 30ug sample was

slowly added to the well with a microinjector, and concen-

trated gel electrophoresis was carried out with 100 V for

20 mins and electrophoresis was performed in the separation

gel with 140 V for 40 mins. The electrophoresis was termi-

nated as soon as bromophenol blue ran out, the gel was

taken out and transmembrane was performed at 350 mA

for 70 mins. The membrane was soaked in the blocking

solution at 37°C for 1 to 2 hrs or at 4°C overnight, after

that the membrane was put into the primary antibody and

sealed for 1 hr at 37°C or overnight at 4°C, PBST was used

to rinse the membrane for 5 mins (repeated 4 times). Then,
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the membrane was put into the second antibody at 37°C for

1 hr. After that, the membrane was washed by PBST for

5 mins (repeated 5 times), and chemiluminescence (ECL)

was used to visualize the membrane. The protein expression

levels of Bax (ab32503, abcam), Bcl-2 (ab185002, abcam),

β-catenin (ab16051, abcam), COL1A1 (ab34710) and PTEN

(ab32199, abcam) in each group were detected.

Luciferase Reporter Gene Assay
A549/DDP cells in logarithmic growth phase were inoculated

into 96-well plates with a total volume of 100 μL and 1.5×104

cells per well, and then cultured for 24 hrs in an incubator at

37°C. Ten μL OPTI-MEM medium diluted mimic, 15 μL
OPTI-MEMmedium diluted target gene 3ʹUTR double repor-

ter gene vector, 25 μL OPTI-MEM medium diluted 0.25 μL
LipofectamineTM 2000 reagent, and after 5 mins, they were

mixed and a total of 50 μL solution was gained, which was

gently shook well, and left for 20 mins. This system was used

to prepare the mixture of Mimic and wild-type vector, Mimic

and mutant vector, Mimic NC and wild-type carrier, Mimic

NC and mutant vector, respectively. Before adding the mix-

ture of plasmid and mimics, 50 μL medium was sucked away

from each well, and then the mixture of 50 μL was added,

resulting in a total volume of 100 μL per well. Also, the wells

were changed to 100 μL fresh medium after 8 hrs. Then, after

the reporter gene cell lysis buffer was prepared, the 100 μL
reporter gene cell lysis solution was added to fully lyse the

cells. After centrifugation, the supernatant was taken to detect

the activity of luciferase in each group of cells.

Statistical Analysis
The experiment data were expressed by x±SD and statis-

tically analyzed by SPSS 19.0 software. T-test was used

for comparison between the two groups, and one-way

analysis of variance (ANOVA) was used for pairwise

comparison between groups. P<0.05 was considered sta-

tistically significant.

Experimental Results
mRNA Expression of miR-29b-3p and

COL1A1
qRT-PCR results are shown in Figure 1A, compared with

non-tumor adjacent tissues, the mRNA expression of

miR-29b-3p was significantly decreased and the mRNA

expression of COL1A1 was significantly increased in

NSCLC tissues. Also, at the cellular level, the mRNA

expression of miR-29b-3p in A549/DDP cells was signifi-

cantly lower than that in A549 cells, while the mRNA

expression of COL1A1 in A549/DDP cells was signifi-

cantly higher than that in A549 cells, as shown in

Figure 1B. In addition, the mRNA expression of PTEN

in A549/DDP cells was significantly lower than that in

A549 and BESA-2B cells.

Effects of miR-29b-3p on Cisplatin

Sensitivity, Proliferation and Apoptosis of

NSCLC Cells
CCK8 assay was used to detect the cell viability of A549

and A549/DDP cells in different DDP concentrations (0, 1,

10, 20, 40, 80, 160 μM). The results showed that the cell

viability of A549 and A549/DDP cells decreased with the

increase of DPP concentration. Also, in different DDP con-

centration, the cell viability of A549/DDP cells was higher

than that of A549 cells, indicating that A549/DDP was less

sensitive to cisplatin (Figure 2A). After transfection, the cell

viability of A549/DDP cells in Mimics group was signifi-

cantly lower than that in blank group and NC group,

Figure 1 mRNA expression of miR-29b-3p in tumor tissues and A549/DDP cells. *P<0.05, **P<0.01
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indicating that Mimics group was more sensitive to cisplatin,

while there was no significant difference between blank

group and NC group (Figure 2B). In addition, after being

cultured at 37°C in 5% CO2 incubator for 0, 24, 48, 72 hrs, it

was found that there was no significant difference in cell

proliferation rate between blank group and NC group, while,

the cell proliferation rate of Mimics groups was significantly

lower than that of blank and NC groups (Figure 2C). The

results of flow cytometry indicated that the apoptosis rate in

Mimics group was significantly higher than that in blank

group and NC group, and there was no significant difference

between blank group and NC group (Figure 2D).

Target Verification of miR-29b-3p
The results of dual-luciferase reporter gene assay showed

that COL1A1 contained the binding sequence of miR-29b-

3p. Compared with NC group, Mimics group significantly

inhibited the luciferase activity of COL1A1-WT carrier,

while there was no significant difference between these

two groups in COL1A1-MUT (Figure 3A). The results of

cisplatin sensitivity (Figure 3B) suggested that the cell via-

bility of Mimics group was significantly lower than that of

blank group, indicating that Mimics group was more sensi-

tive to cisplatin, while cell viability of Mimics+COL1A1

group was significantly higher than that of Mimics+con

group, indicating that Mimics+COL1A1 group was less

sensitive to cisplatin. Also, the increase of COL1A1 expres-

sion could reverse the decrease of cell viability induced by

miR-29b-3p, and there was no significant difference

between Mimics and Mimics+con groups. These results

indicated that COL1A1 was the target gene of miR-29b-3p.

Effect of miR-29b-3p on Protein

Expression of BAX, BCL-2, COL1A1 and

PTEN
The results of Western blot shown in Figure 4A

and B suggested that compared with blank and NC

group, the protein expression of Bcl-2 and COL1A1

decreased and the protein expression of PTEN and Bax

increased in Mimics group. Compared with Mimics+con

group, the protein expression of COL1A1 and Bcl-2

increased and the protein expression of PTEN and Bax

decreased in Mimics+COL1A1 group. Also, there was no

significant difference between blank group and NC group,

and there was no significant difference between Mimics

group and Mimics+con group.

Discussion
Cisplatin is a cellular nonspecific drug with a broad spec-

trum of anti-tumor activity. It can react with DNA to form

two-point or two-strand cross-connections in DNA result-

ing in DNA fragmentation and miscoding, thus it could

inhibit DNA replication, transcription and cell mitosis.20,21

Moreover, the cisplatin resistance in tumor cells can be

developed, due to long-term use of it, which greatly weak-

ens its clinical efficacy. At present, multiple studies have

shown that the abnormal expression of miRNA mediates

the process of tumor chemotherapy resistance, which

Figure 2 Cisplatin sensitivity, proliferation and apoptosis rate of cells. (A) The viability of A549 and A549/DDP cells treated with different concentrations of cisplatin (DDP);

(B) The cell viability of A549/DDP cells transfected with Mimics at different concentrations of DDP; (C) The proliferation rate of A549/DDP cells transfected with Mimics;

(D) Flow cytometry of A549/DDP cells transfected with mimics ***P<0.001 vs A549 or black group.
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provides a certain reference value for increasing the sensi-

tivity of tumor cells. Also, miR-29b-3p has a certain antic-

ancer effect, it can inhibit the proliferation, invasion and

migration of tumor cells and its expression level is

decreased in pancreatic cancer, colorectal cancer, breast

cancer, oral cancer, which make it have an opportunity to

become a potential therapeutic target.11–13 In addition, Liu

et al22 investigated whether and how lncRNA H19 regu-

lated miR-29b-3p to affect the progression of lung adeno-

carcinoma through signal transduction and transcriptional

activator 3 (STAT3), and found that the expression of

miR-29b-3p was decreased in lung cancer tissues, and

miR-29b-3p Mimics can reduce lung cancer cell viability,

EMT process, even induce lung cancer cell apoptosis. In

this study, RT-qPCR was used to detect the expression of

miR-29b-3p in NSCLC tissues and corresponding para-

cancerous tissues, and it was found that miR-29b-3p

expression was significantly low in NSCLC tissues. Also,

at the cellular level, the expression of miR-29b-3p in

human lung adenocarcinoma cell line A549 was lower

than that in human normal lung epithelial cells

(BESA-2B). Moreover, the mRNA expression of miR-

29b-3p was significantly decreased in cisplatin-resistant

variant cell line A549/DDP cells. Furthermore, it is

unclear whether miR-29b-3p is involved in forming cis-

platin resistance of NSCLC and the mechanism.

Figure 3 Target verification of miR-29b-3p. (A) The results of dual-luciferase reporter gene assay; (B) Cell viability. *P<0.05; ***P<0.001.

Figure 4 Protein expression of BAX, BCL-2, COL1A1 and PTEN in different groups. (A) The protein expression of BAX, BCL-2, COL1A1 and PTEN; (B) Relative protein
expression of BAX, BCL-2, COL1A1 and PTEN. *P<0.05.
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The results indicate that miR-29b-3p Mimics could sig-

nificantly reduce the cell viability of A549/DDP cells, and

greatly improve the sensitivity of tumor cells to cisplatin,

which reversed the cisplatin resistance in NSCLC cells.

Also, the proliferation rate of A549/DDP decreased signifi-

cantly under the action ofmiR-29b-3pMimics, suggesting that

miR-29b-3p Mimics could inhibit the proliferation of NSCLC

cells. Meanwhile, the result of flow cytometry showed that

miR-29b-3p Mimics could promote the apoptosis of A549/

DDP cells. In addition, previous studies16 found that COL1A1

can promote the development of tumor and increase the

expression in pancreatic cancer. In this study, it was also

found that the expression in NSCLC tissue and lung adeno-

carcinoma cell A549 was higher than that in the control group.

In order to further study the mechanism of miR-29b-3p

increasing cisplatin sensitivity of A549/DDP cells, luciferase

reporter gene assay was used to verify whether COL1A1 was

the target of miR-29b-3p. The results showed that miR-29b-3p

had a significant down-regulation effect on the reported fluor-

escence of the COL1A1-wt vector, and there was no signifi-

cant change in the reported fluorescence of the mutant vector

after the corresponding binding site mutation. In addition,

when detecting the effect of transfection, it was found that

the cell viability of Mimics group was significantly decreased,

while that of COL1A1 cotransfection group was significantly

increased, indicating that COL1A1 could reverse the increase

of cisplatin sensitivity of NSCLC cells induced by Mimics.

Therefore, COL1A1 is the target gene of miR-29b-3p. PTEN

is a tumor suppressor gene located on chromosome 10q23.3.

Down-regulated PTEN can promote the growth and invasion

of NSCLC cells.23,24 It is reported that PTEN tumor suppres-

sor function loss can lead to abnormal activation of PI3K

Signal network, thus promoting the occurrence and develop-

ment of prostate cancer.25 In addition, the decrease of PTEN is

related to the poor survival outcome of renal cancer patients,

PTEN plays a role in the occurrence and development of renal

cancer.26 Apoptosis-related gene Bax interacts with Bcl-2 to

form a heterodimer or with itself to form a homodimer, and the

increase in Bax homodimer often leads to apoptosis.27 Bax

upregulated and Bcl-2 downregulated can promote the apop-

tosis of melanoma skin cancer cells.28 El Sisi et al reported that

imatinib could increase the expression of Bax and decrease the

expression of Bcl-2 by targeting Bax/Bcl-2, thus enhancing its

antitumor activity.29 In this study, it was demonstrated that the

mRNA expression of PTEN in A549 cells and A549/DDP

cells decreased. Moreover, Western blot assay showed that

miR-29b-3p Mimics could up-regulate the protein expression

of apoptosis-related gene Bax and tumor suppressor gene

PTEN, and down-regulate the protein expression of Bcl-2

and COL1A1. When the cells were cotransfected with miR-

29b-3p Mimics and COL1A1, the above changes caused by

miR-29b-3q mimics could be reversed, which could further

confirm that COL1A1 is the target gene of miR-29b-3p.

To sum up, in NSCLC tissue and its cell lines, the

expression of miR-29b-3p was down-regulated and the

expression of COL1A1 was upregulated. MiR-29b-3p

can reverse the cisplatin resistance of NSCLC cells by

targeting COL1A1. This conclusion further improves the

mechanism of cisplatin resistance in NSCLC, and up-

regulation of miR-29b-3p may be of some value in

a new scheme for reversing cisplatin resistance in NSCLC.
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