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Background: MiRNAs have been reported to induce certain drug resistance in multiple solid

tumors via various mechanisms. Our study aimed to investigate whether miRNA-1269b was

involved in the chemoresistance and the progression of non-small cell lung cancer (NSCLC).

Methods: MTT and colony formation assay were conducted to determine cell proliferation

and cell apoptosis was analyzed by flow cytometry with annexin V/PI. Luciferase reporter

assay was performed to validate miRNA-targeting sequences. The function of miR-1269b in

cisplatin-resistant was evaluated in vivo in a mouse tumor model.

Results: We found that miR-1269b expression was up-regulated in cisplatin-resistant NSCLC

specimens and NSCLC cell lines, which resulted in the promotion of chemoresistance and

tumorigenicity. miR-1269b overexpression enhanced drug resistance and promoted cell prolifera-

tion in vitro and tumor growth in vivo, with reduced apoptosis rate of A549 cells inin vitro cell

culture.Mechanistically, we identified PTEN as the direct target ofmiR-1269b, and the PTEN level

was negatively correlated with miR-1269b in NSCLC specimens. Further study demonstrated that

miR-1269b targeted PTEN to modulate PI3K/AKT signaling pathway.

Conclusion: In conclusion, these findings suggest that the miR-1269b/PTEN/PI3K/AKT-

mediated network might promote cisplatin resistance in NSCLC, and that miR-1269b can be

a potential therapeutic target for chemoresistance in NSCLC patients.
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Background
Non-small cell lung cancer (NSCLC) is the most malignant lung cancer and the

primary cause of cancer-related death worldwide.23 Although various improve-

ments in early diagnosis and novel targeted therapies displayed promising results,

most NSCLC patients are diagnosed at advanced stage and patients still have poor

five-year survival rates.6 Thus, it is critically important to identify novel diagnostic

biomarkers and develop efficient therapeutic strategies for NSCLC.

Cisplatin is one of the most commonly used chemo drugs for NSCLC.19 However,

chemotherapy using cisplatin is limited by the occurrence of drug resistance.8 The

underlying mechanisms of cisplatin-resistant seem to be complicated and multiple

signaling pathways were involved.9,13,25Multiple signaling pathways have been reported

to be involved in cisplatin chemoresistance of NSCLC including JAK2/STAT3 signaling,

Wnt signaling, AKT/mTOR signaling and MDM2/p53 signaling pathway.21,22,24,28

MicroRNAs (miRNAs) participate in many biological procedures like cell cycles,

proliferation, apoptosis and metastasis.26 Recent work has demonstrated that miRNA
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expression profiles were correlated with the characteristic

parameters in different cancers, which could be used for

cancer diagnosis.16 Increasing evidence showed that

miRNAs were novel biomarkers and promising therapeutic

targets for NSCLC diagnosis and therapy.17 Interestingly,

more investigations proved that miRNAs also mediated the

cisplatin-resistance of NSCLC. For instances, Yong et al

found that high mobility group A 2 was a novel target of

miR-26a and decreasing miR-26a level led to cisplatin resis-

tance in NSCLC by regulating AKT signaling;30 miRNA-17

family (miR-17, 20a, 20b) regulated cisplatin-resistant by

targeting TGFβR2 of TGFβ signaling in NSCLC;11 miR-

1244 managed cisplatin-resistance of NSCLC by targeting

TP53 regulated signaling pathways.15

MiR-1269b, which belongs to the miR-1269 family,

promoted metastasis in colorectal cancer, hepatocellular

carcinoma and lung cancer.2,5,29 Here, we studied whether

miR-1269b was also involved in the cisplatin-resistance of

NSCLC. Overexpression of miR-1269b promoted cell pro-

liferation in vitro and tumor growth in vivo and enhanced

drug resistance, with reduced apoptosis rate of A549 cells

in vitro cell culture. We further identified PTEN as the

direct target of miR-1269b and miR-1269b targeted PTEN

to modulate the activation of PI3K/AKT signaling and

promote cisplatin resistance in NSCLC. The results indi-

cated that miR-1269b could be a target for chemoresis-

tance in NSCLC patients.

Methods
Clinical Samples and Cell Lines
The study was approved by The First Affiliated Hospital

of Nanjing Medical University. All patients signed

informed consent. Lung tissue samples were obtained

from the resected lungs of NSCLC patients between

1997 and 2010. A total of 32 tumor samples with adjacent

normal tissues were selected according to the clinical

database and stored at −80 °C for the following test.

HA549, SPCA1, H1299, H358, PC9, A549/DDP and

16HBE were obtained from the Shanghai Academy of

Sciences (Shanghai, China). They were cultured in

RPMI-1640 medium with 10% FBS, 100 U/mL penicillin

and 100 μg/mL streptomycin (Gibco, New York, USA) in

5% CO2 cell incubator at 37 °C.

Chemotherapeutic Response
The chemotherapeutic response was assessed as previously

described.7 Briefly, subjects were defined into responders

and nonresponders. Cisplatin chemotherapy was performed

for 4 or more cycles.

Real-Time qPCR
According to the manufacturer’s instructions, TRIzol

reagent (Invitrogen, CA, USA) was used to isolate the

total RNA from tissues and cells. Then, cDNA was gen-

erated using total RNA and the PrimeScript RT reagent

(Takara, Kusatsu, Japan), and qRT-PCR was performed

with SYBR Green Master Mix II (Takara) on an ABI

7900 fast real-time PCR system (ABI, CA, USA). The

expression levels of mRNA and miRNA were normalized

using GAPDH and small RNA RNU6B (U6) as endogen-

ous controls. The 2−ΔΔCT method was used to quantify the

relative levels of miR-1269b and PTEN mRNA. Each

sample was run in triplicate.

Plasmid Transfection
The lentiviral miRNA and inhibitors (LV-hsa-miR-1269b-

mimics, miR-NC, LV-hsa-miR-1269b-inhibitor, and LV-NC-

inhibitor), plasmid PTEN, and control vector were obtained

from Gene Pharma (Shanghai, China). Transfection using

lipofectamine 3000 reagent (Invitrogen) was performed

when the cells reached 80% confluence.

Cell Proliferation and Colony Formation
MTT assay was utilized to examine cell proliferation, and

3×103 cells/well were seeded. After treated with the indi-

cated drug combinations for 2 days, the absorbance at 570

nm was measured using Envision (PerkinElmer, Norwalk,

CT). The IC50 (concentration of drug needed to inhibit

cell growth by 50%) is generated from the dose–response

curves for each cell line. For colony formation assay, 400

cells/well were seeded in a 6-well plate and cultured for 14

days. Cells were fixed and stained with crystal violet

solution (Sigma, MO, USA). The colonies containing

more than 50 cells were counted under a microscope.

Apoptosis Analysis
Cells transfected with miR-NC, miR-1269b, NC-inhibitor

or miR-1269b inhibitor were treated with or without cis-

platin for 48 hrs, apoptosis rate was analyzed by flow

cytometry with annexin V/PI double staining kit (BD,

San Jose, CA).

Luciferase Reporter Assay
The 3ʹ-Untranslated region (3ʹ-UTR) of PTEN or the target-

ing site containing mutated sequence was magnified and
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implanted into the downstream of the luciferase reporter

gene in the pmir-GLO-promoter vector (Promega, USA),

named PTEN-3ʹ-UTR-WT and PTEN-3ʹ-UTR-MUT. The

mutant 3′ UTR of PTEN was magnified by applying wild

PTEN 3′UTR as the template, and the mutant plasmid was

obtained through the Site-Directed Mutagenesis Kit. A549

transfected with PTEN-3ʹ-UTR-WT or PTEN-3ʹ-UTR-

MUT, together with miR-1269b mimics or NC control

with Lipofectamine 2000 (Invitrogen). And Renilla lucifer-

ase pRL-TK vector was used as a control. After being

transfected 2 days, cells were lysed with RIPA buffer.

Luciferase activity was evaluated consequently via Dual-

Luciferase Assay System (Promega) following the produ-

cer’s manual.

In vivo Study
Female BALB/C mice (5–6 weeks) were purchased from

The First Affiliated Hospital of Nanjing Medical University

and Nanjing Chest Hospital. Xenograft experiments were

approved by the Ethics board of The First Affiliated

Hospital of Nanjing Medical University and Nanjing Chest

Hospital. The A549 cells that stably overexpressed miR-

1269b or downregulated miR-1269b were harvested.

A total of 4 × 106 cells (A549 or A549/DDP) were implanted

into the side of the mouse. Cisplatin was administrated

intraperitoneally twice a week at the dose of 3 mg/kg. After

4 weeks, the development of the tumor was calculated with

the formula: Volume = 1/2 × length × width2.

Immunohistochemical (IHC) Analysis
Patient samples were fixed using 4% formalin and

embedded in paraffin. Paraffin sections were dewaxed,

rehydrated and incubated with anti-PTEN (Abcam,

Cambridge, England) overnight at 4 °C after blocking.

Then, the sections were washed 3 times with PBS and

incubated with HRP-polymer conjugated secondary anti-

body. The sections were stained and observed.

Western Blotting Analysis
Cells were lysed in RIPA buffer (Beyotime, Shanghai,

China) containing protease inhibitor cocktail (Sigma-

Aldrich, MO, USA). Western blotting was conducted

with primary antibodies: PTEN (Abcam), PI3K, AKT,

p-AKT and GAPDH (all from Cell Signaling Technology).

Statistical Analysis
Data were presented as the means ± standard deviation of 3

independent experiments. The results were analyzed using

Student’s t-test where necessary. Pearson’s correlation was

estimated between miR-1269b and PTEN. Graphpad Prism

6.0 was used to perform statistical analysis and P values

<0.05 were considered statistically significant.

Results
High Expression of miR-1269b in NSCLC

Is Associated with Chemoresistance
The miR-1269b expression level was analyzed in primary

NSCLC tumor and adjacent normal tissues. Figure 1A shows

that miR-1269b expression was significantly higher in both

responder tumors and non-responder tumors compared with

that in corresponding control normal tissues. Moreover, miR-

1269b level in non-responder tumors was remarkably higher

than that in responder tumors (Figure 1A). The overall survival

of NSCLC patients with high miR-1269b suggested miR-

1269b as favorable cancer prognostic markers (Figure 1B).

MiR-1269b expression was also evaluated in a panel of

NSCLC cells (A549, H1299, SPCA1, H358 and PC9), which

was significantly higher compared with that in human bron-

chial epithelial cells (16HBE) (Figure 1C). Moreover, the

expression of miR-1269b in drug-resistant cell line A549/

cisplatin (A549/DDP) was drastically higher than that in the

parental lung cancer cell line A549 (Figure 1C). In addition,

we found that paclitaxel (PTX; 100nM for 72 h) treatment also

significantly increased miR-1269b expression in A549 cells

(Fig. S1A). Thus, we next investigated whether miR-1269b

regulated chemoresistance in NSCLC. A549 and A549/DDP

cells were transfected with miR-1269b mimics or miR-1269b

inhibitor to up-regulate or down-regulate miR-1269b. The

transfection of miR-1269b mimics significantly increased

miR-1269b expression (P < 0.001; Fig. S1B), while miR-

1269b inhibitor significantly reduced its expression in both

A549 and A549/DDP cells (P < 0.001; Fig. S1B). Moreover,

miR-1269b overexpression increased the cell viability, while

miR-1269b knockdown inhibited the cell viability of A549

and A549/DDP cells (Fig. S1C). As shown in Figure 1D,

miR-1269b overexpression with miR-1269b mimics caused

a significant resistance to DDP, while decreased expression of

miR-1269b with miR-1269b inhibitor transfection sensitized

the drug response of A549 cell line.

MiR-1269b Enhances the

Chemoresistance of NSCLC Cells
To test the potential effects of miR-1269b on chemoresis-

tance, both parental A549 cells and cisplatin-resistant A549/

DDP cells were transfected with miR-NC/miR-1269b
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mimics or NC-inhibitor/miR-1269b inhibitor. Colony forma-

tion assay showed that the proliferation ability of A549 cells

was significantly enhanced by the transfection of miR-1269b

mimics, while the introduction of miR-1269b inhibitor

obviously inhibited the proliferative ability of A549/DDP

cells (Figure 2A and B). Figure 2C and D displayed that

a decrease of apoptotic rate induced bymiR-1269b mimics in

A549 cells, and an increase of apoptotic rate induced bymiR-

1269b inhibitor in A549/DDP cells (Figure 2C and D).

Therefore, we demonstrated that miR-1269b could enhance

the chemoresistance of NSCLC cells.

MiR-1269b Directly Targets PTEN in

NSCLC Cells
We performed bioinformatics analysis using database

Starbase. It was speculated that PTEN might contain

a putative binding site with miR-1269b (Figure 3A).

Luciferase reporter vectors with WT PTEN 3ʹ UTR

sequences (PTEN-3ʹ-UTR-WT) or mutated miR-1269b

binding sites (PTEN-3ʹ-UTR-MUT) were constructed and

co-transfected with miR-NC or miR-1269b mimics into

A549 cells. Figure 3B shows a significant decrease in

relative luciferase activity in PTEN-3ʹ-UTR-WT and

miR-1269b mimics group. Consistent with the high

expression of miR-1269b in NSCLC (Figure 1A), PTEN

expression was significantly lower in NSCLC tissues than

that in matched normal tissues (Figure 3C and D). In

addition, PTEN mRNA and protein were inhibited by

miR-1269b mimics but elevated by miR-1269b inhibitor

in A549 cells (Figure 3E). Moreover, a negative correla-

tion was found between miR-1269b and PTEN mRNA

(Figure 3F). The above indicated that miR-1269b might

directly target PTEN in NSCLC cells.

Figure 1 MiR-1269b is associated with chemoresistance and survival in NSCLC. (A) real-time qPCR analysis of the expression levels of miR-1269b in NSCLC tumor tissues

and adjacent normal tissues from the responder group (n=16) and nonresponder group (n=16). (B) Overall survival Kaplan–Meier curves were based on miR-1269b

expression, median miRNA expression was used to define low and high expression. (C) real-time qPCR analysis of miR-1269b in human NSCLC cell lines. (D) IC50 of DDP

in NSCLC cells transfected with miRNA-197 inhibitor or mimics was examined by MTT assay. *p < 0.05; **p < 0.01; ***p < 0.001 compared to relative control. #P<0.05

compared to nonresponder normal group.

Abbreviations: DDP, cisplatin; NC, negative control.
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MiR-1269b Contributes to

Chemoresistance of NSCLC Cells via

PTEN/PI3K/AKT Signaling Pathway
MiR-1269b mimics resulted in enhanced IC50 values of DDP

in A549 cells, which was significantly reversed by miR-1269b

mimics/PTEN cotransfection (Figure 4A, left panel). The

reduction of IC50 values by miR-1269b inhibitor transfection

in A549/DDP cells was further enhanced by PTEN overex-

pression (Figure 4A, right panel). Moreover, the effects of

miR-1269b on colony formation capacity of A549 cells were

also partially reversed due to the transfection of PTEN over-

expression vector, while the colony formation capacity of

A549/DDP cells was further inhibited by miR-1269b inhibi-

tor/PTEN cotransfection compared with that of miR-1269b

inhibitor transfection only (Figure 4B). Consistently, overex-

pression of PTEN remarkably reversed miR-1269b-induced

anti-apoptotic apoptosis of A549 cells and further enhanced

miR-1269b inhibitor-induced apoptosis of A549/DDP cells

(Figure 4C). To explore howmiR-1269b/PTEN axis regulated

chemosensitivity, cell apoptosis and proliferation, we exam-

ined the activation of the PTEN-regulated PI3K/AKT signal-

ing pathway. As showed in Figure 4D, miR-1269b mimics

increased PI3K expression and p-AKT/AKT ratio, while

PTEN overexpression reversed its effects. In contrast, miR-

1269b inhibitor reduced PI3K expression and p-AKT/AKT

ratio, which was further inhibited by PTEN overexpression in

A549/DDP cells. In summary, our data elucidated that miR-

1269b might contribute to the chemosensitivity of NSCLC

cells via modulating PTEN/PI3K/AKT pathway.

Targeting miR-1269b Overcomes

Cisplatin Resistance in vivo
To test whether miR-1269b participates in cisplatin resistance

internally, A549 cells or A549/DDP cells with miR-1269b

mimics or inhibitor were implanted in mice. As shown in

Figure 5A, miR-1269b/A549 cells group had larger sizes of

tumors than the miR-NC/A549 group. However, the average

size of the tumor in the miR-1269b inhibitor+A549/DDP

group was significantly smaller than that in the NC-inhibitor

+A549/DDP group (Figure 5B). We further tested the PTEN/

PI3K/AKT signaling. Western blot results revealed that miR-

1269b mimics significantly inhibited PTEN expression and

increased PI3K and p-AKT expression in A549 cells with

cisplatin, while miR-1269b inhibitor significantly increased

PTEN expression, inhibited PI3K and p-AKT expression in

A549/DDP cells with cisplatin (Figure 5C and D). The results

suggested that manipulating miR-1239b might abolish cispla-

tin resistance by targeting PTEN/PI3K/AKT pathway.

Discussion
In this study, we found that miR-1269b was significantly

up-regulated in NSCLC patients and was associated with

Figure 2 MiR-1269b enhances the chemoresistance of NSCLC cells. (A) Colony formation assay was used to examine the proliferation ability of A549 cells treated with

or without DPP (2 μg/mL) after miR-NC/miR-1269b transfection. (B) Colony formation assay was used to measure the proliferation ability of A549/DDP cells treated

with or without DPP (5 μg/mL) after NC-inhibitor/miR-1269b inhibitor transfection. (C) Flow cytometry analysis of the apoptotic rate in cisplatin-treated A549 cells

after miR-NC/miR-1269b transfection. (D) Flow cytometry analysis of the apoptotic rate in cisplatin-treated A549/DDP cells after NC-inhibitor/miR-1269b inhibitor

transfection. **p < 0.01. (-), without cisplatin treatment (+) treated with DPP.
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chemoresistance and survival. Using NSCLC cell lines, we

further demonstrated that miR-1269b promoted cell pro-

liferation and inhibited cell apoptosis, leading to the che-

moresistance of NSCLC cells. Mechanistically, we found

that miR-1269b targeted PTNE and modulated PI3K/AKT

signaling. This is the first study reporting miR-1269b

regulated drug-resistance to cisplatin in NSCLC cells.

Various miRNAs are investigated in NSCLC, which

could be served as diagnostic biomarkers and therapeutic

targets.17 Here we focused on miR-1269b, which has been

reported to be an oncogene in hepatoma cells.29 NF-κB

activated the transcription of miR-1269b and then resulted

in promoting HCC cell cycle, proliferation and migration.12

CDC40 was proved to be a target of miR-1269b, promoting

Figure 3 MiR-1269b directly targets PTEN in NSCLC. (A) Bioinformatics analysis showed the predicted binding site between miR-1269b and PTEN. (B) The relative

luciferase activity of A549 cells was detected after PTEN-3ʹ-UTR-WTor PTEN-3ʹ-UTR-MUT co-transfected with miR-1269b mimic or miR-NC. (C, D) The expression of

PTEN mRNA and protein in NSCLC tissues and matched normal tissues was detected by using qRT-PCR (n=32) and IHC, respectively. (E) The expression of PTEN mRNA

and protein were analyzed in the presence of miR-1269b or miR-1269b inhibitor in A549 cells. (F) Negative correlation between miR-1269b and PTEN in NSCLC tissues

(n=32). (**p < 0.01).
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malignancy of HCC.12 Another study showed that TGF-β
activated miR-1269 via Sox4 and positively feedback the

TGF-β signaling by targeting Smad7 and HOXD10.5 In

lung cancer, miR-1269 might promote cell survival and pro-

liferation by targeting TP53 and caspase-9.2 Our bioinfor-

matics analysis identified PTEN as another novel target of

miR-1269.

PTEN is a known prognostic marker and tumor suppres-

sor in NSCLC.27 Inactivation of PTEN enhanced the inva-

sion ability of lung cancer cells by activating the PI3K/

AKT/NFkB signaling pathway.1 Consistently, the up-

regulation of PTEN expression could inhibit NSCLC cell

proliferation and promote cell apoptosis.3 PTEN can be

targeted by multiple different miRNAs in various tumors.

MiR-26a inhibited PTEN expression and promoted glioma-

genesis, while miR-21 overexpression contributed to cell

proliferation via targeting PTEN.10,20 Using both in vitro

NSCLC cell lines and in vivo mouse tumor model, we also

confirmed that miR-1269b/PTEN axis regulated NSCLC

chemosensitivity and cell proliferation.

Furthermore, we also found that cisplatin could

increase miR-1269b expression. It is well known that

miRNAs can regulate genes involved in multiple pathways

such as cell death, cell proliferation, stress resistance and

fat metabolism in cancer.18 Therefore, the aberrant expres-

sion of microRNA has close relationships with anticancer

drug resistance phenotype. It has been well documented

that transcriptional deregulation, epigenetic alterations,

mutations, DNA copy number abnormalities and defective

miRNA biogenesis pathway may each or together contri-

bute to miRNA deregulation in anticancer drug

resistance.31 For example, knockdown of the main

miRNA processing enzyme (Dicer) results in G1 arrest

and increased sensitivity to cisplatin.4 So, we speculated

that the dysfunction of the main miRNA processing

enzyme (Dicer) might be responsible for the miR-1269b-

related cancer drug resistance in NSCLC, which still needs

further verification in our next study.

Several limitations should be noticed and further inves-

tigated in our study. First, how miR-1269b expression is

Figure 4 miR-1269b enhances the chemosensitivity of NSCLC cells via modulating PTEN/PI3K/AKT signaling pathway. (A) IC50 of DDP in A549 cells or A549/DDP cells

transfected with miRNA-1269b mimics was examined by MTT assay. (B) Colony formation assay was used to measure the proliferation ability of A549 cells or A549/DDP

cells as indicated. (C) Flow cytometry analysis of the apoptotic rate of A549 cells or A549/DDP cells as indicated. (D) Expression of PTEN, PI3K, AKT and p-AKT in DDP-

treated A549 cells or DDP/A549 cells was detected by Western blot. **p <0.01 compared with control group, #p <0.05 compared with miR-1269b group or miR-1269b

inhibitor group. (−), without cisplatin treatment (+) treated with DPP.
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regulated in NSCLC patients is still unclear. Whether there

is a positive feedback mechanism between enhanced

PI3K/AKT-NFκB or the NSCLC patients also have

enhanced TGF-β signaling remains unknown.5,12 Second,

single miRNA can target multiple genes and single gene

can be regulated by multiple miRNAs.14 Though in this

Figure 5 miR-1269b mediated cisplatin resistance in vivo. (A, B) A549 cells or A549/DDP cells with miR-1269b mimics or inhibitor were implanted into BALB/C mice. Mice

were administrated with cisplatin or control buffer. Tumor volume was measured after indicated treatment for 4 weeks (n = 6 in each group). (C, D) Expression of PTEN,

PI3K, AKT and p-AKT in tumor tissues detected by Western blot. GAPDH was used as the internal control. **p <0.01 compared with control group. (−), without cisplatin
treatment (+) treated with DPP.
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study we demonstrated clearly that miR-1269b regulated

PTEN in NSCLC, whether other miRNAs such as miR-

26a and miR-21 are also involved in PTEN regulation is

not fully addressed. In addition, whether targeting miR-

1269b could be used as an efficient strategy to reverse the

resistance to chemotherapy of NSCLS needs more

investigation.

Conclusions
In summary, we showed that miR-1269b was overex-

pressed in NSCLC and miR-1269b down-regulated

PTEN by targeting PTEN mRNA. MiR-1269b can mod-

ulate the activation of PI3K/AKT signaling pathway and

promote cisplatin resistance in NSCLC. We found that

miR-1269b could be a potential therapeutic target for

chemoresistant in NSCLC patients.
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