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Inhibition of miR-185-3p Confers Erlotinib Resistance Through Upregulation of PFKL/MET in Lung Cancers
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Erlotinib (ER), as an epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI), has a significant therapeutic effect in lung cancers. However, EGFR TKI resistance inevitably occurs after treatment for approximately 12 months, which weakens its antitumor effect. Here, we identified miR-185-3p as a significantly downregulated microRNA responsible for acquired EGFR TKI resistance in cells and patients with lung cancer. qRT-PCR and Western Blot were performed to determine the relative expression of miR-185-3p in ER-resistant tumor tissues and cells. The viability and apoptosis of lung cancer cells were evaluated by Cell Counting Kit-8 (CCK8) assay and flow cytometry, respectively. The binding between miR-185-3p and liver-type phosphofructokinase (PFKL) was verified by dual luciferase assay. It was found that overexpression of miR-185-3p conferred ER sensitivity in lung cancer cell lines. MiR-185-3p was downregulated in ER-resistant lung cancer cells (H1299/ER and A549/ER). MiR-185-3p inhibited proliferation and induced cell apoptosis in ER-resistant cells. Mechanistically, miR-185-3p downregulation contributed to ER resistance through upregulating the PFKL. Moreover, Mesenchymal to epithelial transition (MET) oncoprotein promoted EGFR-TKI resistance by regulating miR-185-3p and PFKL. These findings revealed a novel mechanism in which downregulation of miR-185-3p may induce overexpression of PFKL and MET and confer ER resistance in lung cells. Combination of PFKL/MET inhibitors and EGFR TKIs could be a rational therapeutic approach for lung cancer patients with EGFR mutation.
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INTRODUCTION

Lung cancer is a main cause of death worldwide. There are about 2 million newly diagnosed cases of lung cancer and 1.8 million deaths each year (Chen Y. et al., 2020). The 5-years survival rate for patients with non-small-cell lung cancer is no more than 16% (Fu et al., 2020). For lung adenocarcinoma, the median survival period is 4–5 months and the 1-year survival rate is less than 10% (Luo et al., 2019). Clinically, surgery, radiotherapy, and chemotherapy are the main treatments for lung cancers (Pan et al., 2019). Targeted drugs are used in most lung cancer patients who are diagnosed at advanced stages and infeasible for surgery (Pdq Cancer Information Summaries, 2002; Xia et al., 2018). Erlotinib (ER), an epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI), is a targeted drug for lung cancer treatment. EGFR TKI has been successfully employed in the clinic, especially in lung cancer patients who have EGFR mutations (Capelletto and Novello, 2012; Suda et al., 2012). However, it is inevitable that the vast majority of patients with ER treatment become resistant within 9–13 months, which weakens its antitumor effect (Camidge et al., 2014; van der Wekken et al., 2016). Therefore, it is necessary to investigate the mechanism of ER resistance in order to elevate the treatment effect of lung cancer patients.

MicroRNAs (miRNAs) play vital roles in lung cancer progression (Hu et al., 2018; Wang et al., 2018). It is well known that miRNAs can affect mRNA level to promote or inhibit tumor progression, such as cell proliferation, apoptosis, epithelial–mesenchymal transition (EMT), and metastasis (Li S. et al., 2018; Lu C. et al., 2018). Abnormal expression of miR-185-3p is found in various tumors. For example, miR-185-3p was suppressed in both colorectal cancer (Zhou C. et al., 2020) and breast cancer (Lu G. et al., 2018). MiR-185-3p inhibited the invasion and metastasis of nasopharyngeal carcinoma via WNT2B (Liu et al., 2017). A growing body of evidence showed that miRNAs were associated with ER resistance (Zheng et al., 2020). For example, MiR-124 affects ER resistance in pancreatic cancer by targeting EphA2 (Du et al., 2019). By repressing the level of neurofibromatosis 1, the upregulated expression of miR-641 promotes resistance to ER in non-small-cell lung cancer cells (Chen et al., 2018). Previous studies indicated that miR-185-3p can promote the antitumor effect of other antitumor drugs (Uhr et al., 2019; Zhou C. et al., 2020). However, it is not clear whether miR-185-3p affects the ER resistance in lung cancer. Phosphofructokinase (PFK) is a critical rate-limiting enzyme that promotes the phosphorylation of fructose-6-phosphate to fructose-1,6-bisphosphate, a core step in the pathway of glycolysis (Wegener and Krause, 2002). A recent study found that repression of PFK suppressed cell proliferation and oncogenicity (Yi et al., 2012). There are three subtypes of PFK in human: PFKL (liver), PFKM (muscle), and PFKP (platelet) (Yalcin et al., 2009; Lee et al., 2017). However, the role of PFKL in lung cancer cells is unknown.

Activation of alternative or bypass pathway often causes primary drug resistance. Through activation of bypass pathway, cancer cells can survive and proliferate, even when they are inhibited by the initial driver pathway. The most common bypass pathway is MET amplification, which accounts for 5–10% of cases with acquired resistance to EGFR TKIs (Wu and Shih, 2018). MET gene amplification could activate phosphoinositide 3-kinase (PI3K)–AKT signaling pathway, which is independent of EGFR, through driving Erb-B2 receptor tyrosine kinase 3 (ERBB3) dimerization and signaling. However, the threshold of MET amplification that would induce TKI resistance has not been clarified. Overexpression of hepatocyte growth factor, the ligand of MET oncoprotein, also promotes EGFR TKI resistance. Activation of other alternative pathways, including human epidermal growth factor receptor 2 (HER2) amplification, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) mutation, v-raf murine sarcoma viral oncogene homolog B1 (BRAF) mutation, and increased expression of the receptor tyrosine kinase AXL, has been reported to promote acquired resistance to EGFR TKIs (Wu and Shih, 2018).

In this study, we aimed to investigate the role of miR-185-3p in lung cancer progression and ER resistance. Lung cancer cell lines were used to evaluate the function of miR-185-3p on lung cancer and the association among miR-185-3p, PFKL, and MET. Our results indicated that PFKL/MET inhibitors in combination with EGFR TKIs could be synergistic in the clinical management of lung cancer.



MATERIALS AND METHODS


Patients

Tumor tissues of ER-resistant (n = 30) and ER-sensitive (n = 30) lung cancer were obtained from patients who underwent surgery at the Nanjing Medical Hospital. Normal tissues adjacent to cancers were obtained at the same time. All tissues were kept frozen until used. The 5-years overall survival was assessed with ER treatment until death. The collection of clinical samples was approved by the Ethics Committee of Nanjing Medical University. All patients have signed their informed consents.



Cell Culture and Erlotinib Treatment

Human lung cancer cell lines, H1299 and A549, were obtained from Procell Life Science and Technology (Wuhan, China). The cell lines were maintained in RPMI-1640 (Procell Life Science and Technology, Wuhan, China) containing 10% fetal bovine serum (FBS; Procell Life Science and Technology, Wuhan, China), penicillin (100 U/ml), and streptomycin (50 g/ml) in a humidified CO2 incubator at 37°C. ER-resistant cell lines (H1299/ER, A549/ER) were induced by treatment with ER (HY-50896, MedChemExpress, Shanghai, China) (Wu et al., 2020). Briefly, the ER-resistant cell lines were developed from H1299 and A549 cells by stepwise exposure to increasing concentrations of ER from 2 nM to 10 μM, and the drug-resistant cell lines H1299/ER and A549/ER were established after 3 months.



Cell Transfection

Si-MET, si-NC, NC mimic, miR-185-3p mimic, Vector, and PFKL plasmid were obtained from RIBOBIO (Guangzhou, China). A549/ER and H1299/ER cells were seeded in six-well plates at a density of 6 × 104 and 3.5 × 105 cells/well, respectively. Transfections were performed using Lipofectamine 2000 (Invitrogen, CA, United States) following the manufacturer’s instructions.



RNA Extraction and qRT-PCR Assay

Total RNA was extracted from tissues and cell lines using TRIzol reagents (R1030, Applygen, Beijing, China). Reverse transcription was performed by the Applied Biosystems High-Capacity cDNA Reverse Transcription Kit (D1802, Haigene, Harbin, China) for miR-185-3p and Kit (D0401, Haigene, Harbin, China) for PFKL. Quantitative RT-PCR was performed with the ABI PRISM 7500 using TaqMan primers, probes for PFKL, and control gene β-actin (Thermo Fisher) (Zhao et al., 2017). The primers are listed in Table 1. U6 (Zhou C. et al., 2020) and β-actin (Li L. et al., 2018) act as endogenous controls. Samples were analyzed with the comparative CT method, where fold change was calculated from the ΔΔCT value with the formula 2–ΔΔCt.


TABLE 1. Primer sequences for qRT-PCR.
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Cell Viability

Cell viability was assessed with CCK8 kit (HY-K0301, MedChemExpress, Shanghai, China). A549 and H1299 cells were cultured at a density of 104/well. Followed by incubating with 10 μl CCK8 for 1–4 h. The light absorbance was measured by GloMax System (Promega, WI, United States) at 450 nm wavelength (Chen C. et al., 2020). The percentage of growth was determined and compared to that of the untreated controls.



Apoptosis Detection

The apoptotic rate of lung cancer cells was evaluated by Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) Apoptosis Detection Kit (40302ES20, Yeasen, Shanghai, China) via flow cytometry. A549/ER and H1299/ER cells were seeded in six-well plates at a density of 6 × 104 and 3.5 × 105 cells/well, respectively. When cell confluence reached 80%, cells were harvested, followed by staining with 10 μl of Annexin V-FITC and PI. Then, cells were analyzed by a flow cytometer (BD, New Jersey, United States) (Wang et al., 2020).



Western Blot

Tissues or cells were washed with phosphate buffered saline (PBS) three times and lysed in radioimmunoprecipitation assay (RIPA) lysis buffer (Cell Signaling Technology, Shanghai, China), containing both protease and phosphatase inhibitors (APExBIO, Houston, United States). Pierce bicinchoninic acid (BCA) protein assays (Thermo Scientific, United States) were used to determine protein concentrations. Protein was resolved on 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gels, transferred onto polyvinylidene fluoride (PVDF) membranes, and blocked at 37°C for 1 h, followed by incubation with primary antibodies: rabbit anti-BAX (1:5,000, ab32503), anti-Bcl-2 (1:1,000, ab59348), anti-Cleaved-caspase3 (1:1,000, ab49822), anti-Cleaved-caspase9 (1:1,000, ab2324), anti-PFKL (1:5,000, ab181064), anti-MET, anti-HER2, anti-AXL, anti-ERBB3, anti-PI3K, and rabbit anti-β-actin (1:2,000, ab8227) at 4°C overnight. The membranes were then re-probed with immunoglobulin G (IgG) (1:2,000, ab6721) antibody. The immune reactive bands were visualized by ECL Prime Western Blotting Detecting Reagent and exposed using a Chemiluminescence Western Blot Scanner (CDIGIT). The integrated density of each band was quantified by ImageJ software (ImageJ Software Inc., United States). Antibodies mentioned above were supplied by Abcam (Cambridge, United Kingdom).



Dual Luciferase Reporter Assay

PFKL-WT (containing the binding sites of miR-185-3p at PFKL 3′-UTR) and PFKL-MUT (mutation of binding sites) were cloned into Luciferase Reporter Vector (AM5795, Invitrogen, CA, United States). PFKL-WT or PFKL-MUT was co-transfected with miR-185-3p mimic into H1299/ER or A549/ER cells. After transfection for 48 h, H1299/ER and A549/ER cells were evaluated using the Reporter Vector System (AM5795, Invitrogen, CA, United States) using a GloMax 20/20 Luminometer (Promega, WI, United States) (Zhang et al., 2020).



RNA Pull-Down Assay

The miR-185-3p mimic, miR-185-3p mock, and their control were labeled with different biotins, Bio-miR-185-3p WT, Bio-miR-185-3p MUT, or Bio-NC. A PureBindingTM RNA–Protein Pull down Kit (P0201, Geneseed, Guangzhou, China) was employed to carry out the RNA pull-down assay. Briefly, biotin-labeled miR-185-3p was incubated with streptavidin agarose beads (Invitrogen, CA, United States) for 1 h. Finally, the pulled-down PFKL was detected by qRT-PCR (Wang and Chang, 2020).



Statistical Analysis

The mean ± SD represents data from three replicates. SPSS version 22.0 software (IBM Corp., NY, United States) was applied for statistical analysis of all data, and Prism version 7.0 (GraphPad) was used to generate graphics. Student’s t-test was performed for comparison between two groups. One-way ANOVA and Tukey’s posttests were used for multiple groups. The level of significance was p < 0.05.



RESULTS


The Correlation of miR-185-3p With Erlotinib Resistance in Erlotinib-Resistant Cells and Tissues

To evaluate the role of miR-185-3p in ER-resistant lung cancer patients, the level of miR-185-3p was evaluated by qRT-PCR in ER-resistant and ER-sensitive tissues. The data revealed that miR-185-3p was suppressed in ER-resistant tissues compared with ER-sensitive tissues (Figure 1A). Then, we assessed the relationship between miR-185-3p level in tumor tissues and the survival data. The result demonstrated that the high level of miR-185-3p was associated with a high survival rate (Figure 1B). In the in vitro cell models, the level of miR-185-3p in H1299/ER and A549/ER cells was significantly lower than those in H1299 and A549 cells, respectively (Figure 1C). These results suggested that miR-185-3p is downregulated in ER-resistant lung cancer cells and tissues. The level of miR-185-3p is correlated with patients’ survival.


[image: image]

FIGURE 1. The correlation of miR-185-3p with erlotinib (ER) resistance in ER-resistant cells and tissues. (A) The relative expression of miR-185-3p was determined by qRT-PCR in ER-sensitive and ER-resistant tissues. (B) The survival rate of patients with different levels of miR-185-3p. (C) The relative expression of miR-185-3p was determined by qRT-PCR in various lung cancer cell lines. Data were shown as mean ± SD. ∗∗∗p < 0.001; ###p < 0.001.




MiR-185-3p Suppressed Proliferation and Induced Apoptosis of Lung Cancer Cells

To further verify the role of miR-185-3p on lung cancer cells, we overexpressed miR-185-3p with miR-185-3p mimic in both H1299/ER and A549/ER cells. The level of miR-185-3p increased in both H1299/ER and A549/ER cells treated with miR-185-3p mimic (Figure 2A). Moreover, the cell viability was significantly suppressed in both H1299/ER and A549/ER cells treated with miR-185-3p mimic for 72 h (Figure 2B). Besides, cell apoptosis was markedly induced by miR-185-3p mimic in H1299/ER and A549/ER cells (Figure 2C). To further verify the level of apoptosis, the level of apoptosis-related proteins was investigated by Western blot. The data demonstrated that Bax was suppressed, whereas Bcl-2, Cleaved-caspase3, and Cleaved-caspase9 were markedly promoted by miR-185-3p mimic (Figure 2D). These results demonstrated that miR-185-3p could suppress cell proliferation and induce cell apoptosis.
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FIGURE 2. MiR-185-3p suppresses cell proliferation and induces apoptosis. (A) The level of miR-185-3p was determined by qRT-PCR in H1299/ER and A549/ER cells. (B) Cell viability was determined by Cell Counting Kit-8 (CCK8) assay in H1299/ER and A549/ER cells at 24, 48, and 72 h. (C) Cell apoptosis was determined by flow cytometry assay in H1299/ER and A549/ER cells. (D) The levels of apoptosis-related proteins Bcl-2, Bax, Cleaved-caspase3, and Cleaved-caspase9 were investigated by Western blot in H1299/ER and A549/ER cells. Data were shown as mean ± SD. *p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.




MiR-185-3p Targeted Liver-Type Phosphofructokinase and Downregulated Its Expression

Liver-type phosphofructokinase (PFKL) was predicted to be a target of miR-185-3p via bioinformatics analysis (Figure 3A) and confirmed by dual luciferase reporter assay. MiR-185-3p mimic and PFKL-WT or PFKL-Mut were co-transfected into H1299 cells. Dual luciferase reporter assay showed that miR-185-3p mimic inhibited the luciferase activity of PFKL-WT in A549 cells (Figure 3B). To further demonstrate the interaction between miR-185-3p and PFKL, the expression of PFKL was examined by qRT-PCR and Western blot. The data revealed that PFKL was markedly inhibited by miR-185-3p mimic in both H1299/ER and A549/ER cells (Figure 3C), demonstrating that miR-185-3p targeted PFKL and downregulated its expression. Next, qRT-PCR was carried out to assess PFKL expression in normal and tumor tissues. An inverse correlation was observed via Spearman’s correlation analysis, indicating that PFKL level was higher in normal tissues than that in tumor tissues (Figure 3D).
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FIGURE 3. MiR-185-3p targets liver-type phosphofructokinase (PFKL) and downregulates its expression. (A) The bioinformatics analysis of miR-185-3p and PFKL. (B) MiR-185-3p mimic targeting PFKL was determined by dual luciferase reporter assay. (C) The level of PFKL in H1299/ER and A549/ER cells was detected by Western blot. (D) Spearman’s correlation analysis assessed the PFKL expression in normal and tumor tissues. Data were shown as mean ± SD. ∗∗∗p < 0.001.




Liver-Type Phosphofructokinase Was Upregulated in Erlotinib-Resistant Cells and Tissues

Analysis with qRT-PCR revealed that PFKL level was higher in ER-resistant tissues than in ER-sensitive tissues (Figure 4A). The low expression of PFKL was associated with high survival rate of patients (Figure 4B). Besides, the levels of PFKL in H1299/ER and A549/ER cells were significantly higher than those in H1299 and A549 cells. The above results demonstrated that PFKL was overexpressed in ER-resistant cells (Figure 4C).
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FIGURE 4. Liver-type phosphofructokinase was upregulated in ER-resistant cells and tissues. (A) The relative expression of PFKL was determined by Western blot in ER-sensitive and ER-resistant tissues. (B) The survival rate of patients with different levels of PFKL. (C) The relative expression of PFKL was determined by Western blot in various lung cancer cell lines. Data were shown as mean ± SD. ∗∗p < 0.01; ∗∗∗p < 0.001.




MiR-185-3p Downregulated Liver-Type Phosphofructokinase to Inhibit Tumor Cell Proliferation and Erlotinib Resistance

The role of PFKL under miR-185-3p regulation in lung cancer cells was assessed. We co-transfected miR-185-3p mimic and PFKL plasmids into both H1299/ER and A549/ER cells. The data depicted that cell viability was strikingly suppressed by miR-185-3p mimic, whereas that was reversed by PFKL overexpression (Figure 5A). The cell growth inhibitory rate in both H1299/ER and A549/ER cells increased with increasing ER concentration from 0 to 16 μM. Moreover, the inhibitory rate of miR-185-3p mimic in both H1299/ER and A549/ER cells was higher than that in cells transfected with NC mimic, whereas that was reversed by PFKL overexpression (Figure 5B). Besides, cell apoptosis was increased by miR-185-3p mimic, whereas it was alleviated by PFKL overexpression (Figure 5C). These results indicated that miR-185-3p suppressed cell proliferation and induced cell apoptosis by downregulating PFKL.
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FIGURE 5. Liver-type phosphofructokinase inhibits tumor cell proliferation and ER resistance. (A) Cell viability was determined by CCK8 assay in H1299/ER and A549/ER cells at 24, 48, and 72 h. (B) The inhibition rate was determined with various ER concentrations from 0 to 16 μM in H1299/ER and A549/ER cells. (C) Cell apoptosis was determined using flow cytometry assay in H1299/ER and A549/ER cells. Data were shown as mean ± SD. ∗∗p < 0.01; ∗∗∗p < 0.001 vs. NC mimic + Vector, #p < 0.05, ###p < 0.001 vs. miR-185-3p mimic + Vector.




MiR-185-3p/Liver-Type Phosphofructokinase Alleviates Erlotinib Resistance of Lung Cancer Cells by Inhibiting Epidermal Growth Factor Receptor Alternative Pathway

Erlotinib could stimulate tumor cell to produce resistance by alternative pathways such as MET, HER2, or AXL pathway. Western blot was used to examine the expression of molecules in these pathways. The findings revealed that the level of MET in H1299/ER and A549/ER cells was strikingly higher than that in H1299 and A549 cells, while the level of HER2 and AXL remained unchanged (Figure 6A). These results illuminated that ER resistance might be caused by activation of the MET signaling pathway. Furthermore, the levels of ERBB3 and PI3K were markedly decreased in both H1299/ER and A549/ER cells transfected with si-MET compared with cells transfected with si-NC (Figure 6B), indicating that MET could activate EGFR downstream signaling molecules, such as ERBB3 and PI3K. The MET level of treatment with miR-185-3p mimic in both H1299/ER and A549 cell lines was lower than that of NC mimic, whereas that was reversed by PFKL overexpression. These results demonstrated that miR-185-3p/PFKL could regulate the activation of the MET alternative pathway in ER-resistant lung cancer cells (Figure 6C).
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FIGURE 6. MiR-185-3p/PFKL alleviates ER resistance of lung cancer by inhibiting the epidermal growth factor receptor (EGFR) alternative pathways. (A) The levels of MET, human epidermal growth factor receptor 2 (HER2), and AXL were determined by Western blot in H1299, A549, H1299/ER, and A549/ER cells. (B) The levels of Erb-B2 receptor tyrosine kinase 3 (ERBB3) and phosphoinositide 3-kinase (PI3K) were determined by Western blot in H1299, A549, H1299/ER, and A549/ER cells with or without si-MET. (C) The level of MET was determined by Western blot in H1299/ER and A549/ER cells. Data were shown as mean ± SD. ∗∗p < 0.01; ∗∗∗p < 0.001; #p < 0.05; ##p < 0.01.




DISCUSSION

The development of lung cancer is a multistep process involved in the accumulation of genetic and epigenetic changes that lead to DNA damage and eventually the conversion of epithelial cells into cancer cells (Asghariazar et al., 2019). Lung cancer has become one of the most common cancers because of lifestyle changes and increased risk factors (Hosseini et al., 2009).

MicroRNAs are short non-coding RNAs that affect the expression of target genes by inhibiting their translation or degrading their messenger RNAs (Yang et al., 2020). There is growing body of evidence indicating that miRNAs play different roles in the progression of lung cancers. MiR-222-3p stimulates the proliferation and represses apoptosis of non-small-cell lung cancer cells via repressing p53 upregulated modulator of apoptosis (PUMA) (Chen and Li, 2020). A study conducted by Li and Yuan (2020) revealed that miR-103 was elevated in A549 and H1299 cells and promoted cell growth and EMT and reduced cell apoptosis. On the contrary, miR-330 represses the viability, proliferation, and migration of lung cancer cells (Mohammadi et al., 2020). Another study conducted by Wei et al. (2020) revealed that miR-16 represses the growth and metastasis of lung cancer cells by suppressing Yes-associated protein 1 (YAP1) level. In this study, our data demonstrated that miR-185-3p was downregulated in lung cancer tissues, repressed cell proliferation, and stimulated cell apoptosis.

Although their definite role in targeted treatment is not yet clear, miRNAs can alter tumor sensitivity to antitumor drugs (Liu et al., 2020). A number of studies have shown that some antitumor drugs exert their antitumor effect via affecting miRNAs and their targeted genes. Chikuda et al. (2020) revealed that miR-629-3p is associated with conferring anticancer drug resistance in head and neck cancer. Kaempferol was demonstrated to play an anticancer role, which attenuated oxygen glucose deprivation (OGD)-induced cell damage via suppressing miR-15b level stimulated by the PI3K/AKT and Wnt3a/β-catenin signaling pathways (Li et al., 2020). ER, as an EGFR TKI, was demonstrated to play the anticancer role in cancer treatment. MiR-23a suppression elevated the ER sensitivity of lung cancer stem cells via PTEN/PI3K/Akt signaling pathway (Han et al., 2017). miR-223 level was markedly enhanced in HCC827/ER cells, and suppressing miR-223 led to alleviated resistance in HCC827/ER cells (Zhang et al., 2017). On the contrary, our data demonstrated that miR-185-3p was downregulated in ER-resistant lung cancer tissues and cells, and miR-185-3p reduced ER resistance in lung cancer cells.

To investigate the mechanism of miR-185-3p in ER resistance, we identified that PFKL is a putative target of miR-185-3p by bioinformatics analysis and verified by dual luciferase reporter assay. PFKL is one of the subtypes of PFK in human (Lee et al., 2017). In hepatocellular carcinoma (HCC), PFKL was degraded by interaction with A20 and suppressed the progression of HCC (Feng et al., 2020). Iodine-125 irradiation played an anticancer role in HCC by stimulating miR-338/PFKL axis (Zheng et al., 2019). PFKL could be upregulated by TAp73 and then enhance cell proliferation and tumor growth (Li L. et al., 2018). Yang et al. (2016) revealed that PFKL is suppressed by miR-128 and stimulates lung cancer cell growth in vitro. Similarly, our data revealed that miR-185-3p targeted PFKL to repress cell proliferation and ER resistance in lung cancer.

In summary, our findings elucidated that miR-185-3p was suppressed and PFKL was elevated in ER-resistant lung cancer tissues and cells. MiR-185-3p repressed the level of PFKL/MET to repress cell proliferation and ER resistance in lung cancer. Therefore, targeting the miR-185-3p/PFKL/MET axis may serve as a potential treatment for ER-resistant lung cancer.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of Nanjing Medical University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

CY conceived the study and obtained the funding. KL and XZ performed the experiments and analyzed the data. All authors participated in writing and revising the article and approved the final manuscript.



FUNDING

This work was supported by the Six talent peaks in Jiangsu Province (2015-wsw-042).



REFERENCES

Asghariazar, V., Sakhinia, E., Mansoori, B., Mohammadi, A., and Baradaran, B. (2019). Tumor suppressor microRNAs in lung cancer: an insight to signaling pathways and drug resistance. J. Cell Biochem. 120, 19274–19289. doi: 10.1002/jcb.29295

Camidge, D. R., Pao, W., and Sequist, L. V. (2014). Acquired resistance to TKIs in solid tumours: learning from lung cancer. Nat. Rev. Clin. Oncol. 11, 473–481. doi: 10.1038/nrclinonc.2014.104

Capelletto, E., and Novello, S. (2012). Emerging new agents for the management of patients with non-small cell lung cancer. Drugs 72, 37–52. doi: 10.2165/1163028-s0-000000000-00000

Chen, C., Liu, W. R., Zhang, B., Zhang, L. M., Li, C. G., Liu, C., et al. (2020). LncRNA H19 downregulation confers erlotinib resistance through upregulation of PKM2 and phosphorylation of AKT in EGFR-mutant lung cancers. Cancer Lett. 486, 58–70. doi: 10.1016/j.canlet.2020.05.009

Chen, J., Cui, J. D., Guo, X. T., Cao, X., and Li, Q. (2018). Increased expression of miR-641 contributes to erlotinib resistance in non-small-cell lung cancer cells by targeting NF1. Cancer Med. 7, 1394–1403. doi: 10.1002/cam4.1326

Chen, W., and Li, X. (2020). MiR-222-3p Promotes Cell Proliferation and Inhibits Apoptosis by Targeting PUMA (BBC3) in Non-Small Cell Lung Cancer. Technol. Cancer Res. Treat. 19:1533033820922558.

Chen, Y., Tang, J., Lu, T., and Liu, F. (2020). CAPN1 promotes malignant behavior and erlotinib resistance mediated by phosphorylation of c-Met and PIK3R2 via degrading PTPN1 in lung adenocarcinoma. Thorac. Cancer 11, 1848–1860. doi: 10.1111/1759-7714.13465

Chikuda, J., Otsuka, K., Shimomura, I., Ito, K., Miyazaki, H., Takahashi, R. U., et al. (2020). CD44s Induces miR-629-3p Expression in Association with Cisplatin Resistance in Head and Neck Cancer Cells. Cancers 12:856. doi: 10.3390/cancers12040856

Du, J., He, Y., Wu, W., Li, P., Chen, Y., Hu, Z., et al. (2019). Targeting EphA2 with miR-124 mediates Erlotinib resistance in K-RAS mutated pancreatic cancer. J. Pharm. Pharmacol. 71, 196–205. doi: 10.1111/jphp.12941

Feng, Y., Zhang, Y., Cai, Y., Liu, R., Lu, M., Li, T., et al. (2020). A20 targets PFKL and glycolysis to inhibit the progression of hepatocellular carcinoma. Cell Death Dis. 11:89.

Fu, J., Yuan, J. C., Xiong, R. L., Zhu, T. T., Ni, R., Lou, H. X., et al. (2020). Elevation of FGD5-AS1 contributes to cell progression by improving cisplatin resistance against non-small cell lung cancer cells through regulating miR-140-5p/WEE1 axis. Gene 755:144886. doi: 10.1016/j.gene.2020.144886

Han, Z., Zhou, X., Li, S., Qin, Y., Chen, Y., and Liu, H. (2017). Inhibition of miR-23a increases the sensitivity of lung cancer stem cells to erlotinib through PTEN/PI3K/Akt pathway. Oncol. Rep. 38, 3064–3070. doi: 10.3892/or.2017.5938

Hosseini, M., Naghan, P. A., Karimi, S., SeyedAlinaghi, S., Bahadori, M., Khodadad, K., et al. (2009). Environmental risk factors for lung cancer in Iran: a case-control study. Int. J. Epidemiol. 38, 989–996.

Hu, X., Miao, J., Zhang, M., Wang, X., Wang, Z., Han, J., et al. (2018). miRNA-103a-3p Promotes Human Gastric Cancer Cell Proliferation by Targeting and Suppressing ATF7 in vitro. Mol. Cells 41, 390–400.

Lee, J. H., Liu, R., Li, J., Zhang, C., Wang, Y., Cai, Q., et al. (2017). Stabilization of phosphofructokinase 1 platelet isoform by AKT promotes tumorigenesis. Nat. Commun. 8:949.

Li, K., and Yuan, C. (2020). MicroRNA103 modulates tumor progression by targeting KLF7 in non-small cell lung cancer. Int. J. Mol. Med. 46, 1013–1028. doi: 10.3892/ijmm.2020.4649

Li, L., Li, L., Li, W., Chen, T., Zou, B., Zhao, L., et al. (2018). TAp73-induced phosphofructokinase-1 transcription promotes the Warburg effect and enhances cell proliferation. Nat. Commun. 9:4683.

Li, L., Liu, D., Cao, X., Wu, J., Du, G., and Shang, Y. (2020). Kaempferol Regulates miR-15b/Bcl-2/TLR4 to Alleviate OGD-Induced Injury in H9c2 Cells. Int. Heart J. 61, 585–594. doi: 10.1536/ihj.19-359

Li, S., Zhou, J., Wang, Z., Wang, P., Gao, X., and Wang, Y. (2018). Long non-coding RNA GAS5 suppresses triple negative breast cancer progression through inhibition of proliferation and invasion by competitively binding miR-196a-5p. Biomed. Pharmacother. 104, 451–457. doi: 10.1016/j.biopha.2018.05.056

Liu, C., Li, G., Ren, S., Su, Z., Wang, Y., Tian, Y., et al. (2017). miR-185-3p regulates the invasion and metastasis of nasopharyngeal carcinoma by targeting WNT2B in vitro. Oncol. Lett. 13, 2631–2636. doi: 10.3892/ol.2017.5778

Liu, Y. R., Wang, P. Y., Xie, N., and Xie, S. Y. (2020). MicroRNAs as Therapeutic Targets for Anticancer Drugs in Lung Cancer Therapy. Anticancer Agents Med. Chem. 20, 1883–1894. doi: 10.2174/1871520620666200615133011

Lu, C., Peng, K., Guo, H., Ren, X., Hu, S., Cai, Y., et al. (2018). miR-18a-5p promotes cell invasion and migration of osteosarcoma by directly targeting IRF2. Oncol. Lett. 16, 3150–3156.

Lu, G., Li, Y., Ma, Y., Lu, J., Chen, Y., Jiang, Q., et al. (2018). Long non-coding RNA LINC00511 contributes to breast cancer tumourigenesis and stemness by inducing the miR-185-3p/E2F1/Nanog axis. J. Exp. Clin. Cancer Res. 37:289.

Luo, Y. H., Luo, L., Wampfler, J. A., Wang, Y., Liu, D., Chen, Y. M., et al. (2019). 5-year overall survival in patients with lung cancer eligible or ineligible for screening according to US Preventive Services Task Force criteria: a prospective, observational cohort study. Lancet Oncol. 20, 1098–1108. doi: 10.1016/s1470-2045(19)30329-8

Mohammadi, A., Mansoori, B., Duijf, P. H. G., Safarzadeh, E., Tebbi, L., Najafi, S., et al. (2020). Restoration of miR-330 expression suppresses lung cancer cell viability, proliferation, and migration. J. Cell Physiol. 236, 273–283. doi: 10.1002/jcp.29840

Pan, X., Chen, Y., Shen, Y., and Tantai, J. (2019). Knockdown of TRIM65 inhibits autophagy and cisplatin resistance in A549/DDP cells by regulating miR-138-5p/ATG7. Cell Death Dis. 10:429.

Pdq Cancer Information Summaries (2002). Non-Small Cell Lung Cancer Treatment (PDQ(R)): Patient Version. Bethesda: National Cancer Institute.

Suda, K., Mizuuchi, H., Maehara, Y., and Mitsudomi, T. (2012). Acquired resistance mechanisms to tyrosine kinase inhibitors in lung cancer with activating epidermal growth factor receptor mutation–diversity, ductility, and destiny. Cancer Metastasis Rev. 31, 807–814. doi: 10.1007/s10555-012-9391-7

Uhr, K., Prager-van der Smissen, W. J. C., Heine, A. A. J., Ozturk, B., van Jaarsveld, M. T. M., Boersma, A. W. M., et al. (2019). MicroRNAs as possible indicators of drug sensitivity in breast cancer cell lines. PLoS One 14:e0216400. doi: 10.1371/journal.pone.0216400

van der Wekken, A. J., Saber, A., Hiltermann, T. J., Kok, K., van den Berg, A., and Groen, H. J. (2016). Resistance mechanisms after tyrosine kinase inhibitors afatinib and crizotinib in non-small cell lung cancer, a review of the literature. Crit. Rev. Oncol. Hematol. 100, 107–116. doi: 10.1016/j.critrevonc.2016.01.024

Wang, X., Gao, X., Tian, J., Zhang, R., Qiao, Y., Hua, X., et al. (2020). LINC00261 inhibits progression of pancreatic cancer by down-regulating miR-23a-3p. Arch. Biochem. Biophys. 689:108469. doi: 10.1016/j.abb.2020.108469

Wang, Y. X., Zhu, H. F., Zhang, Z. Y., Ren, F., and Hu, Y. H. (2018). MiR-384 inhibits the proliferation of colorectal cancer by targeting AKT3. Cancer Cell Int. 18:124.

Wang, Y., and Chang, Q. (2020). MicroRNA miR-212 regulates PDCD4 to attenuate Abeta25-35-induced neurotoxicity via PI3K/AKT signaling pathway in Alzheimer’s disease. Biotechnol. Lett. 42, 1789–1797. doi: 10.1007/s10529-020-02915-z

Wegener, G., and Krause, U. (2002). Different modes of activating phosphofructokinase, a key regulatory enzyme of glycolysis, in working vertebrate muscle. Biochem. Soc. Trans. 30, 264–270. doi: 10.1042/bst0300264

Wei, J., Jia, A., Ma, L., Wang, Y., Qiu, L., and Xiao, B. (2020). MicroRNA-16 inhibits the proliferation and metastasis of human lung cancer cells by modulating the expression of YAP1. J. BUON 25, 862–868.

Wu, P. F., Gao, W. W., Sun, C. L., Ma, T., and Hao, J. Q. (2020). Suberoylanilide hydroxamic acid overcomes erlotinib-acquired resistance via phosphatase and tensin homolog deleted on chromosome 10-mediated apoptosis in non-small cell lung cancer. Chin. Med. J. 133, 1304–1311. doi: 10.1097/cm9.0000000000000823

Wu, S. G., and Shih, J. Y. (2018). Management of acquired resistance to EGFR TKI–targeted therapy in advanced non-small cell lung cancer. Mol. Cancer 17:38.

Xia, A., Li, H., Li, R., Lu, L., and Wu, X. (2018). Co-treatment with BEZ235 enhances chemosensitivity of A549/DDP cells to cisplatin via inhibition of PI3K/Akt/mTOR signaling and downregulation of ERCC1 expression. Oncol. Rep. 40, 2353–2362.

Yalcin, A., Telang, S., Clem, B., and Chesney, J. (2009). Regulation of glucose metabolism by 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatases in cancer. Exp. Mol. Pathol. 86, 174–179. doi: 10.1016/j.yexmp.2009.01.003

Yang, J., Li, J., Le, Y., Zhou, C., Zhang, S., and Gong, Z. (2016). PFKL/miR-128 axis regulates glycolysis by inhibiting AKT phosphorylation and predicts poor survival in lung cancer. Am. J. Cancer. Res. 6, 473–485.

Yang, X., Wang, B., Chen, W., and Man, X. (2020). MicroRNA-188 inhibits biological activity of lung cancer stem cells through targeting MDK and mediating the Hippo pathway. Exp. Physiol. 105, 1360–1372. doi: 10.1113/ep088704

Yi, W., Clark, P. M., Mason, D. E., Keenan, M. C., Hill, C., Goddard, W. A., et al. (2012). Phosphofructokinase 1 glycosylation regulates cell growth and metabolism. Science 337, 975–980. doi: 10.1126/science.1222278

Zhang, H., Chen, F., He, Y., Yi, L., Ge, C., Shi, X., et al. (2017). Sensitivity of non-small cell lung cancer to erlotinib is regulated by the Notch/miR-223/FBXW7 pathway. Biosci. Rep. 37:BSR20160478.

Zhang, R. L., Aimudula, A., Dai, J. H., and Bao, Y. X. (2020). RASA1 inhibits the progression of renal cell carcinoma by decreasing the expression of miR-223-3p and promoting the expression of FBXW7. Biosci. Rep. 40:BSR20194143.

Zhao, T. F., Jia, H. Z., Zhang, Z. Z., Zhao, X. S., Zou, Y. F., Zhang, W., et al. (2017). LncRNA H19 regulates ID2 expression through competitive binding to hsa-miR-19a/b in acute myelocytic leukemia. Mol. Med. Rep. 16, 3687–3693. doi: 10.3892/mmr.2017.7029

Zheng, J., Luo, J., Zeng, H., Guo, L., and Shao, G. (2019). (125)I suppressed the Warburg effect viaregulating miR-338/PFKL axis in hepatocellular carcinoma. Biomed. Pharmacother. 119:109402. doi: 10.1016/j.biopha.2019.109402

Zheng, Y., Song, A., Zhou, Y., Zhong, Y., Zhang, W., Wang, C., et al. (2020). Identification of extracellular vesicles-transported miRNAs in Erlotinib-resistant head and neck squamous cell carcinoma. J. Cell Commun. Signal 14, 389–402. doi: 10.1007/s12079-020-00546-7

Zhou, C., Kong, W., Ju, T., Xie, Q., and Zhai, L. (2020). MiR-185-3p mimic promotes the chemosensitivity of CRC cells via AQP5. Cancer Biol. Ther. 21, 790–798. doi: 10.1080/15384047.2020.1761238

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Li, Zhu and Yuan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Inhibition of miR-185-3p Confers Erlotinib Resistance Through Upregulation of PFKL/MET in Lung Cancers



		INTRODUCTION



		MATERIALS AND METHODS



		Patients



		Cell Culture and Erlotinib Treatment



		Cell Transfection



		RNA Extraction and qRT-PCR Assay



		Cell Viability



		Apoptosis Detection



		Western Blot



		Dual Luciferase Reporter Assay



		RNA Pull-Down Assay



		Statistical Analysis







		RESULTS



		The Correlation of miR-185-3p With Erlotinib Resistance in Erlotinib-Resistant Cells and Tissues



		MiR-185-3p Suppressed Proliferation and Induced Apoptosis of Lung Cancer Cells



		MiR-185-3p Targeted Liver-Type Phosphofructokinase and Downregulated Its Expression



		Liver-Type Phosphofructokinase Was Upregulated in Erlotinib-Resistant Cells and Tissues



		MiR-185-3p Downregulated Liver-Type Phosphofructokinase to Inhibit Tumor Cell Proliferation and Erlotinib Resistance



		MiR-185-3p/Liver-Type Phosphofructokinase Alleviates Erlotinib Resistance of Lung Cancer Cells by Inhibiting Epidermal Growth Factor Receptor Alternative Pathway







		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/fcell-09-677860-g005.jpg
A549/ER

H1299/ER
o -~ NC mimic+Vector
.- N‘C m1m1c+Vcc‘t0'r -8 miR-185-3p mimic+Vector
B miR-185-3p mimic+Vector —~ miR-185-3p mimic+PFKL
107 — miR-185-3p mimic+PFKL ~ 107
2 g
3 0.8 # T 0.81
2 ok 2
0.6 < 0.6
z 2
Z 0.4 Z 0.4
=z 2
Z 021 = 0.2
@ @
&) &)
0.0 T T T T 0.0 T T T T
0 24 48 72 0 24 48 72
Time (h) Time (h)
HI1299/ER AS49/ER
100- - 1004 —® NC mimic+Vector
-~ NC +Vector . -
= Rm;;n;c} e":rr?'lc-*-\/ecto B miR-185-3p mimic+Vector
g mik- - mimi 1% ook e » s
S 801 : pmimt 4 < 801 miR-185-3p mimic+PFKL s
< —#+ miR-185-3p mimic+PFKL, = #
3 601 g 60+
= 5
S 401 £ 40-
= =
£ 20 £ 204
0 01— T T T T
0 4 8 12 16
ER Concentration (uM) ER Concentration (uM)
L miR-185-3p mimic miR-1 85]—(31p mimic+
NC mimic+Vector +Vector PKFL
Wsdat a2 o da Q2 ] Q2
30 1.03 30.099 6.80 424
% 10" \04'
= E ]
(o <
[} . [
Ny 002
an oq o3
E Q3 ELe) Q3 3
JERERY 203 1033808 123 666 [ NC mimic+Vector
j:;""':r"wma e ";7 B PR s Bl miR-185-3p mimic+Vector
FITC-A FITC-A 3 miR-185-3p mimic+PFKL
251
A9 Q2 Wan Q2 Q2 o
Qﬁ 30.035 1.50 30.058 5.24 2.99 °\° 20 3%k
m ~ ko
a 10° 2 10 E
ﬁ- < ] £ ] 3 15- ##
21 i P i
10° e 100 < 10-
4 N ‘E_
i # od E. 54
04 Q3 3Q4 Q3 Q3
33969 157 35825 122 ¥
gl e R R g e S, ol L1 []
0 o 10® 10* 10° a0 o w0’ 0* 10° 10° H1299/ER AS549/ER






OPS/images/fcell-09-677860-g006.jpg
H1299 HI299/ER  A549 A549 /ER
MET | M - — - | [ H1299
z T Bl H1299/ER
|
2 " T 3 A549
HER2 - - - - - CJ AS49/ER
2
o
>
=
- =
MET HER2 AXL
3 HI1299/ER
B B HI1299/ER+si-MET
H1299 /ER+ A549 /ER+ -
H1299 /ER  Si-MET  AS49/ER ' siMET 5 '~ B3 AS49/ER
2 3 A549/ER+si-MET
<P
ERBB3 - 3
- - - I ; I
=
=
PI3K MR R e ¢ g ,
2 0.5
=P
>
pactn -
0.\‘} | !
ERBB3 PI3K
C NC-mimic+ mir-mimic+ mir-mimic+ NC-mimic+ mir-mimic+ mir-mimic+
pcDNA-NC pcDNA-NC  pcDNA-PFKL pcDNA-NC pcDNA-NC  pcDNA-PFKL
VET A e R e -

H1299/ER

AS49/ER

= 15+ [ NCmimic+pcDNA-NC = 154 [ NC mimic+pcDNA-NC
-2 B mir mimic+pcDNA-NC -; Bl mir mimic+pcDNA-NC
S 3 mir mimic+pcDNA-PFKL S 3 mir mimic+pcDNA-PFKL
= s
2 1.0 —t— = 1.0 ——— "
= ## =
’E, s 34 3 .f:’ * ¥
o o
= 0.5 = 0.5
o o
= 2
= =
P P}
~ 0.0 ~ 0.0
MET MET





OPS/images/fcell-09-677860-g001.jpg
Relative expression of miR-185-3p

157

1.0

0.5

]
ER-Sensitive

I
ER-Resistant

Percent survival

—— High expression of miR-185-3p

1207 -r. Lowexpression of miR-185-3p

60+

L,
P=0.1076 L
R=0.3326 1.

=]

0 14 28 42 56 70

Relative expression of miR-185-3p

1.54

1.0

0.5

s

—

] L
H1299 HI1299/ER AS549

I
AS49/ER





OPS/images/cover.jpg
frontiers
in Cell and Developmental Biology

Inhibition of miR-185-3p Confers
Erlotinib ResistanceThrough
Upregulation of PFKL/MET
in Lung Cancers





OPS/images/fcell-09-677860-g002.jpg
A B AS49/ER
~ 3 NCmimic H1299/ER
& ik i |
0 8 Bl miR-185-3p mimic = 1.5 o i _._ N.C il N
: ok T; -# miR-185-3p mimic - miR-185-3p mimic
£ = g 10 -
s e
.
Y
52
H
$
.1 1 , , ; . . , , ,
K} HI1299/ER AS49/ER 0 24 48 7 0 u s )
Time (h) Time (h)
(o3
miR-185-3p L. miR-185-3p
NC mimic mimic NC mimic mimic
@ W Ja Q2 L] Q2
114 0 1.46 0.068 9.87
' ' S
< < ] =
& g ] F]
o 0 °
: g
o =
Q3 Q4 Q3 a3 3
5.09 1035965 204 735
S . . L peretreepgpehrey—ererrng—reopm—e)
ms m:5 [ 103 t(l4 10’ ‘03 o ‘03 104 105
FITC-A FITC-A
AS549/ER HI1299/ER
D
O 20 C 0
(“‘“\ 5 6\“0\ o <
AS49/ER
Bel-2 |-- -l | -— | 3 NC mimic H1299/ER
£ 37 B miR-185-3pmimic £51 O3 NCmimic
BaXI -| l oo @R | ; z = g o] S miR1853p mimic
Cleaved-caspase3 l - | | —-— | s EE
2 2
» e
Cleaved-caspase9 | and | I - ‘| E 52
= >
s E o 1
B-actin [ e | |G : :

A549/ER H1299/ER

3 NC mimic
20 @l miR-185-3p mimic
s
15
10
5
AS49/ER HI299/ER






OPS/images/fcell-09-677860-g003.jpg
1.5 A549/ER 1 e H1299/ER
'E ’ 3 NC mimic ‘E ' 3 NC mimic
PFKL WT 5'-GCCCACGCcCcCcCUcceecAaceeeee-s3 § @8 miR-185-3p mimic ?; @8 miR-185-3p mimic
LTI 5 W g 1.07
Hsa-miR-185-3p 3'- CUGGUCUCCUUUCGGUCGGGGA -5 “E “g
= 0.5- = 05
PFKI, Mut 5' .GCCCACGCCCCUCCCCUCGGGGC -3' g . £ .
g r:°2
00 PFﬂ WT PFI@ Mut PFKL WT PFKIL-Mut
. ) ) 0
< 5 O ¥
.@\ . ,\% G \,6\ ’X o
2 157 O3 NCmimic $C&\ @&&\6\\ $06\ &6\\6\\ 2 151 O3 NCmimic 2 20
?: @B miR-185-3p mimic = Bl miR-185-3p mimic =
° kS S 1.51
g 0.5 k% g 0.5- e ik §
& 0.0 2 00 200

HI1299/ER AS49/ER H1299/ER A549/ER ’ H1299/ER A549/ER Noriial Cifiiioe






OPS/images/fcell-09-677860-g004.jpg
Relative expression of PFKL

(]

SN
J

W
]

[\°]
1

[y
]

+

L)
ER-Sensitive

|
ER-Resistant

Percent survival

1201

—— High expression of PFKL

-+- Low expression of PFKL
[ PR S A e P |
604 £=0.1522
R=2.775
I I ) ) !
0 14 28 42 56 70

Months

=2
)

=
1

[\°]
1

Relative expression of PFKL

(=]

) I
H1299 HI1299/ER A549

|
AS49/ER








OPS/images/logo.jpg
, frontiers
in Cell and Developmental Biology





OPS/images/fcell-09-677860-t001.jpg
Primer name (5'-3') Primer sequences

miR-185-3p-Forward 5-GGGGCTGGCTTTCCTCTG-3’
miR-185-3p-Reverse 5'-GTGGAGTCGGCAATTGCAC—3
U6-Forward 5'-CTCGCTTCGGCAGCACA-3’

U6-Reverse 5"-AACGCTTCACGAATTTGCGT -3’
PFKL-Forward 5'-GTGGTTGTCGGAGAAGCTGCGC—3'
PFKL-Reverse 5"-CGGTGCTCGAAATCAGTGTCT -3’
B-actin-Forward 5"-GACCTGACTGACTACCTCATGAAGAT -3’

B-actin-Reverse 5'-GTCACACTTCATGATGGAGTTGAAGG—3’





