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二、中文摘要：請以五百字內作本計畫要點概述。(限本頁)

近年來, 肺癌的個人化醫療越來越被重視，主要是藉由偵測基因突變，而給予相對應的標靶藥物，特別是針對上皮生長因子受器(EGFR)開發出一些小分子tyrosine kinase inhibitor (EGFR-TKIs)（如: gefitinib、erlotinib)，這類藥物對帶有上皮生長因子受器突變的肺腺癌病患產生明顯的療效，雖然這類藥物一開始有很好的治療反應，但無法避免地在治療一段時間後，最終還是會產生抗藥性。最常見引起第一代及第二代EGFR-TKI抗藥性的原因就是後天性的EGFR T790M點突變。目前第三代標靶藥物osimertinib (AZD9291)可以針對帶有EGFR T790M的肺癌細胞產生良好的治療效果，然而肺癌細胞最後依然會對EGFR第三代標靶藥物產生抗藥，而且，抗藥的機制變得非常複雜。因此，我們需要更近一步研究了解腫瘤對osimertinib產生抗藥性的機制。

我們使用網路上預測軟體以及使用TaqMAN Low Density Array (TLDA)對EGFR TKI敏感的細胞株(PC-9)及抗藥性的細胞株(PC-9/gef) 分析, 發現miR-204在EGFR TKI抗藥性的細胞表現量較低，因此，miR-204可能為一個影響抗藥性的調控因子。藉由測定病人吃藥前的血中miR-204 level，發現miR-204高表現量的病人，使用EGFR TKI後疾病控制時間較長，產生抗藥性的時間較晚，從細胞學實驗中，也發現對第三代EGFR TKI (osimertinib)抗藥性的細胞有較低的miR-204表現，而過量表現miR-204可以重新恢復抗藥性的細胞對osimertinib的敏感性，並且增加EGFR TKI造成細胞的凋亡，同時，在EGFR TKI敏感的細胞抑制miR-204的表現會增加腫瘤幹細胞特性，包括sphere formation增加, 腫瘤幹細胞基因(Oct4, Nanog, SOX2)的活化,以上這些發現miR-204的減少會增加腫瘤幹細胞特性，進而造成EGFR TKI的抗藥性，在臨床腫瘤及惡性胸水的收集分析上，也分別看見有較高miR-204表現的可以使用標靶藥物較長的無疾病進展。我們藉由軟體預測miR-204下游的控制基因為Oct4，接著再以雙螢光素酶檢測法同時證明Oct4為miR-204直接調控標的物。

根據文獻分析，miRNA的功能會受到lncRNA的調控，而lncRNA具有多種的調控機制，我們從基因資料庫比對與miR-204序列互補的lncRNA，發現到lncRNA-HCG11與miR-204序列互補，因此猜測HCG11可能藉由吸附miR-204進而破壞miR-204與下游標的的交互作用，或是直接造成miR-204分解。而在EGFR TKI抗藥性肺癌細胞，相對於EGFR TKI敏感的細胞有較高的HCG11表達，而在EGFR TKI抗藥性肺癌細胞去高度表達miR-204，則可以見到HCG11表達量的明顯下降，可見兩者有一定的相關聯。我們將繼續深入探討HCG11如何調控miR-204，以及HCG11/miR-204/Oct4訊息傳遞路徑是否能影響癌幹細胞生成與標靶藥物抗藥性的發生，進而希望藉此找出克服的方法，這將對肺癌的治療開創一個新的時代。
三、英文摘要(限本頁)：
Recently, specific molecular target medication was developed according to the detection specific gene mutations of cancers. This strategy made a revolution advancement in the precision medicine, especially in lung cancer. Patients with tumor harboring epidermal growth factor receptor (EGFR) mutation had dramatic response to EGFR tyrosine kinase inhibitors (TKIs). Although patients got favorable response of EGFR TKIs at initial treatment, acquired resistance developed eventually. The acquired EGFR T790M mutation is the most common mechanism of resistance to 1st- and 2nd-generation EGFR TKIs. Accordingly, the 3rd-generation EGFR-TKI, osimertinib (AZD9291), was specifically designed against EGFR T790M mutation. However, acquired resistance to osimertinib still developed eventually. Various resistance mechanisms have been reported. There are still several unknown mechanisms, which cause unfavorable treatment response or acquired resistance to osimertinib. 
We used on-line prediction software to predict the candidate miRNAs and compared EGFR TKI sensitive and acquired-resistant cells (PC9 and PC9/gef) by TaqMan low-density arrays (TLDA). TKI-resistance cells had lower expression of miR-204. Besides, patients with higher serum miR-204 level had longer progression free survival of the 1st-line EGFR TKIs treatment than those with lower serum miR-204 expression level. In vitro, overexpression of miR-204 in osimertinib-resistance cells increased EGFR TKI-induced apoptosis and restored EGFR TKI sensitivity. Knockdown miR-204 in osimertinib-sensitive cells increased cell sphere formation and increased protein expression of cancer stemness genes, including Nanog, SOX2 and Oct4. Therefore, reducing miR-204 caused increasing cancer stemness and resistance of EGFR TKI. Using on-line prediction software, Oct4 was the predict downstream target of miR-204. Luciferase reporter assay  confirmed that mir-204 directly targeted 3’UTR of Oct4. 
Furthermore, accumulating evidence suggested that lncRNA regulates downstream signal pathway by various alternative mechanisms. To explore the upstream regulatory mechanisms of miR-204, the putative lncRNA, HCG11, may be a candidate lncRNA predicted by online software. The effect of HCG11 may result from sponging miR-204 because of the complementary sequence between miR-204 and HCG11. TKI-resistance cells had higher expression of miR-204 than TKI sensitive cells. Overexpression miR-204 in EGFR TKI-resistance cells attenuated HCG11 expression level significantly. Therefore, we will explore how the putative HCG11/miR-204/Oct4 axis regulates cancer cell stemness and resistance mechanism of osimertinib treatment. 
關鍵詞 (Keywords): 肺癌，miR-204，Oct4, 上皮生長因子抑制劑，上皮生長因子受器基因突變，cancer stemness, osimertinib.

Investigate the role of long non-coding RNA HCG11 in promoting cancer stemness and EGFR TKI resistance of lung adenocarcinoma 
Introduction:
Lung cancer is the leading cause of cancer death around the world 


[1] ADDIN EN.CITE . Most of patients suffered from advanced stage at initial diagnosis of non-small cell lung cancer (NSCLC) [2], and their clinical outcomes remained unsatisfactory even under standard treatment of platinum-based chemotherapy. In the recent decade, investigation on molecular mechanism of lung cancers lead to the improvement on precision medicine with molecule-targeted therapy. The National Comprehensive Cancer Network (NCCN) guideline also strongly suggested detection for several oncogenic driver mutations and prescribed the corresponding targeted therapy 


[3] ADDIN EN.CITE . For example, EGFR mutations and ALK gene rearrangements should be exanimated for lung adenocarcinoma patients, then patients with these genetic abnormalities can receive effective treatment with targeted agents such as EGFR TKIs (gefitinib, erlotinib, afatinib) and ALK TKIs (alectinib, ceritnib, and crizotinib) 


[3] ADDIN EN.CITE .
EGFR mutations are frequently detected in lung adenocarcinoma, female, Asian and non-smokers. The most frequent mutation types of EGFR are deletion in exon 19 and point mutation (L858R) in exon 21. Both of them are also termed as common EGFR mutation and associated with sensitivity to EGFR TKI treatment. Although EGFR mutation-positive patients with NSCLC had favorable treatment response of EGFR tyrosine kinase inhibitors (TKIs) 


[4, 5] ADDIN EN.CITE , acquired resistance develops eventually, and acquired EGFR T790M mutation is the major resistance mechanism (~50%) 


[6, 7] ADDIN EN.CITE . In addition, there are variable resistance mechanism, including: Slug 


[8] ADDIN EN.CITE , PIK3CA mutation, BIM deletion polymorphism, AXL or Kras, etc. 


[9] ADDIN EN.CITE .
Osimertinib (TAGRISSO, AstraZeneca Pharmaceuticals, LP), the 3rd-generation EGFR TKI, was approved for the treatment of patients with metastatic EGFR T790M mutation-positive NSCLC by the U.S. Food and Drug Administration. It significantly improved progression-free survival (PFS) versus platinum-based doublet chemotherapy, providing 10.1 months of median PFS compared to 4.4 months from chemotherapy 
 ADDIN EN.CITE 
[10]
. However, acquired resistance to osimertinib still developed eventually. There were variable and heterogeneous acquired resistance mechanisms of osimertinib, including C797S, BRAF V600E mutation, MET amplification and FGFR1 amplification 
 ADDIN EN.CITE 
[11, 12]
. Nonetheless, a lot of acquired resistance mechanisms of osimertinib were still unknown.
MicroRNAs (miRNAs), a group of short RNA molecules (20–25 nucleotides), regulate gene expression by binding to the 3’-untranslated region (3’UTR) of corresponding target mRNA and suppressing its translation or initiating its degradation [13]. Aberrantly expressed miRNAs in different malignancies function as tumor suppressors or oncomirs, which regulates cancer development, cancer characterization and potential cancer therapy 
 ADDIN EN.CITE 
[14, 15]
. According to specific miRNA profile, NSCLC could be classified to predict prognosis and/or recurrence of the disease 
 ADDIN EN.CITE 
[16, 17]
. MiRNA also control tumor progression related to EMT [23, 24], or cancer stem cells (CSCs) [18]. It is important to explore the possible microRNAs as a novel therapeutic target to control tumor progression and acquired resistance to EGFR TKI treatment in NSCLC.
Cancer stem cells, also terms as tumor‐initiating cells, have been identified in most types of cancer [19]. The characteristics of CSCs includes pluripotency, self‐renewal capacity, low proliferation rate, and tumor‐initiating ability [20]. CSCs are highly malignant and resistant to chemotherapy and radiotherapy. They also facilitate tumor progression, relapse, and metastasis 
 ADDIN EN.CITE 
[20, 21]
. Our study team reported that IL-8 confers resistance to EGFR inhibitors by inducing stem cell properties in lung cancer. Diminishing the CSC sub-population through depletion of IL-8 in combination with gefitinib administration might potentially overcome EGFR-TKI resistance 
 ADDIN EN.CITE 
[22]
. Global analysis of gene expression networks further suggest that core pluripotency genes, such as NANOG, Oct4, SOX2, and MYC, are primary gene sets shared by both human embryonic stem cells (hESCs) and cancers 


[23, 24] ADDIN EN.CITE . Almost half of the genes that are upregulated as a result of genomic alterations in hESCs, are also closely linked to the expression of cancer genes 


[24, 25] ADDIN EN.CITE .
Our prior study showed that epithelial mesenchymal-transition (EMT) regulator (Slug) and IL-8 were up-regulated in PC9/gef cells and conferred resistance to gefitinib 
 ADDIN EN.CITE 
[8]
. Therefore, we future explored the possible miRNAs which are directly targeted by the 3’UTR of Slug, using online microRNAs software programs. We identified that miR-204 was downregulated in EGFR TKI-resistance cells. The expression level of miR-204 was lower in malignant pleural effusion (MPEs) of lung adenocarcinoma acquired resistance to EGFR TKI than treatment-naïve MPEs. The miR-204 expression level of serum or excision samples were associate with PFS of first-line EGFR TKI treatment. In addition to EMT, CSC also played an important role in EGFR TKI resistance. One miRNA could allow regulate various target mRNAs due to imperfect matching 3’UTR of mRNAs. Identifying different miRNA expression patterns thus supports tissue-specific miRNA classification, and disease status and outcome prediction.
In addition to the functions which directly targeting mRNAs, Oct4, lncRNAs also regulates  miRNA-related gene expression. Specifically, lncRNAs could sponge miRNA molecules and prevent them from binding to their target mRNAs, thereby enhancing translation. LncRNAs also act as competing endogenous RNAs (ceRNAs) to compete with miRNA response elements (MREs) for miRNA binding and inhibit translation
 ADDIN EN.CITE 
[26, 27]
. In this project, we used online software to predict the candidate lncRNA, HCG11, to regulate miR-204 function. HCG11, an oncogenic lncRNA, induces cell proliferation and invasion of HCC tumor cells, suppresses apoptotic indicators, such as: p21 and caspase-3, promotes anti-apoptotic factors including ERK, JNK and p38 via the regulation of IGF2BP1 protein and activation of MAPK pathway which consequently promoted HCC progression 
 ADDIN EN.CITE 
[28]
. HCG11 was found to suppress apoptosis via MAPK signaling transduction in hepatocellular carcinoma, and the downregulation of HCG11 expression predicts a poor prognosis in prostate cancer 
 ADDIN EN.CITE 
[28, 29]
. 
Therefore, we explored the alternative pathway of HCG11 to regulate miR-204 and the downstream expression of Oct4. By manipulation of the expression of HCG11, the in vitro functional study and treatment response of osimertinib was also studied.
Material and Methods

Cell lines 
The human lung adenocarcinoma cell line PC9 and derivative PC9/gef cells were gifts from Professor. C. H. Yang (Graduate Institute of Oncology, Cancer Research Center, National Taiwan University). HCC827 and H1975 were purchased from the American Type Culture Collection (ATCC, Manassas, VA). H1975 was propagated in AZD9291-containing 3 months to obtain AZD9291-resistant clones (H1975/AZD 15, H1975/AZD 18). All other cell lines in this study were cultured in RPMI supplemented with 10% FBS and propagated in 37℃/5% CO2 incubator. 
TaqMan low-density array (TLDA) analysis of miRNA expression
The TaqMan® Low Density Array Human MicroRNA Panel v1.0 (Applied Biosystems, Foster City, CA, USA), which includes 365 mature human miRNAs and two endogenous small nucleolar RNAs (snoRNAs; control) was adopted for miRNA expression profiling. Total RNA was reverse-transcribed using a Multiplex RT pool set (Applied Biosystems, Foster City, CA, USA) and loaded to a TLDA panel, as described in the manufacturer’s protocol. We used an ABI PRISM 7900HT real-time PCR system for Real-time PCR, and data was analyzed by the standard 7900RQ software.
Cytotoxicity tests  
IC50 of EGFR-TKIs (gefitinib, erlotinib, afatinib and AZD9291) in all enrolled cancer cell lines were evaluated. The colorimetric MTS assay (CellTiter 96 AQueous One Solution Cell Proliferation Assay Kit; Promega, Madison, WI) was used to determine the number of viable cells. The absorbance at 490 nm was recorded using a VICTOR3 multilabel reader (PerkinElmer, Waltham, MA). Each experiment was performed in 3-6 replicates for each drug concentration. 
Proliferation Assay  
Method was according to NCI DTP Angiogenesis Resource Center used. Cells (2 x103) were plated in a 96-well plate. After 24h (day 0), one plate was stained with 0.5% crystal violet in 20% methanol for 10 minutes, rinsed with water, and air-dried. The remaining plates were incubated for 24-72h (day 1- day 3) at 37℃. After incubation, plates were stained with 0.5% crystal violet in 20% methanol, rinsed with water and air-dried. The stain was eluted with solution of sodium citrate (in ethanol), and absorbance was measured at 540nm with an ELISA reader.
Apoptosis assays with Annexin-V flow cytometry  
Annexin-V-FITC apoptosis detection kit (BD Biosciences) was used to evaluated apoptosis induced by EGFR-TKIs according to the manufacture’s instruction. Briefly, cells were trypsinized, washed twice with ice-cold PBS, and resuspended in Annexin V-binding buffer (including 18 mM CaCl2). FITC-conjugated Annexin V and propidium iodide (PI) was added to cell and incubated for 15 mins at room temperature in the dark. Analyses were performed using FACScalibur flow cytometry (BD Biosciences) and the data was analyzed with analysis software (BD Biosciences). 
Caspase activity assay  
The treatment response of EGFR-TKIs results from apoptosis. Intrinsic and extrinsic pathway caspases’ activity was checked by enzyme activity assay and cleaved caspases3, 7, 9 and PARPs by western blot. Activity of caspase-3, 7 was measured with a luminescent kit according to the manufacturer’s instructions (caspase-Glo 3, 7 assays, Promega). Cells were planted in 96-well plates, allowed to grow for 24h, and subsequently treated with the gefitinib for 24h or 48h. After the incubations, cells were lysed and caspases released. In this assay, the caspase recognizes the luminogenic substrate containing the LEHD Sequence. Substrate was cleaved by the activated enzyme and then a substrate for luciferase was released. Finally, Luminescence was measured using a TD-20/20 luminometer (Turner Designs, Sunnyvale, CA). 
Quantitative real-time PCR 
Total RNA of PC9, PC9/gef, HCC827, HCC827/gef, H1975, H1975/AZD15 and H1975/AZD18 cell lines was extracted and isolated by using the TRI reagent 2(Medical Research Center, Inc.) according to the manufacturer's protocol, and RNA was reverse transcribed from random primer using reverse transcriptase following the manufacturer’s protocol (Applied Biosystems). Briefly, 20 μL reverse transcriptase reactions containing 2 μg RNA, 1X random primer, 1X RT buffer, 1 mM of each dNTPs, 20U RNase inhibitor and 50U MultiScribe reverse transcriptase were incubated in Thermocycler for 10 min at 25℃, 2hr at 37℃, and 5 min at 85℃. Quantitative real-time PCR was performed using the Real-Time PCR System 7500 (Applied Biosystems). In brief, 20 μL of PCR amplification reaction mixtures contained cDNA, primer pairs, and SYBR Green PCR Master Mix (Applied Biosystems). The thermal cycle conditions included maintaining the reactions at 95°C for 10 minutes, and then 40 cycles alternating between 95°C for 15 seconds and 60°C for 1 minute.  
Western blotting 
For Western blotting, lysates was prepared and quantified by BCA protein assay kit (Pierce). Samples (30-100 μg) were subjected to Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) using an 8-12% resolving polyacrylamide gel and transferred onto a Hybond-P PVDF membrane (Amersham Bioscience). After blocking with 5% Bovine Serum Albumin (BSA) in PBS solution for 60 minutes, the membranewas then incubated over night at 4℃ with different primary antibodies (caspase-3, 7, 8, 9 and PRRP; Cell Signaling) in a concentration of 1:1000. The membrane was washed with 0.1% TPBS (tween 20 in PBS solution) 3 times for 10 minutes each then incubated for 1 h at room temperature with a horseradish peroxidase-linked secondary antibody (Santa Cruz) (1:5000-10000) diluted with PBS containing 0.1% Tween20. After a further 3 washes, the membrane was visualized enhanced chemiluminescence reagents (Millipore). The monoclonal anti-β-actin (Millipore) or anti-α-tubulin (Santa Cruz) antibodies in a dilution of 1:10000 against the β-actin or α-tubulin proteins was used as a loading control.  
Gene knockdown 
Gene knockdown was achieved by transfecting cells with gene−specific small interfering RNA (si-miR-204, si-OCT4) from Applied Biosystems. Approximately 2×105 cells were seeded in 2 ml RPMI media with 10% FBS in 6 well plates (Falcon) 24 hours prior to transfection. Cells were transfected with siRNAs at a final concentration of 10-30 nM using Lipofectamine 2000 (Invitrogen) in accordance with the manufacturer's instructions. Following next 48h, gene expression level was evaluated by Q-PCR. 
We also used antisense oligonucleotide to knockdown HCG11, and used siRNA to knockdown miR-204 expression by using a pool of miR-204-specific siRNAs (Dharmacon) according the manufacturer instructions. Briefly, AZD9291-resistance cells (H1975/AZD, H1975/AZD15 and H1975/AZD18) were incubated with transfection lipid alone (Dharmafect 1), lipid plus non-targeting siRNA (100 nM) or lipid plus LncDC siRNA (100 nM) in culture medium for 48 hours after which cells were harvested.
Metastasis assay
A pre-determined number of human cancer cells (HCC827, HCC827-simiR-204, HCC827-simiR-204) was prepared in vitro and directly injected into the circulation of immunodeficient mice through their tail veins. The injected mice were dissected after 2 months. The tissue distribution of metastases were determined under a dissecting microscope. The number of metastases in a specific tissue was counted and evaluate the correlation between the lesion number. 
Luciferase reporter assays
To clone the fragments of the potential EMT transcription factors, a PCR-based method was utilized. Specific primers were designed from the bioinformatic search in GenBank. Total RNA was extracted from H1975 and H1975/AZD cell lines, and the cDNA library was obtained. Then, 3′ untranslated region (UTR) of the putative target genes sequences were amplified from the cDNA library and cloned into the pMIR-REPORT miRNA expression reporter vector (Applied Biosystems). A mutant 3′ UTR of the putative genes carrying a mutant sequence in the miR-204 binding site was constructed with QuikChange Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA). The cells were cultured in 24-well plates at a density of 3×104 cells per well for 24 h before transfection, and then, cells were transfected with Luc-putative gene vector or Luc-putative gene-mutation vector. The luciferase activity was measured with a dual luciferase reporter assay system (Promega) after 48-h incubation.
Side population
Cells were stained with 5 μg/mL Hoechst 33342 (Sigma-Aldrich; St. Louis, MO) at 37°C for 90 minutes. PI staining was used to isolate dead cells, and 150 μM verapamil (Sigma-Aldrich) was used to distinguish side population. Side population cells were sorted from the main cell population using a FACSAria through services provided by the Cell Sorting Core Facility. 
Sphere formation or self-renewal assays
PC9-gef cells and overexpression of miR-204 in PC9/gef cells were grown in 24-well ultra-low attachment plates (Corning) at the density of 10,000 cells/well in serum-freeDMEM/F12 (1:1) (Gibco), supplemented with 1 % penicillin/streptomycin, 1 x B27 (Gibco), 4 lg/mL HEPES (Sigma), 20 ng/mL bFGF (PeproTec), 20 ng/mL EGF (PeproTec) and 1 x ITS (Sigma). Growth factor enriched conditions were maintained by adding supplements described every 2 days. Total number and size of the spheres was analyzed on the eleventh day. Images of the spheres was taken using inverted microscope (Nikon). Subsequently, sphere cells were collected for RT-qPCR or western blot analysis.
Animal models
All animal experiments were approved by the Institutional Animal Care and Use Committee of the National Taiwan University. The methods were carried out in accordance with the approved guidelines. Five-week-old NOD/SCID male mice were obtained from the Laboratory Animal Center of National Applied Research Laboratories (Taipei, Taiwan).

For orthotopic xenograft experiments, we established miR-204 overexpression stable clones from TKI-resistance cell (H1975/AZD18). Cancer cells, including overexpression of miR-204 in TKI-resistance cells (H1975/AZD18-miR-204) and scramble/TKI-resistance cells (H1975/AZD18-mock), were injected subcutaneously into the lower rear flank of the four-to-six-week-old nu/nu athymic male mice. Then, the tumor volumes will be evaluated after treating osimertinib.The tumor volume and mice weight were recorded every 2 days.
To study the effect of HCG11/miR-204/Oct4 axis on regulating osimertinib sensitivity in vivo, H1975/mock and H1975/HCG11 cells were implanted into NOD/SCID mice via subcutaneous administration. Awaiting tumors form about 200 mm3, mice were randomly separated into two groups (vehicle or osimertinib treatments), and evaluate the cancer cells response to osimertinib. Tumor volume and body weight of mice in each group was measured twice per week for 30 days, and the mortality and morbidity of each group was evaluated daily. The tumors from animal model were excised and evaluated the expression of HCG11 by In-situ hybridization and the expression of Oct4 by immunohistochemical stain.

In addition, we evaluates the effect of knok-down HCG11 in H1975/AZD and PE2988 on conferring AZD9291 resistance in vivo, H1975/AZD and PE2988 implanted into NOD/SCID mice via subcutaneous administration. Awaiting tumors form about 200 mm3, mice were randomly separated into four groups (vehicle, osimertinib, HCG11 siRNA, or AZD9291/ HCG11 siRNA treatments), and the response to these treatments were evaluated.
Malignant pleural effusion isolation
The Institutional Review Board (IRB) of NTUH approved the study. Pleural effusions were consecutively collected from patients who received thoracentesis in the chest ultrasonography examination room of the NTUH. All patients signed an informed consent for future molecular analyses before thoracentesis was performed. Only the malignant pleural effusion related to lung adenocarcinoma was used. The pleural fluids of patients was acquired aseptically in vacuum bottles by thoracentesis. The red blood cells in the specimen were hemolyzed using RBC lysis buffer. The remaining cells were washed twice with PBS and cultured in complete RPMI1640 media, as described previously. Media was replaced every 2–3 days and cells were harvested after 10 days. Total RNA will be extracted from cultured cells using the TRIzol reagent (Invitrogen), and the expression of miR-204 was determined using quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). 
Tissue Procurement   
Surgical excision tumor specimens from the early lung cancer patients were collected at National Taiwan University Hospital. The Institutional Review Board of National Taiwan University Hospital approved the study protocols, and informed consent from all surgical treated patients were obtained before procedure. We evaluated the expression among miR-204 by FISH, and ZEB1 by IHC in resected lung cancer tissue; finally, correlate those expressions with clinical characteristics (stage, lymph node metastasis and cancer recurrence), and overall survival of lung cancer patients. 
Statistical analysis
SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. All categorical variables are analyzed with Pearson’s χ2 tests. Fisher exact test was used when the sampling variability was less than or equal to 5. The PFS and OS was plotted by the Kaplan–Meier method and compared by the log-rank test. Multivariate analysis for OS was performed using the Cox's proportional hazards model. Two-sided p-values of less than 0.05 was considered significant.
Results
1. Establishment of paired EGFR TKI-sensitive and EGFR TKI-resistant cells

We appreciated Prof. James, Chih-Hsin Yang (National Taiwan University Hospital) to provide us PC9 (with sensitive mutation-del exon 19) and PC9/gef. The associated detailed process of cell culture had been showed in the prior report 
 ADDIN EN.CITE 
[8]
. Briefly, PC9-gef (pooled clones) with gefitinib resistance (IC50 >10uM) was isolated after long-term low dosage treatment of gefitinib. The gefitinib IC50 was 0.5uM in PC9 and >10 uM in PC9/gef (Table 1). PC9-gef maintained the gefitinib resistance for more than 1 year even after withdrawal of gefitinib treatment. No acquired T790M mutation nor c-Met amplification was detected in PC9/gef 
 ADDIN EN.CITE 
[8]
. In addition, PC9/gef cell is also resistant to AZD9291 although it lacks the EGFR C797S mutation.

We also purchased HCC827 and H1975 from the American Type Culture Collection (ATCC, Manassas, VA). Also, HCC827/gef was selected after long-term exposure to low dose of gefitinib and erlotinib. HCC827 (deletion at E746_A750del of EGFR) were highly sensitive to gefitinib treatment with IC50 around 0.02 μM 
 ADDIN EN.CITE 
[8]
. Two AZD9291-resistant clones (H1975/AZD (pooled clones), H1975/AZD 15 (single clone), H1975/AZD 18 (single clone)) came from H1975 cancer cell line under low dose AZD9291 for long time. H1975 cell harboring L858R/T790M mutation is resistant to gefitinib and erlotinib treatment, but sensitive to AZD9291 treatment (Figure 1 and Table 1).
Figure 1                        Table 1
	Cell line
	EGFR mutation
	IC50(μM)

	
	
	gefitinib
	erlotinib
	afatinib
	AZD9291

	PC9
	delE746-A750
	0.041
	0.021
	0.00033
	0.0043

	PC9/gef
	delE746-A750
	6.01
	4.66
	0.68
	1.47

	H1975
	L858R+T790M
	ND*
	ND*
	<0.02
	<0.02

	H1975/AZD
	L858R+T790M
	ND*
	ND*
	0.91
	1.52

	H1975/AZD15
	L858R+T790M
	ND*
	ND*
	ND*
	>2

	H1975/AZD18
	L858R+T790M
	ND*
	ND*
	ND*
	>2
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ND*: not determinated
2. MicroRNA-204 was down-regulated in EGFR TKI-resistance cells and associated with EGFR TKI sensitivity.
In addition to online website software prediction, we also used TaqMan Low Density Arrays (TLDA Cards) to compare EGFR TKI-sensitive and TKI-resistance cell lines (PC9 versus PC9/gef), and miR-204 was one of the possible candidate microRNAs. MiR-204 expression level was lower in PC9/gef than PC9. Then, the expression levels of miR-204 were detected by RT-qPCR in several pairs of EGFR TKI-sensitive and TKI–resistance cell lines. Comparing with the EGFR TKI-resistance cells (HCC827/gef, H1975/AZD H1975/AZD 15, H1975/AZD 18, and H1975/CO), Q-RT-PCR showed that significantly higher expression of miR-204 in gefitinib sensitive and osimertinib(AZD9291)-sensitive H1975. However, there is no difference in miR-204 expression between HCC4006 and HCC4006/AZD (Fig-2A).
We also used the public database of miRNAs expression profiles (GSE80344 and GSE106765) or RNAseq (GSE110815), which were used to calculate expression level of miR-204. Comparing with the EGFR TKI resistance cells (PC9/gef), EGFR TKI-sensitive cells (PC9) had a higher expression level of miR-204 (Fig-2B).
We validated the impact of miR-204 on treatment of EGFR TKIs. The peripheral blood samples from 32 patients with stage IV lung adenocarcinomas harboring EGFR mutations were collected consecutively. They all received EGFR-TKIs as first-line single agent treatment, including 28 gefitinib and 4 erlotinib. RT-PCR was used to check the miR-204 level. The mean miR-204 levels (12.466) was used as a dividing line to divide patients into high- and low-expression groups. Between high and low miR-204 expression groups, no significant differences in the clinical characteristics was noted (Table 2). However, the high miR-204-expression group had a longer median progression-free survival (11 months) than the low miR-204-expression group (7.8 months; p = 0.045; Fig-2C). This finding suggests that high miR-204 is correlated with better treatment efficacy of EGFR TKI-treatment.
Fig-2A                         Fig-2B                  Fig-2C
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	Table 2                                             
　
	　
	Patient No.
	Mir-204 expression
	
	P

	
	
	
	Low
	High
	
	

	Total No.
	32
	12
	20
	
	

	Age, mean years 

(range)
	63.9

(42.7-88.8)
	62.7
(44.2-84.7)
	65.1

(42.7-88.8)
	
	0.408*

	Sex
	　
	　
	　
	
	　0.926

	　
	Female
	19
	7
	12
	
	　

	
	Male
	13
	5
	8
	
	

	Smoking
	　
	
	　
	
	1.000§

	　
	Nonsmokers
	26
	16
	10
	
	　

	　
	Former/current

   smokers
	6
	4
	2
	
	　

	EGFR TKI
	　
	
	　
	
	1.000§

	　
	gefitinib
	28
	17
	11
	
	　

	　
	erlotinib
	 4
	3
	1
	
	


3. Lower miR-204 Levels in Malignant Pleural Effusion of Lung Adenocarcinoma After Acquired

Resistance to EGFR-TKIs

To confirm the change in miR-204 after acquired resistance to EGFR-TKIs, we collected 24 malignant pleural effusions of EGFR-mutant lung adenocarcinoma for miR-204 mRNA analysis. The median value of miR-204 expression in cancer cells isolated from treatment-naïve pleural effusions (n = 35) (0.0147) was significantly higher than that after acquired resistance to EGFR TKI treatment (n = 24) (0.0039; p = 0.0163, by Mann-Whitney test). (Figure 3).
Fig-3
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4. Suppression of miR-204 confers resistance to osimertinib
To confirm the association between miR-204 and treatment response of EGFR TKI in lung adenocarcinoma, we treated the cell lines with miR-204 inhibitor or overexpression miR-204. qPCR showed the miR-204 level were significant changed (Fig-4A). 

Decreased miR-204 level in HCC827 and H1975 cell lines (HCC827 miR-204 inhibitor and H1975 miR-204 inhibitor) increased cell viability comparing with control groups, HCC827 si-CTL and H1975 si-CTL (Fig-4B). In addition, The EGFR TKI-resistance cell lines, HCC827/gef, PC9/gef and H1975/AZD subclones (H1975/AZD 15, H1975/AZD 18), were overexpressed miR-204 and treated with different doses of AZD9291, the third-generation EGFR TKI. Cell viability assay showed overexpression miR-204 could restore treatment sensitivity of EGFR TKI in TKI-resistance cell (Fig-4C).

After treatment of osimertinib, the levels of cleaved caspase-3 significantly increased in the TKI-resistance cells with upregulation of miR-204 (Fig-4D). These results revealed that upregulation of miR-204 expression restored EGFR-TKI sensitivity in EGFR-TKI-resistant cells by increasing apoptosis. miR-204 plays a unique role in EGFR-TKI sensitivity
In the study, we'll look forward to investigating the cellular function and molecular effect of miR-204 on EGFR TKIs treatment efficacy.   
Fig-4A                                  Fig-4B
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Fig-4C                                          
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Fig-4D 
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5. miR-204 suppressed lung cancer cells stemness

Cancer stem cells play an important role in tumor progression and treatment resistance of chemotherapy or EGFR TKIs 
 ADDIN EN.CITE 
[30-33]
. Reduced miR-204 in osimertinib-sensitive cells (HCC827, H1975) increased spheroid formation. miR-204 suppresses spheroid formation, a marker of stemmness, in EGFR TKI-resistant cells (Fig-5A). We future explored the interaction between miR-204 and stemness markers. qRT-PCR analysis showed that decreased miR-204 increased the level of Nanog, Nestin, Oct4 and SOX2. The level of SOX2 displayed the most dramatic increase after down-regulation of miR-204. In addition, miR-204 overexpression could reduce associated markers of stem cell, including: Nanog, Nestin, Oct4, and SOX2 (Fig-5B). Western blot also showed that miR-204 inhibition increased protein expression level of Nanog, OCT4, and SOX2 (Fig-5C). Overexpression miR-204 in EGFR TKI-resistance cell lines decreased the protein expression of stemness markers (Fig-5C).
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Fig-5A                                    
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Fig-5B                        
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Fig-5C
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6. High miR-204 level was associated with longer PFS in animal model

Cancer cells, including overexpression of miR-204 in TKI-resistance cells (H1975/AZD18-miR-204) and scramble/TKI-resistance cells (H1975/AZD18-mock), were injected subcutaneously into the lower rear flank of the four-to-six-week-old nu/nu athymic male mice. Then, the tumor volumes will be evaluated after treating osimertinib. Then, the mice harboring tumor with H1975/AZD18-miR-204 had longer PFS than those with H1975/AZD18-mock.

Fig-6
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7. High miR-204 level was associated with longer overall survival in early lung adenocarcinoma patients.
To validate the relationship of miR-204 and tumor progression, we analyzed the TCGA data about lung adenocarcinoma. Of the 342 early lung adenocarcinoma patients, there were no differences in clinical characteristics between high and low miR-204 groups (The cut-off point was the median value of miR-204: 2.50) (Table 3). The high miR-204 patient group had a significantly longer OS (86.1 months) than the low miR-204 group (47.8 months; p = 0.039) (Fig-7A). This may indicate that miR-204 may be associated with tumor progression. 
In addition, we collected 40 surgical specimens of early stage lung adenocarcinoma to analysis the relationship between the expression level of miR-204 and overall survival. Patients received adjuvant chemotherapy were excluded. Table 4 demonstrated the clinical characteristics of the patients. The high miR-204 patient group had a significantly longer OS (not matured) than the low miR-204 group (73.1 months; p = 0.020) (Fig-7B). In addition, patients harboring tumors with high miR-204 had longer time-to tumor recurrence (TTP) than those with low miR-204 (not mature versus 22.3 months; p = 0.046) (Fig-7C).
Table 3                                      Table 4 
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8. Patients harboring adenocarcinoma with higher miR-204 had longer PFS of EGFR TKIs
We also enrolled 39 patients who received EGFR TKIs as 1st-line treatment when patients suffered from subsequent systemic relapse after surgical excision of lung adenocarcinoma. Only surgical excisional tumors with common EGFR mutations (24 deletion in exon-19 and 15 L858R in exon21) were enrolled (Table 5). MiR-204 expression levels of the surgical excision tumors were detected by qRT-PCR. The high miR-204-expression group had a longer median progression-free survival (11 months) than the low miR-204-expression group (7.8 months; p = 0.037; Fig-8).
Table 5                                            Fig-8
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9. miR-204 down-regulates Oct4 expression by directly targeting its 3’-UTR

To explore the molecular mechanism by which miR-204 regulated lung adenocarcinoma cell stemness, we screened and identified Oct4 as a potential target of miR-204 using microRNA TargetScan software (http://www.targetscan.org)(Fig-9A). To explore whether miR-204 was directly targeted Oct4, we constructed luciferase reporter vectors that contained wild-type or mutant miR-204 target sequences of the Oct4 3’UTR, and performed luciferase reporter assay to detect whether Oct4 was a direct target of miR-204. The wild-type Oct4 3’UTR was cloned, and transfected the reporters together with control RNA or miR-204 mimics. Co-transfection of miR-204 mimics notably blocked the wild type reporter activity, in contrast, the mutant reporter was almost not affected (Fig-9B), suggesting that Oct4 is a target of miR-204. 
Fig-9A                                     Fig-9B
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10. HCG11 sponges miR-204 expression by directly targeting its 3’-UTR
Then, we predicted the candidate LncRNAs by using the online prediction websites, LncBase Predicted v.2 (Fig-7A). The putative LncRNA: HCG11, was chosen as lncRNA to down-regulate miR-204 by sponging. The matched sequences between miR-204 and HCG11 was shown as Fig-10A. In addition, Future studies will be performed to confirm the direct interaction between miR-204 and HCG11.
Fig-10A                                     
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11. HCG11 is upregulated in lung adenocarcinoma acquired resistance to EGFR TKI

We first analyzed the expression level HCG11 in EGFR TKI-sensitive and resistance cells. HCG11 showed that higher mRNA expression levels in EGFR TKI-resistance cells than in EGFR TKI-sensitive cell (H1975) (Fig-11). In addition, overexpression miR-204 in EGFR TKI-resistance cell (H1975/AZD-18-miR-204) attenuated the expression level of HCG11.
Fig-11                         
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Future Work:
· Evaluate the side population between the above cells which were manipulated the expression of HCG11 and miR-204 to confirm the stemness characteristics. 
· The HCG11 cDNA containing the miR-204 wild type and mutant binding site and will be cloned to downstream of luciferase gene and designed this as RLuc-lncDC, RLuc-lncDC-mut-204. RLuc-HCG11 and RLuc-HCG11-mut-204 will be transfected in EK293T cells with miR-204 mimics to confirm interaction between HCG11 and miR-204. The value of luciferase activity will be measured by Dual-Glo luciferase assay 48hr after transfection. The Oct4 expression will be examined in H1975/AZD and H1975/AZD with putative HCG11 knokdown by siRNA cells by Western blot and real-time PCR. 
· Determine whether HCG11 promotes cancer stemness and osimertinib resistance of lung cancer cells through miR-204/Oct4 axis
· Confirm the role of HCG11/miR-204/Oct4 in the clinical specimens.
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