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Supplementary methods and materials 1 

CIK cell-mediated cytotoxicity analysis. For cytotoxicity analysis, LC cells were 2 

used as target cells and seeded into culture plates, while CIK cells were used as 3 

effector cells. For co-culture experiments, effector/target cell ratios were set at 10:1, 4 

20:1, or 40:1, with at least three replicates/group. Wells containing target cells but no 5 

effector cells were used as negative controls. After co-culturing for 24 h, the 6 

suspended cells were discarded with the supernatant. Next, CCK-8 reagent was added 7 

for another 2-hour incubation. Optical density (OD) at 450 nm was measured using a 8 

microplate reader (Bio-Rad Laboratories).  9 

 10 

RNA extraction, reverse transcription, and quantitative real-time polymerase 11 

chain reaction (qPCR). Total RNA was extracted from tissue samples and cells using 12 

Trizol reagent (Invitrogen, 15596026) following the manufacturer's instructions. 13 

cDNA was synthesized using EasyScript® First-Strand cDNA Synthesis SuperMix 14 

(Code#AE301-03, TransGen Biotech, Beijing, China). qPCR was performed in an 15 

ABI7500 Real-Time PCR system (Applied Biosystems, Foster City, CA, USA) using 16 

TransStart
®
 Top Green qPCR SuperMix (Code#AQ131-01, TransGen Biotech). Gene 17 

expression levels were normalized to that of beta-actin. 18 

To measure miRNA expression levels, total RNA from tissues or cells was 19 

extracted as described above. Next, 500 ng of total RNA was used for miRNA reverse 20 

transcription using TransScript
®
 miRNA First-Strand cDNA Synthesis SuperMix 21 

(Code#AT351-01, TransGen Biotech). The expression levels of the selected miRNAs 22 

were then quantified using the TransScript
®
 Green miRNA Two-Step qRT-PCR 23 

SuperMix (Code#AQ202-01, TransGen Biotech). The U6 small nuclear RNA level 24 

was used for the normalization of miRNA expression. 25 
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To determine nuclear or cytoplasmic RNA levels, cytoplasmic or nuclear RNA 26 

was prepared using the PARIS™ Kit (AM1921, Invitrogen, USA) following the 27 

manufacturer's protocol. qPCR was then performed as described above. All primer 28 

sequences are listed in Table S1.  29 

 30 

RNA fluorescence in situ hybridization (FISH). Fresh-frozen tissue sections or cells 31 

that had been seeded on glass slides for at least 24 h before the experiment were 32 

rinsed twice with PBS (Gibco) and fixed in 4% formaldehyde for 15 min at room 33 

temperature. The cells were then placed on ice, permeabilized with PBS containing 34 

0.4% Triton X-100 and 10 μM vanadium ribonucleoside complex (New England 35 

Biolabs, USA) for 10 min, and extensively washed with PBS. After rinsing once in 2× 36 

saline-sodium citrate (SSC), the sections or cells were hybridized with FAM-labeled 37 

(green, carboxyfluorescein) LINC01140 or PD-L1 mRNA probes for 12 h at 37°C. 38 

The candidate miRNAs were hybridized to Cy5-labeled miRNA-specific probes (red, 39 

indole dicarboxylic cyanide) for 12 h at 37°C. After rinsing twice with 2× SSC, nuclei 40 

were counterstained with DAPI in UltraCruz
®
 Aqueous Mounting Medium (sc-24941, 41 

Santa Cruz Biotechnology, Santa Cruz, CA, USA). Images were captured under a 42 

fluorescence microscope (Olympus, Japan). 43 

 44 

RNA antisense purification (RAP). For extraction from cell lysates, cells transfected 45 

with the corresponding shRNAs were collected and lysed following the reagent 46 

manufacturer’s instructions (Invitrogen). The cell extracts were then incubated with a 47 

5′-biotin-labeled LINC01140 probe or a PD-L1 mRNA probe at 4°C for 2 h. A 48 

5′-biotin-labeled nonsense oligonucleotide was used as control. The biotinylated 49 

RNAs were captured with streptavidin magnetic beads. The precipitate was subjected 50 
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to RNA extraction and qPCR analysis as described above. Relative miRNA and 51 

mRNA expression levels were then determined by qPCR. 52 

 53 

Flow cytometric assays of apoptosis and cell cycle distribution. To determine rates 54 

of apoptosis, cells were stained with FITC-conjugated Annexin-V (AV-FITC) and 55 

propidium iodide (PI) following the manufacturer's instructions (#556547, BD 56 

Biosciences, USA) and analyzed in a Beckman CytoFLEX flow cytometer (Beckman 57 

Coulter, USA). Cell-cycle distribution was detected by PI staining. For CIK cells, 58 

only AV-FITC was used to detect cell apoptosis. Data were analyzed using FlowJo 59 

software 10 (FLOWJO LLC, Ashland, OR, USA). 60 

 61 

Flow cytometric analysis of protein content and cell populations. To detect the 62 

cell-surface expression of PD-L1 in LC cell lines, cells were collected and washed 63 

three times with PBS, fixed in 4% paraformaldehyde for 30 min, and incubated with 64 

an anti-PD-L1-FITC antibody overnight at 4°C on an orbital shaker. After 65 

centrifugation, the cells were rinsed three times with PBS and resuspended in 500 μL 66 

of flow cytometry buffer. The corresponding fluorescence values were detected by 67 

flow cytometry within 2 h. 68 

Flow cytometric analysis of peripheral blood CD3+ and CD56+ cells was 69 

performed with labeled antibodies. Blood samples were obtained from anesthetized 70 

mice by retro-orbital bleeding. Peripheral blood mononuclear cells (PBMCs) were 71 

isolated using Ficoll–Hypaque gradient centrifugation. After counting the cells, cell 72 

concentrations were adjusted to 1×10
6
 cells/mL, and fixed in 4% paraformaldehyde 73 

for 30 min at room temperature. The cells were immediately incubated with an 74 

anti-CD3-FITC or anti-CD56-PE-Cy5 antibody (Cell Signaling Technology) 75 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



 4 / 7 

 

overnight at 4 °C. After centrifugation and discarding of the supernatant, the cells 76 

were rinsed three times with PBS and resuspended in 500 μL of flow cytometry buffer. 77 

The percentage of CD3+/CD56+ double-positive cells in each group was measured by 78 

flow cytometry within 2 h. The data were analyzed using FlowJo software. 79 

 80 

Cell Counting Kit-8 (CCK-8) assay. To detect cell viability, cells were incubated in 81 

96-well plates at a density of 5×10
3
 cells/well and incubated for 12 h (n=6 82 

independent wells/group), followed by transient transfection with the corresponding 83 

shRNAs. Forty-eight hours later, 10 μL of CCK-8 solution (Beyotime Biotechnology, 84 

China) was added to each well followed by incubation for another 2 h at 37°C. The 85 

absorbance at 455 nm was measured using a microplate reader (Bio-Rad 86 

Laboratories).  87 

 88 

In vitro scratch assay. In vitro migration activity of lung cancer cells with 89 

LINC01140 knockdown was evaluated via scratch assay and transwell migration 90 

assay (as indicated below). Lung cancer cells were seeded in each well of a 6-well 91 

tissue culture dish. Confluent cell monolayers (100% confluence) were treated with 92 

10 μg/mL mitomycin-C for 2 h in serum-free DMEM to suppress lung cancer cell 93 

proliferation, followed by washing with PBS. Subsequently, the cell layer was 94 

scratched with a sterile 200-μl pipette tip and immediately photographed under an 95 

optical microscope (Nikon). Next, the plates were incubated at 37°C in 5% CO2 for 96 

72 h. The cell images were captured and wound closure rate was quantified by ImageJ 97 

software. Each experiment was performed in triplicate. 98 

 99 

Transwell migration and invasion assays. Cells were serum-starved overnight, 100 
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treated with mitomycin C at a concentration of 0.5 μg/mL for 1 h, and then seeded 101 

onto polycarbonate membranes in the upper chamber of transwell dishes at a density 102 

of 1×10
5
 cells/well (8-μm pore size; BD Bioscience). For the transwell invasion assay, 103 

the membranes were precoated with 100 μL of 1 mg/mL Matrigel at 37 °C for 30 min 104 

before cell seeding. The lower chamber contained 500 μL of complete medium with 105 

10% FBS. After 12 h of incubation at 37°C, nonmigrated or noninvasive cells on the 106 

upper surface of the membrane were removed using cotton swabs. Cells on the lower 107 

surface were fixed in 4% paraformaldehyde for 15 min at room temperature and 108 

subsequently stained with 0.1% crystal violet (Beyotime Biotechnology) for 30 min. 109 

The stained cells were observed under a Nikon Eclipse TE2000-U Inverted 110 

Fluorescence Microscope. Cell numbers were counted in six randomly selected fields 111 

of view per group. 112 

 113 

Colony formation assay. Cells in the logarithmic growth phase were digested, 114 

resuspended, seeded into 24-well plates (200 cells/well), and cultured for 14 days. 115 

The culture medium was changed every second day. The cells were then fixed in 4% 116 

paraformaldehyde for 15 min, stained with 0.1% crystal violet for 30 min, and 117 

observed under an inverted microscope (Nikon) as described above. 118 

 119 

EdU assay. EdU assay was performed using Click-iT™ EdU Alexa Fluor™ 488 HCS 120 

Assay according to manufacturer’s guidance (Thermo Fisher Scientific, Catalog 121 

number: C10351). Briefly, Lung cancer cells were incubated with serum-free DMEM 122 

supplemented with 10 μM 5-ethynyl-2’-deoxyuridine for 2 h at 37°C, followed by 123 

washing with PBS. Next, the cells were fixed with 4% paraformaldehyde for 15 min 124 

and permeabilized with 0.1% triton X-100 for 10 min. After extensive washing with 125 
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PBS, the cells were incubated with Click-iT
®

 reaction cocktail containing Alexa 126 

Fluor™ 488 for 30 minutes at room temperature protected from light. Then, removed 127 

the reaction cocktail. The cells were washed with Click-iT®reaction rinse buffer. 128 

Nuclear was stained by HCS NuclearMask™ Blue working solution. Representative 129 

images of the cells were captured with a fluorescent microscope (Olympus, Japan). 130 

 131 

Western blot analysis. Proteins were extracted from cells and cancer tissues using 132 

RIPA lysis buffer containing protease inhibitors (KGP702-100; Jiangsu KeyGEN 133 

BioTECH, China). Protein concentrations were determined using a bicinchoninic acid 134 

(BCA) kit (KGPBCA; KeyGEN) following the manufacturer’s protocol. Cell lysates 135 

were mixed with 5× SDS loading buffer (KGP101X; KeyGEN) and denatured at 136 

100 °C for 5 min. Equal amounts of protein samples (30 μg) were loaded onto 8–15% 137 

polyacrylamide gels based on molecular weight. After separation by electrophoresis, 138 

the proteins were transferred to an Immobilon™-P membrane, pore size 0.45 µm 139 

(Millipore). The membranes were then blocked with 5% w/v skimmed milk for 2 h at 140 

room temperature and incubated with the corresponding primary antibodies overnight 141 

at 4 °C. After extensively washing with Tris-buffered saline with 0.1% Tween 20 142 

(TBST), the membranes were incubated with horseradish peroxidase-conjugated 143 

secondary antibodies for 1 h at room temperature, and again washed with TBST. Blots 144 

were visualized using an Enhanced Chemiluminescence (ECL) kit (Beyotime 145 

Biotechnology). Beta-actin (1:5,000 dilution; Proteintech, USA) was used as a 146 

loading control. All antibodies used in this study are listed in Table S2. 147 

 148 

Lactate dehydrogenase (LDH) release assay. The CIK cell-mediated killing of cells 149 

from the LC lines was quantified using lactate dehydrogenase (LDH) release as a 150 
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readout for target cell lysis (LDH Cytotoxicity Detection Kit, Code No. MK401, 151 

Takara Biomedical Technology [Beijing], China). CIK and LC cells were co-cultured 152 

for 5 h as described above. Wells containing an equal number of effector or target 153 

cells served as substance control, culture medium without cells served as a 154 

background control, and cell lysate served as a positive control (maximum LDH 155 

release activity). Subsequently, the supernatant was collected and the reaction mixture 156 

was added according to the manufacturer’s instructions, followed by incubation in the 157 

dark for 30 min at room temperature. The absorbance of the samples at 492 nm was 158 

recorded using a plate reader (Bio-Rad Laboratories). Standard curves were generated 159 

using different concentrations of authentic standard. 160 

 161 

Enzyme-linked immunosorbent assay (ELISA). Mouse blood was collected as 162 

described above. After centrifugation, serum cytokine levels were detected following 163 

the manufacturer’s instructions. The OD of each well was recorded at 450 nm using a 164 

microplate reader (Bio-Rad Laboratories). A standard curve was drawn to quantify 165 

IL-2, tumor necrosis factor-alpha (TNF-α), and IFN-γ concentrations in mouse serum. 166 

Mouse ELISA kits for IL-2 (CSB-E04627m), TNF-α (CSB-E04741m), and IFN-γ 167 

(CSB-E04578m) were purchased from Cusabio Technology LLC. 168 
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