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Supplementary Materials and methods 

 

Bioinformatics Analysis 

Human exon arrays for gastric cancer and normal adjacent tissues were downloaded 

from the NCBIs Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/). 

The datasets GSE27342 consisted of 80 paired gastric cancer and adjacent tissues. To 

gain further insight into the biological pathways involved in gastric cancer 

pathogenesis through lncRNA GClnc1, the gene set enrichment analysis (GSEA) was 

performed. The gene sets showing FDR, 0.25, a well-established cut-off for the 

identification of biologically relevant genes, were considered enriched between the 

classes under comparison. The gene sets collection (c2.all.v4.0.symbols.gmt) from the 

Molecular Signatures Database–MsigDB 

(http://www.broad.mit.edu/gsea/msigdb/index.jsp) was used for the enrichment 

analysis.GSE33335 consisted of 25 paired gastric cancer and normal adjacent tissue. 

The two raw CEL files failed to be normalized  and were excluded from our analysis, 

leaving 25 gastric cancer and 23 normal adjacent tissue.   

PhyloCSF(1) was used to assess coding potential in the transcripts based on 

evolutionary signatures in the 29-manmanlian genome alignment. 

Prediction error curves (PEC)(2) were used to assess and compare predictions in 

survival analysis. The PEC curves were plotted by R package "PEC".  

 

Cell Culture and Treatment    

The small interfering RNAs (siRNAs, 50 nM) against human lncRNA (GClnc1 and 

ENST00000430239), SOD2, WDR5, and KAT2A were transfected into the gastric 

cells using the DharmaFECT 1 siRNA transfection reagent (Thermo Scientific 
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Dharmacon Inc., USA), while nonspecific siRNA was used as negative controls. The 

sequences of GClnc1 siRNAs/shRNAs were from the cDNA region of GClnc1 with 

no overlap with the SOD2 gene. One set of the siRNAs and shRNAs targets the 

GClnc1 cDNA region from 791nt to 809nt 

(5’-GUUAGAAAGUAGGCUUUAATT-3’) while the other set targets the GClnc1 

DNA region from 1082nt to 1100nt (5’-GCAGAUCUGCUGACUUAUATT-3’). All 

the GClnc1 siRNAs and shRNAs can not bind with the three transcript variants of the 

SOD2 gene. All the siRNAs were purchased from Dharmacon RNA Technology 

(Lafayette, CO, USA). The plasmids encoding human lncRNA (GClnc1, GenBank 

accession number BC041951) were transfected into the gastric cells using the 

FuGENE transfection reagent (Life Technologies, USA), while nonspecific plasmid 

was used as negative controls.  

 

Sense-specific RT-PCR 

The sense-specific PCR (supplementary Figure 6B) was developed after pilot and 

optimizing experiments. Total RNAs were treated with DNase, mixed with 1pmol of 

specific reverse primer (5’-TCTTTTATTAACAGT-3’) for sense amplification. 

RT-PCR was performed in a final volume of 20 ul containing RNA and primers using 

the PrimeScriptPTMP RT Reagent Kit (Perfect Real Time; Takara, Shiga, Japan). 

Primer 1: 5’-CCAGGGGAAGTAC TGTTTGGGA-3’, Primer 2: 

5’-TATGTACCAGGCTTGATGCAC-3’, Primer 3: 

5’-TCCCAAACAGTACTTCCCCTGG-3’ and primer 

4:5’-GGAGCACGCTTACTACCTT-3’ were combined differently to amplify the 

specific PCR products. RT-PCR products were visualized after ethidium bromide 
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staining and electrophoresis on 1% agarose gel. 

 

RNA Pull-Down Assay 

Biotinylated lncRNAs were refolded in NEB enzyme buffer with RNase-out 

(Invitrogen, USA) at a final concentration of 200 ng/μL. The diluted RNAs were 

incubated at 60 °C for 10 min and slowly cooled to 4 °C. Aliquots of 2 μg of folded 

RNAs were used for pull-down experiments. To prepare cell lysates, BGC823 cells 

were harvested into 5 mL of buffer A [10 mM Tris·HCl, pH 7.0, 1.5 mM MgCl2, 10 

mM KCl, 0.5 mM DTT, 1 mM PMSF, and protease inhibitor mixture (Roche 

Molecular Biochemicals, Mannheim, Germany)]. Cells were lysed by the addition of 

0.25% Nonidet P-40 and incubated for 10 min at 4 °C. The lysates were centrifuged at 

2,500 × g for 15 min, and the supernatant was removed. Pellets containing the nuclear 

fractions were resuspended in 3 mL of buffer C (25 mM Tris·HCl, pH 7.0, 0.5% 

Nonidet P-40, 150 mM KCl, 0.5 mM DTT, and protease inhibitor mixture) and 

mechanically sheared by homogenizing for 15–20 strokes. Samples were cleared by 

centrifuging at 15,000 × g for 10 min. Protein concentrations in the nuclear lysates 

were measured by the DC assay (Bio-Rad, USA). For the pull-down incubations, 

nuclear lysates containing 1 mg of protein were precleared with streptavidin beads 

and then incubated with 2 μg of biotinylated RNA and 40 μl of streptavidin beads for 

2 hours at 4 °C. Beads were collected by centrifugation and washed with buffer C 

three times. RNA-associated proteins were eluted and resolved by SDS/PAGE 

followed by silver staining (Bio-Rad, USA). 

 

Liquid Chromatography-Mass Spectrometry (LC-MS) Analysis, Database 

Search, and Protein Identification 
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To identify specific GClnc1 interactors, GClnc1 and Antisense GClnc1 pulled-down 

eluates were compared, and the bands that were predominantly represented only in the 

GClnc1 pulled-down sample were chosen. The bands were excised to perform in-gel 

trypsin digestion and peptide extraction(3). In brief, coomassie brilliant blue (CBB) 

dye on gel slices were removed with 50% acetonitrile (ACN)/50mM ammonium 

bicarbonate and dehydrated in 100% ACN. The gel slices then were reconstituted in 

an in-gel digestion buffer containing 12.5 ng/μl sequencing-grade trypsin (Promega, 

V5113) overnight at 37 oC for protein digestion. The tryptic peptides were extracted 

from the gel pieces with 50 % ACN/0.1 % trifluoroacetic acid (TFA) and lyophilized. 

LC-MS analysis was performed on a nano Acquity UPLC system (Waters 

Corporation, USA) connected to a LTQ Orbitrap XL mass spectrometer (Thermo 

Scientific, Bremen, Germany) equipped with an online nano-electrospray ion source 

(Michrom Bioresources, USA). Peptides were resuspended with 20 µl solvent A (5% 

acetonitrile, 0.1% formic acid in water). 18 µl peptide solution was loaded onto the 

trap column (100μm × 20mm Acclaim PepMap C18, Thermo Fisher Scientific, San 

Jose, CA, USA) at a 20 μl/min flow rate of solvent A for 3 min and then was 

separated on a Acclaim PepMap C18 reverse phase column (75μm ×150mm, Thermo 

Fisher Scientific, USA) with a linear gradient. The gradient started from 2% solvent B 

(90% acetonitrile, 0.1% formic acid in water) to 40% solvent B over 105 min. The 

column was re-equilibrated at initial conditions for 15 min. The column flow rate was 

maintained at 300 nL/min and column temperature was maintained at 40 oC. The 

electrospray voltage of 1.9 kV versus the inlet of the mass spectrometer was used.  

LTQ Orbitrap XL mass spectrometer was operated in the data-dependent mode 

to switch automatically between MS and MS/MS acquisition. Survey of full-scan MS 

spectra with one microscan (m/z 300-1800) was acquired in the Obitrap with a mass 
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resolution of 60,000 at m/z 400, followed by MS/MS of the eight most-intense 

peptide ions in the LTQ analyzer. The automatic gain control (AGC) was set to 1000 

000 ions, with maximum accumulation times of 500 ms. For MS/MS, we used an 

isolation window of 2 m/z and the automatic gain control (AGC) of LTQ was set to 

20 000 ions, with maximum accumulation time of 120 ms. Single charge state was 

rejected and dynamic exclusion was used with two microscans in 10 s and 90 s 

exclusion duration. For MS/MS, precursor ions were activated using 35% normalized 

collision energy at the default activation q of 0.25 and an activation time of 30 ms. 

The spectrum were recorded with Xcalibur (version 2.2.0) software. 

The mass spectra generated by the LTQ-XL instrument were processed using 

MaxQuant software (version 1.4.0.8, http://www.maxquant.org/)(4). Data were 

searched using the Andromeda search engine(5) against human 

UniProtKB/Swiss-Prot database (Release 2012_12_07, 20233 entries). The 

parameters for the database search were set as follows: (1) The minimum required 

peptide length was 7 amino acids. (2) Trypsin cleavage specificity was applied with 

up to two missed cleavages allowed. (3) Variable modifications included methionine 

oxidation (M) and deamidation (NQ). (4) The mass tolerance for precursor and 

fragment ions was set to 10 ppm and 0.5Da, respectively. (5) The false discovery rate 

(FDR) was set to 1% at both the peptide and protein levels. (6) Only proteins 

sequenced with at least two peptides were considered a reliable identification. 

 

In Vivo Experiments 

A power analysis (GPower3.1.3; a = 0.05, power= 0.80; effect size calculation based 

on estimated effect sizes in tumor weight of treatment and control group) (6) 
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was used to determine adequate statistical power. Mice were monitored for tumor 

growth by researchers blinded to the study design. 

In order to clarify the effect of GClnc1 in vivo, 4-week-old male BALB/c nude 

mice obtained from Experimental Animal Centre of SIBS were used in our study.  

BGC823 cells (1.0×107 or 5×106 cells for establishing GClnc1-overexpressing with 

SOD2 inhibition gastric cancer xenograft model), MKN45 cells (1.0×107) and 

MGC803 cells (2×106) were injected subcutaneously into the right flank of these mice 

to establish the gastric cancer xenograft model. Ten days after subcutaneous 

inoculation, mice were randomly divided into different groups and were injected with 

PBS, control shRNA, GClnc1 shRNA1, GClnc1 shRNA2, SOD2 shRNA, or GClnc1 

overexpression virus by ways of multipoint intratumoral injection every other day for 

fourteen days. Tumor volume (mm3) was estimated by the formula: tumor volume 

(mm3) = shorter diameter2×longer diameter/2.  

To further investigate the effect of GClnc1 on tumor invasion in vivo, we 

developed a GC metastasis model in nude mice. The BGC823 cells (2.5 × 106), 

MKN45 cells (5× 106) and MGC803 cells (2×106) were subcutaneously injected 

through the right flank of 4-week-old BALB/c nude mice. Mice were inspected daily. 

Tumors were measured with a caliper every 4 days. Tumor volume (mm3) was 

calculated by the formula: tumor volume (mm3) = shorter diameter2 × longer 

diameter/2. Ten days after tumor inoculation, the tumor volume was ∼25 mm3. The 

animals were randomly divided into different groups with intratumoral injection of 

PBS, adenovirus encoding a control shRNA, or GClnc1 shRNA1, or GClnc1 shRNA2 

or GClnc1 (1×108 tumor/mouse, twice a week) for 13 weeks. For lung metastasis 
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examination, mice were sacrificed at week 13. The numbers of lung metastatic foci 

were determined in H&E stained lung tissue sections under a binocular microscope 

(Leica, DM 300). All experimental procedures were approved by the Institutional 

Animal Care and Use Committee of Ren Ji Hospital, School of Medicine, Shanghai 

Jiao Tong University.  

 

Chromatin Immunoprecipitation (ChIP) and High-Throughput Sequencing 

For RNA sequencing, two different siRNAs against GClnc1 were transfected 

into BGC823 cells to verify the RNAi efficiency. Real time PCR showed the 

expression of the GClnc1 was significantly decreased after GClnc1 siRNA1/2 

transfection, compared with the control siRNA (Supplementary Fig. S3D, left 

panel). The data demonstrated that both of the GClnc1 siRNA1/2 specifically and 

effectively downregulated GClnc1 expression. Therefore, we constructed GClnc1 

shRNA adenovirus according to the sequence of one of them and performed 

High-Throughput RNA sequencing after knockdown of GClnc1 in BGC823 cells. For 

RNA sequencing of shRNA-infected BGC823 cells, RNA from BGC823 cells with 

shRNA-mediated knockdown was isolated with TRIzol (Invitrogen,USA). Each 

sample was cleaned up on an RNeasy Mini Column (Qiagen, Limburg, Netherlands), 

treated with DNase, and analyzed for quality on an Agilent 2100 Bioanalyzer. 

Samples were on an Illumina HiSeq 2000 for 2 × 100-bp paired-end sequencing. 

Reads were mapped to the human genome (hg19) using TopHat v2.0.11 

(7)(http://tophat.cbcb.umd.edu) with the following default options with a TopHat 

transcript index built from Ensembl_GRCh37. Transcript expression was estimated 

with an improved version of Cuffdiff2 (8) (http://cufflinks.cbcb.umd.edu). Cuffdiff 

was run with the default options against the UCSC iGenomes GTF file from Illumina 
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(available at http://cufflinks.cbcb.umd.edu/igenomes.html). The workflow used to 

analyze the data is described in detail in Trapnell et al.(9). To identify a gene or 

transcript as differential expression, Cuffdiff2 tests the observed log-fold-change in its 

expression against the null hypothesis of no change (i.e., the true log-fold-change is 

zero). Clustering of gene expression profiles was achieved with the csDendro function 

from CummeRbund (http://compbio.mit.edu/cummeRbund/). The RNA sequence data 

have been deposited in NCBIs Gene Expression Omnibus (GEO, 

http://www.ncbi.nlm.nih.gov/geo/) and are accessible through GEO Series accession 

number GSE63765. 

For ChIP-Seq, chromatin was further sonicated to reduce size, and 

immunoprecipitated with anti-WDR5 and anti-KAT2A antibodies. Library generation 

was performed using pooled ChIP DNA samples from three independent ChIP 

preparations using the Illumina protocol. Briefly, ChIP DNA fragment ends were 

repaired and phosphorylated using Klenow, T4 DNA polymerase and T4 

polynucleotide kinase (Illumina kit components, USA). After ligation of Illumina 

adapters, DNA was size selected by gel purification and then PCR amplified using 

Illumina primers. Sequencing was performed at Genenergy Inc, Shanghai on an 

Illumina Hi-Seq 2000 machine. The FASTQ files were aligned to hg19 using Bowtie2. 

Enriched regions were determined by the HOMER program 

(http://homer.salk.edu/homer/) (10) with a FDR value cutoff of 0.05. ChIP-seq density 

heatmaps and histograms were generated using ngs.plot(11). The ChIP sequence data 

have been deposited in NCBIs Gene Expression Omnibus (GEO, 

http://www.ncbi.nlm.nih.gov/geo/) and are accessible through GEO Series accession 

number GSE63765. 

The validation experiment was performed using ChIP-PCR with primers listed in 
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Table S9. 

 

Statistical Analysis 

All statistical analyses were carried out using the program R (www.r-project.org) 

or SPSS for Windows 17.0.1 software (SPSS Inc., Chicago, IL, USA). Data from least 

3 independent experiments performed in triplicates are presented as the means ± 

standard error (SE) or standard deviation (SD). Error bars in the scatter plots and the 

bar graphs represent SE or SD. Date were examined whether they were normally 

distributed with the One-Sample Kolmogorov-Smirnor test. If the data were normally 

distributed and the variation between groups were comparable, the comparisons of 

measurement data between two groups were performed using the paired-sample t test 

or independent-sample t test. The comparisons among three or more groups were 

firstly performed by One-Way ANOVA test if the variation between groups were 

comparable. If the results showed significant difference, the Student Newman Keuls 

analysis was used to test the difference between the two groups. When the data were 

shown the skewed distribution, comparisons were performed by nonparametric tests. 

Enumeration data were examined by Chi-square test or Fisher Exact test. Overall 

survival was evaluated by the Kaplan–Meier survival curve and the Log-rank test. 

The correlation of the two genes were examined by Spearman correlation test. To 

generate the ROC curves, patients were classified as surviving either longer or shorter 

than the median OS, excluding patients who were alive for durations less than the 

median OS at last follow-up(12). Statistical tests and P-values were two-sided. 

Differences were considered significant with a value of P < 0.05. 
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