
Supplementary Data 

Materials and Methods 

Sample preparation 

 Written informed consent was obtained from all patients in this study, and all 

patients had a clear histological diagnosis of gastric cancer. Clinicopathological factors 

and clinical stages were classified according to the Treaty for Japanese Gastric Cancer 

Association (1). 

Bone marrow and peripheral blood samples  

 Bone marrow (BM) and peripheral blood (PB) samples for RNA-seq analysis 

and qRT-PCR were collected as described in our previous study (2). Samples were 

collected from Japanese GC patients who underwent surgery from 2001 to 2004 at 

Central Hospital, National Cancer Center, Tokyo, Japan.  

Primary tumor and normal tissue samples 

 For qRT-PCR analysis of primary tumors, another 127 GC samples and 

corresponding normal tissue samples were used. These samples were obtained from 

patients who underwent resection of the primary tumor at Kyushu University Hospital 

at Beppu and affiliated hospitals between 1992 and 2007. The follow-up periods ranged 

from 0.1 to 14.2 years, with a mean of 2.9 years. Resected cancer and corresponding 



normal tissues from gastric cancer (GC) patients were immediately cut, stored in 

RNAlater (Ambion, Life Technologies, USA), frozen in liquid nitrogen, and kept at 

-80°C until RNA extraction. Frozen tissue specimens were homogenized in guanidium 

thiocyanate, and total RNA was obtained by ultracentrifugation through a cesium 

chloride cushion. cDNA was synthesized from 8.0 μg of total RNA with M-MLV 

reverse transcriptase (Invitrogen, Carlsbad, CA). All sample data were obtained from 

clinical and pathological records (Table 2 and Supplementary Table S2A). 

Bone marrow samples for microRNA microarray  

 For microRNA microarray analysis of 3 fractions separated from the BM, BM 

samples were collected from another 4 GC patients who underwent surgery between 

2010 and 2011 at the Teikyo University Hospital, Tokyo, Japan. In 4 patients with Stage 

IV GC, BM samples (40 mL) were obtained from iliac bones with a 15-G needle under 

anesthesia before surgery for resection of gastric tumors. Nucleated cells were collected 

by gradient centrifugation using Ficoll-Paque PREMIUM (GE Healthcare Life Science, 

USA) and Leucosep (Greiner Bio-One, Germany) according to the manufacturer’s 

instructions. BM cells were then separated into 3 fractions using a 3-step 

automagnetic-activated cell separation system (MACS) by MACS Cell Separators. 

RNA was extracted from each BM fraction separated by the Auto MACS system, and 



microRNA microarrays were performed using the miRCURY LNA Array System, 

including labeling, hybridization, scanning, normalization, and data analysis, according 

to the manufacturer’s protocol (Cosmo Bio Co. LTD, Tokyo, Japan). 

RNA-seq analysis of BM samples from GC patients by massively parallel 

sequencing 

 RNA-seq analysis was performed at the Graduate School of Frontier Sciences, 

University of Tokyo. The quality and quantity of RNA were evaluated using an Agilent 

BioAnalyzer. A total of 1 μg of extracted RNA was used as a template to construct 

RNA-seq libraries using an Illumina TruSeq RNA Sample Prep kit according to the 

manufacturer’s instructions. In this step of sample preparation, starting with total RNA, 

the mRNA was poly-A selected, fragmented, and converted into single-stranded cDNA 

using random hexamer priming. Next, the second strand was generated. 

Double-stranded cDNA was size fractionated by 6% PAGE, and cDNAs of 

approximately 250 bp were recovered. Thirty-six-base-pair single-end-read RNA-seq 

tags were generated using an Illumina GA IIx sequencer according to the standard 

protocol. Obtained RNA-seq tags were mapped to the human reference genome (hg19). 

RNA-seq tags that were mapped without any mismatches were used for further analysis. 

Based on the mapped genomic coordinates of the tags, the number of tags that 



overlapped with mRNA models, defined as of one of the representative databases, 

RefSeq, was counted. 

qRT-PCR analyses HIST1H3D and miR-760 

 HIST1H3D mRNA expression levels were measured using the following 

specific HIST1H3D primers (forward, 5′-TGTTCTGCCCAACATCCAG-3′ and reverse, 

5′-TACGAGCCATTGCGAACTT-3′). HIST1H3D levels were normalized to GAPDH 

levels (GAPDH primers: forward, 5′-GTCAACGGATTTGGTCTGTATT-3′ and reverse, 

5′-AGTCTTCTGGGTGGCAGTGAT-3′). qRT-PCR was performed with the Universal 

Probe Library (UPL; Roche Applied Science). RT-PCR protocols were described 

previously (3). Likewise, p16 and p21 mRNA expression levels were also measured 

using specific primers (p16: forward, 5′-GTGGACCTGGCTGAGGAG-3′ and reverse, 

CTTTCAATCGGGGATGTCTG-3′; p21: forward, 

5′-CCGAAGTCAGTTCCTTGTGG-3′ and reverse 

5′-CATGGGTTCTGACGGACAT-3′). For miR-760 expression analysis, cDNA was 

synthesized from 10 ng of total RNA using TaqMan MicroRNA hsa-miR-760 specific 

primers (Applied Biosystems, USA) and a TaqMan MicroRNA Reverse Transcription 

Kit (Applied Biosystems). Relative quantification of miRNA expression was calculated 

using the 2-ΔΔCt method. Raw data were presented as the relative quantity of target 



miRNA, normalized with respect to RNU6B, and compared to a reference sample. 

Detailed protocols were described previously (4). 

 For RNA analysis in GC cell lines, cDNA was synthesized from total RNA 

using a PrimerScript RT Reagent Kit (Takara). During this process, oligo dT primers 

were used to obtain polyadenylated histone mRNA. 

Evaluation of the association between HIST1H3D or miR-760 expression and the 

status of disseminated tumor cell (DTC) markers 

 In our previous study, DTC-positive/-negative cases were evaluated using 

qRT-PCR analysis of CEA, CK-7, and CK19 (2). We evaluated the association between 

HIST1H3D or miR-760 expression and the status of DTC markers. 

Protein expression analysis 

 SDS-PAGE of proteins was performed using NuPAGE 4%–12% Bis-Tris Gel 

electrophoresis (Invitrogen), an XCell Sure Lock Mini-cell (Invitrogen), and a Power 

PAC HC (BIO-RAD). The resolved proteins on the gel were transferred to a 

nitrocellulose membrane using iBlot Dry Blotting System (Invitrogen). The resulting 

membranes were blocked with 5% iBlot (Applied Biosystems) and 0.1% Tween-20 

(Bio-Rad) in PBS (T-PBS) for 1 h. Membranes were then incubated with primary 

antibodies. Next, the membranes were washed twice for 5 min in T-PBS, incubated with 



an HRP-conjugated secondary antibody for 1 h, and washed twice for 5 min in T-PBS. 

Chemiluminescence detection reagents were incubated with the membranes for 1–5 min, 

followed by image acquisition using an Image Quant LAS500 (GE Healthcare). Primary 

antibodies targeted pan actin (NeoMarkers) and HIST1H3D (Abcam). 

Construction of reporter plasmids and the luciferase reporter assay 

 To construct the luciferase reporter plasmid, full-length HSIT1H3D or 

HIST1H2AD was subcloned into the pmirGlo Dual-Luciferase miRNA Target 

Expression Vector (Promega, USA) at a location 5′ to the firefly luciferase. Furthermore, 

to confirm the direct interaction between miR-760 and its binding sites on HIST1H3D 

and HIST1H2AD 3′ UTRs, we constructed luciferase reporter plasmids in which the 

miR-760 binding sites were mutated. To construct these mutants, positions 45–52 of the 

HIST1H3D 3′ UTR and 56–63 of the HIST1H2AD 3′ UTR (the sequences were 

common: CAGAGCCA) were mutated to the sequence CTGTGTCA in both 

pmirGlo-HIST1H3D and -HSIT1H2AD constructs using the KOD Plus Mutagenesis Kit 

(TOYOBO, Osaka Japan) according to the manufacturer’s protocol. The resulting 

reporter vector positions were confirmed by sequencing and termed Luc-HIST1H3D and 

Luc-HIST1H2AD, respectively. The nucleotide sequences of the constructed plasmids 

were confirmed by DNA sequencing. For luciferase reporter assays, NUGC3 cells were 



seeded in 96-well plates and then cotransfected with pmirGlo-HIST1H3D or 

-HSIT1H2AD constructs and miR-760 (Pre-miR-760) or the Pre-miR negative control 

(Ambion, USA). In the Dual-Luciferase Reporter Assay System, firefly luciferase 

signals were normalized to renilla luciferase signals. Relative luciferase expression was 

calculated using the formula: (sample Luc/sample renilla) / (control Luc/control renilla). 

Luc, raw firefly luciferase activity; renilla, renilla activity (internal transfection control). 

Assays were performed 48 h after transfection using the Dual-Luciferase Reporter 

Assay System (Promega). Transfections were repeated 3 times in independent 

experiments.  

Cell proliferation assay  

Logarithmically growing NUGC3 cells were transfected with Pre-miR-760 or 

Pre-miR negative control and seeded at 3.0 × 103 cells per well in 96-well flat-bottomed 

microtiter plates in a final volume of 100 μL of culture medium per well. Cells were 

incubated in a humidified atmosphere (37°C and 5% CO2) for 24, 48, or 72 h after 

initiation of transfection. MTT assays were used to measure cell proliferation during 

each time period, as described previously (4). The number of cells used per experiment 

was determined empirically. These assays were carried out with 6 replicates. 

 



MicroRNA microarray of BM fractions from GC patients 

 In 4 patients with Stage IV GC, RNA was extracted from whole BM cells and 3 

fractions of BM separated by MACS Cell Separators, and microRNA microarrays were 

performed for each fraction. The quality of the total RNA was verified by an Agilent 

2100 Bioanalyzer profile (Agilent Technologies, USA). Two hundred fifty nanograms 

of total RNA was labeled using the miRCURY Hy3/Hy5 Power Labeling Kit, and the 

Hy3-labeled sample was hybridized on a miRCURY LNA Array (6th gen-hsa, mmu & 

rno#208402, Exiqon, Vedbaek, Denmark) containing capture probes for 1223 

microRNAs, listed in miRBase (Sanger miRBase Release 16.0 and miRPlus). The 

miRCURY LNA array microarray slides were scanned using an Agilent G2505C 

Microarray Scanner System (Agilent Technologies), and data analysis was carried out 

using Feature Extraction 10.7.3.1 software (Agilent Technologies). 

Statistical analysis 

Receiver operating characteristic (ROC) analysis 

 ROC curves were established for discriminating patients with Stage I or Stage 

IV GC from BM samples according to HIST1H3D and miR-760 expression, and the 

area under the curve (AUC) was calculated to evaluate the discriminatory ability of each 

scoring system. 



Hierarchical clustering analysis and gene set enrichment analysis 

 We performed hierarchical clustering analysis of expression profiles for 8000 

genes with large variation in ascending order. A distance matrix was determined 

according to Euclidean distance, and linkage criteria were calculated by the ward 

method. Hierarchical cluster analysis of histone cluster genes was also performed. 

In gene set enrichment analysis (GSEA), we used 2996 gene sets obtained from 

curatesCp, Qiagen, and Sabioscience web sites (curatesCp: KEGG: 

http://www.genome.jp/kegg/pathway.html and REACTOME: 

http://www.reactome.org/ReactomeGWT/entrypoint.html, Qiagen: 

https://www.qiagen.com/geneglobe/pathways.aspx, Sabioscience: 

http://www.sabiosciences.com/pathwaycentral.php). 
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Figure Legends 

Supplementary Figure S1. HIST1H3D and miR-760 expression in BM samples 

from GC patients. 

A. Hierarchical cluster analysis of genes evaluated by RNA-seq analysis from BM 

samples collected from Stage I and Stage IV GC patients. Left, 8000 genes with large 

variation in ascending order; right, histone cluster genes. 

B. The association between HIST1H3D or miR-760 expression and the status of DTC 

markers. DTC-positive/-negative cases were evaluated using qRT-PCR analysis of CEA, 

CK-7, and CK19. Significant differences were not observed between DTC-positive and 



-negative cases in both HIST1H3D (left) and miR-760 (right) expression. DTC, 

disseminating tumor cell. 

C. The utility of HIST1H3D and miR-760 expression in BM samples for the diagnosis 

of Stage I and Stage IV GC. Receiver operating characteristic (ROC) analysis showed 

that miR-760 (right) had a greater distinguishing value between Stage I and Stage IV 

GC than HIST1H3D (left) in BM samples. AUC, area under the curve.  

Supplementary Figure S2. The association between histone mRNA and miR-760 in 

GC cells 

A. Schematic of the exon structures of HIST1H3D and HIST1H2AD. Arrows indicated 

intron spanning primers used in the measurement of HIST1H3D mRNA expression. 

B. HIST1H3D (left) and miR-760 (right) mRNA expression in 7 GC cell lines.  

C. Western blot analysis of HIST1H3D and actin in 7 GC cell lines. The right panel 

shows a graphical representation of gel images from the upper panels. 

D. Time course of HIST1H3D expression data after Pre-miR-760 transfection in 

NUGC3 cells. HIST1H3D expression was downregulated at 3 h after Pre-miR-760 

transfection, but was upregulated at 24–48 h after transfection. Pre-miR n.c., Pre-miR 

negative control. 

E. Western blot analysis of HIST1H3D and pan actin after treatment with negative 



control or Pre-miR-760 for 3 h in GC cell lines. 

F. Morphological changes in NUGC3 cells at 48 h after Pre-miR-760 transfection. 

* p < 0.05, ** p < 0.01, *** p < 0.001 

G. Proliferation rates after treatment with Pre-miR-760 in NUGC3. n.c., negative 

control. 

H. Time course of p21 expression data after Pre-miR-760 transfection in NUGC3 cells. 


