
Supplementary Materials and methods

Experimental cell lines. The study assembled 3 pairs of 
HCSC sublines (Huh7‑C, Hep3B‑C and MHCC97H‑C) 
and case‑matched human HCC cells (Hep3B, Huh7 and 
MHCC97H) for RNA sequencing (RNA‑Seq) (Table  I). 
The HCSC sublines were previously demonstrated to have a 
reinforcement of stem cell properties, an induction of drug 
resistance, an emergence of EMT properties, and an enhance‑
ment of tumor‑initiating capabilities (1).

RNA sequencing. RNA sequencing was produced by Beijing 
Genomics Institute (BGI, Beijing, China). Total RNA was 
extracted and treated with DNase I. Subsequently, mRNA 
from total RNA was enriched with oligo (dT) magnetic beads 
for eukaryotes, following fragmented into about 200 bp short 
fragments by mixing with the fragmentation reagents. The 
random hexamer‑priming was used to synthesize the first 
strand cDNA, the DNA polymerase I, dNTPs and RNase H 
were used to synthesize the second strand, the double stranded 
cDNA was purified with magnetic beads, and the end repa‑
ration and 3'‑end single nucleotide A addition were carried 
out. Then, the adapter‑modified fragments were enriched for 
using PCR amplification. To monitor the quantification and 
qualification of DNA sample library, a quality control proce‑
dure was processed with Agilent 2100 Bioanaylzer and ABI 
StepOnePlus RT‑PCR System. The captured DNA library was 
sequenced to a depth of 30‑fold coverage with the Illumina 
HiSeq™ 2000 Analyzer.

Raw sequence preprocessing. To obtain high quality reads 
for further analysis, data filtering was performed by adaptor 
sequences to remove the low quality reads, which were defined 
when the percentage of unknown bases (N) is more than 10% 
or the percentage of bases (with quality value of 5 or less than 
5) is greater than 50% in a read. The clean reads were mapped 
to reference genomes and sequences with SOAP software (2).

To exclude the effect of sequencing discrepancy and 
various gene length, gene expression levels were normalized 
by RPKM algorithms (Reads Per kb per Million reads), which 
makes transcripts across multiple samples comparable (3).

Data mining. The differentially expressed genes (DEGs) 
between HCSCs and case‑matched hepatic cancer cells were 
analyzed by the Fold Change method (cutoff >2 or cutoff 
<0.5). Subsequently, genes with coherent differential expres‑
sion (coherent up‑ or down‑regulated in Huh7‑C, Hep3B‑C 
and MHCC97H‑C, referred as meta‑DEGs) were selected, 
and overlapping number of genes was calculated among three 
cell‑lines datasets by using Venny tool and described as Venn 
diagram.

Hierarchical gene clustering was conducted with Cluster 
3.0 software  (4). Euclidean distance similarity metric and 
average linkage clustering method was used to measure the 
gene patterns. TreeView software was used to show the clus‑
tering map.

Enrichment analysis was used to study the function and 
mechanisms of DEGs. Onto‑express tool was used to identify 
significantly enriched gene function in Gene Ontology (GO) 
database. Gene Ontology functional classification was performed 
using WEGO software16 to classify GO function for DEGs. To 
identify the known pathways with significant accretions with 

DEGs in HCSCs, we performed pathway enrichment analysis 
using Pathway‑Express software in KEGG database  (5). 
Hypergeometric test for the statistical scenario was used to 
screen GO terms or pathways that were significantly enriched in 
DEGs compared to the genomic background. The candidate GO 
terms or pathways with corrected P‑value less than 0.05 were 
considered to be significantly enriched.

miRNA targets prediction. To analyze the interaction 
between miRNAs and genes, we compared the results from 
6 existing miRNA‑target prediction programs including 
DIANA‑microTv4.0 (6), miRanda‑rel2010 (7), miRDB4.0 (8), 
miRWalk2.0 (9), RNAhybrid2.1 (10), PicTar4 (11), PITA (12), 
RNA22v2  (13), and Targetscan6.2  (14). Candidate paired 
miRNA and DEGs which have at least five sources were 
considered for further analysis.

miRNA expression detection. The differential expression of 
miRNAs in cancer stem cells and their parental cell lines was 
detected by RT‑qPCR (reverse transcription‑quantitative poly‑
merase chain reaction) using Eastep™ RT Master Mix (5X) 
(Promega, Madison, WI, USA).

Experimental validation. Perl scripts were run for text‑mining 
searches in the Entrez PubMed database.
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Figure S1. The expression of miR‑338 and miR‑450b in 
Hep3B, Hep3B‑C, Huh7 and Huh7‑C cells. The miRNAs 
were identified by RNA‑seq and validated by reverse 
transcription‑quantitative polymerase chain reaction. Data 
are presented as the mean ± standard deviation of three inde‑
pendent experiments in triplicate. ***P<0.001, compared with 
the parental cells by Student's t‑test. HCSCs, hepatic cancer 
stem‑like cells.



Table SI. Biological process.

GO identity Gene Ontology term Input Reference Corrected P‑value

GO:0010467 Gene expression 37 3,103 0.001099062
GO:0016126 Sterol biosynthetic process 8 38 0.001099062
GO:0006139 Nucleobase, nucleoside, nucleotide and nucleic 44 3,370 0.001099062
 acid metabolic process   
GO:0034960 Cellular biopolymer metabolic process 81 5,248 0.001099062
GO:0006695 Cholesterol biosynthetic process 7 30 0.001099062
GO:0043284 Biopolymer biosynthetic process 34 2,804 0.001099062
GO:0034961 Cellular biopolymer biosynthetic process 34 2,804 0.001099062
GO:0016125 Sterol metabolic process 11 89 0.001250294
GO:0016070 RNA metabolic process 31 2,609 0.001250294
GO:0044260 Cellular macromolecule metabolic process 85 5,348 0.001592897
GO:0043283 Biopolymer metabolic process 84 5,295 0.001592897
GO:0008299 Isoprenoid biosynthetic process 5 14 0.001592897
GO:0008203 Cholesterol metabolic process 10 80 0.002012175
GO:0006955 Immune response 27 493 0.003880617
GO:0006959 Humoral immune response 8 57 0.004970173
GO:0043170 Macromolecule metabolic process 90 5,432 0.004970173
GO:0007155 Cell adhesion 32 653 0.004970173
GO:0022610 Biological adhesion 32 653 0.004970173
GO:0034645 Cellular macromolecule biosynthetic process 42 2,999 0.008015554
GO:0006958 Complement activation, classical pathway 5 23 0.013541813
GO:0006396 RNA processing 1 465 0.01803579
GO:0022409 Positive regulation of cell‑cell adhesion 3 6 0.018498285
GO:0009059 Macromolecule biosynthetic process 44 3,012 0.018498285
GO:0022407 Regulation of cell‑cell adhesion 4 15 0.023150183
GO:0006259 DNA metabolic process 1 444 0.023171188
GO:0002455 Humoral immune response mediated by 5 27 0.023171188
 circulating immunoglobulin   
GO:0050778 Positive regulation of immune response 8 78 0.026122247
GO:0006694 Steroid biosynthetic process 8 78 0.026122247
GO:0030155 Regulation of cell adhesion 8 78 0.026122247
GO:0006720 Isoprenoid metabolic process 5 29 0.027528366
GO:0006956 Complement activation 5 29 0.027528366
GO:0051891 Positive regulation of cardioblast differentiation 2 2 0.028882576
GO:0051890 Regulation of cardioblast differentiation 2 2 0.028882576
GO:0006996 Organelle organization 10 1,062 0.029480667
GO:0002541 Activation of plasma proteins involved in acute 5 31 0.033594311
 inflammatory response   
GO:0008202 Steroid metabolic process 12 174 0.035737438
GO:0007162 Negative regulation of cell adhesion 5 32 0.036960371
GO:0002376 Immune system process 31 733 0.039915385
GO:0010468 Regulation of gene expression 34 2,371 0.041178238

P<0.05 was considered to indicate a statistically significant difference, using Fisher's exact test.



Table SII. Cellular component.

GO identity Gene Ontology term Input Reference Corrected P‑value

GO:0005634 Nucleus 63 4,565 5.32202E‑05
GO:0043227 Membrane‑bounded organelle 119 7,020 0.000329916
GO:0043231 Intracellular membrane‑bounded organelle 119 7,017 0.000329916
GO:0043226 Organelle 137 7,757 0.000456153
GO:0043229 Intracellular organelle 137 7,755 0.000456153
GO:0044421 Extracellular region part 33 637 0.000494468
GO:0044424 Intracellular part 171 9,201 0.000532589
GO:0005622 Intracellular 179 9,502 0.000725465
GO:0005576 Extracellular region 54 1,339 0.000943868
GO:0005615 Extracellular space 21 403 0.010705368
GO:0031012 Extracellular matrix 16 272 0.01279055
GO:0030529 Ribonucleoprotein complex 1 406 0.013810908
GO:0005581 Collagen 5 32 0.013810908
GO:0044420 Extracellular matrix part 8 86 0.013810908
GO:0044422 Organelle part 61 3,736 0.013810908
GO:0005578 Proteinaceous extracellular matrix 15 258 0.014140587
GO:0044446 Intracellular organelle part 61 3,720 0.014140587
GO:0032991 Macromolecular complex 29 2,090 0.014340084
GO:0070013 Intracellular organelle lumen 16 1,368 0.014723881
GO:0044428 Nuclear part 17 1,411 0.01678892
GO:0005654 Nucleoplasm 5 665 0.020509003
GO:0030286 Dynein complex 4 27 0.034704122
GO:0042995 Cell projection 18 386 0.03906214
GO:0031974 Membrane‑enclosed lumen 19 1,429 0.04359791
GO:0044463 Cell projection part 6 68 0.045073273
GO:0031981 Nuclear lumen 13 1,080 0.048770976

P<0.05 was considered to indicate a statistically significant difference, by a Fisher's exact test.



Table SIII. Molecular function.

GO identity Gene Ontology term Input Reference Corrected P‑value

GO:0003676 Nucleic acid binding 35 2,778 0.006434777
GO:0016705 Oxidoreductase activity, acting on paired donors, with 11 103 0.006434777
 incorporation or reduction of molecular oxygen   
GO:0004497 Monooxygenase activity 8 77 0.034238087
GO:0004115 3',5'‑cyclic‑AMP phosphodiesterase activity 3 7 0.034238087
GO:0004421 Hydroxymethylglutaryl‑CoA synthase activity 2 2 0.034238087
GO:0004053 Arginase activity 2 2 0.034238087
GO:0016297 Acyl‑[acyl‑carrier‑protein] hydrolase activity 2 2 0.034238087
GO:0004320 Oleoyl‑[acyl‑carrier‑protein] hydrolase activity 2 2 0.034238087

P<0.05 was considered to indicate a statistically significant difference, by Fisher's exact test.
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