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Supplementary materials

Quantitative PCR primers

RT: 5'-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGAT

miR-451a |\ CGACAACTCA-3'

Forward: 5'-CGAAACCGTTACCATTAC-3'

miR-451a
Reversed: 5'-GTGCAGGGTCCGAGGT-3’

uée RT: 5'-AAAATATGGAACGCTTCACGAATTTG-3'

Forward: 5'-CTCGCTTCGGCACATATACT-3’

U6
Reversed: 5'-ACGCTTCACGAATTTGCGTGTC-3’

Forward: 5'-CCAGCCCAATGGAAACCTCC-3'

LPIN1

Reversed: 5'-AGGTGCATAGGGATAACTTCCTG-3'

Construction of full-length LPIN1 expression vector

Forward: 5'- TCCCCCGGGGGAGCCACCATGAATTACGTGGGGCAGTTAG-3’

LPIN1
Reversed: 5'-CGACGCGTCGTTACGCTGAGGCAGAATGAAT-3'

Construction of shRNA vectors

sh185 5'- AAAAGGAATCTGTGGATTTGCATTTGGATCCAAATGCAAATCCACAGATTCC-3'

sh1031 | 5'- AAAAGCGAATCTTCAGACACTTTATGGATCCATAAAGTGTCTGAAGATTCGC-3'
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Figure S1 miRNome analysis according to the number of reads per million (RPM) and

TCGA database. A, There were 21 downregulated miRNAs with an RPM value greater

than 2000 in normal subjects. B, Five miRNAs (miR-451a, miR-26-5p, let-7a-5p, miR-

126-3p, and miR-191-5p) were significantly downregulated in hepatocellular

carcinoma (HCC) patients in the TCGA database. ***P < 0.001.
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Figure S2 miR-451a does not affect hepatocellular carcinoma (HCC) cell cycle
distribution. A, Different concentrations of miR-451a mimics were transfected into
SMMC-7721 cells for 48 h. The expression of miR-451a was examined by quantitative
PCR. Data were normalized to the level of U6. B and C, Different concentrations of
miR-451a mimics were transfected into SMMC-7721 cells. Cell cycle distribution was
measured by propidium iodide (PI) (B) and EdU (C) staining assays. NC, negative

control; ***P < 0.001
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Figure S3 miR-451a regulates hepatocellular carcinoma (HCC) cell apoptosis and
migration. A—G, Different concentrations of miR-451a mimics were transfected into
Hep3B cells. The expression of miR-451a was examined by quantitative PCR (A). Cell
viability was measured by CCK8 assays (B). Cell cycle distribution was measured by
propidium iodide (PI) (C) and EdU (D) staining assays. Cell apoptosis was measured by
Annexin V (E) and TUNEL (F) assays. Cell migration was determined by transwell

assays (G). NC, negative control;*P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S4 Exosomal miR-451a was delivered from hepatocellular carcinoma (HCC) cell
lines to human umbilical vein endothelial cells (HUVECs). A, The expression of miR-
451a in HUVECs was examined by quantitative PCR. HUVECs cocultured with
exosomes from L-02 cell lines. GW4869 is an inhibitor of exosome secretion. B,
Cellular and exosomal RNA were extracted at the indicated time points and analyzed
for miR-451a levels. Left: SMMC-7721 cells transfected with 50 nM miR-451a mimics.
Middle: SMMC-7721-derived supernatant exosomes. Right: HUVECs co-cultured with
SMMC-7721-derived exosomes (48 h). C, Exosomal miR-451a was delivered from
Hep3B cells to HUVECs. Top: Hep3B cells transfected with miR-451a-Cy3 mimics, and
cultured in the presence or absence of exosome secretion inhibitor GW4869.
Bottom: HUVECs incubated with Hep3B-derived exosomes. D, Cellular and exosomal
RNA were extracted at the indicated time points and analyzed for miR-451a levels
using U6 as an internal control. Left: Hep3B cells transfected with 50 nM of miR-451a
mimics. Middle: Hep3B-derived supernatant exosomes. Right: HUVECs co-cultured
with Hep3B-derived exosomes (48 h). E, Exosomes were derived from Hep3B cells
transfected with miR-451a mimics in the presence or absence of GW4869, and were
co-cultured with HUVECs. Cell viability was examined by CCK8 assays. F and G,
Different concentrations of miR-451a mimics were transfected into HUVECs. Cell
cycle distribution was measured by propidium iodide (PI) (F) and EdU (G) staining

assays. NC, negative control; *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S5 LPIN1 is a target of miR-451a. A, miR-451a mimics were transfected into

SMMC-7721 cells. The expression of 12 candidate targets was measured by

guantitative PCR at the indicated time points. B, 293T cells were co-transfected with

miR-451a mimics and different wild-type promoter luciferase reporter constructs of

AKR1B1, ATP5F1, GK and ASAH1. Luciferase activities were determined 36 h after

transfection. Luciferase values were normalized to Renilla activities. C—F, Different

concentrations of miR-451a mimics were transfected into SMMC-7721 cells (C),

human umbilical vein endothelial cells (HUVECs) (D) and Hep3B cells (E). The



expression of LPIN1 was detected by quantitative PCR. F, Different concentrations of
miR-451a mimics were transfected into Hep3B cells. The expression of LPIN1 was
detected by western blotting. NC, negative control; *P < 0.05, **P < 0.01, ***P <

0.001.
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Figure S6 LPIN1 is a critical target during miR-451a-induced hepatocellular carcinoma

(HCC) cell apoptosis. A, C, and E, SMMC-7721cells (A), human umbilical vein

10



endothelial cells (HUVECs) (C) and Hep3B cells (E) were transfected with an LPIN1
expression plasmid in the presence or absence of miR-451a mimics. The expression
of LPIN1 was determined by western blotting. B, D, and F, SMMC-7721 cells (B),
HUVECs (D), and Hep3B cells (F) were transfected with specific LPIN1-targeting
shRNAs in the presence or absence of miR-451a mimics. The expression of LPIN1 was
determined by western blotting. G, Hep3B cells were transfected with an LPIN1
expression plasmid in the presence or absence of miR-451a mimics. Apoptosis was
determined by Annexin V assays. H, Hep3B were transfected with specific LPIN1-
targeting shRNAs in the presence or absence of miR-451a mimics. Apoptosis was
determined by Annexin V assays. PI, propidium iodide; NC, negative control; *P <

0.05, **P < 0.01, ***P < 0.001.
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Table S1 All relative miR-451a-associated gene sets based on GSEA.

NAME NES FOR
g-val
GO_SMALL_MOLECULE_CATABOLIC_PROCESS 2.301848 0.003673
GO_ORGANONITROGEN_COMPOUND_CATABOLIC_PROCESS 2.298454 0.001837
GO_MONOCARBOXYLIC_ACID_METABOLIC_PROCESS 2.248486 0.002851
GO_LIPID_CATABOLIC_PROCESS 2.215521 0.00436
GO_ALPHA_AMINO_ACID_METABOLIC_PROCESS 2.215225 0.003884
GO_ORGANIC_ACID_CATABOLIC_PROCESS 2.215046 0.003398
GO_CELLULAR_LIPID_CATABOLIC_PROCESS 2.192454 0.003611
GO_SULFUR_AMINO_ACID_METABOLIC_PROCESS 2.177759 0.004838
GO_LIPID_HOMEOSTASIS 2.169536 0.005424
GO_CELLULAR_AMINO_ACID_CATABOLIC_PROCESS 2.168884 0.005062
GO_ORGANIC_HYDROXY_COMPOUND_CATABOLIC_PROCESS 2.164413 0.005168
GO_REGULATION_OF_FATTY_ACID_METABOLIC_PROCESS 2.161405 0.004998
GO_FATTY_ACID_METABOLIC_PROCESS 2.146384 0.006609
GO_ORGANIC_HYDROXY_COMPOUND_METABOLIC_PROCESS 2.142804 0.006496
GO_BLOOD_MICROPARTICLE 2.205424 0.002912
GO_OXYGEN_BINDING 2.204853 0.002647
GO_VESICLE_LUMEN 2.250178 0.003801
GO_IRON_ION_BINDING 2.224138 0.004729
GO_SECRETORY_GRANULE_LUMEN 2.206314 0.003235
GO_COFACTOR_BINDING 2.168502 0.00481
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Table 52 Targets

miR-451a as pre

dicted by Targetscan.

Targetgene | 3P-seqtags+5 | Cumulative weighted context++ score | Total contexts+ score N::::Z:Isu
PSMBS 18 K
CDKN2B 373 E
cMTME 169 =
MTRNR2LIS S E
OSR1 3 ~053
ATF2 123 06
DUSP16 444 03
XL 385 07
Corf21 S 07
TBC1098 5042 07
BATF S 07
ATPSFL 575 042 069 ATP synthesis
GRSFL aa1a 038 069
SpC2s 97 067 068
NEDDS 1164 063 063
EVL 291 06 06
HELLS 329 ~0.60 06
MIF 1623 057 06
FAMSC s 059 059
CBiNa s 059 059
Sec2sip 765 057 057
'AP000350.10 1627 052 055
TMEML70B 89 047 054
KiF24 84 051 “os1
POUSF2 272 051 “os1
Catorfo1 998 044 051
CVB561DL 105 049 049
CrospL 1259 049 049
ASAH 5 048 0.8 Sphingolipid
metabolism
FAMSIAL 731 E 048
MSC 27 E o8
TscL 838 E 047
WDFY2 85 E 047
CTNNBIPL 293 E 047
Cliorf30 230 E -
CPNE3 756 E -
Aqpa 10 E -
CRIP2 3426 E -
Mccc2 1550 E -
KIAAL217 320 E -
NRSAZ 121 E -
FNTA 7 E -
CERK 123 -039 -0.41 Sphingolipid
metabolism
Ssu72 262 E r
PLSCR2 B E E
SIPR2 10 E ~
oIt 21 E r
Ci2orts 520 E r
PTTGLIP 1170 E E
SAMDAB 46 E r
NHSL 393 E ~
GALK2 626 -038 038 Galactose
metabolism
Nicotinamide
NAMPT 375 035 038 mononucleoti
de synthesis
Cholesterol
PPARA 82 -032 038 and lipid
metabolism
AEBP2 1228 037 037
ACADSB 239 037 037 Fatty acid
metabolism
UNCS3A 5 037 037
oK 38 037 037
KCTD10 147 037 037
APA 2926 E 036
Tex1 0 E 036
UPF3A 2 E 035
MEOX2 s E 035
ZNF66 2 E 035
Cozori23 & E 035
o . o Oxidoreductas
e activity
BAKL g 035 035
SGKL 369 E 035
KMAUZ 5234 E 035
ADAM10 385 E 035
LETV2 7 E 034
CACNALB S E 031
DKFZP77912370 20 E 031
UBE2L3 318 E 031
CDKN2D 186 E 031
LPINI 357 -0.33 -0.34 Lipid
metabolism
NFATCL 104 032 034
AKR1B1 a1 -032 034 Glucose
metabolism
RADIS 211 031 034
ACADL 5 033 033 Fatty acid
metabolism
IER 5 = 033
TMEML43 160 E 032
PNMAGC s E 032
CYYRL s E 032
MYOG s E 032
MPPED2 a2 E 032
Clorfas 128 E 032
PNMAGA s E 032
TNFRSF25 s E 032
CAND2 %2 E 032
APBAL 1 E 031
EREG 5 E 031
NPTN 2518 E 031
ACI37932.1 s E 031
PRICKLE2 20 E 031
SLC7AG0S 751 E 031
CRELD2 2044 E 031
AKTIP % E 030
TRAPPCIL s E 030
HAP: 742 E 030
TsCL T o 02
BTBDS 1 02 02
STPR2 T 04 0.1
Cliorf30 1 o4 021
AEBP2 1 E 021
DKFZP77912370 1 034 021
COKN2i T 034 021
TeXL T 036 021
PRICKLEZ 1 031 021
SAMDAB 1 039 021
VWHAZ 1 E 021
PMMZ 1 E 021
B39 1 E 021
TRIMGS T E 021
PRR12 T E 021
SZRDL T E 021
PSMDIL T E 021
OSRL 1 E <010
ATF2 1 E <010
PSMBS T E <010
6K 1 -037 <010 Glycerol
metabolism
VAPA E <o,
MEF2D E <o.
FBX033 E <o.
GATAD2B E 0.
VpSIS E <o
MIF E ORF
DBNL E ORF




