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[(BE] B - WITHHEAIE R B ZILEIFE S K881 9% RNA 68 (hypoxia-induced long non-coding RNA 68, HILRNA6S)
e B AR SCHLH . % - AR AEIES S RNA (long non-coding RNA, IncRNA) 8 #F5EMIK4 (hypoxia) 5 ¥ 4
(normoxia) 4 HIALFE 12 h (AN 22 SMMC-7721 H 43K 72546 () IncRNA, il i R iF 75 DEseq2 )7/ Hr R 4A T #£i5 2
75 4L B9 IncRNA, 3 F] F 52 i) ¢ 5% %€ & PCR (quantitative real-time polymerase chain reaction, qRT-PCR) 5 i 2% 5+
IncRNA, i 1 % & 92 RNA (short hairpin RNA, shRNA) F& & fiff % 41 i 1 A9 R 505 5 1 7 (hypoxia inducible factors,
HIFs) FWFFEARSE T HILRNAG6S 7 5t 2 75 37 HIFs (IR #5 . Bl i jAZ K 088, 456 qRT-PCRAG I DL S RNA 26 i 437 4%
ZH AR (RNA fluorescence in situ hybridization, RNA-FISH) 3256458 HILRNAGS A Al i€ 7 o 183 /N T3 RNA (small
interfering RNA, siRNA) 4337E SMMC-7721 Al MHCC-97H #il i 1 @ ik HILRNA68 LA 57 e IR T i shig . a4
Ji A K B S 86 A K Transwell 20 1= 28 5256 70 SR 7T (R 420 T HILRNAG68 XoF JI-Ji 40 0 11 A 4 95 LA % AR 28 55 B RE FT I 5L IR
WAk, I R 2R R A 55 RS20 0T 9 AR HILRNAG6S J5 & 15 Wi HIF 1o (%5 SR 16T . 4558 - a@ad XF IncRNA G H (2
AT RN, A5 R] 247 D THE R 17 DR B IncRNA [ N5 L (fold change) >4, fh &k B (false
discovery rate, FDR) <0.05], 7£25 53 o & B HILRNAG68 78 2 A 2 AR S A0 B 40 it 2 HP 3R E THR 29 10 £ o AIRSE T il
& HIF oo, HIF2a, HIF15Y) %M HILRNA6S B9 THRE (31 P<0.05), 2¢ 6 28 Bk 45 5k [R5 56 2 IH H4% 5% %2 3] HIFs 197
o 20 M A F5E 35 H HILRNAG8 32 %458 67 T A1 A% o 40 it 2 e 52 36 45 1 2% W @ ik HILRNA68 2 35 411 1l - 98 20
SMMC-7721 5 MHCC-97H 7R 0N (939 58 LA S A= 28R 1 (3 P<0.05) . HLHIWFFE R, ik HILRNAGS & & M il {40 T
HIFa W55 EE (P<0.05); HIF1o 83 RI7EARSAUT (9 T i 76 SN HILRNAG8 Ji5 4% W Ml (P<0.05), Z5it - Wov e
H— AR AT 335 8 28 LAY IncRNA, FFIhfgiE R T L 7+ 1) HILRNAG8., HILRNAG68 57 HIFs P45 Fh 5y, Fh s Je i
HEAN AR AT M5 LA M 2 2B RS RE 5 LD |, HILRNAGSAR A T A THEs Jo ek HIF Lo G s 1k
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Function and mechanism study of hypoxia-induced long non-coding RNA 68 in
hepatocellular carcinoma
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[Abstract] Objective- To investigate the biological roles and associated mechanisms of the hypoxia-induced long non-coding RNA
68 (HILRNAG68) in hepatocellular carcinoma (HCC) cell lines. Methods-Long non-coding RNA (IncRNA) microarray analysis was
conducted to study the differential expression of IncRNAs in the HCC cell lines cultured under hypoxia treatment and normoxia
treatment separately for 12 h, and DEseq2 R package was used for the analysis of differentially expressed IncRNAs. Quantitative
real-time polymerase chain reaction (QRT-PCR) was used to determine the differential IncRNAs. Short hairpin RNAs (shRNAs)
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were used to knock down hypoxia-inducible factors (HIFs) to investigate whether HILRNAG68 transcription was regulated by HIFs
under hypoxia. Nucleus-cytoplasmic isolation combined with qRT-PCR and RNA fluorescence in situ hybridization (RNA-FISH)
experiments were used to investigate the subcellular localization of HILRNA68. HILRNA68 was knocked down in SMMC-7721
and MHCC-97H cells by small interfering RNA (siRNA) to investigate its cellular function under hypoxia. The impact of
HILRNAG68 on the cell proliferation and invasion capabilities of HCC cells under hypoxia was examined by cell counting and
Transwell assays. Dual-luciferase reporter assay was employed to identify how HILRNAG68 regulated the transcriptional activity of
HIFs under hypoxia. Results-By differential expression analysis of IncRNAs, a total of 247 and 17 significantly (defined as fold
change>4, FDR<0.05) up- and down-regulated IncRNAs, respectively, were identified. Among these differentially expressed genes,
IncRNA HILRNAG68 was up-regulated about 10-fold in multiple HCC cell lines when cultured under hypoxia for 12 h. Knockdown
of HIFla, HIF2a, and HIF1[ significantly suppressed (all P<0.05) the upregulation of HILRNA68 under hypoxia. Luciferase
reporter assay suggested that the transcription of HILRNAG68 was regulated by HIFs. Subcellular localization studies revealed that
HILRNAG68 was mainly localized in the nucleus. Biological function experiments showed that silencing of HILRNA68 significantly
inhibited the proliferation and invasion of HCC cells under hypoxia (all P<0.05). Mechanistic studies demonstrated that knock-down
of HILRNAG68 significantly suppressed the transcriptional activity of HIFIa under hypoxia (P<0.05) and the up-regulation of these
canonical HIFs targets under hypoxia was also significantly inhibited after HILRNA68 knockdown (P<0.05). Conclusion:The
current study identifies a series of differential hypoxia-regulated IncRNAs and functionally annotates the upregulated HILRNA68.
HILRNAG68 is directly up-regulated by HIFs which promotes cell proliferation and invasion under hypoxia. Mechanistically, the
upregulation of HILRNA68 under hypoxia enhances the transcriptional activity of HIFa.

[Key words] hypoxia; hypoxia inducible factor (HIF); long non-coding RNA (IncRNA); cell proliferation; cell invasion; TCONS
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JiF 41 e 98 (hepatocellular carcinoma, HCC) J&
SRR B B BT R A 90% LA
U MRS, ARk EAE A 80 JT 8 R HCC g i,
2970 JT M HCCHET i, At HCC 7E2 R A i LY
e HER A 6 7, H R - RBUNIET A AE S B0
FET-HHESE 407 P, BT HCC B R K B
B . A5 RERITIIL LS 5 k&R, 15
HCC B E WKW AR AR EAR P i, a4
e A T I HCC 1943 F ML IF AT TR 97 S
DI HCCIRYT A R .

45 HCC ZE N B SE g v, Fl T s 4t A pJe skl
A KT I T A R B TGk M B U, R A
WAL FARGOIRES ) (R SO 55 5 o e B R
R AU % UM, B 2 S0 v o B iz 284k
BRAEENE . KAIFEFHF 1 (hypoxia
inducible factor 1, HIF1) J&—~H1 a-Fl B-F HE2H i
M5 ARAA, R o M AR SR PR B R DG R Y T
¥ TEBVSE SR, HIFlaboE 2FRIF g &
MR, 5HIFIBE M — M EMHIFI Z 58, FF
SEVEZE A B HIF 188 EE K9 5 3l DX ) IR 450 1 ot
4 (hypoxia response element, HRE) A/GCGTG I,
PEMIA SO 5 7 HIF A0 3E R g i i 3 1 2
5 kAR 2 7 T, A A S R g G
HOgE . AR . B NELE RS . HIFL 3 H 0 G
5 HCC 7E N 1y 3% Pk i 988 142 28 0 RS R I DR i s %35
Pk B,
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K # 9E 4@ B RNA (long non-coding RNA,
IncRNA) JE 40N — KK EER T 200 MZ TR (nt)
HAG 8 Y RNA ¥ 0 BF5g " %1, IncRNA
FEW T 50K (WY a5 DNA ., 2K H A
RNA) WM EAEH L #HERE. 4Rk, BA K
5595 0 AH DG 1Y) IncRNA 4 412 18 RE 6% I8 15 Jirb g 19 26 K
(RZBFEERS , I R e T AR B A A b i
PIRGAIFHE A U BUR IncRNA 76 Bl P i oh g5
LRI S A ZHiE, H B AT Kt IncRNA 12 fE
AT RE . ABIF G 38 o RIS 07 1 2 0L L T ) A A
B FRE 5 S IncRNA 68 (hypoxia induced IncRNA
68, HILRNAG68; JE:[X 4k TCONS 00027424, fii T
AN 19 S YL (afk . 55524 358~55 526 406) 7RI
NI Z bk HCC 4H i 2 vh 358K 1 B35 T, Jfdad
AR AT RSB . RS R A L S AR
1, WIH HILRNAG6S 7EAR A T 19 D FAH SCAHL I

1 #HE5RE

1.1 SER Rl

1.1 408 &5 ok A& 40 s SMMC-7721 .
PLC/PRF/5. MHCC-97H. MHCC-97L. Bel-7402,

AR 293T (HEK-293T) ZHff, ¥ A v EER B
Y Bl . pGL3-basic A . pCAG-dR8.9 {1 % Jit K |
pMDG (VSV-G) Gl BRIk 3 Addgene 423K
ke A P
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1.1.2 FEEGH B4 S (Sigma, #E[E), TRIzol
(Invitrogen, K[ ), ¥ ZBEHLGIY) (TaKaTa, H
A), M-MLV J %% 3¢l (Promega, f[E), SYBR™
Green PCR Tili #fi (Applied Biosystems, 3£ ), filf
MRLFAEZR N (Bio-Rad, fE[E ). HIFlo FLELsEREHTIA

545 610958; BD, E[H), HIF1P % 5 50 B 4 {4

1% %5 NB100-110) . HIF2« % B 50 B PR (1% %5
NB100-122) . 4 M /2 Jid =0 A o Al 1
dehydrogenase kinase 1, PDK1) fgfisgEdrik (4%
7 MAB864) (Novus, E[H), B-actin 5 v FESLIA

175 GB15003; RILFEAE/RAEM R A RA R,
) o BRAR o S ALY B iC 1 — BT (Cell Signaling
Technology, Z£[E ), ECLAfbZ2E &k EilH & (Merck
Millipore, fE[E), #¢)EZ MK & (Promega,
JE[E ), Transwell 40 i 1% 7% /N2 (Corning, JE[H ),
RNAFES (JNBEEAR], ED, 4% 2R, #
MREh gzl (R R RAEYHEARGRAF, HE).
1.1.3  FEEE EWLeE. Co Ml FRAk A
% [ Thermo 2 ) , qPCR 1X k& H & [F Applied
Biosystems A A, %¢ )6 i i 4% Fll Leica TCS Sp8STED
LR AR BREK A TEE Leica A .

(pyruvate

1.2 98 i ik

121 4IEF RS MMALBRANME A0S R
T 10% Jif 25 1LV 10 = G SR, B IR AE AN I B AR A
(37°C, 5%CO,) . 6 fLdtiriise, ffLf
A 3X10° A 20 H o 20 S U BE S i A IR 4R B SR A
(1%0,, 5%CO,, 37°C) Kigs, M50y R i e
RS IR ]

%1 qRT-PCR3|#F %!

Tab 1 Primer sequences for qRT-PCR

Primer Forword (5—3")
HILRNA44 GGAACGAACTCTTGCGTGTG
HILRNAG68 AAGCGGAGCCTGAAGATGTG
GLUTI CTGTCGTGTCGCTGTTTGTG
PDK1 CTGGCTGTGGCTTCTCTAGC
PGK1 TGTGGTCCTGAAAGCAGCAA
BNIP3L GGACTCGGCTTGTTGTGTTG
VEGF TAAGTCCTGGAGCGTTCCCT
18S rRNA GTAACCCGTTGAACCCCATT

2024, 44(6)

1.2.2  LncRNA G RI  CER T 40 i 52 SMMC-
772143 M4 H A (normoxia) . K% (hypoxia) Ab#
12 h i 3HERNAFEA, FE4T IncRNA S F 4G . 505
J K I 45 538 o R i 7 DEseq2 BIF @10, T
Ve AT RIAZZ LAY IncRNA

1.2.3 HEFTENEEE  A0RE SR AR sy i Y 1x
SDS 4t Jifd 24 fif% W 24 1% o B 4 B FE A 7E 105 °CTF i #4
A AFHEH R o SR E BT ED L
(Western blotting) #4780 . # 8 FIAE S+ =8¢
HE B R B - 3R D M T i 5E B H UK (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, SDS-PAGE)
IrEy, R R E R BT 4E R . ] 1x
TR ER 2% W TC B 5% AR 405, &3S PA 1 he $425K
W S E Pt (MR 12 1000), 4 °CiFE
PR WH B E B A bR IC ) BT (FRELL
Bl 1:2000), FEEME 1 h, BRI Y
JEMEGR & AT

1.2.4  SCHPPEOLE # PCR - TRIzol 4L, 4
ZF+ TRIzol Il A 267 wL =S W ke, B.OJFH &H
RNA (1 FIE R BB EPE H, JFmAS =S
B, 4 mRNA. €2 5K RNA S8 5 5 AN DNA
(complementary DNA, c¢DNA) . ¥ cDNA. 2x
SYBR. biF5IW). TSI E KRS, N
A 384 LR, BRI E 3ANE AL, FFIR SRS
it PCR
reaction, qRT-PCR) Kl & M8 s N2y A543
95°C, 30s; 95°C, 5s; 60°C, 20s; 72°C, 30s;
60 °C, 1 min, P47 40 WAEFR . (] 275 J5 i 20 #r
HrRE Rk S ik,

20 min,

(quantitative real-time polymerase chain

Reverse (5'—3")
AGGAGCGCACTTCCTCATTC
CCAACCCGGCTGCTACTTTAT
AAAGATGGCCACGATGCTCA
CCGAAGTCCAGGAACTGCTT
AGTTGACTTAGGGGCTGTGC
TCGACTAGGTGGGACGACAT
ACGCGAGTCTGTGTTTTTGC
CCATCCAATCGGTAGTAGCG

Note: GLUTI—glucose transporter 1; PGKI—phosphoglycerate kinase 1; BN/P3L—BCL?2 interacting protein 3 like; VEGF—vascular endothelial growth

factor.

1.25 R RNARE MR A E MEWa
i 81 % J2 RNA (short hairpin RNA, shRNA) H B
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24 wL B & ¥ W (polyethylenimine, PEI) Fl
400 wL 1Y Opti-MEM I8 IMLE 5 353, IR IRAIE Eili
¥ % 5 min, ¥ pCAG-dR8.9 {1 % Jii ki (4 pg) .
pMDG (VSV-G) WS AR (2 wg) FH B RL
(6 wg) MA 1.5 mL EP &, Jil A 400 wL A9 Opti-
MEM B I 7 B 30k, Fe /MR A5 8 S min. [0 kL
BN 424 pL B G PELEW . IRZIRAIG
R ERE 15 min, 2212 35950 5% 0 B 5 HE A 4 Y
HEK-293T 40 il i35 52 L, 76 20 M 35 52 4 vh dh 235
Fro 24 h)E B g i gR Ak WA 24 h FT48 hi1Y
WG BE W o K BRI A SMMC-7721 il PLC/PRE/5 1)
PRGN . 5557 48 b i A DEERA 5 2% i 1 PH 4 40
o A5 HILRNA68 Y% ok~ o i i i) e B 2
MR T IREss . fmF a2,

%2 shRNA#EmEFS]
Tab 2 shRNA targeting sequences

shRNA Sequence (5'—3")
shHIF 1 a#1 CCGCTGGAGACACAATCATAT
shHIF 1 a#2 GTGATGAAAGAATTACCGAAT
shHIF1B#1 GGCTCAAGGAGATCGTTTATT
shHIF13#2 GCCTACACTCTCCAACACAAT
shHIF2«a CAGTACCCAGACGGATTTCAA

1.2.6 /PNTHRNAFERSR  Bit& /N FHERNA
(small interfering RNA, siRNA). Faifits## 24K
BE R 70%, FAHE Y45 Jet-PRIME # siRNA #% 4t 5|
Y, YR XTI TR A B R . 48 h R ERE SR
AKOE AT R BRACR AR . #0751 DL 35 3

%3 siRNASEEFTI
Tab 3 siRNA targeting sequences

siRNA Sequence (5'—3")
siNC TTGTTACTCGCTCACATTTAA
si#l CGTACCTGGCCTTAGTAATTT
si#2 GAGCCTGAAGATGTGATTAAA

Note: siNC—siRNA negative control.

1.2.7 AR IHECSC S HILRNAG6S i I 4 Al
JOT FEAR L 43 i AP AEAE 6 FLARC R, AL 2x10° 4l
H R IELE 4 d R A0 MBI ST .

1.2.8  Transwell 4 M {228 5050 % 3% T FE UK L fl
1k, FH 10 5 AR (9 DMEM 2 B 555 5% R0 e 35 o
U100 WL i B S5 09 B8 50 JiE fin A Transwell 1 |28t
37 CCHEFRAAME T 2 h, TR TR EE [ J5 5 o B 5
10* > HILRNAG68 i {1k 40 g e o xF B 40 i, 3 1
200 pL A E G4 Mg m s R B E AR AN, A

http://xuebao.shsmu.edu.cn
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Transwell /NE R % . FEAIA 500 wL & 10% it 4
MVE ARG, KidR 24 he 4% 22 5 W [ 40
0.1% 45 fh 5 G € 10 min, K5 79 3 B9 I 1 % — 0 ) 200
g, 2B FoRVER PR, AT 4n i
F% . {8 Image) B4-G i T A BUE: .

1.2.9 XFOE R M & ALK 928 fF HILRNAG6S (1Y)
Ja 8 F X (=2 000 nt~0) F4 # 2] %% K HU5E O R
(firefly luciferase) i 74 3% Al pGL3-basic 5k i . X
HILRNAG6S i bk (FiBRal) KX R (3
B, ML G AT K UG 2R R O R il
(renilla luciferase) MRHGFR T, KiFk24 h)m
WA . INAZYRI, = IR A A0 15 min, [9)
40 pL 11 D¢t E EEA MG 7 T (luciferase assay
reagent 11 ) "HNA 10 pL M RARW, RITIRA)G,
R e, B 3K OO R BRI . A 40 pL
Stop&Glo 7], IR, R i 5 98 0 2 il 1%
Mo TR K TR W B DO R WS LY
FEfE (Luc/Ren). P28 841y UM M 1, BD
A5 B SR A T 25 A DO R BREPE, Wt
TR 2 R LR s ) DRl 4 1

1.210  dIMIAZHR T B 52 AR 22 vh i B 4
1074l A, #EVK B E 10 min, JHSIRZRAIHK, &
B A0 ARG MR R B i s 0
1 000xg 4 °CE.L> 10 min, L EUTIE N AIMIAZ L 57,
IEWC A I T

1.2.11 RNAZOLEAIA S HARLE 4% ZRKH
WA AE 40 10 min, PEEZREGEEWR, AT mL
TR B, B4k S min J517T RNA DGR 4458 5
A (RNA fluorescence in situ hybridization, RNA-
FISH) =286, Yl 15 il e U 2 58 i L,
PR ES A 20 min, AFU0 & TROGR A, IR
W FE Y, 2581 he HBERTE R Z R0
T IMATE YR} 47,6- Pk IE-2-TR LMW (476-
diamidino-2-phenylindole, DAPI) 4:ff, ROLWEH 5
min, VEXRZRM DAPLYEL, A& A B 96K
R AR, S s e B A RO R ¢
JC R T, HEATRIGRAE

1.3 SilFahr

B4 % ] GraphPad Prism 9.0 #4547 58 1124 43
Mro 2N R F 2 B RRAR (/5. P<0.05 R
ZSHAGEE L
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2 &3 TE AR AT e % T (B P=0.000) , o 2
HILRNAG6S &k s Tt mk #1054 = (B 1D)., #

2.1 KA T HILRNAGS %% 4 Ml vp 3k . 3% JERIHILRNAGS fERE T Rk E IR LR . #Kik+F
bin] A TR0 aT, PR M A o B N G T HAE A

Jhy - A R A0 M b sz AR R 4 BLOA T B Y
IncRNA, ZRHFFEI i IncRNA Ji F- 46 977 16 11 42 i 4
1 IncRNA (I 1A) . R4S 45%, & eHER IR
JERNA (6 MFEAR T IA BAI<180), #RJG & UMK
ZH AR H AN FRZA S4B 1 (fold change) >4, Th&
L% (false discovery rate, FDR) <0.05 F{K% T~ %
ik R AGHY IncRNA . 41 AT 23 501175 3 1 2 T
FIFE A Y IncRNA 247 A F117 4 (E 1B, 1C) . fF
SMMC-7721 4 il v il 5 qRT-PCR %3, F A1 & B
HILRNA44 (FE[H 44} uc003xew.3, i T AKH 85
YefifK . 26 236 777~26 240 469) FIHILRNA68 (43
)RS R R 235 SR e T KA T 44 FIES 68 37)

a0 M by Zhone M A S HL . AR E ucsc
(University of California, Santa Cruz Genome Browser
Database) A0#5 /% Y sk, HILRNAGS 76 (4, LA
KB ERR . SEAL. BAEHZUT IR, AR
FIREAE . X%, HILRNAGS 15 1F P A 215
BAR, T2 e A g F= Rl g el TR SRR B Y S B
Fh# . B, 7 PLC/PRF/5. MHCC-97H. MHCC-
97L . Bel-7402 %5 Z #1962 40 g 52 b 36 uF AR 4T 1)
Fikw ik, HIEMIEN T HILRNAGS 76 IR T A 2 %
Fhin (3P<0.05, B 1E) 78 JH-J6 40 il b 23 8 £ 7E
(R, 3TN AT BT TR 20 B N R U B 1Y
R R E IR

A B C
&
SMMC-7721 Hypoxia vs Normoxia
80 - Up-regulated: 247
Normoxia Hypoxia Down-regulated: 17
© =]
60 3
<
% =
2 ]
12h z 40 oo &
& (=N
i=] @ o o)
' 20t 8
LncRNA microarray o
[o]
0 ® Q L 2,0 ® | s
Differential IncRNAs 6 4 -2 0 2 4 6 8 10
log,(fold change)
Z-score
D E
SMMC-7721
15 P=0.000 [Normoxia 15 [ONormoxia
- W Hypoxia £ £=0.000 B Hypoxia
& g P=0.000
g s 1 P=0.000
5 =
=10 S 10r 1 P=0.000
2 g M
< <
Z Z
s o
g = st
= g
&
0 0
HILRNA44 HILRNAG68 PLC/PRF/5 MHCC-97H MHCC-97L Bel-7402

Note: A. LncRNA microarray of SMMC-7721 exposed to hypoxia for 12 h. B. Differential IncRNA analysis of SMMC-7721 under hypoxia and normoxia. Red:
up-regulated IncRNA; blue: down-regulated IncRNA. Fold change>4, FDR<0.05. C. Heatmap analysis of the indicated differentially expressed genes (DEGs),
with data normalized using Z-score methods. N—normoxia; H—hypoxia. D. qRT-PCR analysis of indicated IncRNA in SMMC-7721 cells under normoxia and
hypoxia. E. qRT-PCR analysis of HILRNA68 in human HCC cell lines (PLC/PRF/5, MHCC-97H, MHCC-97L, and Bel-7402) under normoxia and hypoxia.

1 {RE T HILRNAGSZEFBAEM P RIEBEFAS
Fig1 HILRNAG68 was up-regulated in HCC cells under hypoxia

2.2 K T HILRNAG68 71T 41 v (1) 3¢ 38 241K
WS TR

M, FEIMLEEFEF (hypoxia inducible factors,
HIFs) S 40 N I A AR 2 o0 L i sk, A

M 5Y HILRNAGS 7R 5 5 F+ 5 B9 4 F Al WF 5% /£ SMMC-7721 (®l 2A) LA M PLC/PRE/5 ([
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2C) 2 BR4H M i i shRNA K T HIF o, HIFIB LA
J HIF 20, 830K DL RS2 20 A A BRI RNA
PEFT QRT-PCRAGM, % B HILRNAG68 &5 HIFs £ 8L iy 1
FLN A AL 12 8 1 (glucose transporter 1, GLUTI)
PL K PDKT ™ 258, 78 SMMC-7721 ([ 2B) LA K
PLC/PRF/5 ([E12D) 2 #k4iffd b &k HIF la. HIFIB LA
K HIF 2 Ji5 FAREUT B9 TH 5 35 1 i 3 im il (3 p<
0.05). DI &5 RHRIREIFEE N HILRNAGS 194 5437

MRAVE S IR S 5 RNA 68 768 11 (¥ 3 g S LV FIBL ]

| 707

HIFs 4L, 546 HILRNA68 B 3 11X, &
PH-2 000 nt~0 X A 14 MBE7ER HRE (E2E), iX
#1275 HILRNAG6S 1] fig & HIFs (Y #L3E K . BE)S , #
HILRNAG68 1) et 8l X3 514 A i 15 35k PR 2 A 03 1ok
55 HIF Lo (9 338 32 TR AR L5 I 047 XU 38 Wl A i
ISeg (BI2F, G), 45R4E7n, HILRNAG6SYJH 3 ¥
X R A L DR P B % HIF Lo p9 283K TH i i s (18]
2G), XUl KA A 5E T HIFla 7] BE B 3645 5 1

HIFs 845 . 4% F ok M ik— 4 W5 HILRNA6S 215~ HILRNAG6S B s F X I shiHakik
A B
SMMC-7721
. . SMMC-7721
Normoxia Hyp0x1a
SR g@f % < _ 1oy O shNC
Q\ Q\ (Q <¢ (Q \ QW E T M shHIF1o#1
%O \:23 S \@@ @@6@Q Z gl | shHIF 1042
° R - g [ shHIF1p#1
< HIFla g e [ shHIF1B#2
- sam !
hel
= !t
4
~
o
z 2t
5
Q
)
HILRNA68 PDKI
C D
PLC/PRF/5
Normoxia Hypoxia 16 - PLC/PRE/S
z O shNC
=) I M shHIF1a#1
g 12} [ shHIF 1a#2
5 [ shHIF1p#1
S [ shHIF1p#2
] shHIF2o
e 8f N a =
< gs- S
Z =583 T
S 4 SId<s
2T | ETEAT
<
..----,.-“-prKI E’ i"“
0
w- S ———— - [-actin HILRNA68 GLUTI
E F G
HEK-293T
50
HILRNA68 (TCONS_00027424) ref. sequence from UCSC HEK-293T £=0.002
HIFla 40
-2 000 nt TSS 991 nt _ e
5 5 0 05 1.0 pg 30

| Putative HRE (A/GCGTG)

I Exon

<HIFla

Relative luciferase activity

20
0 0 0.5 1.0
HIF lo/pg

Note: A. Western blotting analysis of SMMC-7721 cells indicated the knockdown efficiency of HIF1a/HIF2a/HIFIB. B. qRT-PCR analysis of indicated
RNAs of SMMC-7721 cells with or without knockdown HIF1a/HIF2a/HIF1B under hypoxia. The P values indicate the differences between each group and
the control group (shNC). C. Western blotting analysis of PLC/PRF/5 cells indicated the knockdown efficiency of HIF1a/HIF2a/HIF1B. D. qRT-PCR analysis
of indicated RNA of PLC/PRF/5 cells with or without knockdown HIF1a/HIF2a/HIF1B under hypoxia. The P values indicate the differences between each
group and the control group (shNC). E. Reference sequence diagram of HILRNA68. TSS—transcription start site. F. Western blotting analysis of HEK-293T
cells transfected with HIF la over-expression plasmid. G. Dual-luciferase assay results of HEK-293T transfected with HIF 1o over-expression plasmid. H/N—

hypoxia/normoxia.
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Fig2 Expression of HILRNA68 in HCC under hypoxia was regulated by HIFs
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2.3 HILRNAGS ¥ % f T4k

#2 BT, HILRNAG6S{STCALATAI KM IE . ]
M AR g v A, FEA138 i CPC (Coding Potential
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index.php) PAHH T H: 15 28 #it IncRNA XIST ' — %,
ANEA IR M S (%3). % EH] IncRNA [1YF
A (7 5 AN REAR DG, A AR, AT A
I HILRNA68 F 238 i T4 Ml #% (181 3A) . RNA-
FISH S2 8025 (K13B) /R HILRNA68 5 4 A% 1)

A
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s 801
w
2
—
= 601
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2 40
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~ HILRNA68 Ul
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2024, 44(6)
Ul (ENTaifee) R MR EnN, Ik T
HILRNAG68 F 2 E N T A%

3 HILRNAGS MR E 15
Tab 3 Coding potential analysis of HILRNA68

RNA Coding probability Label
HILRNAG68 0.009 4 Noncoding
HIF I 1.000 0 Coding
XIST 02191 Noncoding

10 pm

Note: A. Histogram about subcellular distribution of indicated RNAs in SMMC-7721 cells. Ul as a nucleus marker, GAPDH as a cytoplasm marker. B.
Fluorescence of RNA-FISH results of SMMC-7721 hybridized with HILRNA68. DAPI indicates nucleus.

El3 HILRNA68 FZEE M FHM%
Fig3 HILRNAG6S was mainly located in the nucleus

2.4 HILRNAGS L5, T~ 12 E o i B iy 24 G 3% i

SR &S

JF9E HILRNAGS 7RI T i hae, Fefilikit 1
2 A EF X9 siRNA si#tl 5 si#2, Ff 78 SMMC-7721
(K14A) 5MHCC-97H ([K14D) 2 ¥R rbx A7
THAE, &2 siRNA U HJE si#2, HREdmfil ik
ik50% LA E (K4A. D). B4, HATIRVE T 4
K, 458488, Ui HILRNAGS /& i 2 4 i
SMMC-7721 (E4B) 5MHCC-97H (K4E) 1E{%%4
TR (¥P=0.000), FEALAFMAET, Mg
M £ e b R A G At T R 2B R s Y, 3R
{138 e T 2 Jo 8 A9 8% AY Transwell 20 i 47 28 5256 ,
FHUAIESE HILRNAG68 2 75 255 1458 i Je 4 i 19 1= 28 %
Bae . Kk M, @Ik HILRNAGS J5 |
SMMC-7721 (E4C) 5MHCC-97H (& 4F) K& F
225 RERE T W HFEIR (39 P<0.05) . LA B-45
Ui, MRS HILRNAGS (1)} 157 23 1456 s 20 A1 4
NRYYETE S RER AR .
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HIF1 /2 4 A 35 07 AR U A B8 2 00 JE B e s A
T, JLVEEE IR AR AT B A kg g R 2 A B
J1o FWFFE HILRNAGS 71480 T~ 300 il 200 it 4 8 5 1% 2%
RISy FALH, FRATE SBIRFAIN HILRNAGS 2 75
SANHMIC ST HIF Lo 1956 TG o M g e
HRE e 5 B A, FFE AT XU TR M A5 i [ 52
¥, WATEM, 15 SMMC-7721 (& 5A) 5 MHCC-
97H (I&5C) 40fh HILRNAG6S fifft /5, HREMLA T
14 1 45 3 DRI 1 R A T ) R AL B S B (B P<
0.05), X$E/~ HILRNAGS [ A il T4 F HIF 1o
(e Gk . A PE— AR LA S5, it qRT-PCR
K SMMC-7721 ([815B) 5MHCC-97H ([#5D) it
I HILRNAG68 J5 HIFs fE3EH 9 TH iRy, A X e 25 i1
#U L N 40 BNIP3L., GLUTI, PDKI. PGKI. VEGF
45 SR AR T e — e B il (& 5B
D). Pl E&5HEN], HILRNAGSKA NI mE)nS 512
PE HIFs 55 seid vk, 5 B A M IS DA SRR B
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Note: A. qRT-PCR analysis of HILRNA68 knockdown efficiency in SMMC-7721. B. Cell proliferation results of SMMC-7721 cells with or without
HILRNAG68 knock-down. C. Histogram of Transwell cell invasion analysis of SMMC-7721 cells with or without HILRNA68 knock-down. D. qRT-PCR
analysis of HILRNA68 knockdown efficiency in MHCC-97H. E. Cell proliferation results of MHCC-97H cells with or without HILRNA68 knock-down.
F. Histogram of Transwell cell invasion analysis results of MHCC-97H cells with or without HILRNA68 knock-down. The P value indicates the differences
between each group and the control group (siNC ).

El4 HILRNAGS{RE THMHIFEARNEKIDESEERED

Fig4 HILRNAGS inhibited the tumor proliferation, invasion and metastasis of hepatocellular carcinoma cells under hypoxia
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Note: A. Luciferase activity of SMMC-7721 cells with or without HILRNA68 knock-down under hypoxia. B. qRT-PCR analysis of indicated mRNAs in
SMMC-7721 under hypoxia. C. Luciferase activity of MHCC-97H cells with or without HILRNA68 knock-down under hypoxia. D. qRT-PCR analysis of
indicated mRNAs in MHCC-97H cells under hypoxia. The P values indicate the differences between each group and the control group (siNC).
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Fig5 HILRNAG6S regulated the transcriptional activity of HIFs
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JAEAR AR 345 S 1R 2808 0, FRATTAE RS (o BL I A
% P 2 U R AT A i RS2 56 UF B HILRNA68 1%
AT Tt 5 AT B SR HIFs (955 S50 Pk o 00 35 DR RG ) 2
B, 4T AR HILRNAGS Ji5 i 35 41 ] HIFs fit § 5L
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S, R AT A IR T R g 40 B N HIFs 5
HILRNAG68 2 [A] f7 75 1F 2 15 1 7 —— IR % T HIFs %
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(i ELAHLIE T AN BIAf . (R4 T IncRNA #8145 HIF's
02 SR T M R LRI BIE 52 A H DGR 2 iR 4R
T IncRNA HIFAL il 3 Aig # HIF Ioc ] mRNA K35 DT
s HAE S ME Y5 IncRNA HABON j# i 5 HIF 1
(45 PR T LR A, il HIF 1o fIRECT 1 2R
A0 AL P 22k e 4R 3 R HILRNAGS 1 i3
o 3 58 HIFs 1) mRNA 23K 80# 8 1 o ke Mk i 3
SR LR SEIEME . PR 0L, 5 22 0T 5 4008 0 AE AR
HILRNAG68 i 2 fitd 46 I HIFs (9 mRNA L% 2 1 5
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PA ¥ HIFs 25 1150 B0 135 5 08 1 DA T 38 5 FL 76 S
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