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INKA2-AS1  promotes migration, invasion and macrophage-related

immunosuppression in hepatocellular carcinoma

HE Xiutang'”, HU Peng’, LIU Maonian’ 'Quality Monitoring and Evaluation Center, Jingchu University of
Technology , Jingmen, Hubei; “Department of Hepatobiliary Surgery, Chongqing Hygeia Hospital, Chongging, China

[Abstract] Objective To investigate the mechanism by which INKA2-AS1 promotes hepatocellular
carcinoma(HCC) migration, invasion, and macrophage-related immunosuppression. Methods Based on the
Cancer Genome Atlas Program (TCGA)-HCC data and Genotype-Tissue Expression (GTEx) databases,
differentially expressed genes were analyzed in 374 HCC tissues and 160 normal liver tissues. Survival
analysis was used to investigate the relationship between INKA2-AS1 and the prognosis of HCC patients. Cox
regression analysis was performed on INKA2-AS1. The relationship between INKA2-AS1 and immune
infiltration in HCC tissues was analyzed using the Tumor Immune Estimation Resource Database. A total of
90 HCC patients were recruited from the Department of Hepatobiliary Surgery, Chongqing Hygeia Hospital
from January 2019 to January 2021. The HCC tissues and adjacent normal tissues were collected. Hepa 1-6
liver cancer cells were grouped into: normal control (NC), INKA2-AS1, siNC and siINKA2-AS1. INKA2-AS1
was overexpressed and silenced by transfection. The proliferation, migration and invasion of cells in each
group were detected by CCK-8, EdU, TUNEL, wound healing and Transwell assays. Each group of Hepa 1-6
cells were co-cultured with macrophages to analyze their effects on macrophages. Twenty nude mice (SPF
grade, 4 weeks old, 15~19 g, half male and half female) were randomly divided into 4 groups (n=5): NC,
INKA2-AS1, siNC and siINKA2-AS1. Tumor-bearing nude mouse models were established by subcutaneous
injection of INKA2-AS1 silenced and overexpressed Hepal-6 cells. The effect of INKA2-AS1 on tumor
volume and mass were detected. Macrophage immunity was analyzed by Western blot analysis of 1L-10 and
FAP protein levels in tumor tissues. Results The level of INKA2-AS1 in HCC tissues was significantly
higher than that in normal tissues(P<0.05). INKA2-AS1 was associated with the histological grade,
pathological stage of HCC (P<0. 05). The survival rate (P=0. 05), disease-specific survival (P=0.036) and
progression-free interval (P=0. 024) of HCC patients with high INKA2-AS1 expression were significantly lower
than those of patients with low INKA2-AS1 expression. The level of INKA2-AS1 in HCC tissues was
significantly higher than that in adjacent normal tissues (P<0.05). Cox regression analysis showed that
INKA2-AS1 was an independent predictor of OS in HCC patients (P=0. 005). INKA2-AS1 expression was
associated with immune cells such as T cells and macrophages. The proliferation, migration, and invasion
abilities of the siINKA2-AS1 group were lower than those of the siNC group (P<0. 05), the apoptotic rate was
higher than that of the siNC group (P<0. 05), and inhibited the expression of IL-10 and FAP at mRNA and
protein levels in co-cultured macrophages (P<0. 05). The proliferation, migration and invasion abilities of the
INKA2-AS1 group were higher than those of the NC group (P<0. 05), the apoptotic rate was lower than that of
the NC group (P<0. 05), and promoted the expression of IL-10 and FAP at mRNA and protein levels in co-
cultured macrophages (P<0. 05). The tumor volume and mass of the siINKA2-AS1 group were lower than
those of the siNC group (P<0. 05), while the tumor volume and mass of the INKA2-AS1 group were higher than
those of the NC group (P<0. 01). The levels of IL-10 and FAP proteins in tumor tissues of the silNKA2-AS1
eroup were lower than those of the siNC group (P<0. 05), while the levels of IL-10 and FAP proteins were
increased (P<0. 05). Conclusion INKA2-AS1 increment is related to poor prognosis of HCC patients, and
the molecule promotes the proliferation and metastasis of HCC cells and induces the transformation of tumor-
associated macrophages.
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Table 1 Primer sequences

Primer name Primer sequences(5’—3")

forward : CCTGTTCCTCCCTGGAGAAGAGCTA
reverse: CGATCCACACAGAGTACTTGCG
forward: GAAGAGGACCCTGGGAAGGT
reverse : AATGCCTCACCCAGGATGTC

B-actin

INKA2-AS1

1.9 Western blot 52 %

K H RIPA 24 it 2% wh 3k 7 & (b [ SolarBio 28
A ) RIS SL G A 0 S A I AR ) . 2 Ok KR
FH R & i 28 31 4%~ 129% BB 3 BE S L, 2547 SDS-
PAGE HLJK o HL K45 o0, X gk 47 3t 1] A 2 (i
5%BSA), 5 5IFHLUF —PifE4 CHEUFHE 12 he:

FAP(1:800, 3% [E Abcam /A H] ) (IL-10(1: 800, [
ProteinTech A F] ) o ¥R H , {8 FAH A 19 — Pt 5 B 3L [
W E , b5 A ECLA & (Hh [E ZOMAN bio 23 F] ) %
MEE R AT AR 450 o
1.10 CCK-8 4| 2w foiE A

W5 45 L AN A 96 FLAR (BEFL 5x10° 42 i) v
RS 12 h UG RE . SR )5 BFLINA CCK-8 7,37 °C
%8 2 h i, 8 B (35 FE BioTek 22 7] ) 332H 450 nm
by B D(450) 1A
1.11 EdU#&m 3z

B2 wL Y 10 mmol/L (1) EAU R (Hp [ 28 2 K2y

IR A EIE H A TS 3 h, 1L 40 78 4 $EHL
EdU. ZJ5 H PBSTEVEANAL 2 K, LBRALS & 1Y EdU A
A= T 4% 225 B [ 22 20 B 15 min, PRFFAIHEIE
A, BEH 0. 3%Triton X-100 15 35 AL 20 B 15 min,
HEMAE B . VR N RN, FE R AR
FI%E 30 min. SR )5 K Hoechst 33342 5 PBS 4 1:500
FiBe , X ANIEAZ e 2 5 mine PEIR G WCEEANIE , 76 .
s WLELHA A
1.12 TUNEL# &

i 4% Z K EERE 40RIE A, 7522 15~30 min,
FH PBS 2% v 8 % 4 i 5% [ 8 5 r9 3 L b PRI
3 (5 min/IR ) o H H & F1 B K JF 17 40 2 DL 3 5%
TUNEL X EA LSRG VU . #E4S TUNEL b iR
B, TE R B0 IR G TUNEL R & A% TdT
fifg MIBRIC ) dUTP, 2 B0 & i BBl 2517, % TUNEL
RLIRA s NS REAS I B 55 A i, 76 37 CF
% B 30 min, FH a0 & 42 At A9 45 0k U W4 R
TUNEL R, i FH DAPT Je (o 4iffdz . Pk (BRI
Tl g .
1.13 XRAAFEE

S A A0 M AE 8 FLAR 5 SR LAAS B Z R A
K1 mL B 2H 4 200 L AW sk, R | E 7
RF 5B TR o b AE 2 250 1 F EE R, 2
Ja A8 PBS 28 whi e 4% 3 UK, T BRI IE A A0 1, s
IR MIEREFRHE . 7E 0 hB 05 T 25 4L 40 i 50 dietk
ABRIGTE 3T “C5%CO, M FRFE kel % 24 h e,
FERAASIFIC AN RRRES .
1. 14 Transwell 5 3%

it 1] Matrigel J J57 i i B¢ J £ 8% Transwell /N IS
BRIE Y b5, ARG B AE 37 CCHEREE b (LR A Rl
JBE A F5 BSA [ JC LT 85 2 Mt A7 KAk o 40 e i,
THEILER 12 h, I A0S 250 3 2 RE 3R, I PBS R IA
J& FHJG I3 K 37 5 51 240 i I i A 2] Transwell /N %



http://aammt. tmmu. edu. cn Bl 7224 155 R mi 4R, 2025,47(17) 2043

B 2= H . B Transwell RGEHUCETE 37 °C.5%CO, 1
FRP TR SR . 24 h 5 BUE Transwell /N, 25 I
EPREZENAM ., X E T O RZEN AN 1T
FE YA, DI A0 AR 28R T

1.15 @R k%

20 H 4 J iy SPF AR FL(15~19 g, MEIEA2 ) I
] DL RRVREAE R A BR S B Il 2 B LT R
43 M 4 4 . NC . INKA2-AS1 siNC . siINKA2-AS1 4] , #%
HEZH 1], 3 o B2 R VR 46 2x10° 4> INKA2-AST 30 2R F 5t
FIK 1) Hepa 1-6 21 Jf F4) E fuy 960 AR FRURSE IR | 2 v 240 Hf 4
B 7 I I3RS . B4 AL )5 1) Hepa 1-6 41 A
S 11| R =B N S g o R 9 A 211 0 = o
e 1 AL 200 3 TSR B A SR A K e g 400 i 1
WL VREE Ry 1x10" 4> /mL. ZETGR 214, Al G B
SRR B BT o ST 185 nT A ik g 51
Jgga , A 3 RN 1 R e R R, 5 21 R IRAE/NER,

B HE 988 AN 2 i
1.16 %t 54

FIFAT G834 R SPSS 16, 0 8k kA7 . i4kds
PRI (%) FeoR 2 4l He gl o Y R 6 . TR bR LA
xts 2, AL AR R ST K 5, 241 IR H
ANOVA il Tukey FrJ5 ki . P<0. 05 FR/n 2= 57 HAT 40
E-3'&

2 HR

2.1 INKA2-AS1 £ HCC#a%% ¥ iR

i 1 22 543 X TCGA Al GTEx %4 12 374 151
HCC F1 160 i 9E i g br A 5 S 347 081 . He &k B
938 2= SRR [A, AU 4% 859 4~ 3 L A W L R A 79 A
R PR AR (K 1A) o Horfr INKA2-AST #E HCC
AR Rk W3 = T IE R 4121(P<0. 05, B 1B~D) .
$E7R INKA2-AS1 7E HCC 4181+ i,

TCGA datasets
I I 1.2 4 a
| ! 1
60 | |
| | ) 1.0
| | <,’: :
I ¥ osd :
T 401 | | $ T s
< | @ 2=
° | G 06 .
g | 5% s
— | % & M
T 20- e, 28 041 |
S
x
W 024
o F T TN o e (T S '
T T T T T i
-10 -5 0 5 10 0 : i
Log, (Fold Change) A Normal Tumor B
TCGA datasets TCGA and GTEx data
1.0 ;1 a
) 1.5 1 f 1
B os- 2
2 .
i < :
i 2c =
* 06 5 10
z E 0.6 zZ3 .
SE B E i
.5 S 0.4 4 5 ]
28 @ D !
& 23 05 s
o a
N 024 X .
0 04
T T
C Normal Tumor D
a: P<0.05

A: Volcano plot of differentially expressed genes between HCC and non-tumor specimens; B~D: Comparison of INKA2-AS1

expression levels in HCC specimens and non-tumor specimens from the TCGA and GTEx databases

1 INKA2-AS1#E HCC FHIRIEH R
Figure 1 Expression profiles of INKA2-AS1 in HCC
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A and B: Diagnostic value of INKA2-AS1 in HCC in TCGA and GTEx databases; C: Relationship between INKA2-AS1 and
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Figure 2 Diagnostic value of INKA2-AS1 in HCC
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Figure 3 Relationship between INKA2-AS1 and clinicopathological characteristics of HCC patients
R2 INKA2-AS1RE S HCC I ARBEEFHERIEX [ n=187,41(%) ]
Table 2 Correlation of INKA2—-AS1 expression with clinicopathological characteristics of HCC patients[ n=187, n(%) ]
Characteristics INKA2-AS1 low expression INKA2-AST1 high expression P
Agelyears 0. 874
<60 90(24. 1) 88(23.5)
>60 97(26.0) 99(26.5)
Gender 0. 062
Female 49(13.1) 72(19.3)
Male 138(36.9) 115(30.7)
Histologic grade 0.036
Gl 38(10.2) 19(5.1)
G2 91(24.3) 87(23.3)
G3 52(13.9) 72(19.2)
G4 6(1.6) 9(2.4)
Vascular invasion 0.217
No 136(36.4) 95(50.8)
Yes 51(13.6) 92(49.2)
Residual tumor 0.220
RO 180(48.1) 159(42.5)
R1 6(1.6) 17(4.5)
R2 1(0.3) 11(3.0)
Pathologic stage 0.023
I 113(30.2) 73(19.5)
I 37(9.9) 50(13.4)
I 35(9.4) 50(13.4)
Vi 2(0.5) 14(3.7)
T stage 0.030
T1 105(28.3) 78(21.0)
T2 39(10.5) 56(15.1)
T3 35(9.4) 45(12.1)
T4 5(1.3) 8(2.2)
M stage 1. 000
MO 133(35.6) 135(36.1)
M1 54(14.4) 52(13.9)
N stage 0.122
NO 129(34.5) 125(33.4)

N1 58(15.5) 62(16.6)
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A: Kaplan-Meier survival curve analysis of the relationship between INKA2-AS1 expression level and OS in HCC patients;;

B: Kaplan-Meier survival curve analysis of the relationship between INKA2-AS1 expression level and DSS in HCC patients;

C: Kaplan-Meier survival curve analysis of the relationship between INKA2-AS1 expression level and PFI in HCC patients
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Figure 4 Relationship between INKA2-AS1 expression level and prognosis of HCC patients
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Table 3 Univariate and multivariate Cox regression analyses for OS characteristics

Univariate analysis

Multivariate analysis

Characteristics n

Hazard ratio(95%CI) P Hazard ratio(95%CI) P

Gender 373

Female 121 Reference

Male 252 0.793(0. 557~1. 130) 0.200
Agelyears 373

<60 177 Reference

>60 196 1.205(0. 850~1. 708) 0.295
Histologic grade 368

G1~G2 233 Reference

G3~G4 135 1.091(0. 761~1. 564) 0. 636
Pathologic stage 349

[~1 259 Reference

m~wv 90 2.504(1.727~3.631) <0.05 2.352(1.618~3.419) <0. 05
INKA2-AS1 373

Low expression 187 Reference

High expression 186 1. 804(1.268~2.568) <0.05 1.722(1. 180~2.514) 0. 005
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A: GO enrichment analysis of INKA2-AS1; B: KEGG enrichment analysis of INKA2-AS1
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Figure 5 Enrichment analysis of INKA2-AS1
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expression in HCC
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A': Comparison of INKA2-AS1 levels in HCC tissues and adjacent tissues a: P<0.05, in comparison with adjacent tissues;

B: Relationship between INKA2-AS1 and prognosis of HCC patients
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Figure 7 Expression characteristics of INKA2-AS1 in HCC tissues and its relationship with prognosis
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a: P<0.05, in comparison with the siNC group
A: RT-qPCR for the transfection results of HCC cells with INKA2-AS1 silencing; B: CCK-8 assay showing the effect of
silencing INKA2-AS1 on HCC cell viability; C and D: EdU indicating the effect of silencing INKA2-AS1 on HCC cell
proliferation; E and F: TUNEL staining for the effect of silencing INKA2-AS1 on HCC cell apoptosis; G~J: Scratch and

Transwell assays revealing the effect of silencing INKA2-AS1 on HCC cell migration and invasion
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Figure 8 Effects of silencing INKA2-AS1 on HCC cells
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Figure 9 Effects of overexpression of INKA2-AS1 on HCC cells
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Figure 11 Effects of INKA2-AS1 on HCC nude mouse model and macrophage-related immunity
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