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[ Abstract]  Objective To knock out the high-mobility group AT-hook 2 ( HMGA2) gene using the CRISPR/ Cas9
system in HepG2 cells and investigate the effect of HMGA2 knockout on the growth, proliferation, migration, and invasion
of hepatoma carcinoma cells. Methods The human HMGA2 gene sequence was obtained from GenBank. Two sgRNAs were

designed for each of the first and second exons of the HUGA2 gene using online sgRNA design software. The recombinant
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sgRNA vectors sgE1 and sgE2 were constructed and transfected into HepG2 cells to obtain the HMGA2™ cell line. The

effects of HMGA2 knockout on the growth and proliferation of HepG2 cells were investigated via CCK8 and clone formation

assays, while the migration and invasion abilities were measured using Transwell assays. Results Compared with wild-type
HepG2 cells, the knockout cell line showed reduced proliferation, clone formation (121. 83 £ 21. 68 vs 59. 50 + 20. 68, P
< 0.01), invasion (359.67 + 32.53 vs 245.61 + 24.23, P < 0.05), and migration (251.33 + 43.43 vs 47.00 =
10.00, P < 0.01). Conclusions HMGA?2 knockout in hepatoma carcinoma cells inhibited both cellular proliferation and

tumor metastasis in vitro. Therefore, HMGA2 may constitute a target for hepatoma gene therapy.
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Figure 1 Locus of sgRNA

£ 1 sgRNA oligo JF5
Table 1 Sequence of sgRNA oligo

x2 (PCREIY
Table 2 qPCR amplification primers

P54k JPal(5'—3")

Sequence name Sequence

sgE1-T CACCGTCCTCTCTTCTGAGGCGCT

sgE1-B AAACAGCGCCTCAGAAGAGAGGAC
sgk2-T CACCGTTAGGAGAGGGCTCACCGGT
sgk2-B AAACACCGGTGAGCCCTCTCCTAAC

TE: R RIS P51 A SN I G,
Note. Adaptor is marked by underline. Additional G is marked by italic.

e 751 JP51(5'—3")
Gene Direction Sequence
F CAGCAAGAACCAACCGGTGA
HMGA2
R CTTGGCCGTTTTTCTCCAGTG
F GGCAAATTCCATGGCACCGT
GAPDH
R TGGTTCACACCCATGACGAA
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Figure 2 Sequencing results of PX458-sgRNA vectors
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Note. A, Larger fragment deletion was tested by RCR (M, DL 1000 marker). B, Indel in sgRNA locus was investigated by Sanger
sequencing. C, Expression levels were measured by RT-qPCR. D, Western blot to analyze HMGA2 protein upon knockout HMGA2.
Compared with control group, ™ P < 0.01.

Figure 3 Identification of knockout cell line

R3AMIBRIER R
Table 3 Genetypes of cell line

A FP31(5'—3") LA
Phenotype Sequence Genetype

CCTGCCGCCCCAGCGCCTCAGAAGAGAGGAC

X T2 GCGGCCGCCCCAGGAAGCAGCAGCAA wr

Control TCACAATTAGGAACCAACCGGTGAGCCCTCTCCTAAGAGA 5 61 kb
CCCAGGGGAAGACCCAAA :
GGCAGCAAAAA
CCTGCCGCCC———m—mmmmmmmmmm e Gmmmmmmmmmmmmmmmm o

o ——-CCCAGGGGAAGACCCAAAGGCAGCAAAAA > 696 kb / -2 671 kb

HMGA2~~ CCTGCCGCOCCAGCG——mm == == ——m—m oo

-GTGAGCCCTCTCCTAAGAGACCCAGGGGAAGACCCAAAGGCAGCAAAAA

LT RIZR sgRNA 13 5,
Note. The sgRNA locus were marked by underline.

* %
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0 AL CCKS SRS 4H B4 58 1 248 5 B o [ T A5 59 900 Ak 00 2400 i o (e T BB . S5 % MR L
B, ™ P<0.01,

Bl 4 HMGA2 Rl x40 5 (1 52 i
Note. A, Proliferation rates were evaluated via CCKS8 trial. B, Ability of clone formation was
investigated by clone formation assay. Compared with control, ** P < 0.01.

Figure 4 Effect of proliferation in HMGA2 knockout
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Figure 5 Effect of HMGA2 knockout on migration and invasion

3 itig

AN HMGA2 FEA Tt ik 12q15 X, Hi4H
WAEAE TETBREARERG, FEEN—
Pty S R 7 Sl B (1 - R 1 s 1 -DNA B
YEVRE A EL P 3Rk, A WFFR R W], HMGA2 £ %
PRG-I LR i 922 200 b v s 2R 3K T 7E 1E AR
AN R B EIRMLBOA R IE, #8278 HMGA2 Xf T
WRRG RHARIE R K B B, [F AR —
AUECR R T, Yang %55 & BLULER HMGA2 il &
PEREPE 109 20 i ) 1B B (R 28 DL KA AERR T, 1
S LR T R D K 25 W ) SR L TRIRE Y, Zha
S0 R TR 20 R P B HMGA2 AR5 41 i
EMT A5 LA T 98, T 4 2 28 W) mT i s 400 i 4K 15
TUNE AR FRAE . X B % 09 B 58 &% B, HMGA2
A B 0 A A R, DA 2 98 A0 B A 2R K
PEAMA S I B E R BUG A R A X (B A
RAEIRMRE /DN BRI &I, HMGA2 w5 B A=
T SR SR ARARE 10 & A 5 ok 2 W 1 e A % T e
GRbR BT B R K220, 2 W HMGA2 1E 2 Ji i
FERI A TARIC LA K TG b 0 A Ry i i, A
9 R BAE e 4 3R HepG2 bR HMGA2 J5 4t
MR 54228 1 ) W L, R W] HMGA2 5
TR AR RS SR 280 0C, b, 38 i W J5 & 1

JF9e8 B0 AIF 55 I 2 0 HMG A2 BH P 8 255 0 S 78
AR IR HMGA2 o n] GEAE A P4 T8 BUS /Y
s FRid,

HMGA2 BT 5 41 i 93 % 1= 28 LA K o 73
JE A AN 305 iR A0 i () 3 A S PR T G, B
SERW TE2MERETE P 4 b, HMGA2 5= 25538
it PI3K/Akt/mTOR 38 F% 4i 7F J 40 Jfd A A= < 14 5
HMGA2 WIRBR2 54l G2/M WA "™ 765
JotsE H, HMGA2 # T TGF-B/Smad 8 % DL K
Wnt/B-catenin il %, [F] B UT Bk HMGA2 R K T
MMP2 LA K MMP9 19235 7K -, $2 &5 1 9 4 i 1) 9
TR S, ZEMG Y & B HMGA2
T TCF-B1 75 T A AR B BT 4 440 it i) i S5
B ARHE T ROS BYF=A:, ROS WF=A | 2551 & 41 fif
FOU8 T I I, A B BE Ok 9 40 i 9 2R K. Wang
AELOVER Y % B HMGA2 B9 =4 AT-hook X A L5
P53 254, N4 R P53 2 R ALK, itk P53 2
BIREAR . ASHIFSR T CCK8 528 DL M v e T 1 S 4
T HMGA2 bRt R ARSI T HepG2 2 ff (1 3
B R A K AT I T A k2 AT (H LA ) 43
FHLHIAA Fr e — 2L R

25 Lk, HMGA2 7 Z F ijogd vh 3 & 72 T 42
T e 4 L 1 e, 344 R B8 5 4 2R B8 ) DA G I A
MOP TR S, A SE & B HMGA2



rp [ F R BE 2R 2 A 2020 4F 12 A %5 30 #8255 123 Chin J Comp Med, December 2020, Vol. 30, No. 12 29

TENTIE 40 M HepG2 Hp h & #5 A1 L 19 D) 8, #it bR
HMGA2 M T HepG2 2 i it 14 58 8 R | g [
JEiRe ) R 5122808 )1, 2 HMGA?2 . n] gefE
R — A WHEIRIT WA 5 T8 hR

S 3k

(1]

[2]

[5]

[10]

Reeves R. Molecular biology of HMGA proteins: hubs of nuclear
function [J]. Gene, 2001, 277(1-2) ; 63-81.

Hock R, Furusawa T, Ueda T, et al. HMG chromosomal proteins
in development and disease [ J]. Trends Cell Biol, 2007, 17
(2): 72-79.

Sarhadi VK, Wikman H, Salmenkivi K, et al. Increased
expression of high mobility group A proteins in lung cancer [ J].
J Pathol, 2006, 209(2) . 206-212.

Oliveira-Mateos C, Sdanchez-Castillo A, Soler M, et al. The
transcribed  pseudogene RPSAP52
HMGA2-IGF2BP2-RAS axis through LIN28B-dependent and

Nat Commun, 2019, 10

enhances the oncofetal
independent let — 7 inhibition [ J].
(1):3979.

Zha L, Wang Z, Tang W, et al. Genome-wide analysis of
HMGA?2 transcription factor binding sites by ChIP on chip in
gastric carcinoma cells [ J]. Mol Cell Biochem, 2012, 364 (1-
2) . 243-251.

W, K, 24, . DU HMGA2 RiEXT A 45 Wi
HCT116 4 R S (e 1 (K5 [J]. s g, 2019,
17(19) . 2255 — 2258, 2325.

Chen RX, Chen X, Xia LP, et al. N (6 )-methyladenosine
modification of cireNSUN2 facilitates cytoplasmic export and
stabilizes HMGA?2 to promote colorectal liver metastasis [ J]. Nat
Commun, 2019, 10(1) ; 4695.

Morishita A, Zaidi MR, Mitoro A, et al. HMGA2 is a driver of
tumor metastasis [ J]. Cancer Res, 2013, 73(14) ; 4289-4299.
Shi Z, Li X, Wu D, et al. Silencing of HMGA2 suppresses
cellular proliferation, migration, invasion, and epithelial-
mesenchymal transition in bladder cancer [ J]. Tumour Biol,

2016, 37(6) : 7515-7523.
Sung YC, Liu YC, Chao PH, et al. Combined delivery of

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

sorafenib and a MEK inhibitor using CXCR4-targeted

nanoparticles reduces hepatic fibrosis tumor

development [ J]. Theranostics, 2018, 8(4) . 894-905.
Mou SJ, Yang PF, Liu YP, et al. BCLAFI promotes cell

and prevents

proliferation, invasion and drug-resistance though targeting
IncRNA NEAT1 in hepatocellular carcinoma [ J]. Life Sci,
2020, 242. 117177.

Jiang Y, Sun A, Zhao Y, et al. Proteomics identifies new
therapeutic targets of early-stage hepatocellular carcinoma [ J].
Nature, 2019, 567(7747) : 257-261.

Yang S, Gu Y, Wang G, et al. HMGA2 regulates acute myeloid
leukemia progression and sensitivity to daunorubicin via Wnt/
beta-catenin signaling [ J]. Int J] Mol Med, 2019, 44(2) . 427
-436.

Zhu M, Zhang C, Chen D, et al. MicroRNA-98-HMGA2-POSTN
signal pathway reverses epithelial-to-mesenchymal transition in
laryngeal squamous cell carcinoma [ J]. Biomed Pharmacother,
2019, 117 108998.

Sun J, Sun B, Sun R, et al. HMGA2 promotes vasculogenic
mimicry and tumor aggressiveness by upregulating Twistl in
gastric carcinoma [ J]. Sci Rep, 2017, 7(1); 2229.

Chiou SH, Dorsch M, Kusch E, et al. Hmga2 is dispensable for
pancreatic development, metastasis, and therapy
resistance [ J]. Sci Rep, 2018, 8(1);: 14008.

W, BB, ML, A RERS A 1 A2 5 IR M AN
Y08 £ W R B AE B R B SCR [T, R 2
R, 2019, 29(24) ; 49-53.

Tan L, Wei X, Zheng L, et al. Amplified HMGA2 promotes cell
growth by regulating Akt pathway in AML [ J]. J Cancer Res Clin
Oncol, 2016, 142(2) : 389-399.

MG, XDk, XIRAE. Bk HMGA2 ZEFRHNE TCF-B1 75
PN BT A 200 M AR A B e Rt i [T v g A T 2
i, 2019, 35(9) . 1648-1653.

Wang Y, Hu L, Wang J, et al. HMGA2 promotes intestinal

cancer

tumorigenesis by facilitating MDM2-mediated ubiquitination and

degradation of p53 [J]. J Pathol, 2018, 246(4) . 508-518.

( We#5 B #7)2020-02-28



