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Effect of Hax—1 on proliferation, migration and invasion of glioma cells
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[Abstract] Objective To explore the effect of hematopoietic stem cell-specific binding protein—1 (Hax—1) on the proliferation,
migration and invasion of glioma cells. Methods The mRNA levels of Hax—1 were detected by gRT-PCR in glioma tissues obtained from
35 patients with glioma who underwent surgery and in normal brain tissues obtained from 35 patients with traumatic brain injury who
underwent decompression from September 2018 to June 2019, and in cultured cells including glioma cell lines (U87, A172, T98 and
U343) and human astrocytes (NHAs). The cell line with low—expression of Hax—1 was constructed using Lipofectamine 2000 method to
transfect Hax—1 siRNAs and negative control siRNA into U87 cells, and the cell line with high—expression of Hax—1 was constructed
using Lipofectamine 2000 method to transfect Hax—1 high—expression plasmid and PCDNA3.1 empty plasmid into U343 cells, and
Western blotting was used to verify the transfection efficiency, CCK— 8 method was used to detect the cell proliferation, Transwell
chamber experiment was used to detect the cell migration and invasion, and Western blotting was used to detect the expression levels of
NF-«kB signaling pathway related proteins (NF-=kB, CCND1, C—myc, MMP-2, MMP-9). Results The level of Hax—1 mRNA in glioma
tissue was significantly higher than that of normal brain tissue (P<0.05). The levels of Hax—1 mRNA in glioma cell lines (U87, A172,
T98 and U343) were significantly higher than that of human astrocytes (P<0.05). Among glioma cell lines, the level of Hax—1 mRNA was
the highest in U87 cells and the lowest in U343 cells. Up—regulation of Hax—1 expression in U343 cells significantly promoted cell
proliferation, invasion, and migration (P<0.05), and increased the expression levels of phosphorylation of NF=kB p65 and IkBa, CCND1,
C—Myc, MMP-2 and MMP-9 (P<0.05). Down—-regulation of Hax—1 expression in U87 cells significantly inhibited cell proliferation,
invasion, and migration (P<0.05), and decreased the expression levels of phosphorylation of NF-kB p65 and IkBa, CCND1, C-Myc,
MMP-2 and MMP-9 (P<0.05). Conclusions Hax—1 is highly expressed in glioma tissues, which significantly promotes tumor cell
proliferation, invasion and migration. The mechanism may be related to the activation of NF-kB signaling pathway.

[Key words] Glioma; Hax—1; Cell proliferation; Cell migration; Cell invasion

doi:10.A13798/j.issn.1009*153X.2021.02.012 g SR 2 AR o 22 2R G5 e L PR S e g, B
I%ﬁégzm H. ‘{Iﬁ’ij TR ZE 4 (22019033) 5 B il T RHE H AR R R FHTA 07 LS 7 222 A8 ST A P
5 H (MSZ 18171 I P s g e s 1 b = 2 9
VE# B4 : 226600 VLI5S, B 3 2 B 1 22 I e o 28 SR (i N {%)\ﬁﬁh&zﬁ{; E’Jiiﬁ*ﬂﬂﬂ ’Xi?;ﬁ‘:&%ﬁﬂzm
EXVNT A S SOy VA X T AR S A O



—102—

R I AR 2 AR AR 2021 42 H 55 26 55 2] Chin J Clin Neurosurg, February 2021, Vol. 26, No. 2

£ H - 1 (hematopoietic cell- specific protein 1-
associated protein X—1, Hax—1 ) BB BT A H
BT E A A B S LR O B e Rk L TR
e B bt R R R E AT, ARSI Hax—1
XF R A G 5 TR AR ZR IS

1 RS

1.1 F&J% 7 48 4% Hax—1 RNA KP4 5% 2018 4F
9 H % 20194F 6 H FARYVIER 45 B A J5 9 BAIE 5L (1)
JW2 5 96 20 2 35 48] 0 P A 5 43 R 98 AR DD B3k 1) GE
2R ZR 35 1], —80 CHEAKIR VAR TRAT 48 FH o RS
i} ¢ 6 B PCR K il Hax—1 RNA /K-, AHFFE 2
WBEACTRZE 57 24t , o NG I 2B G R 45 .
1.2 BJR 93 e & Hax—1 RNA KP4 A
JRJRE A 2R (UST7 L A172.T98 K U343; & [E ATCC 2
A AR I B4 (NHAs , 35 [ ATCC 23 7)) 4 1]
B 10% 54 L35 (S5 Gibeo 23 1) B 19% WAL (3 [
Gibeo 22 F] ) DMEM % 57 %& (3£ [# HyClone 2\ 7] ) 3%
F5o RS5O E 7 PCR K Hax—1 RNA /K,
1.3 Hax—1if & 3% 5K & X IR R 78 ta Jo kM 12 1E
PCDNA3.1 ik 24K i A Hax—1 )7 54 it 3236
ki (Hax—1 OE) . {# FH Lipofectamine 2000 ( 3 [ In-
vitrogen 23 A ), F§ Hax—1 siRNAs ( 32 [& Santa Cruz
Biotechnology 2% w] ) F1 B4 X} # siRNA ( 3 [F Santa
Cruz Biotechnology 7 ) ) % 44 U7 4t it #4) & Hax—1 Ik
FEIRAN AR , B Hax—1 OE (3£ [# Santa Cruz Biotech-
nology /A H] ) Fl PCDNA3.1 75 2% i 47 ( 32 [ Santa Cruz
Biotechnology /A 7] ) #% Yk U343 2 g #4) % Hax—1 1 %
TR RRAR , A AR 1 BRI I B R YR

1.4 CCK-8 kA M tm o 3878 B4 110" N YA [R] it
R A A 422 BB T 96 FLAK , L AINA 10 pl CCK-8
W (H A Dojindo 23 F) ) 7 & 24 .48 .72 h, Z U REff
FRASCI 5E 450 nm P KA ERE

1.5 Transwell 52 3o 46 M) 20 foiE 4% B AZ & 52U {4 8
wmol/L fLA% Transwell /NE A28 M Az 285550 . 1F
REFLE g L= BUSERA SR (358 Corn-
ing) , ¥ L= E T 24 LT, FEINAE 10% /64
I35 ) DMEM, B 5 10* ™21 Jfd 5 5% 24 h, 2R )5 B
INE R E B ER, BTN v
ARIAHMIEL . AR 5L, TS AN TR TG , FoAh
Ab PR 2 22 S5

1.6 qRT-PCR # M Hax—1 mRNA & -F {fi T RNA #2
B S RARAE AL (U3 A BR A R H I 40
KM RNA B JEBF RNA 3305 5% ( H A Takara 2%

) A ¢DNA, ffi HH SYBR Green i3] & ( H 4% Takara
I EDHATPEOCE R M (32 E Applied Biosystems 23
Ao BractinfE NS SR HI 24 08 H YA
FIAART A, BIYIFS) : Hax—1 1F LBE R 5—CAG-
GAGGAGGGATACGTTTCC- 37, J& X % N 5~
CCCATATCGCTGAAGATGCTATT- 3"; B actin iF. X
55 H 5~GATTCCTATGTGGGCGACGA-3", Jx. X4 N
5-AGGTCTCAAACATGATCTGGGT-3",

1.7 R AN e & a kB KF HEHEAE
FRIVBE P O 741 790 7 RIPA B R (38 = RAEI R
RS 7] ) A5 i 410 R4 20 1 SR ), 4 SDS—
PAGE HLIK )5 , 5 % % PVDF JI% ( 3% [ Millipore 2
H ) o i E P PVDF B 1 b, fff  — 4T Hax- 1,
CCND1.C-myc . MMP-2 MMP-9 .p-NF-kB p65 NF-
kB p65.p—IkBa . IkBa } B-actin (#] 1 H 3 [F Cell
Signaling Technology /A ] ) £ 4 CiH AT B LK , 15
UE PVDF X b —Hie & 5 iR ECL A0 1 ik (G
S RAEYEARABRAFDHT R

1.8 it o4 FHSPSS 18.0 54504 s THE VR
xts Fe , KT K5 P<0.05 W E A SR L,

2 &

2.1 B9 48 R Fe B 98 4m B & Hax—1 mRNA & &
K FE 4H 2] Hax—1 mRNA K0 s T iE
fZH 2 (P<0.05, B 1A) . WS 4L 5% (U8T (A 172,
T98 }% U343 ) Hax—1 mRNA 7K-F-B i i3 T N\ B e
FTA L (P<0.05, B 1B) ; Hrp U7 4fifffd Hax—1 mRNA
I, U343 4R MU A1 .

22 PR U343 MG Y Hax— 1 i R8Ok /e
Hax—1 £ 17K P i 2 19 15 (P<0.05; K1 2A) . U8T 4l
Jil %% Yt Hax—1 siRNA Ji7 Hax—1 & 47K F B 2% A%
(P<0.05;#12B) . XFERFEYL KT,

2.3 Hax—1 K-F 3 fix i 78 4 e 38 54 69 %5 v U343 4fl
fifl 3k & 3K Hax—1 J5 , 40 3% 58 68 ) 2 3 T = (P<
0.05; &1 3A) ; UST 4B AL K35 Hax—1 Ji5 , 40 MU HG 4 fig
J1A B (P<0.05; 81 3B)

2.4 Hax—1 K -F 3t i i 7§ 4m Jo 3L A5 A= 42 42 69 4 B
U343 4iijitd i3 #e3k Hax—1 )5 , BB AR 224N 50 H
F1 7 (P<0.05; K1 4A . 4B) ; UST 41 i ik 3 35 Hax—1
J& RS FUR 2 A0 MU E B 83 PR AR (P<0.05; & 4C.
4D),

2.5 Hax—1 K-F 3 B R 78 @ Je. NF-kB 43 5 38 5% 69 %5
oty U343 4 i it %63k Hax—1 5 , NF=kB p65 & IkBa
M B R 1k /K SF LA & CCNDI1 ., C-Myc, MMP-2,



FF I R A 2 AR 2 2021 4F 2 A 55 26 555 23 Chin J Clin Neurosurg, February 2021, Vol. 26, No. 2

-103-

MMP-9 75 |1 3 15 7K F- B i 3% 755 (P<0.05) ; UST 4 fifd
K315 Hax—1 )5, 45 R 5 2 M= (P<0.05) . WL 5,

34 i

Hax—1 128 —Fhe A= A7 AR 1™, nl a4 i 4ok
AR PN JBE 19X 37 JEAAE DG 0 T A A RS |, 7 2 B DR A
HORFESCEEVE I BORBZ AT 58 W] Hax—1 7E
Z A IR b B Rk S e R A L B T
T, Deng %7 A& 38 Hax— 1 75 2 J51 988 41 2L AN
A0 Z rhad 2k, I 5 ISR I PRI R A A0 T
A 5 T HL AR 24 e S5 B 240 B Je 200 REa 3 4, 00+ g
YN T, A BT A& B Hax—1 02 25 98 40 A 43
RS AR 28 B b B TA) B A A, e g o
Caspase—9 1Y 7% AL A il i 1) Bt 2 A g 121, AR
TR, ORI 1 4 Hax— 1 23k /K 7B S 86 5 b 3
K Hax—1 W35 2 9 J0C 009 40 i 39 5 L IE B AR 28
XA 7N Hax—1 AT REAE i 2 DR 7 JE JBu g vh A #4241

10+

=

-1 mMRNAEX} RIAKF
o
]

[ ] L ]
v 2= ® .'. v ;"'
% 0= s 'l'
A EERER BREAR
#

8- e
B ok
E ook

6 J
iy
=
2. T
b4
o
E 2+
X
-

0- T T
B NHA U887 A172 T98 U343

B IR LR A IR 4 B & Hax—1 mRNA A&k K -F

* P<0.05,#% P<0.015%%% P<0.001; Hax—1. 3% fo F fm B 5 148 %
557 &~ 1;NHA. A B BUR 9 13 UST | A172,T98, U343, /i
5 i #

A

157 usas

deke

U343

Hax-1 1.04 i

B-actin 054

Hax-1EExEiske O

0.0- -
NC  Hax-1OE

[~ |
[ —— |
C

us7

)

*k

10qus7
0.8+

Hax-1

0.4

B-actin T

0.24

Hax-1Z B8 EiA kT

0.0-

T
NC Hax-1siRNA

B2 S % PP IE i34k Hax—1 45 3 2R
A B. U343 4 fiL4% % Hax—1 i3 &% {42 (Hax—1 OE) 5 PCDNA3.1
FHHA(NC) ;C.D. UBT 2 i 4% % Hax—1 F I RNA (siRNA) A= A
PR SIRNA (NC) 5 %% P<0.01; Hax— 1. 3% o F 20 JoL 4% 1240 % 4
SEa-1

_ U343 mm NC
- i B Hax-1 OE
2.0- Aok
i~ il i
BT 45—
i
g 1.0-
8
0.5-
0.0- =
A 24h 48h 72h
1.5 UB7 - NC
" - =3 Hax-1 siRNA
R 1.0+
Ha
=
2
0.5-
3]
0.0-

o

24h 48h 72h

B 3 Hax—1 %R & 40 R0 7875 ) 69 3% 7@
A. U343 2 L% 4 Hax—1 33 & A 45 (Hax—1 OE) 55 PCDNA3.1 =
A (NC) 5 B. UST 4w it % 4 Hax—1 T4 RNA (siRNA) = 1 &
2B siRNA(NC) ;% P<0.05, %% P<0.01; %% P<0.001; Hax—1. i% o
T 2w B4 FIEAR K 45 AR G -1



~104—

R I AR 2 AR AR 2021 42 H 55 26 55 2] Chin J Clin Neurosurg, February 2021, Vol. 26, No. 2

BEERY ()

B
U343
o P
NC  Hax-10E
D
us?
150
o T -
1004 &
& %
2
50} g 407
=
o~ o<

NC  Hax-1 siRNA

A 4 Hax—1 5 9 4m foAz 5 Fa it 45 09 %ol

NC  Hax-1 siRNA

A B. U343 %m i3k % Hax—1 33 £ 35 U4 (Hax—1 OE) 5 PCDNA3.1 = £ R #2 (NC) ; C.D. U87 Zm e 3% 4 Hax—1 F 4 RNA (siRNA ) = A £ 3 B2 siR-
NA(NC) ;* P<0.05,** P<0.01;*%* P<0.001; Hax—1. ¥ fo.F fm Jo4F 148 % 45 6 G -1

U343

U343

us7 2.0+
'E. g - B
=.E . T3 o, = — 7
? 0.5-]
CCND1 g
| —-—— | :
2.5+ Ead
5
44
5
B-actin 5’&&#" F FFEF
| —— I
o TS

F

B'5 Hax—1 K- 34 55 40 I NF—kB 43 5 18 5449 %8

= NC
=3 Hax-10E

mm NC
=3 Hax-1 siRNA

U343 @m itk 4 Hax—1 3% &34 i #5 (Hax—1 OE) 5 PCDNA3.1 = #H & #. (NC) ; UST 4u it 4% 4 Hax—1 -F £ RNA (siRNA ) F= B PE 35 B8 siRNA (NC) 5 *
P<0.05, %% P<0.01;*%* P<0.001; Hax—1. i% o -F 2 J4%F M AR % 25 A5 & -1



FF I R A 2 AR 2 2021 4F 2 A 55 26 555 23 Chin J Clin Neurosurg, February 2021, Vol. 26, No. 2

-105-

VEH

AHFFE A B Hax—1 AT 00E NF-kB {5 538 i
PEER R A G I (258 1T RS . NF—kB {55l
S IR 200 i 2 4 A ) 2 D) R 1) T LR 5 B L 5
e AN MR BE AT R AR O AR G A A OGS
CCND1 F C—mye J2&: NF-kB f) T JiF#E 5, 3 F8
122 52 Kl MMP-2 F1 MMP-9 5] #E 2 NF-kB [ T
TEHE 00 ABFSE & P Hax—1 7] 18 5 0% NF-kB {5
A, PR SRR R R A

25 R, iR Hax—1 5 i 2235, Al figm i i
1 NF—kB {5538 B AL 2 i 0008 20 M 15 5 3B A8 i

-
(&% 30ik]

[1] Ostrom QT, Gittleman H, Fulop J, et al. CBTRUS statistical
report: primary brain and central nervous system tumors
diagnosed in the United States in 2008-2012 [J]. Neuro
Oncol, 2015, 17 Suppl 4(Suppl 4): ivl-iv62.

[2] Wang X, Chen JX, Zhou Q, et al. Statistical report of central
nervous system tumors histologically diagnosed in the
Sichuan province of China from 2008 to 2013: a West
China Glioma Center Report [J]. Ann Surg Oncol, 2016, 23
(5 Supplement): 946-953.

[3] Yap SV, Koontz JM, Kontrogianni— Konstantopoulos A.
HAX- 1: a family of apoptotic regulators in health and
disease [J]. J Cell Physiol, 2011, 226(11): 2752-2761.

[4] Li M, Tang Y, Zang W, et al. Analysis of HAX-1 gene
expression in esophageal squamous cell carcinoma [J].
Diagn Pathol, 2013, 8: 47.

[5] Trebinska A, Rembiszewska A, Ciosek K, et al. HAX-1
overexpression, splicing and cellular localization in tumors
[J]. BMC Cancer, 2010, 10: 76.

[6] Vafiadaki E, Sanoudou D, Arvanitis DA, et al. Phospholam—
ban interacts with HAX- 1, a mitochondrial protein with

anti—apoptotic function [J]. ] Mol Biol, 2007, 367(1): 65-79.

[7] Deng X, Song L, Wei Y, et al. Analysis of the expression of
HAX-1 gene in human glioma [J]. Neurosci Lett, 2017,
657: 189-193.

[8] Deng X, Song L, Zhao W, et al. HAX~1 Protects glioblasto—
ma cells from apoptosis through the Aktl pathway [J]. Front
Cell Neurosci, 2017, 11: 420.

[9] Klein C, Grudzien M, Appaswamy G, et al. HAX1 deficien—
cy causes autosomal recessive severe congenital neutro—
penia (Kostmann disease) [J]. Nat Genet, 2007, 39(1): 86—
92.

[10] Lam CK, Zhao W, Cai W, et al. Novel role of HAX-1 in
ischemic injury protection involvement of heat shock
protein 90 [J]. Circ Res, 2013, 112(1): 79-89.

[11] Wang Y, Huo X, Cao Z, et al. HAX-1 is overexpressed in
hepatocellular carcinoma and promotes cell proliferation
[J]. Int J Clin Exp Pathol, 2015, 8(7): 8099-8106.

[12] Hu YL, Feng Y, Ma P, et al. HAX~1 promotes the migration
and invasion of hepatocellular carcinoma cells through the
induction of epithelial-mesenchymal transition via the NF-
kB pathway [J]. Exp Cell Res, 2019, 381(1): 66-76.

[13] Yan J, Ma C, Cheng J, et al. HAX~1 inhibits apoptosis in
prostate cancer through the suppression of caspase— 9
activation [J]. Oncol Rep, 2015, 34(5): 2776-2781.

[14] Verzella D, Pescatore A, Capece D, et al. Life, death, and
autophagy in cancer: NF=kB turns up everywhere [J]. Cell
Death Dis, 2020, 11(3): 210.

[15] Gupta SC, Kim JH, Prasad S, et al. Regulation of survival,
proliferation, invasion, angiogenesis, and metastasis of
tumor cells through modulation of inflammatory pathways
by nutraceuticals [J]. Cancer Metastasis Rev, 2010, 29(3):
405-434.

[16] Li X, Bao C, Ma Z, et al. Perfluorooctanoic acid stimulates
ovarian cancer cell migration, invasion via ERK/NF- kB/
MMP-2/-9 pathway [J]. Toxicol Lett, 2018, 294: 44-50.

(2020-12-28 it , 2021-01-18 & [1])



