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Knock-down SOX9 Gene Regulated the Stemness Maintance of Glioma Stem
Cell in Vitro*
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ABSTRACT Objective: To construct lentiviral expression vectors for silencing SOX9 and observe its effect on the stemness
maintance of stem cell in vitro. Methods: 2 types of transcription of the SOX9 short hairpin RNA (shRNA) sequences were designed and
two types of corresponding lentivirals were packaged, which can be used to infect U87 and U251 glioma cell line. 2 types of stably
transfected cells were screened by puromycin. The expression of SOX9 silenced at the level of transcription and protein level was
detected by Western blot and qRT-PCR . Stem cell associated markers molecules SOX2, Nestin was detected by real-time fluorescence
quantitative PCR  (qRT-PCR) expression and immunofluorescence staining. The ability of the stemness maintance of glioma stem cells
was compared with the diameter of spheres, and the expression of stem cell related markers of SOX2, Nestin was detected by
immunofluorescence staining. Results: The lentiviral of SOX9 was successfully constructed, which was used to infect U87, U251 cells
efficiently. The inhibitory rates of expression levels of SOX9 were 83.74 % and 80.12 % by qRT-PCR. The expression of related stem
cell markers decreased obviously with knock-down the gene of SOX9 in the stably transfected cell lines. In the glioma stem cell,
Knock-down SOX9 could inhibit the stemness maintance of glioma stem cells obviously by sphere diameter (P<0.01),
immunofluorescence showed the expression of glioma stem cell related molecules SOX2, Nestin decreased obviously compared with that
in the control group. Conclusions: The slicencing of the endogenous expression of SOX9 can inhibit the stemness maintance of glioma
stem cell, which laid a foundation of potential therapeutic targets.
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1.1 #4#4

oG sz SS9 U251 F1 UST 4H i 7 by 55 U 22 s R =4 FE R 3 e
AT E AL, DMEM 85553 G 4F 1 15 (fetal bovine serum,
FBS) ) J A T Gibeo 43 ] ; BEMS FE 25 W T Sigma 24 #] 5 T
Y 0% 55 3 DMEM-F12(1:1) 1 T Gibeo 23 ) ; F 41 A BB K,
YA K W F (bFGF) \ EE 4 A 3£ J¢ A K B F (EGF) N, Iy F
R& D /A, it & A & bFGF(20 wg /L) . EGF(20 pg/L) .2 % N,
L)} DMEM-F12 [ I 3 T 4 o3k UG S il +
2% [E CORNING /A 7] ; PIPA 4808 [ 24 . BCA B € mtist
FIE T 19 LR 54 W AR F] TRIzol T Invitrogen 24 ;
RNA J #5387 8 )2 SYBR® Green PCR i &) F TaKaRa
AN E] i SOX9 . SOX2 Nestin 2 7 BEHi AR 1 F Sigma 4%
], Cy3 FRICIIPE G E BT S = ht M A 13 1 2B 1 (BSA) &t 4]
W A FAb s L AE Y AR A B 5 S22 £ PCR {UR Bio-Rad
INFIE
1.2 Fik
1.2.1 $t33F SOX9 i@fmBEHEE % AM SOX9 #+F 1Y
shRNA £ AR5 NCBI di 7 H1 A#Y9 SOX9 A mRNA ¥
HIl, B T PIARAT R SOX9 LR shRNA K Hozs 5 %t I, 43
4 4 : LV3-sh-SOX9-1#, LV3-sh-SOX9-2# L }; LV3-NC(3
1),sh-SOX9 #iMApy T Ay . 1@MITALEh DS YU EYEA
AN FEVE I
122 1BRERES US7 U251 AR IEENARE ¥
Wi Jo 9 U251 LA K UST A+ 24 ALtk , ZEHANMIC A2
60 %, ALANA 10 nL W45 1805 3 . 200 wL B Hr o3k,
HRHEFE 24 h, R & 2 pg/mL SR 2 158 &R 3R ks
FEATPUMETR I , A2 W B T4 5E 5 d 5L 3 1:10 4T

AR, AT e E . 1 RS 6 em LA W WCARFR L 20,
S I A BEA T, ST R TC P T A
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Table 1 The gene sequences of SOX9 interference sequence and negative

control using chemical synthesis

Vector Sequence Hairpin Sequence

Lv3-sh-SOX9-1# GCATCCTTCAATTTCTGTATA

Lv3-sh-SOX9-2# GATAAGTGCATGACGGAACAA

Lv3-NC TTCTCCGAACGTGTCACGT

1.2.3 Western blot B SR FrAUARIC AW 6 cm 1L,
JER Tt T A SR AR, TR PBS PRis 13k, B0 5 17
fILA 100 pL T4 5974 RIPA K _E241#% 30 min, [E]H 1 mL
EHE I EARAT 54 C 12000 555538500 15 min, B i
T BCAEHEE; A 25 uL i EREZEvhi , 22 100 C |5 min
WhKARYE; AL 20 pg B AT DAEL YK /BT ;300 mA (1
h 4 28 22 R0 1Y) PVDF i FH % 50 o/L IR WM a =
L3P 90 min; GaBi A SOX9 —Hi ./NRIL A M S 43F B-actin
% 4 CIFE IR ; TBST R R UEY 3 K, & HRP FRidiF
PR H FPR = RIFE 1 h, TBST #RIKUEE 3 W A
R ARSI T R,

124 LEEHKESE PCREMEXDFHRIEETL  TRIzol
% b 0 T S5 U8 4 M AR R B A RNA; B 2 pL RNA % %
NanoDrop #4175 fit ; #R 4% Takara 23 &) (49 52 s SR & B VE U
BRI AT R o, HeUi B B AT RA R, $RHL cDNA #:4<; LU
GAPDH NS, BAKR R N 448 - A5 95 °C 3 min, 90 C 30
5,56 C 10s,—3t 40 MEHR, MR E 3 ML, EE 3K H
TSRt /i PCR (5140 F :SOX9 | Jji#: 5-AGGT-
GCTCAAAGGCTACGACT, T i} :5-AGATGTGCG TCT-
GCTCCGTG -3';GAPDH I ¥ : 5'-GCACCGTCAAGGCTG A-
GAAC -3', T :5-TGGTGAAGACGCCAGTGGA -3'; Nestin
i 5'- AGCAGGAGGAGTTGGGTTCT, FiiFH : 5'- AGTGG
AGTCTGGAAGGGTCTC -3';SOX2 I i :5- ATGGGTTCG-
GTGGTCAAGT, T} :5- GCTCTGGTAGTGCTGGGACA
3 Libs | A T A TR RS A FRA A4 .
125 EERERALERNTERIRUARHENFIES FHE
KER U251 ISR AN AT o5 A 2 TR 1 R KO
BITEBE A LRl A 3] 90 YRt 34535, TR AY 1x PBS $2K
M YE 3 YK, IR 10 ming4 %A H EE R EE 15 min; PBS ¥k
3 ¥R, A% 10 min, 0.2 % Triton X-100 %4k 5 min, 1x PBS ¥ 3
WLARFR 5 4050, 5 % BSA iR E M 1 h, Iin—3t (& HPUAR
B WMENBEE .4 C g, 1x PBS#RIRVE 3 ¥k, K 10
min, JIZHE (A 1% BSA #ik) MOE=HRMEE 1h, 1x PBS
FRIRVE 3 ¥k, BFK 10 min, DAPI#/I| 1:2000 748, = R H
5 min AT, BRI AU WA TR .
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2000 FE )5 EIEIFE 5 min, £ A5 7EIE B OG0 M TS
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BT TR AR Z M 225, b P < 0.05 HZERA 5
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Fig.1 The mRNA expression of SOX9 in glioma cell lines analyzed by
qRT-PCR (infected U87 and U251)
Note: ***P< 0.001,compared with NC group.
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JH Western blot {845 F 7w , B 20 M2 B L i UST
U251 28 v e AT £ B 335 7K S xR 20 22 80 4 R e 4 1Y)
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Fig.2 The protein expression level of SOX9 in glioma cell lines detected
by Western blot analysis, including infected U87 and U251
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BTE DT DA P 5455 1) g e 9 a0 Jee A 2o A v, VDl EGFR 3
Sk R A S IR S 0% EGFR 2R L AL
2 5 EGFR-ERK-SOX9 {5542k 115 3 — AR 1) T 2238 1



Progress in Modern Biomedicine Voll15 NO.18 JUN.2015

IREYMESSHE  www.shengwuyixue.com
DAPI Merge oy’ DAPI Merse

Cy3
. ---V)\”w ---
- --- - ---
- --- N ---

3 RIS U251 4HAa7KF Bk SOX9 XFFF 4855 F Nestin F1 SOX2 F0 Ki67 FKiERI T

(EFBERSF SOX9. Nestin SOX2 AR Ki67 AL B, DAPI AT R AEBR K, BERZIEH 50 um, ZMAAHXRAE, GMAAFHH)
Fig.3 The influence of SOX9, Nestin, SOX2 and Ki67( red )detected by immunofluorescence analysis. DAPI(blue) was used to stain nuclei in glioma cell

line of U251

Note: Scale bar, 50 wm.The left group is negative control group, the right group is intervention group.
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Fig.4 The expression of SOX9 and related stem cell molecules, Nestin and SOX2 was detected by qRT-PCR between Untreated glioma cell lines(U87,

U251, A172) and sphere group(induce from the corrsponding glioma cell line)
Note: Scale bar, 50 wm. ¥*P< 0.05, **P< 0.01, *** P<0.001, compared with Untreated group.
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Fig.5 The diameter of glioma stem cell spheres were induced in stem cell

<

culture medium, which compared between Knock-down SOX9 group
(KD-S0OX9) and the negative control(NC) group

Note: **P<0.01, compared with negative control group.
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Fig.6 The effect of SOX9, Nestin, SOX2 and Ki67(red )analyzed by immunofluorescence. DAPI(blue) was used to stain nucle in the glioma neurospheres.

Note: Scale bar, 50 pwm.

B Y 1 ) e i D S v G SN A e v 11 [0 5
Iﬁ , ULER SOX9 2 ) ik i ) LA S plisk ELAR A IR B i
K& GegZe e SE AR & FLITER SOX9 JE A J5 #E e buye T2 i
IKAFARRE 81735 B2 K L 2 AR A AR

L LTk, SOX9 TELH4L . IR M) /LA A 7 i Rt o
VERT, Hlse 3] 2 P A B ) 78155 Hﬁfmﬁiﬁ/\ﬁ%ﬁﬁﬂw ,
TE AN 2238 [ FIT R B A 199 245 v, SOXO 1 oAy HE ] 4 1 4 5
TET AR 897 A AU R B M U A ke SC R ] o Zliyk%\
UE T SOXO TE ¢SS 1200 Ml -1k Aif ) i e v ke o 4
SOX9 K AT LATE AN [7) 4 i 7K ~F- i1 22 Fofr i S w52 ) b 114 28
PR, AT LA I R A I il B s AR 7 LA SN A= W36 7

(o TR RPENRTT ) B SR A LA S R IR S5 i PR T
fITETRZ — AT R SR A2 W AR T SRS
£ % 3L Hi(References)

[1] Stupp R, Mason WP, van den Bent MJ, et al. Radiotherapy plus

concomitant and adjuvant temozolomide for glioblastoma [J]. N Engl

J Med, 2005, 352(10): 987-996
[2] Singh SK, Hawkins C, Clarke ID, et al. Identification of human brain

tumour initiating cells[J]. Nature, 2004, 432(7015):396-401
[3] Mao XG, Zhang X, Zhen HN, et al. Progress on potential strategies to

target brain tumor stem cells [J]. Cell Mol Neurobiol, 2009, 29(2):
141-155

Wang JL, Yu JP, Sun SP, et al. Radiobiological characteristics of
cancer stem cells from esophageal cancer cell lines [J]. World J
Gastroenterol, 2014, 20(48): 18296-18305

Zhu TZ, Li XM, Liang GB, et al. B-elemene inhibits stemness,

promotes  differentiation and impairs chemoresistance  to
temozolomide in glioblastoma stem-like cells [J]. Int J Oncol, 2014,
45(2): 699-709

He Q, Liu Z, Wang A, et al. Bmil Drives Stem-Like Properties and is
Associated with Migration, Invasion, and Poor Prognosis in Tongue
Squamous Cell Carcinoma[J]. Int J Biol Sci, 2015, 11(1): 1-10
Shibahara I, Sonoda Y, Tominaga T, et al. The expression status of
CDI133 is associated with the pattern and timing of primary
glioblastoma recurrence[J]. Neuro Oncol, 2013, 15(9): 1151-1159
Elzaiat M, Jouneau L, Pannetier M, et al. High-throughput sequencing
analyses of XX genital ridges lacking FOXL2 reveal DMRTI1
up-regulation before SOX9 expression during the sex-reversal process
in goats[J]. Biol Reprod, 2014, 91(6): 153, 1-14

Gruber HE, Norton HJ, Ingram JA, et al. The SOX9 transcription
factor in the human disc: decreased immunolocalization with age and

disc degeneration[J]. Spine, 2005, 30(6): 625-630 ( T35 3465 T1)



IREYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Voll5 NO.18 JUN.2015

. 3465 -

[11] Husted S, Emanuelsson H, Heptinstall S, et al. PHarmacodynamics,
pharmacokinetics, and safety of the oral reversible P2Y 12 antagonist
AZD6140 with aspirin in patients with atherosclerosis: a double-blind
comparison to clopidogrel with aspirin [J]. Eur Heart J, 2006, 27(9):
1038-1047

[12] E#Ae ok MR 2,5 fude 2 ) B 345 197 8] I Ak Afm R kA% 5 o

A A d Feg s R 2R ] F B RS F R E, 2013, 33(17):

4111-4112

Wang Re-hua, Lin Feng, Chen Shi-quan, et al. Thrombelastogram to

assess aspirin and clopidogrel platelet inhibition rate of clinical

application[J]. Chinese Journal of Gerontology, 2013, 33(17): 4111-4

112

B A TR R, G T F RS A B RS o B AR s

el B & w4 £ AT ] P B AR 4 &, 2012, 27(3): 178-181

Gao Yue-chun, He Ji-qiang, Jiang Teng-yong, et al. Relationship of

[13

—

Coronary Stenosis Severity with its Risk Factors in Patients of
Coronary Atery Disease [J]. Chinese Circulation Journal, 2012, 27(3):
178-181

[14] Anderson SD, Shah NK, Yim J, et al. Efficacy and safety of
ticagrelor: a reversible P2Y12 [J]-Ann
Pharmacother, 2010, 44(3): 524-537

[15] Antman EM, Hand M, Armstrong PW, et al. 2007 focused update of
the ACC/AHA 2004 guidelines for the management of patients with

receptor  antagonist.

ST-elevation myocardial infarction: a report of the American College

of Cardiology / American Heart Association Task Force on Practice

Guidelines[R]. ] Am Coll Cardiol, 2008, 51(2): 210-247

[16] Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel
in patients with acute coronary syndromes [J]. N Engl J Med, 2009,
361(11): 1045-1057

[17] Jernberg T, Payne CD, Winters KJ, et al. Prasugrel achieves greater
inhibition of platelet aggregation and a lower rate of non-responders
compared with clopidogrel in aspirin-teeated patients with stable
coronary artery disease[J]. Eur Heart J, 2006, 27(10): 1166-1173

[18] Wallentin L, Varenhorst C, James S, et al. Prasugrel achieves greater
and faster P2Y12 receptor-mediated platelet inhibition than
clopidogrel due to more efficient generation of its active metabolite in
aspirin-treated patients with coronary artery disease [J]. Eur Heart J,
2008, 29: 21-30

[19] Bernlochner I, Byrne RA, Kastrati A, et al. The future of platelet
function testing to guide therapy in clopidogrel low and enhanced
responders[J]. Expert Rev Cardiovasc Ther, 2011, 9(8): 999-1014

[20] Cannon CP, Harrington RA, James S, et al. Comparison of ticagrelor
with clopidogrel in patients with planned invasive strategy for acute
coronary syndromes (PLATO): a randomised double-blind study[J].
Lancet, 2010, 375(9711): 283-293

[21] Cattano D, Altamirano AV, Kaynak HE, et al. Perioperative
assessment of platelet function by thromboelastograph platelet
mapping in cardiovascular patients undergoing non-cardiac surgery

[J]. Thromb Thrombolysis, 2013, 35(1): 23-30

(E#E5 3434 TT)

[10] Scott CE, Wynn SL, Briscoe J, et al. SOX9 induces and maintains
neural stem cells[J]. Nat Neurosci, 2010, 13(10): 1181-1189

[11] Kamachi Y, Kondoh H. Sox proteins: regulators of cell fate
specification and differentiation. Development, 2013, 140 (20):
4129-4144

[12] Nishino K, Toyoda M, Umezawa A, et al. Defining hypo-methylated
regions of stem cell-specific promoters in human iPS cells derived
from extra-embryonic amnions and lung fibroblasts [J]. PLoS One,
2010, 5(9): e13017

[13] Zhou HY, Katsman Y, Mitchell JA, et al. A Sox2 distal enhancer
cluster regulates embryonic stem cell differentiation potential [J].
Genes Dev, 2014, 28(24): 2699-2711

[14] Kent J, Wheatley SC, Sinclair AH, et al. A male-specific role for
SOX9 in vertebrate sex determination[J]. Development, 1996, 122(9):
2813-2822

[15] Ling S, Chang X, Schultz L, et al. An EGFR-ERK-SOX9 signaling
cascade links urothelial development and regeneration to cancer [J].
Cancer Res, 2011, 71(11): 3812-3821

[16] Capaccione KM, Hong X, Pine SR, et al. Sox9 mediates
Notchl-induced mesenchymal features in lung adenocarcinoma.
Oncotarget, 2014, 5(11): 3636-3650

[17] Bruun J, Kolberg M, Lothe RA, et al. Prognostic Significance of
B-Catenin, E-Cadherin, and SOX9 in Colorectal Cancer: Results from
a Large Population-Representative Series [J]. Front Oncol, 2014, 118
(4): 1-16

[18] Lin L, Shen Q, Yu C, et al. Sonic hedgehog improves

redifferentiation of dedifferentiated chondrocytes for articular
cartilage repair[J]. PLoS One, 2014, 9(2): 88550

[19] Raspaglio G, Petrillo M, Ferlini C, et al. Sox9 and Hif-2a regulate
TUBB3 gene expression and affect ovarian cancer aggressiveness[J].
Gene, 2014, 542(2): 173-181

[20] Golding SE, Morgan RN, Adams BR, et al. Pro-survival AKT and
ERK signaling from EGFR and mutant EGFRVIII enhances DNA
double-strand break repair in human glioma cells [J]. Cancer Biol
Ther, 2009, 8(8): 730-738

[21] Wang J, Wakeman TP, Lathia JD, et al. Notch promotes
radioresistance of glioma stem cells[J]. Stem Cells, 2010, 28(1):17-28



