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[ Abstract]

inhibition of nuclear factor-k B (NF-kB) and signal transducer and activator of transcription factor 3 (STAT3)

Objective  To investigate the effects of JSH - 23 combined with Stattic targeting
signaling pathways on the proliferation and migration ability of mesenchymal glioblastoma cells and the
expressions of NF-kB pathway and STAT3 pathway-related proteins. Methods The mRNA-seq results of
529 glioma patients were downloaded from The Cancer Genome Atlas (TCGA). Bioinformatics was used to
analyze the correlation between RelA/P65 and STAT3 and the markers of mesenchymal glioblastoma, as
well as the expression of NF-«kB pathway and STAT3 pathway-related proteins in mesenchymal, classical
and proneural glioblastoma. The human glioma cell lines US7MG and U251MG in vitro were treated with
JSH-23, Stattic, JSH-23 and Stattic, respectively. The half-inhibitory concentration (IC,)) of the two drugs
was calculated by cytotoxicity assay, and the synergistic effect of the two drugs was observed by drug
synergistic assay. CCK-8 assay and colony-forming assay were used to detect the proliferation activity of
tumor cells. Wound healing assay and Transwell assay were used to detect the migration ability of tumor
cells. Western blotting was used to detect the relative expressions of NF-kB pathway and STAT3 pathway-
related proteins P65, phosphorylated P65 (p-P65), STAT3, phosphorylated STAT3 (p-STAT3) and CD44.
Results 1) Bioinformatics analysis showed that RelA/P65 mRNA and STAT3 mRNA were positively
correlated with mesenchymal glioblastoma markers CD44, CXCR4, CHI3L1, IL-4R and TRADD (r=0.206—
0.605; P < 0.01, for all); the expressions of NF -«kB pathway and STAT3 pathway - related proteins in
mesenchymal glioblastoma were the highest, followed by classical glioblastoma, and the lowest in proneural
glioblastoma. 2) The cytotoxicity assay showed the ICy, of JSH-23 on U87MG and U25IMG cells were
59.39 and 56.21 wmol/L, and Stattic were 0.96 and 1.08 wmol/L. The drug synergistic assay showed that
the synergistic effect of JSH-23 at 40-80 wmol/L. and Stattic at 0.50-1 pwmol/LL on U87MG was the highest,
and the synergistic effect of JSH-23 at 40 wmol/L and Stattic at 1 pwmol/LL on U251MG was the highest. The
final concentration of JSH-23 was 60 pmol/LL and Stattic was 1 pmol/L. 3) After the combined treatment of
JSH-23, Stattic, JSH-23 and Stattic, the proliferation activity of U§7MG and U251MG cells decreased (P =
0.000, for all), the colony forming efficiency decreased (P =0.000, for all), the cell mobility decreased (P <
0.05, for all), and the positive cell numbers of crystal violet staining decreased (P = 0.000, for all). The
relative expressions of P65 (P = 0.000, for all), p-P65 (P = 0.000, for all), STAT3 (P = 0.000, for all), p-
STAT3 (P =0.000, for all) and CD44 (P =0.000, for all) were decreased, especially after JSH-23 combined
with Stattic treatment (P <0.01, for all). Conclusions JSH-23 combined with Stattic targeting inhibition of
NF - kB and STAT3 signaling pathways can effectively inhibit the proliferation and migration ability of
mesenchymal glioblastoma cells, and down-regulate the relative expressions of NF-«kB pathway and STAT3
pathway-related proteins.

[Key words] CGlioblastoma; NF-kappa B; STAT3 transcription factor; Cell proliferation; Cell
movement; Tumor cells, cultured
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Figure 1 Bioinformatics analysis findings RelA/P65 mRNA was positively correlated with the markers of
glioblastoma: CD44, CXCR4, CHI3L1, IL-4R and TRADD (Panel 1a). STAT3 mRNA was positively correlated with
markers of glioblastoma: CD44, CXCR4, CHI3LI, IL-4R and TRADD (Panel 1b).
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Figure 2 The expression matrix showed the distribution of NF-«kB pathway and STAT3 pathway related proteins in
mesenchymal, classical and proneural glioblastoma.
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0.000) , Ji; L JSH-23 + Stattic 2H (&K ik B35 (¥ P =
0.000,%2) . W% JSH-23 Fl Stattic & AL 35
2 S5 968 4 i 344 g ) W R AR

M v B SE S R, AS [ 4b B 41 USTMG Fi
U251IMG i iR 5 I LR 22 S A G it 3 L (P =
0.000,0.000; 3 3) ; 5 1E % Xt BUZH AH LE , JSH-23 41 |
Stattic 41 1 JSH-23 + Stattic 21 Jif 83 40 g 42 v% % i %
¥9d 2> (# P =0.000) , JL LA JSH-23 + Stattic 41 J# 2>
W FH (B P=0.000;F£4,K3), ZERIFEAZ
JSH-23 Al Stattic BE A 40 B, 5 5998 40 itd 33 5 fig
AR

A Jf R 9K 52 5 R, A (R A4b 34 UBTMG
U2SIMG 4l iE B F 2 5 H A 53t = 8 X (P =
0.000,0.000; % 5) ; 5 1E % X} B #H b, JSH-23 41
(P =0.005,0.004) ,Stattic 21 (P = 0.001,0.018) LA &
JSH-23 + Stattic 41 (P = 0.000, 0.000) 4 Jifl 3T 7% 3
WA, 45 1) 2 JSH-23 + Stattic 20 AR & i 35 (B P <
0.05,%6), W% JSH-23 Fl Stattic B 4 b B , i
Jo 963 440 FfL R e i ) S AR

Transwell 5 5 2 75, A [6] &b #1240 UBTMG
U251MG 2t Ji 45 &b 55 9% €6 FH v 40 i 8 B 22 % A Se it
38 X (P =0.000,0.000; 3% 7) 5 5 1E 5 X AL L,
JSH-23 2 . Stattic 2 fl JSH-23 + Stattic 2 BH 7 41 it 5k
H #3 /> (# P =0.000) , JL LA JSH-23 + Stattic 2 Jik
DB E (¥ P=0.000;%8, K 4), Z4 RNk
W25 JSH-23 il Stattic 8 & 40 B 5 , 168 596 40 Jif G2 7%
[IERARTE A SN

Western blotting ¥ 7~ , A [A] 4b # 2H USTMG il
U251MG 41 s P65 (P = 0.000, 0.000) . p-P65 (P =
0.000, 0.000) . STAT3 (P = 0.004, 0.000) . p-STAT3
(P =0.001,0.001) Fl CD44 (P = 0.000, 0.000) 2 4
XF Rk 25 R HA Gt E (£ 9,10) 5 5 1E 5 X
MR ZH AH L, JSH-23 4H . Stattic 20 Fl1 JSH-23 + Stattic 21
41 j P65(3 P =0.000) .p-P65(3J P=0.000) ,STAT3

(¥ P =0.000) .p-STAT3 (¥ P =0.000) FI CD44 (¥
P =0.000) A Xf ik & T B, J0 LA JSH-23 + Stattic 21
T RS EP<0.01;K£11,12;K5), R
JSH-23 fil Stattic Bt & 40 ¥ J5 , NF-«B i i 1 STAT3
T I AH G B A SRR A R R

5] it

JBE J5T B 240 ML JR 1) 3 5 43 AL A 4 28 LAY R R 42
TR 0[] Joi 7610 i b R A e T SR R T
25, R B i EUIR B8 RN AR E N SRR IR R
KA bR 1A AR (EMT) ™[] — B 59 114 A )
BX 38 AT L3 B AN T) A SI0 JR ARR AAE  an in E JE R f o
2 i 32 Sk i PR e D SRR BB IX 2 B Sy [] T A
— 7 TR AT LA i I R] R HE RS R A TR R R 1) D)
— P A EE AL . Phillips 25 8 H B2 AT A 4 8
JoT B 4 L JRE A s [ e AR R Y ) T R A Ak
PRI I, M I 4 I8 19 - 3 TR R X T A I e 440
TP 76 5 A 7 B[] 0 23 i) B Atk A i) 45

NF-«kB 1 hy %% 55 P, 7 [8] J53 8 e Jo B 240 it g
S R R IR, AT DU RO T U Bk IR R Gk L2
PP 0 X R R R R B BB,
STAT3 1E Ry i 2 BUw 15 5 % T30 % 09I 3R 2, IR
(i) J5E 75 ¢ IO B 4 e v St e R s, AT DUGE G b
Vasorin 25 15 DL 1415 Notch 1, 375 107 {2 A &8 53 £ 41 Jfd Jed
(& A BRI Sy HE e 1 ) STATS 3 6 S — Fh
A RS IR T R . NF-wB 3 5 Fl STAT3 3 [t
2 (8] J5 75 Jg J5 R 240 R v NS A S R L
2 SRR | bR )T A R T 40 e
FF M A RN R TR | A g R M RO B AR TE Y
B EEAT R T AR A A B AT o TR
AU S5 B 40 i JRE NF-w B 38 5 A STAT3 3 % 3% 34 /K
- £ 5 s Western blotting ¥t 1 75 , 245 ¥ B¢ & 40 [)
NF-kB Fl STAT3 WU % f 6] 51 Y J6¢ o & 4 Jfd 98 A= )
ARG CDA4 ik i i E PR AR .

NF-«B i 4% Fi1 STAT3 3 ¥ 75 [] ot 7Y J5e o 1 240 Jfd
S SR NS 0 ) o — B TGk 8 B i R AL
HC IR A T AR R T R R O 0915 5 i
TR L PR B KB Y A R
2K R S B0 25 45 . PR, AR 5T R FH 24 W Bk
A 0 NF-«B FI STAT3 XU #% DL 3G 97 1] o A9 e i
240 M9 . JSH-23 Fil Stattic £F 4 NF -« B i #% 1
STATS3 3 3 1 55, FLAT AT 43 F o i 55/ IR ik
B SR 0, P A - B B BOCR F JSH-23 KA
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K1 AFAEFLE USTMG FI U251MG 4 g 3 5 3% M 7Y 1L
ﬁ(EiS’ODASOmn)

Table 1. Comparison of proliferation activity of U87TMG
and U25IMG cells in different treatment groups (x * s,

K2 AFEAFEL USTMG F1 U251MG 4 it 34 5l 1% 14 1 7
il

Table 2. Pairwise comparison of proliferation activity of
U87MG and U251MG cells in different treatment groups

OD450 nm)

) USTMG U251MG
w5 AN USTMG U251MG Sl —e Pl i P
IEH X ARALCD) 3 1132001 2.22+0.08 (1):(2) 83.654  0.000 13.790  0.000
JSH-2341(2) 3 061001  1.50+0.05 (1):(3) 61335 0.000 19559 0.000
Stattic 41(3) 3 0.49+0.02  1.18+0.05 (1):(4) 163.401 0.000 33.310 0.000
JSH-23 + Stattic 41(4) 3 024001  0.66+0.03 (2):(3) 10960 0.000 7190 0.002
Fi 3482.000 419.100 (2):(4) 51.809  0.000 23576 0.000
P 0.000 0.000 (3):(4) 22099 0.000 14579 0.000

#2000 cells per well at inoculation, PR A5 1L 20 %k 2000 4>

4 RIAAEFRA] USTMG Fl U251MG 4 T5 T8 J 11
3 OR[FALELL USTMG FI U251MG 41 g 42 9% 2 iR 1Y 4RI il AT LY

WP L3
e (v +5,%) o . .
. . o Table 4. Pairwise comparison of colony forming
Table 3. Comparison of colony forming efficiency of efficiency of U87MG and U25IMG cells in different
U87MG and U251MG cells in different treatment groups treatment groups
(xxs, %)
4151 FEARL G G 241 1] 79 1 LE USTME U2 INE
e * U87™M U251M ZHa
i P i P
IEH X HRE (1) 3 18.73+1.14  20.73+1.47
(1):(2) 10.794 0.000 15.484 0.000
JSH-234H(2) 3 8.87+1.10 6.47+0.61
(1):(3) 14.063 0.000 12.551 0.000
Stattic 41(3) 3 7.80+0.72 9.20 +0.60
(1):(4) 23.398 0.000 21.126 0.000
JSH-23 + Stattic 241 (4) 3 1.93+0.50 1.73 £ 0.50
(2):(3) 1.403 0.233 5.528 0.005
F18 177.700 247.800
(2):(4) 9.916 0.000 10.356 0.000
P 0.000 0.000
(3):(4) 11.555 0.000 16.513 0.000
#500 cells per well at inoculation , 42 F B 45 FL 241 Jifd £k 500 4~
IE A 2] JSH-2341 Stattic 41 JSH-23 + Stattic 41

- ""

B3 TR e Se g, 28 JSH-23 Fil Stattic 164 AL B USTMG HI U25 1M G 4 I 4E & T 26 1 s /b 45 2 e (5,

Figure 3 Colony - forming assay showed that the colony forming efficiency of U887MG and U25IMG cells was
significantly reduced by JSH-23 and Stattic combined treatment. Crystal violet staining

U251MG

Stattic K v #0630 1) NF-«B Fll STAT3 B % . A HF
S W FE PRSI R, JSH-23 X USTMG 1 U251MG
21 Hf 1 1C50 43 511 49 59.39 1 56.21 wmol/L, Stattic 4

0.96 F1 1.08 pmol/L; 25 ¥ P [F] 55 55 i 7= , JSH-23
40 ~ 80 pmol/L Hl Stattic 4 0.50 ~ 1 wmol/L X} USTMG
20 0 B Bip ) 5007 B fe , JSH-23 24 40 umol/L il Stattic
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RS ORFALERA USTMG 1 U251IMG 4 L 1T 5% 5 1Y LL 42
(x+5,%)

Table 5. Comparison of cell mobility of U87MG and
U251MG cells in different treatment groups (x =s, %)

215 FEA K U8TMG U251MG
TE X IR AL (1) 3 61.41+1.88 89.73+5.16
JSH-234{(2) 3 47.95+3.83 57.47+8.10
Stattic 41(3) 3 42.63+3.30  71.07+6.60
JSH-23 + Stattic 2 (4) 3 25.42+294 2573+6.12
FiY 70.450 50.370
PiE 0.000 0.000
#150 x 10° cells per well at inoculation , 3% Fft i} 453 £L £ Jitd %k 150 x

10° 4~

KT AFEAFRZE USTMG F U251MG 21 At 45 5 48 e (1, [
PEAN A B AR (3 2 5,1>)

Table 7. Comparison of positive cell numbers of crystal
violet staining of US7MG and U251MG cells in different
treatment groups (x s, number)

2 51 FEA K US7MG U251MG
TE XTI AL (1) 3 67.67+2.52  98.67+5.51
JSH-2341(2) 3 26.00+2.00 22.33+1.16
Stattic 21 (3) 3 20.00+2.65 39.67+2.52
JSH-23 + Stattic £ (4) 3 3.00+1.00  5.00+1.00
FAH 493.300 509.800
PAA 0.000 0.000
#10 % 10° cells per well at inoculation, 32 il I 4 L 40 Jid %% 10 x
10° 4~
ik ‘#3 XT e fﬂ JSH-23 41

R6 AFALELA USTMG T U251IMG 2 i T 5% 4 1) 75 7
A

Table 6. Pairwise comparison of cell mobility of US7MG
and U251MG cells in different treatment groups

P S—— USTMG U251MG
il Pia tfl P
(1):(2) 5.268 0.005 5.818 0.004
(1):(3) 8.557 0.001 3.858 0.018
(1):(4) 17.833 0.000 13.845 0.000
(2):(3) 1.821 0.143 2.253 0.087
(2):(4) 8.078 0.001 5.412 0.006
(3):(4) 6.736 0.003 8.719 0.001
#=8 AIFALBLL USTMG FI U251MG 41 g 45 & 28 Y (2 IH
P 40 M A H AP I LE
Table 8. Pairwise comparison of positive cell numbers of

crystal violet staining of U87MG and U25IMG cells in

different treatment groups

JE— USTMG U251MG

i PAA i P
(1):(2) 22.451 0.000 23.495 0.000
(1):(3) 22.610 0.000 16.876 0.000
(1):(4) 41.361 0.000 28.893 0.000
(2):(3) 3.133 0.035 10.843 0.000
(2):(4) 17.816 0.000 19.654 0.000
(3):(4) 10.410 0.000 22.173 0.000

Sldlllc 2 JSH-23 + Stattic 4

o A A o

e L ’
B cg s
ey e

E4 j‘ﬁs&ﬁfﬁ%ﬂumﬁm . %% JSH-23 Fil Stattic & & 4 HL ) USTMG FI U251MG émﬂ’@[iﬁ LA H ﬁ%uﬂa/'\ 4
(S SN ON
Figure 4 Light microscopy showed the number of positive cells in U§7MG and U251MG cells treated with JSH-23
and Stattic decreased significantly  Crystal violet staining Median power magnified

1 pmol/L XF U251MG 4 il 4 B3 [a] R0 5 5 , 0N
4, JSH-23 BX 4 Stattic I [ 411 ] NF-xB Fl STAT3 3(
T AT N I T B 240 R 7 AR P IR AR R O i
JSH-23 1Y &9 i 4 60 wmol/L Fl Stattic 4 1 pmol/L,

it — 25 1 CCK-8 ¥ 11 il oo [ 52 4% 7, JSH-23

Stattic DL J& JSH -23 Fil Stattic B¢ & 40 B USTMG #1I
U251MG 40 5, il Jed 240 i 8 5 005 PE AR L2 70 1
g0, It L JSH-23 Fil Stattic BE £ Ab 3 5 58 7 15 1
FIEEVETE AR B MK, 6 0 34 B A T LA AT 3303 o) firb
Ted 200 B Y 19 B 5 A0 i R IR S 5 RN Transwell 52 56 2
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£R9 ANFEIALLFELH USTMG 40l P65 .p-P65 STAT3  p-STAT3 Al CD44 1 4 AH X £k 1Y LA (x £ )
Table 9. Comparison of relative expressions of P65, p-P65, STAT3, p-STAT3 and CD44 proteins in USTMG cells treated
with different drugs (x +s)

21 5 N P65 p-P65 STAT3 p-STAT3 CD44
IEH % HEZH (1) 3 1.000 + 0.000 1.000 + 0.000 1.000 + 0.000 1.000 + 0.000 1.000 + 0.000
JSH-23#H(2) 3 0.500 +0.001 0.583+0.017 0.721+0.017 0.752+0.032 0.426 +0.036
Stattic 2 (3) 3 0.927 +0.004 0.856 +0.022 0.549+0.016 0.551+0.004 0.724+0.010
JSH-23 + Stattic 41 (4) 3 0.349+0.017 0.198 +0.001 0.378 +0.047 0.398 +0.030 0.079 +0.007
FAH 4508.000 2962.000 279.300 570.300 1881.000
Pl 0.000 0.000 0.004 0.001 0.000

*300 x 10° cells per well at inoculation, 12 Fl sk A £L 40 B % 300 x 10° 4~ p-P65, phosphorylated P65, W 2 1k P65; STAT3, signal
transducer and activator of transcription 3, (55 55 55 M5 N T 3, p-STAT3, phosphorylated STAT3, W% 1L STAT3. The same for

tables below

£10 A[FEILH U251MG 40l P65 .p-P65 .STAT3 . p-STAT3 Fll CD44 4K [ AH X F A M L (R 5)
Table 10. Comparison of relative expressions of P65, p-P65, STAT3, p-STAT3 and CD44 proteins in U251MG cells
treated with different drugs (x )

4151 RN P65 p-P65 STAT3 p-STAT3 CD44
TEH X RZH (1) 3 1.000 + 0.000 1.000 + 0.000 1.000 + 0.000 1.000 + 0.000 1.000 = 0.000
JSH-2344(2) 3 0.474 +0.140 0.353+0.017 0.950 +0.009 0.828+0.012 0.420+0.001
Stattic 41(3) 3 0.740+0.016 0.487 +0.008 0.917+0.010 0.766 + 0.023 0.634+0.014
JSH-23 + Stattic 41 (4) 3 0.277+0.014 0.253 +0.029 0.420+0.015 0.555+0.018 0.267 £0.019
FA4 1854.000 1099.000 2133.000 408.400 2072.000
P1H 0.000 0.000 0.000 0.001 0.000

R11 A[ELLTELH USTMG 41 il P65 . p-P65 .STAT3  p-STAT3 il CD44 4K [ A % 2 15 1t 19 7 I L 4%
Table 11. Pairwise comparison of relative expressions of P65, p-P65, STAT3, p-STAT3 and CD44 proteins in USTMG
cells between different treatment groups

P65 p-P65 STAT3 p-STAT3 CD44
2 18] 799 794 L

t{H PAi i PAi il PAi tfi PAi tfi PfH
(1):(2) 1219.032 0.000 41.967 0.000 27.973 0.000 13.533 0.000 27.515  0.000
(1):(3) 35.513 0.000 11.454 0.000 47.696 0.000 218.810 0.000 46.716  0.000
(1):(4) 66.428 0.000 1431.759 0.000 22.763 0.000 34.893 0.000 218.920  0.000
(2):(3) 202.961 0.000 17.011 0.000 12.495 0.000 10.885 0.000 13.764  0.000
(2):(4) 15.450 0.000 38.631 0.000 11.790 0.000 14.043 0.000 16.277  0.000
(3):(4) 57.702 0.000 52.161 0.000 5.923 0.004 8.789 0.001 89.006  0.000

FR12 AFEAEFL U251MG 41} P65 . p-P65 .STAT3 . p-STAT3 Fl CD44 75 [ AH X 22 35 & 1 P 5 1L 3%
Table 12. Pairwise comparison of relative expressions of P65, p-P65, STAT3, p-STAT3 and CD44 proteins in U251MG

cells between different treatment groups

- P65 p-P65 STAT3 p-STAT3 CD44
2 8] P 1 L

tfH P1E tfH P{E ff P{E tfH PAE tf P{E
(1):(2) 64.925 0.000 67.294 0.000 9.498 0.000 25.675 0.000 1327.096 0.000
(1):(3) 28.169 0.000 112.070  0.000 13.773  0.000 17.378  0.000 44217 0.000
(1):(4) 90.886 0.000 44.027  0.000 68.082  0.000 43362  0.000 65.221 0.000
(2):(3) 21.677 0.000 12.588  0.000 4.166  0.014 4.086  0.015 25.866  0.000
(2):(4) 17.325 0.000 5.140  0.007 52.965  0.000 22.263  0.000 13.552  0.000

(3):(4) 38.001 0.000 13.328 0.000 47.553 0.000 12.515 0.000 26.282 0.000
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A F 5 p-STAT3, B R 1L STAT3; B-actin, B-HL 2 & A

5 Western blotting 7% /% , JSH-23 il Stattic Jk & 2L #L ) USTMG I U251MG 4 JfL P65 . p-P65 STAT3 . p-STAT3

I CDA4 R (HHI G 35k o 3 T %

Figure 5 Western blotting showed that the relative expressions of P65, p-P65, STAT3, p-STAT3 and CD44
proteins decreased significantly in U87MG and U251MG cells treated with JSH-23 and Stattic.
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45 i 50 gy 0 B0 R i B & 3 b, e DL JSH-23 A
Stattic Bt 5 4b B 5 32 8% % A0 PH M 40 B 5 H /e AIX, 3%
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