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255 B i b B 48 h A B 5R LS 24 .36 F1 48 h, F3-T3 % Y 41 USTMG (P = 0.000, 0.000, 0.004) 7l
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[Abstract] Objective To explore the mechanism of FGFR3-TACC3 (F3-T3) fusion gene mediating
DNA damage repair through promoting pyruvate kinase M2 (PKM2)'s nuclear translocation in glioblastoma.
Methods The lentiviral transfection technology was used to constructed stable transitional cell lines
USTMG cells and U251MG cells that stably expressing F3-T3 and empty vector. In vivo glioblastoma
model was constructed by intracranial in situ tumor implantation in athymic mice, and the tumorigenic
ability of F3-T3 transfected cells in athymic mice of each treatment group was observed by small-animal in
vivo imaging system. Bioinformatics analysis was performed to analyze gene microarray data exploring the
possible biological functions of F3-T3 mediating chemoresistance and identify the relationship between
survival expectations and PKM2 expression levels in glioblastoma patients from The Cancer Genome Atlas
(TCGA) database. Transient transfection of small interference RNA (siRNA) was used to knock down the
expression of PKM2 in the F3-T3 transfected cells. Proliferative activity of US87MG and U251MG cells
treated with different concentrations of temozolomide (TMZ), transfected with siRNA, and TMZ in
combination with Compound 3k, a PKM2 inhibitor, was observed in CCK -8 cell proliferation assays.
Nuclear and cytoplasmic proteins were extracted separately and PKM2 protein expression was observed in
whole cell extract, cytoplasmic extract and cytosolic extract after TMZ treatment. Relative expression of
PKM2, relative expression of cytosolic phosphorylated histone H2AX (p-H2AX) and relative expression of
siRNA knockdown PKM2 gene in US7MG and U25IMG cells stably expressing the F3-T3 fusion gene,
detected by Western blotting. Results 1) CCK-8 cell proliferation assay showed that the survival rate of
U8TMG cells in the F3-T3 transfected group was higher than that in the empty vector transfected group
after treatment with TMZ 640, 320, 160, 80, 40 wmol/L (P =0.000, 0.000, 0.000, 0.000, 0.004, 0.010), and
the survival rate of U251MG cells in the F3-T3 transfected group was also higher than that in the empty
vector transfected group after TMZ 640, 320, 160, 80, 40, 20, 5 wmol/L (P = 0.000, 0.000, 0.000, 0.002,
0.001, 0.002); the survial rate of U87MG cells in the si-PKM2-1009 transfected group was lower than that
of F3-T3 transfected group after TMZ 640, 320, 160, 80, 40, 20, 10, 5, 2.50 wmol/L, the survival rate of
U251MG cells in the si-PKM2-1377 transfected group was also lower than that in F3-7T3 transfected group
after TMZ 640, 320, 160, 80, 40, 20, 5 pmol/L (P =0.000, 0.000, 0.002, 0.000, 0.002, 0.048, 0.042); and
the survival rate of US7MG cells in TMZ + Compound 3k group was lower than TMZ group after TMZ 640,
320, 160, 80, 40, 20 pmol/L (P = 0.000, 0.000, 0.000, 0.000, 0.001, 0.002), and the survival rate of
U251MG cells in TMZ + Compound 3k group after treatment with high concentrations of TMZ (640, 320,
160, 80 and 40 pmol/L) was also lower than TMZ group (P =0.000, 0.000, 0.000, 0.000, 0.003), while the
survival rate of U251MG cells in TMZ + Compound 3k group after treatment with low concentrations of TMZ
(10, 5 and 2.50 wmol/L) was higher than that of TMZ group (P =0.000, 0.000, 0.006). 2) An animal model
of glioblastoma showed the presence of TMZ resistance in homozygous mice. 3) Bioinformatic analysis
showed that the biological function of F3-T3 was significantly enriched in the DNA repair pathway (P =
0.000). Survival and overall survival of glioblastoma patients in the TCGA database were lower in the
PKM?2 high expression group than in the low expression group (P <0.05). 4) Western blotting showed that
the relative expression of p-H2AX in U87MG (P = 0.000, 0.000, 0.004) and U251MG (P = 0.000, 0.007,
0.005) cells in the F3-T3 transfected group were lower than those in the empty vector transfected group
after TMZ treatment for 48 h and then medium change for 24, 36 and 48 h. PKM2 protein incorporation
into the nucleus was observed in both U87MG and U251MG cells in the F3-T3 transfected group after TMZ
treatment, whereas it was not observed in cells in the empty vector transfected group; si-PKM2-1009 and si-
PKM2-1377 knocked down the relative expression of p-H2AX in US7MG (P = 0.000, 0.001, 0.006) and
U251MG (P = 0.000, 0.000, 0.000) cells, respectively. Conclusions In the presence of TMZ, F3-T3
promotes PKM2's nuclear translocation and activates DNA damage repair pathways, which in the eventually
results resistance of glioblastoma cell to TMZ. PKM2 inhibitors can compromise the resistance glioblastoma
cells stably expressing F3-T3 fusion gene to TMZ.
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HAE N BRI B A ) \F3-T3 KD 4 (FE R ik
F3-T3 il G FE DR 8t 2 0 T 20N B2 TR I Jo 40 )
s FAR A (R 3k 28 HRny N BIE e B 4 it ) .
KRB T 5 1F £ DESeq2 20 /1 F3-T3 41 55 28 # 1K
2T FNA KA org. Hs.eg.db . clusterProfiler
GSEABase fl msigdbr X} 22 5 5 K 17 3 #% & 4 50 #7
KAF AL geplot2 4 43 M 45 R ol WAk o i Jgg 36 R 4 2%
Bl g 11 il (TCGA) £ 48 N H B M (https:/www.
cancergenome.nih.gov/) & %%, 0 &% 639 ] Ji i1 5 8
4 i R A 2 B G v 173 5] A8 35 198 56 PR A S 2 DN %
W, % H R1E = B £ survival fl survminer 23 7 &
JEJR R TS 5 PKM2 36 R 36 38 78 Ak (0 A 56, K
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ML (KA : 100 mm) , JilT A% B2 i 100 wmol/L, 48 h
Je B A8 Sk AN 5 R B i 1) B B DMEM 5% 42 45 97 3
T R FE 55 B % .24 .36 Fl1 48 h 2 L B K 1,
BCA Y5 KM 68 (1 7 & 5 717 SDS-PAGE . PVDF #%
BB, A T 0 AR WAL S BRUUE M BE p-H2AX B
SEREPLAR (12 1000) | B PE BT A B-actin H1 58 B HT
(1 :3000) , T I A B i 48040 P A5 10 19 1L SE T
FLIgG LT (1 2 3000) , BE R R R4 B 1 5%,
Image J 353 #1 H B9 454 KB, DA B-actin fE i
Z WY, T 5 p-H2AX B A X 3k & (4) 5 g
siRNA J& p-H2AX & 1A 2 3K B 6 F3-T3 5 e 4l
125 3% 1A 55 e 41 40 9 (USTMG AT U251MG) 5 Fh T
B35 ML CHA% - 100 mm ) , 5256 21 57 e 0 32 Hh 19 @i I
PKM2 3 H 30 H B R siRNA XF BEZH AR e 24 h
J& Y0 A Bz 100 wmol/L, 48 h J5 BT # AN &
B SO i (4 T i DMEM 56 42 15 95 4k, 43 1) 7 0 40 bk
IR )5 24 F1 48 h 2 HUEEE 1, BCA VAR I B A 1 &
;AT SDS-PAGE FE I B4, A T $it TAEW AL
18 BOURE PE BT p-H2AX B 50 BE TR (12 1000) Fi B IR
PEPL B-actin BLTE LA (1 2 3000) , A BRAR
o Sk W B B 0 0 Ll S B R 1gG T BT R L AE BT AR
IgG T HL ()1 :3000) , HE e BUR R G0 R 5 H 554,
Image J 3K F 50 #1 H B9 45415 K BEEAE , DA B-actin fE N
Z: Y R p-H2AX A XS Rk i

8. 41 Mr ik RH GarphPad Prism8 #X {4
HEAT BOHE b R 5 S AT o R OE A S A T R D
BIB + brfE 25 (v 2 5) Fon , RSN E 7 225001,
P84T LSD- e/ e . LA P<0.05 42 3 HA S

=X

CCK -8 21 Jifd 3 78 52 35 7R , 28 % BE ki 640,
320,160.80.40 wmol/L A F 72 h J5 , F3-T3 &% 4L 24
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R BRBEVR IR ST AL B F3-T3 56 P41 5 22 BUARHE G 41 USTMG Il U25IMG 41 A7 6 R M L (5 =5, % )
Table 1. Comparison of the survival rates of US7MG and U251MG cells between F3-T3 transfected group and empty vector

transfected group under different concentrations of TMZ (x +s, %)

BB (mol/L)

51 BeA
640 320 160

40 20 10 5 2.50

U87MG
7 B el 5
F3-T3 5 4] 5

53.96+£4.52 65.96+1.89 67.66+2.57 70.67+557 7515+3.06 79.48+2.27 85.19+3.02 89.83+ 3.67 94.09+3.39
88.70+4.40 90.46+4.73 90.97+4.56 84.22+399 8545+5.26 83.78+4.97 82.26+5.73 8524+10.82 93.43+6.02

tfH 11.021 9.617 8.913 3.385 1.574 0.906 0.803 0.758

P 0.000 0.000 0.000 0.010 0.154 0.391 0.445 0.476
19 — BB (mol /L)

640 320 160 40 20 10 5 2.50

U251MG

7 AR A 5 42.09+1.53 51.75+1.03 54.71+4.06 59.34+2.20 73.95+£3.97 83.78+2.21 88.28+4.05 8537+ 3.78 91.52+3.39

F3-T3 %5 20 5 89.66+3.32 92.72+2.51 96.68+520 91.95+5.52 97.05+5.20 93.02+3.23 92.95+4.85 9540+ 2.24 96.70+4.66

i 34.440 16.961 10.863 4.526 4.723 1.479 4.572 0.410

PE 0.000 0.000 0.000 0.002 0.001 0.177 0.002 0.693

#1500 cells per well at inoculation , % 41 J2 £ 4 1500 4~/4L

UBTMG 41 il £7 16 ¥ T 25 8K e e 4 (P =
0.000,0.000, 0.000,0.004,0.010) ; £ %5 5Z W Jliz 640
320,160.80.40.20.5 wmol/L 4b¥ 72 h 5 , F3-T3 #%
YL U251MG 20 M A7 35 08 i T8 RS Qe L (P =
0.000,0.000,0.000,0.000,0.002,0.001,0.002; % 1),
HE— 25 T 53 T 2 4 R e e e > S o v R A 2K
M Yy 24 USTMG 41 Jifg 1C,, {H 236.80 wmol/L . F3-T3
B YL 2l S 2827 wmol/L, 25 AR AR HE YL 41 U251IMG 41 Jifd
1C,, A 259.20 wmol/L . F3-T3 ¥ 44 Jy 4207 wmol/L,

B2 5 - 20 it 95 2 0 AR R S O AN (] R ] R
WA i 2 55 %of R oy R BRI R 9 DG AE 5 5 B AR AL
LR EER  FHICFESRIEIF LR EES,
72 W 5 2 e ol 2 1y 9 BT R A K A 32 WD I 4 1)
(K1),

FEP B ARy HT BN L F3-T3 B4 & R A W o
Yrhe W 3 5 % T DNA B 4558 #% (P = 0.000, ¥ 2) .
BT TCGA B FE 0 A= W 5 5L 2% 23 B o, I o e
HH PKM2 L R 32 IR AR A7 RN B A fE 3 K T
PKM2 SR F A4 (P<0.05, K 3).

Western blotting 15 i 7~ , 45 5 52 M %2 4b P 48 h
P W B 3R 55 24 36 fl1 48 h, F3-T3 54 L 40 USTMG
(P = 0.000, 0.000, 0.004) fl U251MG (P = 0.000,
0.007,0.005) 2 it p-H2AX & [ A1 % 28 3k f A% T 2%
BARFL YL A, R AR E K35 F3-T3 fl & 3k K i
21 i T 48 R AR i B DNA 35405 (161 4,38 2)

Western blotting ¥ il 7K , F3-T3 % 44 2 UTMG
T U251MG 4§ 247 7] UL S 19 PKM2 A%, T 25 2K
B g 2 A AR WX — I (1 5) . 4% siRNA % 4L
2 USTMG (F = 26.182, P = 0.002) £l U251MG (F =
176.623, P = 0.004) 41l il PKM2 & [ AH % 36 ik 22 5+
YI gt (K 3) , Horp, si-PKM2-1009 #% 4 2H
US7MG #fi il PKM2 1 [ AH X 3% 3k o P AR & i 3%
(P =0.000,0.001,0.006; 5% 4, [ 6a) , si-PKM2-1377
YL 2 U251MG 40 il PKM2 28 1 AH XF 26 3k 1 B AR A
.2 (P=0.000,0.000,0.000; % 4, & 6b), HIt, 5
S 9256 1k ] si-PKM2-1009 #i ik USTMG 41 it PKM2
Fe [H 58 | si-PKM2-1377 @ fIX U251MG 40 g PKM2
FEHEIL,

CCK -8 4 ity 14 5 52 36 4% S W 7R, 28 5 5 e e
640,320,160,80,40,20,10.,5 1 2.50 pmol/L &b Hf
J& ,si-PKM2-1009 %% YL 2 USTMG 41 A7 3% R L T
F3-T3 % YL 41 (P = 0.000, 0.000, 0.000,0.012, 0.006,
0.030, 0.000, 0.007, 0.025) ; 2 % 55 Bk i 640, 320,
160.80.40.20.5 pmol/L &b ¥ J5 , si-PKM2-1377 % 4+
ZH U251MG 40 ff A7 35 R IMK T F3-T3 § Y 4 (P =
0.000,0.000,0.002,0.000,0.002,0.048,0.042; % 5) ,
F W AR PKM2 R 3R 5K w] i A2 8 3k F3-T3 MG
S5 PR ER) Ik R A e o) R e e i 2 1 R R, iE— 2P
TG 9 2 4 R 5 e o s S v B F3-T3 e e
41 USTMG 41l Jitd 1C.,, {E. >~ 2938 mol/L  si-PKM2-1009
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Figure 1

NG R RS R G s AR R A 14 .21 .28 35 Fl 42 K, 8

I iz 2 5 T AR LA R BN R SO A 5 i

Small animal in vivo imaging showed that there was no significant difference in the trend of tumor fluorescence

signal intensity change between TMZ group and control group of homozygous mice on the 14th, 21st, 28th, 35th and 42nd
day after cell injection, and there was also no significant difference in the fluorescence signal intensity between the 2 groups.

MYCH AL VI
E2F #1 fi)

G2M K 45 45,
SR AL

DNA 542

MY C# ) K& 5 v2
S Bl
225 P YRk
mTORC1 jifl %

T F o S

K 0F P
Io.ooo

-3 -2 -1 0 1 2
FFIENFIEGOR P, <0ONTIH) 2a

P =0.000
& 0.60 KZIE P =0.000
£ .40
T 0.20
o.oo
-’ U.
2b
B2 FENFEESPI 20 DNABEMH 2% RN KL RE

L9 (P =0.000) 2b
(P=0.000)

Figure 2 GSEA analysis showed that differently expressed genes
DNA repair pathway significantly upregulated (P = 0.000, Panel 2a),
and differently expressed genes significantly enriched in DNA repair
pathway (P =0.000, Panel 2b).

25 RGR N W W T DNA & 54 0 %

BEYL 2y 272.30 wmol/L, F3-T3 %% YL 240 U251MG 4
Jifl 1C,, {8 2 1252 wmol/L . si-PKM2-1377 %% Yt 4 K
192.80 wmol/L,

Western blotting {2 25 S /R, 28 B B e e ok 34
J& siRNA §6 L4 USTMG Fl U251MG 41l ig DNA i {4
PRI T F3-T3 R Yl (K 7) . 485 5wk i

Ab 3R 48 h I R W S5 24 F1 48 h, siRNA 5% 9 20 1Y
U87MG (P = 0.000, 0.000) Al U251MG (P = 0.000,
0.000) 411 Jitl p-H2AX &5 1 AH XS £ 3k & 24 & T F3-T3
YL (£ 6)

CCK -8 21 Jify 8 Filf 52 46 &% R W /%, 48 S i
640,320,160 .80.40 .20 pmol/LAL3 72 h J5 , TMZ +
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B3 BT TCGA M 5 R L A7 S bt s, iR
S JER fB e PRM2 e PR 3R R LA R A A7
WX T PKM2 2 R 841 (P <0.05)
Figure 3  Survival analysis curves based on
the TCGA database showed that the survival
rate and overall survival of glioma patients in
the PKM2 gene high - expression group were
lower than those in the PKM2 gene low -
expression group (P <0.05).

25 AR Y 4 F3-T3 %YL FF T
Oh 24h 36h 48h Oh 24h 36h 48h Fifk(x10%)

1.00
+ PKM2 3£ R K5
PKM2 [ 5 33k
0.75 A
& 0.50 |
#
0.25
0.00 A
0 20 40 60 80 100 120 3
HEAFIFE )
S S F3-T3 56 e 2 FIXH 4T
Oh 24h 36h 48h Oh 24h 36h 48h FBTHE(X10°)
p-H2AX S - -_— 117

B-actin " c— — — N — — )
4a

p-H2AX b* _ 17

B-actin )-—----... 42
4h

p-H2AX, B R fL 24 25 11 H2AX ; B-actin, B-JILBI &K [

B4 Western blotting 75T W, 4a 5 Sl A 31 24 (36 Fl 48 h B] F3-T3 5% Y 20 USTMG 4H il p-H2AX 7R [ AH X 3 35 5 48 T 25 ik
Feedl  Ab R BCMRHAL B 24 36 Fl 48 h A F3-T3 % YL 41 U251MG 41 p-H2AX 2R [ AH X 38 ik B I8 4 A i e 4l

Figure 4 Western blotting showed significantly lower p-H2AX expression in U87MG cells (Panel 4a) and U251MG cells (Panel 4b) in
F3-T3 transfected group than those in empty vector transfected group at 24, 36 and 48 h.

T2 BT R AL BES AN[A)E ) S F3-T3 4 Y 4 55 28 FAR L YL 24 USTMG Fl U25IMG 4l it p-H2 A X [ AR X 3R 3k

H LB (x+s)

Table 2. Relative expression of p-H2AX in U887MG and U251MG cells between F3-T3 transfected group and
empty vector transfected group at different time points after TMZ treatment (x +s)

21 5 FEA K 0h 24 h 36 h 48 h
USTMG
AR A 3 1.79+0.17 1.85+0.18 2.0220.11 0.28 +0.05
F3-T3 5, e 4 3 1.72+0.20 0.33+0.11 0.23+0.00 0.05 +0.02
off 0.357 10.261 22.570 5.848
P 0.739 0.000 0.000 0.004
21 5 FEA R 0h 24 h 36 h 48 h
U251MG
AR A 3 1.50+0.14 1.64 £0.04 0.89+0.18 0.330.06
F3-T3 5, e 4 3 1.20+0.07 0.47 +0.08 0.21+0.02 0.10+0.01
1l 2.679 20.020 5.077 5.560
Pfi 0.055 0.000 0.007 0.005

*1x 10° cells per dish at inoculation , ZH 42 Fh K 1 x 10° /710

Compound 3k #1 US7TMG 4fl g 17 1 ¥ fIk T TMZ 4
(P =0.000,0.000,0.000,0.000,0.001,0.002) ; H 2%
e 1 (640,320,160, 80 F1 40 wmol/L) 5 5 W fiiz itk B
72 h )5 , TMZ + Compound 3k 41 U251MG 4i g 77 % %
JR A F TMZ 41 (P = 0.000, 0.000, 0.000, 0.000,
0.003) , T K B (10,5 1 2.50 wmol/L) 5 5 s Jiie
A , TMZ + Compound 3k 2 U251MG 4 Jif 7 1 %

= TMZ 21 (P = 0.000, 0.000,0.006; % 7) , -1k H
XGRS A AR R TR R 22 A O TS 25 A
FATEG o i — 25 T 55 T 4 200 i R e e i > 50400+
W R, TMZ 41 USTMG 41 fif 1C,, fH M 3684 pwmol/L .
TMZ + Compound 3k #1 N 211.10 pwmol/L, TMZ 24
U251MG 40 Md IC,, {6 & 1039 pmol/L., TMZ +
Compound 3k 214 197.90 wmol/L.
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B el F3-T3 #; QL2 15 F 2 HAR R e A F3-T3 5% L 41 H 4T

A
WCL € N WCL C N Fft(x10%)

v e S - . 70
Sa

WCL C N WCL C N EE(x10%)

CAPDH |- g 36

LAMIN A/C _— 70

5b

WCL, SR I ; C L BRI 5 N A% SR B s PKM2, DY R B2 95 e M2 s GAPDHL, H {1 1% - 3-8 1 . L il

B 5 Western blotting T W, 5a F3-T3 55 Y21 USTMG 41 i #% 348 43 & 21 W S PKM2 25 [ & 4

AN AZ AR 3 A AR WD A PKM2 3R & 4

5b  F3-T3%: U2 U251MG

Figure 5 Western blotting showed that significant enrichment of PKM2 in the nuclear fraction of U87MG cells (Panel 5a) and
U251MG cells (Panel 5b) in F3-T3 transfected group compared to emply vector transfected group.

F3 A siRNA §& Y 41 USTMG Fl U251MG 44 il PKM2
AR R A (3 +5)

Table 3. Comparison of relative expression of PKM2 of
U87MG and U251MG cells in different siRNA transfection

groups (x +s)

215 FEAS: USTMG U251MG
si-PKM2-control 41 (1) 3 1.00+0.00  1.00+0.00
si-PKM2-819 ;YL 4 (2) 3 0.87+0.13  1.19%0.11
si-PKM2-1377 §5 YL 20 (3) 3 0.75+0.16  0.39+0.01
si-PKM2-1009 5% L 26 (4) 3 0.37+0.06 1.49+0.06
FAH 26.182 176.623
PIE 0.002 0.004

*¥50x 10% cells per well at inoculation , $ZFf 4l ff1 %% 50 x 103 4~/4L

AHXT 5 F
JE (% 10°)

PKM2 | S S S e | 0

Bractin |—_— - S

6a

F4 KNI siRNA B YL 2 URTMG F1 U251MG 4 /il PKM2
EAERIPOESIN U

Table 4. Pairwise comparison of relative expression of
PKM2 of U87MG and U25IMG cells in different siRNA
transfection groups

P — USTMG U251MG
21 5] 7 P
tfH P1H tfH PIH
(1):(2) 1.776 0.150 3.587 0.023
(1):(3) 2.693 0.055 18.441 0.000
(1):(4) 13.021 0.000 14.472 0.000
(2):(3) 1.154 0.313 20.574 0.000
(2):(4) 7.020 0.001 7.893 0.001
(3):(4) 3.987 0.006 108.012 0.000
1 2 3 4 X1
Jii (x10°)
PKM2 | S s S— G0
Bactin| WD SRR S -
6b

1,si-PKM2-control 2H ;2,si-PKM2-819 54 Yt 21 ; 3, si-PKM2-1377 5% YL #H ;4 , si-PKM2-1009 % e 44
PKM2, 14 il ik 5 B M2 ; B-actin, B-IL3H K 14

6 Western blotting i T )L 6a  si-PKM2-1009 @ ik F3-T3 #% 4 2 USTMG 4l ifs PKM2 B: F i35 R e i 6b  si-PKM2-1377

B F3-T3 55 Ye 41 U25IMG 411 s PKM2 i PR 1) 58 51 Fe 4

Figure 6 Western blotting showed that si-PKM2-1009 had the best effect of knocking down PKM2 gene in U8TMG cells of F3-T3
transfected group (Panel 6a) and si-PKM2-1377 had the best effect of knocking down PKM2 gene in U25IMG cells of F3-T3

transfected group (Panel 6b).

) it
F3-T3 &5 ULy e 6o 0k 5 HEE Bl g il A 3k A
S o i ORI S £ DG A N B S PR A By
PR TS | F3-T3 il A 3% PR i ot BF 40 j w4 A %
N 3.1%~12.0% "*', Di Stefano % "IN N, F3-T3 fh

A AN SR 3K T I BT BE A0 i 987, IDH B AR R (3.5% ) ,
I AN 223K T 5 T Bk 44 L9 , IDH 58 A8 Y, F3-T3 fil
A e R 5 b B30 1 A7 R I 2 R VR ( RTK) 38 % 4
F A K T Z K (EGFR) B . 1f /N B 8 1 2E K
K F 37 1 - (PDGFR-o ) 3 % 1 [H] 57 I B2 20 B %% 1k
A (MET) il #% 48 5 A B HEF , i B, F3-73 3L R fl
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TS BB EUR LR ST A B AS F3-T3 B YL 415 siRNA FE YL 4] USTMG AT U25 IMG 40 A7 3 5 i LA (3 £, % )
Table 5. Comparison of the survival rates of US87MG and U25IMG cells between F3-T3 transfected group and siRNA

transfected group under different concentrations of TMZ (x +s, %)

a1 o BRI (mol/T)
640 320 160 80 40 20 10 5 2.50
U8TMG
F3-T3 % 44 5 84.80+2.15 88.22+597 82.19+3.10 80.64+544 8556+4.14 90.14+3.05 95.63+4.04 97.05+3.51 9591+2.42
si-PKM2-1009 %% YL 41 5 43.67+5.38 64.60+597 69.58+4.43 68.39+532 7497+3.93 78.78+8.06 77.47+4.05 82.47+7.18 85.06+7.51
tfH 14.581 8.922 7.705 3917 3.709 2.636 6.348 3.648 2.751
PAE 0.000 0.000 0.000 0.012 0.006 0.030 0.000 0.007 0.025
- — BB (pmol/L)
640 320 160 80 40 20 10 5 2.50
U251MG
F3-T3 5 e 4] 5 81.91+4.37 83.62+7.20 80.19+7.09 84.16+5.14 91.03+1.96 89.56+8.70 100.74+1.18 95.61+6.11 92.07+5.90
si-PKM2-1377 #% e 41 5 49.38+4.91 56.03+1.66 60.24+4.88 61.04+538 62.24+2.70 79.05+2.37 88.58+5.11 83.65+6.30 88.80+4.75
o 0.896 7.463 4.636 6.217 4.699 2.331 1.978 2.727 0.864
P 0.000 0.000 0.002 0.000 0.002 0.048 0.083 0.042 0.413

#1500 cells per well at inoculation , 3% F 41 fE £0A 1500 4~/4L

: it L _ Tk Yu 3
si-PKM2-1009 %604l F3-T3 46l S-PKM2-137786 04 F3-T3%% 5401
T™Z T™Z AR 55T T™Z T™Z X 537
DMSO DMSO T DMSO DMSO 103
24h 48h 24h  48h FTEE(x107) 4L 43% an agp (<109
PRM2 (S S —— 0 PKM2 | w— — — —| ()
p-H2AX ‘ 417 p-H2AX — —— |17
B-actin | WA SN S S S S 37 ; Bractin| “— - — gy | 37 )
a 7

DMSO, — F SE AR s TMZ , 5 S e ;s PKM 2, P9 A TR U M2 5 p-H2A X, B R fb 41 2 11 H2A X5 B-actin, B-JL 8l & [
&7 Western blotting 75T . 7a  F&i@ ik F3-T3 LA LAY USTMG 40 R Ik PKM2 JE R G DNA SR 5 M 7b £
FEFRIE F3-T3 A HE Y U251MG 4 i i Ik PKM2 55 IR J5 DNA 51405 3 i &

Figure 7 Western blotting showed that US7MG (Panel 7a) and U25IMG (Panel 7b) cells stably expressing F3-T3 had
worsening DNA damage after PKM2 gene knockdown.

F6 BT b IS AN R B[R] A5 F3-T3 6 YL 4 55 siRNA H% YL 41 USTMG I U251MG 4 fifd p-H2AX 85 [ AH X 22 3k 2 19 LE 3K
(x+s)

Table 6. Comparison of relative expression of p-H2AX in US7MG and U251MG cells between F3-T3 transfected group and
siRNA transfected group at different time points after TMZ treatment (x +s)

2150 FEA R+ 24 h 48 h 215 [N 24 h 48 h
Us87TMG U251MG
F3-T3 %5 w21 3 0.49+0.02 0.52+0.05 F3-T3 i Je 41 3 0.35+0.01 0.44 +0.02
si-PKM2-1009 %% e 41 3 1.09+0.06 1.59+0.04 si-PKM2-1377 % JL 40 3 0.86 +0.02 1.33+0.03
tfH 12.711 24.052 tfH 40.820 36.840
P{E 0.000 0.000 P1H 0.000 0.000

#1x10° cells per dish at inoculation, 340 M N 1 x 10° A4~/10L

FBAE EGFRIENY GRS A A2, R8 F3-T3Rha b 2 DAY I ot B 20 i , IDH 37 2R 8 % HA B
DR 4 i 5 R 200 R AR AR D e TPS3 SRR I AR A T B 1) F3-T3 R R DR AT R R R
5o F3-T3fhESEH MR 0 TRAEME 5 F3-T3  MAIRIFRCR " BIIA N &%t F3-T3 Rl A 35
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RT BRI BE R B e A B S TMZ 40 5 TMZ + Compound 3k 41 USTMG Hl U251 MG 40 i A7 3% R (1 L4 (R +5, %)

Table 7.
under different concentrations of TMZ (x £s, %)

Comparison of the survival rates of U§7MG and U251MG cells between TMZ group and TMZ + Compound 3k group

B B0 (pumol /L)

i REAR B
640 320 160 80 40 20 10 5 2.50
USTMG
T™Z 4l 5 8820£2.12 99.07+6.67 100.58+11.19 97.16+4.74 97.86+6.46 98.70+6.60 99.01+7.67 101.92+6.24 102.40+7.45
TMZ+ Compound 3k 5 31.55£6.21 48.61£3.05 6191+ 2.98 71.01+547 74.99+5.54 8324x6.67 9549x4.50 98.54+7.60 101.06+8.39
ol 27271 13.772 6.677 7.224 5371 4.148 2.140 0.688 0.818
P 0.000 0.000 0.000 0.000 0.001 0.002 0.065 0.511 0.237
- — BB (pmol/L)
640 320 160 80 40 20 10 5 2.50
U251MG
T™Z 4] 5 8536+4.72 81.80+2.36 83.29% 220 77.40+8.66 82.00+3.66 80.60+6.12 75.38+1.74 81.65+4.74 86.92+4.92
TMZ + Compound 3k 5 51.59+1.81 56.44+3.85 53.83+ 3.87 56.95+3.48 69.90+4.41 83.09+4.75 92.81+£2.70 93.07+3.08 99.11+4.41
offi 13.350 11.231 13.230 4385 4222 0.642 10.850 4.040 3.688
P{H 0.000 0.000 0.000 0.000 0.003 0.539 0.000 0.000 0.006

#1500 cells per well at inoculation, 40 FH A 1500 4~/fL . TMZ, temozolomide , 25 51k fi

A 5% T BE A 5 4 i Rl A R A IR AR T
T A7 00 88 1 B A

F3-T3 fil & 8 1 i R &R 43 FGFR3 2 [ 45 14 Bl
/NS TACC3 2R A 45 A8 341 I, 3 — 9 R 45 4 fiff L
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AN A A P SRR A B R
PTG B 2 AT Ui B O B T AR S iR
N 3G 5 AETE T RIE RS o X PR B b R R
Y I I AR A AT 58 AR T, & B 20% KA FGFR2
FGFR3JEHZE 5, Horp 14% (1978 5 7] 5| 2 FGFR {5
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i QLTI o A DS 5 A R N G Rl o 11 /1
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JOT R WG R IR T 1 — R B AR T, AT 3 o i 96 400 £ 45
B B 5 T L BRL B N XCRE BT 24 AE Y 22 i Ok DR 4 4
P, 6 LARUSE Wi 2402 e ™ B i BUE R B 8
S FE B EVR YT R FE DU AR F Y AR AL
AW 58 R F 5L TR0 e Si A 50000 a0 A7 5 TR e 4 4y
B R F3-T3@GEAMAEY¥IIREES LT
DNA i 47516 &2 3 i, 1 FH 1 5 4 20 B 1) ik RES %0
T A 2 S e b BV BSOS HEBR F3-T3 Rl A S
0 AT R 3E S LAt AL A G PR AR A R Tk s D) S B
SIS 25 o p-H2AX 2 — Rk U DNA 453 405 fr)
JEFE bR, DNA 458 495 20 XUHE B 24 B p-H2AX 7] DLk 43
55 DNA 0B 7, A BFSE Western blotting?ﬁ?ﬁ
RN, 28 5wk i hb 21/ 24 .36 148 /NI, B



. 756 - R A 22 25 24 3 2023 4F 8 145 23 55 8 )

Chin J Contemp Neurol Neurosurg, August 2023, Vol. 23, No. 8

FIK F3-T3 FlA 25 DA% I o2 Bk 240 i 983 20 il (UBTMG
I U251MG) DNA XUk Wy 24 41 25 9 p-H2AX A X &
K B REAR, SR AR 8 R IR F3-T3 Rl 5 K Y i g
20 it T A6 B R B e i Y DNA 53473

F3-T3 il &5 8 A2 — i % 2 IR A 1 52 1, oA
A T T A AT U IS A R R R i A B
PKM2 % 1 55 IR R Z & (EphR) Z %l FGFR X
B (FGFR1 . FGFR3 \FGFR4) %5 52 1A [ 42 2 8 Iy 5% e
FETERCHR I 45 A RE T ) BLAN 76 F3-T3 A0 H/E FH 4K
FiH O PKM2 2 5 DNA 8 &2 3 B A 6 2
PKM2 5 [ J2 20 Jf W 15 A a7 vl DGt il D1 ) 72 3K il
[Fi] T M2 S e 240 i PKIM2 2 1 A 42 A SR
TR A, hy Jib 96 200 B AR A5 AR KR 3 . A Ok, PKM2
B TE MR & A K Rk AR v i R AR 5 2 AR UR A2 B
JGTE , PKM2 28 [ 0] i 328 Jie 938 4 it 3 4, O 308 A B A
PR AR 5 SR T AR 5 R IR S A IR e A0 R b
PKM2 2 1 & B 5 07, A 5 g 4 6 B s 4n i
(TAMs) 5 3 (9 48 i 72 )7 P 58 T2 85 id 46 1(PDL1)
S kA AR Y, AR BFSE Western blotting 7%
BoR, G R s fAb B S R e 338 F3-T3 A SE
) Ji S5 B 40 i 988 41 Jil (USTMG il U251MG ) PKM2 4
F &AW W % s AR TR Rk F3-T3 Rl 3 A
%) 200 B 0] G It B 42 38 i siRNA R AR PKM2 3 [H 5%
ik , CCK-8 21 Jitd 334 78 52 5 W 7, fo o 3R 3K F3-T3 Rl &
FE PRI e 9T B 40 i JRE 40 i (USTMG il U251MG) fF
TSR A, 2 I R PKM 2 3 PR 326 55 AT LA 55
F3-T3 fili£5 55 A 5 09 ¢ J53 5 48 97 240 i % A 5 s
Jie /) it 25 V5 FH 5 F4T Western blotting ¥ % 7% , #AIG
PKM2 5235 )5 , p-H2AX 2 AR A 35 5 W] 0 7t
1o, % BRI PKM2 3 X 3% 35 BHLAG e 3k F3-T3
il A 56 DAL A fe o B 240 LR 4B 1 DNA #8008 &, 1
TR BIF 5T 45 S ¥ F W F3-T3 Fl 45 32 83 5 42 9F PKM2
AR T DNA B8 &, e 25| & e Jo3 B 4H 974 240
JIED 14 R e s o it 2

PKM2 & [ 2 i3 36 97 1) BRASURE o, 0 1) PKM2
AT D0 A AR AR I o bR A A O
PKM2 & [ AH ¢ 20 ML . BF 58 o, Bk 0
PKM2 10 1] 55 7] 4 56 G152 93 200 Ji X A6 7 24 B i
Je BB | 9 BE T I DNA 0518 &2 ik 78 7 M4
SRLF | THOBUIORIZE A 2 K AR AR S8 PKM2 34 741
Compound 3k H47 55 58 iy PKM2 4100 il £ FH F1 5 = 1)
PEREE P B ST CCK-8 4 i 4 1 S 86 0 7%, BE
B PKM2 #1015 Compound 3k J& , F& i€ 35 F3-T3

oA R R BT RE 46 MR 46 L (USTMG Al
U251MG) 171 & B 5 BEAIC, ¢ W PKM2 410 ] 551) 7 B
5 F3-T3 fil A 55 A 5 00 8 e e i 245, 38 7 X
FaE IR F3-T3 fl A 55 P e 3 1) 20 L83 , PKM2 2
FIAT BESCA IR T H0 A o BLAh 3 I — T0OC F e R
FGFR1 ~ 3 4] il 51 %€ 4E # JE (Infigratinib/BGJ398) if
J7 5T FGFR 35 K A2 S 19 e 008 11 22 v T I R
TR S, 4 1) RBP4 T A S I ) o 1 AR 3L
LB F3-T3RA LN H T SR ) F3-T3
il G B DRV AT R R TR R VAT T R

R FER) BT F3-T3 G L K & F3-T3 @l &
B 51 & e TR A R s i T 25 1 4 AL A
PKM2 7K 14 & % 4% F3-T3 [l & 5 14 5 5 50 0 iz 1if 24
() T B S B, IF R B PKM2 410 51 300 1T A 44 A 3k
FERGE F3K F3-T3 [l A 55 IR 1% ¢ Joi B 440 i 98 440 it %of
B s e T 2 o SR AR B SE IRAEAE AN R 2 AL
F3-T3 fil 5 8 H 5 PKM2 25 [ 2 [8] 09 40 BAF 6 &
LI B PKM2 A K% J5 2 5 DNA 45143 1& &2 19 B AR ML i)
R — A IR R B S + PKM2 1 i 551 A9 B A
F 2505 AT R ANIE 5, 1 15 sl ) S 30 il — 2B 56
WE. J5 80K R AR SE F3-T3 fll &% 115 PKM2 % 1
(9 AH B AE 6 &, BB PKM2 AR S R L, 5]
A S N7 3 AR R L 5 T A B Y R PRV A1 4 5]
J5 ZE W AT AT MR R
FMIBmHR I

Z £ x #

[1] Molinaro AM, Taylor JW, Wiencke JK, Wrensch MR. Genetic
and molecular epidemiology of adult diffuse gliomalJ]. Nat Rev
Neurol, 2019, 15:405-417.

[2] Singh D, Chan JM, Zoppoli P, Niola F, Sullivan R, Castano A,
Liu EM, Reichel J, Porrati P, Pellegatta S, Qiu K, Gao Z,
Ceccarelli M, Riccardi R, Brat DJ, Guha A, Aldape K, Golfinos
JG, Zagzag D, Mikkelsen T, Finocchiaro G, Lasorella A,
Rabadan R, lavarone A. Transforming fusions of FGFR and
TACC genes in human glioblastoma[]]‘ Science, 2012, 337:
1231-1235.

[3] Li T, Mehraein - Ghomi F, Forbes ME, Namjoshi SV, Ballard
EA, Song Q, Chou PC, Wang X, Parker Kerrigan BC, Lang FF,
Lesser G, Debinski W, Yang X, Zhang W. HSP90 - CDC37
functions as a chaperone for the oncogenic FGFR3 - TACC3
fusion[ J]. Mol Ther, 2022, 30:1610-1627.

[4] Sarkar S, Ryan EL, Royle SJ. FGFR3 - TACC3 cancer gene
fusions cause mitotic defects by removal of endogenous TACC3
from the mitotic spindle[ﬂ. Open Biol, 2017, 7:170080.

[5] Parker BC, Annala MJ, Cogdell DE, Granberg KJ, Sun Y, Ji P,
Li X, Gumin J, Zheng H, Hu L, Yli-Harja O, Haapasalo H,
Visakorpi T, Liu X, Liu CG, Sawaya R, Fuller GN, Chen K,
Lang FF, Nykter M, Zhang W. The tumorigenic FGFR3-TACC3
gene fusion escapes miR-99a regulation in glioblastoma[J]. J

Clin Invest, 2013, 123:855-865.



e [ A 25 2 7 2023 4F 8 J1 565 23 4 8 1)

Chin J Contemp Neurol Neurosurg, August 2023, Vol. 23, No. 8

757

[6]

[7]

[8]

[11]

[13]

Wang J, Cazzato E, Ladewig E, Frattini V, Rosenbloom DI,
Zairis S, Abate F, Liu Z, Elliott O, Shin Y], Lee JK, Lee IH,
Park WY, Eoli M, Blumberg AJ, Lasorella A, Nam DH,
Finocchiaro G, lavarone A, Rabadan R. Clonal evolution of
glioblastoma under therapy[J]. Nat Gene, 2016, 48:768-776.

Di Stefano AL, Fucci A, Frattini V, Labussiere M, Mokhtari K,
Zoppoli P, Marie Y, Bruno A, Boisselier B, Giry M, Savatovsky
J, Touat M, Belaid H, Kamoun A, Idbaih A, Houillier C, Luo
FR, Soria JC, Tabernero J, Eoli M, Paterra R, Yip S, Petrecca
K, Chan JA, Finocchiaro G, Lasorella A, Sanson M, lavarone A.
Detection, inhibition of FGFR - TACC
fusions in IDH wild-type gliomalJ]. Clin Cancer Res, 2015, 21:
3307-3317.

Di Stefano AL, Picca A, Saragoussi E, Bielle F, Ducray F, Villa
C, Eoli M, Paterra R, Bellu L, Mathon B, Capelle L, Bourg V,
Gloaguen A, Philippe C, Frouin V, Schmitt Y, Lerond J,
Leclerc J, Lasorella A, Tavarone A, Mokhtari K, Savatovsky J,
M; TARGET Study Clinical,
molecular, and radiomic profile of gliomas with FGFR3-TACC3
fusions[ J]. Neuro Oncol, 2020, 22:1614-1624.

Mata DA, Benhamida JK, Lin AL, Vanderbilt CM, Yang SR,
Villafania LB, Ferguson DC, Jonsson P, Miller AM, Tabar V,
Brennan CW, Moss NS, Sill M, Benayed R, Mellinghoff IK,
Rosenblum MK, Arcila ME, Ladanyi M, Bale TA. Genetic and
epigenetic landscape of IDH-wildtype glioblastomas with FGFR3-
TACC3 fusions[J]. Acta Neuropathol Commun, 2020, 8:186.
McDonald MF, Athukuri P, Anand A, Gopakumar S, Jalali A,
Patel AJ, Rao G, Goodman JC, Lu HC, Mandel JJ. Varied
histomorphology and clinical outcomes of FGFR3-TACC3 fusion
gliomas[J]. Neurosurg Focus, 2022, 53:E16.

Wu Z, Lopes Abath Neto O, Bale TA, Benhamida J, Mata D,
Turakulov R, Abdullaev Z, Marker D, Ketchum C, Chung HJ,
Giannini C, Quezado M, Pratt D, Aldape K. DNA methylation
analysis of glioblastomas harboring FGFR3 - TACC3 fusions

characterization, and

Alentorn A, Sanson Group.

identifies a methylation subclass with better patient survival[J].
Acta Neuropathol, 2022, 144:155-157.

Grivas P, Kiedrowski LA, Sonpavde GP, Gupta NJ, Vogelzang
NJ. Spectrum of FGFR2/3 alterations in cell - free DNA of
patients  with Bladder
Cancer, 2021, 7:1-6.

Ma J, Benitez JA, Li J, Miki S, Ponte de Albuquerque C,
Galatro T, Orellana L, Zanca C, Reed R, Boyer A, Koga T,
Varki NM, TR, Nagahashi Marie SK, Lindahl E,
Gahman TC, Shiau AK, Zhou H, DeGroot J, Sulman EP,
Cavenee WK, Kolodner RD, Chen CC, Furnari FB. Inhibition of
PTEN
radiation sensitivity through attenuated DNA repair[J]. Cancer
Cell, 2019, 35:504-518.

Lang F, Liu Y, Chou FJ, Yang C. Genotoxic therapy and
Pharmacol Ther, 2021,

advanced urothelial carcinoma [J].

Fenton

nuclear tyrosine  phosphorylation enhances glioma

resistance mechanism in gliomas [Jl.
228:107922.

Tomar MS, Kumar A, Srivastava C, Shrivastava A. Elucidating
the mechanisms of Temozolomide resistance in gliomas and the
strategies to overcome the resistance[]J]. Biochim Biophys Acta

Rev Cancer, 2021, 1876:188616.

[16]

[21]

[23]

[24]

Frattini V, Pagnotta SM, Tala, Fan JJ, Russo MV, Lee SB,
Garofano L, Zhang J, Shi P, Lewis G, Sanson H, Frederick V,
Castano AM, Cerulo L, Rolland DCM, Mall R, Mokhtari K,
Elenitoba - Johnson KSJ, Sanson M, Huang X, Ceccarelli M,
Lasorella A, Iavarone A. A metabolic function of FGFR3 -
TACC3 gene fusions in cancer|J]. Nature, 2018, 553:222-227.
Podhorecka M,  Skladanowski A, Bozko P. H2AX
phosphorylation: its role in DNA damage response and cancer
therapy[J]. J Nucleic Acids, 2010:920161.

Zhou Z, Li M, Zhang L, Zhao H, Sahin O, Chen J, Zhao JJ,
Songyang Z, Yu D. Oncogenic kinase - induced PKM2 tyrosine
105 phosphorylation converts nononcogenic PKM2 to a tumor
promoter and induces cancer stem-like cells[J]. Cancer Res,
2018, 78:2248-2261.

Sizemore ST, Zhang M, Cho JH, Sizemore GM, Hurwitz B, Kaur
B, Lehman NL, Ostrowski MC, Robe PA, Miao W, Wang Y,
Chakravarti A, Xia F. Pyruvate kinase M2 regulates homologous
recombination - mediated DNA double - strand break repair[ﬂ.
Cell Res, 2018, 28:1090-1102.

Wu S, Cao R, Tao B, Wu P, Peng C, Gao H, Liang J, Yang W.
FACT - mediated yH2AX
chromatin and promotes the radiation resistance of glioblastoma
[J]. Adv Sci (Weinh), 2022, 9:¢2104055.

Xia L, Wang XR, Wang XL, Liu SH, Ding XW, Chen GQ, Lu

Y. A novel role for pyruvate kinase M2 as a corepressor for P53

Pyruvate facilitates loading to

during the DNA damage response in human tumor cells[J]. ]
Biol Chem, 2016, 291:26138-26150.

Zhu S, Guo Y, Zhang X, Liu H, Yin M, Chen X, Peng C.
Pyruvate kinase M2 (PKM2) in cancer and cancer therapeutics
[J]. Cancer Lett, 2021, 503:240-248.

Gao X, Wang H, Yang JJ, Liu X, Liu ZR. Pyruvate kinase M2
regulates gene transcription by acting as a protein kinase [J].
Mol Cell, 2012, 45:598-609.

Xia Q, Jia J, Hu C, Lu J, Li J, Xu H, Fang J, Feng D, Wang L,

Chen Y. Tumor - associated macrophages promote PD - L1
expression in tumor cells by regulating PKM2 nuclear
translocation  in  pancreatic  ductal adenocarcinoma [J].

Oncogene, 2022, 41:865-877.

Zhou 8, Li D, Xiao D, Wu T, Hu X, Zhang Y, Deng J, Long J,
Xu S, Wu J, Li G, Peng M, Yang X. Inhibition of PKM2
enhances sensitivity of olaparib to ovarian cancer cells and
induces DNA damage[J]. Int J Biol Sci, 2022, 18:1555-1568.
Ning X, Qi H, Li R, Li Y, Jin Y, McNutt MA, Liu J, Yin Y.
Discovery of novel naphthoquinone derivatives as inhibitors of
the tumor cell specific M2 isoform of pyruvate kinase[J]. Eur J
Med Chem, 2017, 138:343-352.

Lassman AB, Sepilveda - Sanchez JM, Cloughesy TF, Gil-Gil
MJ, Puduvalli VK, Raizer JJ, De Vos FYF, Wen PY, Butowski
NA, Clement PM]J, Groves MD, Belda-Iniesta C, Giglio P, Soifer
HS, Rowsey S, Xu C, Avogadri F, Wei G, Moran S, Roth P.
with and FGFR
alterations: a multicenter phase I study[]] Clin Cancer Res,
2022, 28:2270-22717.

Infigratinib in  patients recurrent gliomas

(s #s H 3 :2023-04-21)
(AR SCH AR 52—



