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*o THZEPF R T 8(interferon regulatory factor 8,
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1.1 FEE## BALB/c HERIW A BIMFOLEY
BHE A BR 2w [ 17 AT HIE 5 : SYXK ( J5) 2022-0061 ]
A GBM 4iififg & U251 (455 : Delf-16402) . U87 4l Jfy

% 5. TCHul38) , A172 4 iy ( %% 5. TCHul71) |
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Dulbecco B B Eagle 5353 ( Dulbecco’s modified Ea-
gle’s medium, DMEM ) ( $%5-:11965092)  JiG 4 L &
(fetal bovine serum, FBS) ( %% 5-:12484028) Iy H 3
Gibco /A #] ; TNFSF13 5 3% 35 Jfi $i . si-TNFSF13 |
si-IRF8 DL KX Wi i) BAME XS B8 0 H 1% GenePharma
SN0 IRFS (452, ab207418) TNFSFI13 (155,
ab189263 ) ,HRP-IgG — 47 (£52; ab6721) , TNFSF13
(452 .ab160170) ELISA 4% & ¥ 14 [ 24 [{ Abcam
73] RIPA 24 (575 : abPO013B) \BCA & ¥
JEEI 5 R & (525 PO009) | i ECL Ak~ & Otk
& (525 :P0018S) Ity F |7 Beyotime Biotechnolo-
gy A F AR (575 : G1062) Il § Jb 5t Solar-
bio 4\ ] 3 Annexin V-FITC/PI 4 ffg 78 7= # I 57 &
£25-.40302ES20 ) 4 [ ¥ Yeasen Biotech 2] ;
FEARAL (8145 : PR4100 ) 1 F 3E[E Bio-Rad 23 )5 Vit
YA AL (S Accuri™ C6 Plus) W [ 24 [E BD Bio-
sciences 7~ A ; A ( KIS IXT73P2F) Wy H H 24 O-
LYMPUS A #],
1.2 Fik
1.2.1 s RMAME GBM 444 A 2021 4E 1
J—2022 4 1 AEAN S BRI 5 M E BB
MASMBT T ARYIERRY GBM 8%, 3k 21 f], 4
B 11 ~62(47. 54 £15.33) % | IR INH A TiZBidT
PR AN T AR B R S 10 i, A AR 13
~66 %, EYAERY (46.71 +14.28) %, B H GBM
BE LRI 2 R GBM, H AR A 321k
7 T R IR T S HABIR T . SRR A B
1EREZE L2 AL UE, T 2 S N L8 T
5 T R ) A
1.2.2 % 9% 48 2% 4L 5 % (immunohistochemistry ,
THC) il R WA 21 1) 1 28 23 LA R 5 282 5l ) S5
AR AR BRI R ZH 2D 4% 22 58 PR R [ A, A
R EYI (S pmol/L) , Z 517 # M THC Y4, —
HU Pt TNFSF13 Figip CD206 HiA, — i h PR L 4
Ak ¥y 1 ( horseradish peroxidase, HRP) fric B9 IgG,
et 25 05 1E AR TSR YL 2 R
1.2.3 A HEEFHAl GEPIA $di & (hup.//
gepia. cancer-pku. ecn/detail. php ) F F I ill| IRF8 7E
GBM 1 [y 3k S H AN TNFSF13 3K 1A G
1.2.4  GBM o422 Fo TMZ i 25 20 oL, % 04 3% =
¥ U251 UBT (A172 4t AR 5 156 W] 5 SR kA 7 85
It , T8 3K 25 A0 B A R i T W ) A ) TMZ vh
i X TMZ 5 S0ER ) 20 D99 A J5 22 52 0, R AR
U251 4 (AR BURANIE & , R U251/8) . AR

Y5 B g BF 5T sr TMZ it 25 9 U251 44 Jifg
(U251/R) , ¥ U251 40 it 2 &5 32 8 4 Jn 551 & 1)
TMZ v, 53 1 800 pumol/L, KEZE UMM RIS,
FEWG AL TAL A 3, 2 A M A K R TR W H0A
R SR 245 A L 2R A A ST B 7 AR BT TMZ 4 i 5k
7k U251/R,
1.2.5 E % 2m it & 32 o 5 4 35 77 2 ( conditioned
medium, CM) 3B f# A 320 nmol/L {3 i fi5 12-[A
HRE R 13-, R ( phorbol 12-myristate 13-acetate
PMA) 4b ¥ THP-1 40 fg 6 h DL 5404k MO #IE
WEYN . SRS, {8 ] IL4 (20 ng/ml) F1 IL-13 (20
ng/ml) ZbBE 72 h, DIARAT M2 WAL E WEAN . H MO
EL WA FD M2 [ 40 43 531 FH TG I 365 1 5 7 2 4
7224 h & FIEW S 5 10% FBS (5573 L
1 MARBUEA , #il 45 MO-CM A1 M2-CM,
1.2.6 #Zmfs4  MO-CM FI M2-CM ] F#%3;
U251/S 4 g f1 U251/R 4l MO-CM + TMZ 2H il
M2-CM + TMZ ZH A1 [A] B i A 800 wmol/L [ TMZ
AL,

U251/R 40153 A0 R4, 541 3 x 10° 40l .
con 41 (U251/R Al AN BT A Lb B ) (M2 -CM 4
(%567 vector ] M2-CM 4L FH U251/R 401 24 h) |
M2 -CM + TMZ 20 (U251/R a5 U2 vector 1)
M2-CM 4b 3, [F i A TMZ)  \M2™S.CM 4 (%%
Y TNFSF13 3k 223k 8 1A i M2-CM 4b B U251/R 41
Bf124 h) M2"™S.CM + TMZ 41 ( U251/R 4 B vl &%
Y TNFSF13 3o F ik AR 1y M2-CM 4b B, [3] B A
TMZ) . si-IRF8 41 (U251/R 4 ift % Y% si-IRF8) | si-
IRF8 + M2™™"°-CM 4 (%% Y si-IRF8 fi) U251/R 4
Ju % Yt TNFSF13 3 3% 3k 2k /AR 1) M2-CM 4b 3 ) .
YL % YL i Bl Lipofectamine 3000 1§zt 751 4% 45 i 7
IR T
1.2.7 CCK-8 #mlmfei& 5 1 96 fLA 427 100
pl/ FLE AR, B T 5 5246 24 h 5 TRSLIMA
10 pl CCK-8 ¥, J-1E 37 C TR 4 h, &IkKq3E
J5 {8 FEBGRR (RGN 450 nm A3t 45 FL Y W O B (B
fd ] GraphPad Prism #1155 TMZ 115 1C5, .
1.2.8 Transwell 53046 4w fi 13 2 B 4-4H GBM
i ( 4a L 200 4~/fL) 250 96 LA, 12 37 °C |
5% CO, WG FR4H 15 92, Transwell & I i 3 55
200 mg/ml Matrigel 3 A0 &I K. ZJG1E b
F 2 x 10° 4~ GBM 4 fitd, F &l & £ 10% FBS (1)
DMEM 355560 ), 8 1 d J5 LB ARIEZE
IFEEZRAE, [ 4 S UL 05 AR T A0 RO
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1.2.9 AZXzmiRbemaie = &4 GBM 4
2RI AL PBS PhYE A ESO S S EIE R AR
ET 1 x Binding buffer 77, 5 %% 41 Jfl ¢ J&F Ky 1 x 10°
A/ml, IR A S wl AnnexinV-FITC 1 5
pl PLFEAMEST, Sl T ROEIEE 10 min, _EHLATHN
A 1 x Binding buffe #p5F BRI 500 wl, f# ] Ac-
curiCO I FAH M AR I 45 2 20 B R T2 %

1.2.10 ELISA #m CM W TNFSF13 #43% & A4
ELISA 307 & i 6 B, A5l 4 2 CM A TNFSF13 1)
1.2.11 Western blot #m| & & & ik fii i RIPA 24
fif R 24 A T T HLAE By BCA 32 58 AR 11 ok B2
J& B 25 pg EVEE 1T SDS-PAGE i HL Uk, F% 15
B M A —$t (IRF8) ¢ 7 1 7%, ¥k H i A HRP
PR i) —$HiEE 1 h J517 ECL 5%, Image J 8 F53
MreE K

1.2.12 BERBAHEA  BALB/c HEMEHER (4 ~6
Jlt 18 ~20 g) 220 H 4RI 55 76 TORE IR i 14 1) B
B B N 4L, AL 5 U251 + M2
2H U251 + M27™SP 24 U251 + M2°YC + TMZ 4 |
U251 + M25"™5 o TMZ 26, B A 380 o s e
si-NC 5% si-TNFSF13 fiy M2 1 [5 I 40 Jifd A1 U251 41
HELAL - 1R HCR A, VR A R 5 x 107 4/
ml R TR A AL R, B 0.1 ml, K21
5, B R R A K 2 50 mm®, TMZ Ab BE 41 i Ff] TMZ

(5 mg/kg) IETESS, B 5 ko A AR R R
T T bR B4 KN ST R AR AR (mm* ) = (K
X 580 /2. H—UIETT G RIH 28 K XA R R AL
Jiti 22 AR AE WO PR 4L 4, BRI R

1.3 %t 4b38  fdi ] GraphPad Prism 8.0 yEf7
BT BEFRR I v 250 ZHMBELLZ M5
PRGETH o3 R R 2 7 22 03 B R o K3, P < 0. 05
NESHGI#E L,

2 #HXR

2.1 M2 EZARa{Zi# GBM 4pE TMZ fizh
U251 U87 (A172 AifAE & A TMZ BB TR h 1 5%
48 h, 38 LL AW TMZ v B, Jf-fd Fl CCK-8 Al
YIS 7 B on , TMZ %F U251 4 i 1% 77 i 40 161 £ B
i, PRI, A O 200 A A TS 2 2 AR L O iR AT e Ak
S (B 1A) .

T HFSE M2 B WA X GBM 4 il TMZ Tiif 2
FIEZM . 431 MO-CM A1 M2-CM 1557 U251/S FlI
U251/R 4, H-fsi AN [A] vk BE TMZ 403 (0 ~ 1 800
pmol/L)48 h, CCK-8 A& i £ ffd H- 1158 1C5p 0 &5
R, 5 MO-CM ZHAf H , M2-CM £+ TMZ 7& U251/
S U2S1/R 40 g b Y 1Cs, (4 2 2% E I (P <
0.05, 1B) . Transwell 325645 L0, 5 MO-CM
+ TMZ 200 HE , M2-CM + TMZ 0 442 7850 A 3%
B2 (quasiys = 4. 828, quosn =8.055, P <0.05) (&
1C),

U251/S U251/R
A B
—~ 100} ~ 100 —_ 10
N N N
= = =
S sof -eu2si g 5 A
- - US7 s -+ MO-CM(IC,~434.1 M -
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Fig.1 M2 macrophages promoted TMZ resistance in GBM cells

A Results of cell viability of each group; B: IC5, measurement of each group; C: Number of cell invasion in each group x400; * ** P <0.001 vs

MO-CM group ; ** P <0. 001 vs MO-CM + TMZ group.
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2.2 TNFSF13 k7 GBM AR50 M2 E kA
FRigsE T FSE TNFSFI3 7 GBM i) K ik %y
S ZESE R F THC A5 GBM 41 23 R %6k 18 41 Jin 21
Zrp TNFSF13 )33k, 458 2Kk, TNFSF13 7£ GBM
HAP R RBY B &S TIER MAEAL (K 2A),
ELISA ] MO-CM 1 M2-CM H TNFSF13 {3 i
ZERL IR 5 MO-CM 4141 b, M2-CM H TNFSF13 [
WeBEIA . R (¢ =9. 584 ,P <0. 05,8 2B) ,

2.3 M2 EREAa 4 i p) TNFSF13 138 GBM 4
B TMZ fit25 >k 7 WF5% TNFSF13 %} GBM 21 iy X}
TMZ ifit 25 ()52 08, i BF 9044 vector [TNFSF13 3 3Rk
JoL e gy = M2 B 4 B, K M2YU-CM,

A Control brain GBM

M2™ELCM 5 U251/R ARG 5%, e L SERE i
FAARR M BE TMZ (0 ~ 1 800 pmol/L) 4b 38 U251/R
YL, CCK-8 M4 TG /1 IF 1158 1Cs, (8. 45 R
7, TMZ 5 M2™S_CM 4b 3 i U251/R 20 fits b £
Il (1 414 pmol/L) W 3 &5 F M2"""-CM 4b 3 iy
U251/R 4 fifs (1Cy, {8 : 903. 8 wmol/L) (P < 0.05)
(KEI3A) . i/l TMZ(1 200 pmol/L) 4k ¥ E Wit 24t i
CM JL:855% 1 U251/R 40l Transwell F13 =020 Ay
AR 25 R 5o, 5 M2-CM + TMZ 41 #f t,
M2™ECM + TMZ 41 40 Ml {2 78 8 3% 38 i (g =
14.63,P <0.05) (& 3B) , 4 g 4 = W] ek /b (g =
5.528,P <0.05,[% 3C) ,

oe}
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MO-CM M2-CM

B2 TNFSF13 7 GBM AL M2 ERAREHFEHRIE x400
Fig.2 TNFSF13 was highly expressed in GBM tissues and M2 macrophages x400

A: Expression of TNFSF13 in GBM and control brain; B: Results of TNFSF13 expression in MO-CM and M2-CM; * * * P <0. 001 »s MO-CM group.
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Fig.3 TNFSF13 secreted by M2 macrophages enhanced TMZ resistance in GBM cells

A 1Cy, determination results of cells in each group; B: Number of cell invasion in each group x400;C: Results of cell apoptosis rate measurement

in each group;a; M2'“"-CM group; b: M2"“'-CM + TMZ group; c¢: M2™FF3.CM group; d; M2™FF3.CM + TMZ group; * P <0.05," ** P <
0. 001 vs M2"“"-CM group;*P <0.05,% P <0.01 vs M2**“""-CM + TMZ group.
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2.4 M2 EWEZAAa 4y i B9 TNFSF13 Eiff IRFS &)
Fix TS M2 B A 43 W 9 TNFSF13 78
GBM H/EHIRI ML . GEPIA %4l P 43 A1 il 7R TRF8
1E GBM rheik Bl (&8 4A) . Ik GEPIA 45 /%
M TNFSF13 A IRF8 B 1EAH G (18 4B) ., Western
blot #:1 TRF8 ik, 45 R BN, 5 M2""-CM 4
FHEE, 76 M2 E B4 fif o ik TNFSF13 I 2 1
IRFS [1)33ik (1 =4.340,P <0.05) (K 4C) .

FSF13 7£ GBM F 4 SHREEA A 7 Rk TN-
FSF13 7£ GBM H i /E ML . IZ W58 4% si-NC FI
si-IRF8 # Yt & U251/R 41 g, i ik TNFSF13 [
M2 E AN CM AL PR FR A, 45 R EBR, 5 con
HARLE, B TRES ] 40 ML 05 7 (¢ = 6.599) FifR
#(q=4.106) fEHAMIIIT (¢ =7.822), 5 TN-
FSF13 ZHAH L, mfIk IRFS #1140 s /1 (¢ =8. 837)
228 (q=18.28) fEHEAMI T (¢ =10. 14) (3

2.5 FER{K IRF8 555 M2 EME A 7 ib iy TN- P <0.05), WS,
A B C a b
61 * 6
P value=7.2e-17 IRF8
- R=0.59

g st g5
2 z GAPDH
v o
8 =
o 4+ g" 4 F
5 5 - 20r
z £t ; ##
= 3t = g 15r
£ ; 3
< Z 2t o

2F 1.0f
g o 1L I
21tk & = 051
% s 1 1 1 1 1 1 2
= =

ok 2 3 4 5 6 7 -0

L TNFSF13 mRNA relative expression a b
GBM normal
tissue

& 4

M2 EBEZAAE 43 i TNFSFI13 LiF IRFS fi5ki%

Fig.4 The TNFSF13 secreted by M2 macrophages upregulated IRF8 expression
A GEPIA database showed high expression of IRF8 in GBM; B: GEPIA database predicted positive mRNA correlation of TNFSF13 and IRF8 in
GBM; C: protein expression of IRF8 in cells of each group;a:M2'""-CM group;b: M2™S3_CM group; * P <0.05 vs normal tissue;* P <0.01 vs

M2Y*"-CM group.
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Fig.5 Knockdown of IRF8 attenuates the pro-oncogenic effects of TNFSF13 secreted by M2 macrophages in GBM

A Results of cell viability in each group; B: Number of cell invasion in each group x400;C: Results of apoptosis rate in each group;a:con group;

b:si-IRF8 group;c: M2™SF3_CM group;d;si-TRF8 + M2™SF3_CM group; * P <0.05,* * P <0.01, * * * P <0.001 s con group;™ P <0.01,"p <

0.001 us M2™FSFI3_CM group.
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2.6 7 M2 EREZHAE ALK TNFSF13 H) ) g iy
ARKFHEEI TMZ RS K U251 iy
M2 mg M2 NS R A b b S RS R A R
i TMZ 3697, S5 n B B UL 6A, SR 45 R
R, A5 U251 + M2 LR LL , 72 M2 5 I 200 o A A1
TNFSF13 & {8 Ff] TMZ 3697 5 35 30 1 e i A= K
5 U251 + M2"N° + TMZ 41 AH EE, U251 + M2 S8
TMZ 21 S AP RS AR 2 30 10 B 3 i) 2B 4 ol (18] 6B-
6D) . THC Y& 8 ] TNFSF13 Fl CD206 [ 323k,
gE LR 5 U251 + M2 4 A kb, U251 +
M2 g 1 U251 + M25YC + TMZ 40 TNFSF13 I
CD206 A T . 5 U251 + M2 + TMZ 41 #H
I, U251 + M27"™5° 4 TMZ 20 TNFSF13 I CD206
FR#E— 2T (K 6E) .

3 itig

ZFE A RN, M2 B R 41 i AE 98 1 5% GBM
RIS TMZ (T 250 o 3 — 20 iiF 58 6 W, TNFSF13
7E GBM 41Z1F0 M2 W4 M Hh g 2235 , 4 %3k TN-
FSF13 AMUAE#E T GBM 4 iE 1 AR 28,18 Ll 1
IRF8 [R5, It fE# W M2 B W4 ii /e GBM
MR A AEAF RN 25 b & 4% 1 B SE/E T, i TN-
FSF13 J&— BRI 7 K1, ] R GBM IG5 YT 42
HEHT AR LA

PR SCHR™ HRE SR 5 BE 4% R R GBM 4]
JH 2 2% 0 5 1 O 5 S AN M AR 22 AT 25, GBM 1Y
R i 34 5% (tumor microenvironment, TME ) p fif J&8
200 R AR A e 9 200 e S, /N IS T 24 i A A Ok T )

TMZ intraperitoneal

injection
A
U251+M2-si-TNFSF13
Tumor mass and volume
1 week L were measured, and
tissues were collected
for IHC detection
B C D
a __1000f -e-a
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£ e o
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Fig.6 Knockdown of TNFSF13 in M2 macrophages inhibited tumor growth and enhanced sensitivity to TMZ

A: Schematic diagram of the experiment; B: Tumor diagram of each group; C: Volume of each group; D: Tumor mass of each group; E: Measure-

ment of TNFSF13 and CD206 expression by IHC staining x 400 ;a:U251 + M2*™N¢ group; b U251 + M2 ™SF3 group ¢, U251 + M25NC 4+ TMZ group;

d; U251 + M2 NS L TMZ group; * P <0. 05 vs U251 + M25N¢ group; # P <0. 05 ws U251 + M25NC £ TMZ group.
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M2 macrophage-derived TNFSF13 affects temozolomide resistance

in glioblastoma cells by activating IRF8
Liu Wenhui', Hong Wenming®, Chen Jiaxing', Sa Rina', Liu Juan', Zhang Xiaoli'
('Dept of Pharmacy, The Second Affiliated Hospital of Inner Mongolia Medical University, Hohhot 010010
*Dept of Neurosurgery, The First Affiliated Hospital of Anhui Medical University, Hefei 230022)

Abstract  Objective  To investigate the impact of tumor necrosis factor ligand superfamily member 13
(TNFSF13) derived from M2 macrophages on temozolomide (TMZ) resistance via regulating interferon regulatory
factor 8 (IRF8) in glioblastoma (GBM) cells. Methods Immunohistochemistry (IHC) was used to detect the ex-
pression of TNFSF13 in normal brain tissues and GBM tissues. ELISA was used to measure the expression of TN-
FSF13 in the conditioned media ( CM) of MO-type macrophages and M2-type macrophages. M0O-CM and M2-CM
were used to culture U251 sensitive (U251/S) and resistant (U251/R) cells. The TMZ treatment group was also
treated with 800 wmol/L TMZ. The U251/R cells were divided into the following groups: con group, M2"""-CM
group, M2"""-CM + TMZ group, M2™"™"*.CM group, M2"™""*.CM + TMZ group, si-IRF8 group, and si-IRF8 +
M2 _CM group. CCK-8 assay was used to detect cell viability and calculate the IC,, value. Transwell assay was
used to detect cell invasion. Flow cytometry was used to detect apoptosis. Western blot was used to detect the ex-
pression of IRF8. Nude mouse xenograft models were constructed and the nude mice were divided into the following
groups: U251 + M2 group, U251 + M2 group, U251 + M2°N° + TMZ group, U251 + M2 4 TMZ
group. The tumor volume and mass of each group were measured, and IHC was used to detect the expression of TN-
FSF13 and CD206 in tumor tissues of each group. Results Compared with adjacent tissues and MO-CM, the ex-
pression of TNFSF13 was up-regulated in cancer tissues and M2-CM. Compared with the MO-CM group, the ICs,
value of TMZ and the number of cell invasions in U251/S and U251/R cells in the M2-CM group significantly in-
creased (all P <0.05). Overexpression of TNFSFI13 in M2 macrophages could promote the IC,, value of TMZ in
U251/R cells, promote cell invasion, and inhibit cell apoptosis (all P <0.05). Overexpression of TNFSF13 pro-
moted the expression of IRF8, and knocking down IRF8 could attenuate the TMZ resistance of U251/R mediated by
overexpression of TNFSF13. In vivo studies showed that knocking down TNFSF13 alone or combined with TMZ
treatment significantly inhibited tumor growth and reduced the expression of TNFSF13 and CD206. Conclusion
TNFSF13 derived from M2 macrophages promotes TMZ resistance in GBM cells by activating IRFS.
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