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IL-1P serves as a biomarker for poor prognosis in osteosarcoma and drives tumor

cell proliferation through the IL-1R1/NF-kB signaling axis

LIN Chuanchuan, YANG Yonghao, YU Jiawu, LI Zhongjun, RAN Qian, XIANG Yang Department of Blood
Transfusion, Hematopoietic Acute Radiation Syndrome Medical and Pharmaceutical Basic Research Innovation Center
of Ministry of Education, Second Affiliated Hospital, Army Medical University (Third Military Medical University) ,
Chongqing, China

[Abstract] Objective To investigate the expression profile of interleukin-18 (IL-18) in
osteosarcoma tissues, explore its correlation with clinical prognosis, and to elucidate the underlying molecular
mechanisms of IL-1B regulating the proliferation of osteosarcoma cells. Methods Four osteosarcoma
patients admitted to Department of Orthopedics of our hospital from December 2020 to January 2024 were
enrolled, and their tumor and adjacent tissues were collected to detect differential mRNA and protein
expression of IL-13 by immunohistochemistry, reverse transcription quantitative real-time polymerase chain
reaction (RT-qPCR), and Western blotting. Additionally, 15 paraffin-embedded osteosarcoma specimens
collected between March 2018 and August 2021 were immunohistochemically stained and scored using
Image], and then divided into high IL-1B expression group (3+, 2+) and low expression group (1+, 0). Kaplan-
Meier analysis was used to determine the association between the scoring results and patient survival rates. In
in vitro experiments, osteosarcoma cell line U20S was subjected and treated with 0 to 100 ng/mlL. recombinant
IL-1B protein. EdU incorporation assay, flow cytometry, CCK-8 assay and colony formation assay were
performed to screen the optimal proliferation-stimulating concentration. Transcriptome sequencing was
carried out on the U20S cells with 40 ng/mL IL-1B treatment and untreated cells to analyze significantly up-
regulated signals involved in regulating U20S proliferation. The obtained key regulatory molecule, nuclear
factor kappa B (NF-kB) was then verified by RT-qPCR, Western blotting, and immunofluorescence staining.
After TL-1 receptor type 1 (IL-1R1) was knocked down by lentiviral transfection, or the cells were treated with
NF-kB inhibitor embelin, the changes in cell proliferation were detected with EdU incorporation assay, flow
cytometry, CCK-8 assay, and colony formation assay. In in vivo experiments, 12 female nude mice (5 weeks
old) were randomly divided into control group, IL-1R1 knockdown group, and IL-1R1 inhibitor (anakinra)
injection group, with 4 animals in each group. An orthotopic osteosarcoma model was established by
intratibial injection, and tumor growth was compared across groups. Results Immunohistochemical staining
and survival analysis demonstrated that osteosarcoma patients with high IL-13 expression level had poorer
prognosis (P<0.05). In vitro experiments showed that IL-1B treatment significantly increased the EdU
incorporation rate (P<0. 05), enhanced G2/M cell cycle arrest (P<0. 05), and improved the colony formation
ability (P<0. 05) in U20S cells, indicating that IL-13 promotes osteosarcoma cell proliferation. Transcriptome
data analysis revealed 4 165 differentially expressed genes (1 688 up-regulated and 2 477 down-regulated)
between IL-1( -treated and untreated U20S cells. 1L-1B treatment obviously promoted cell cycle and up-
regulated the proteins related to NF-kB signaling pathway in U20S cells. RT-qPCR confirmed the mRNA
levels of cell cycle-related molecules were enhanced by IL-1B treatment, which was further confirmed by
Western blotting at protein level. [L-1RI knockdown resulted in notably decreased proliferation ability in
U20S cells compared with the control cells (P<0. 05). Both RT-qPCR and Western blotting confirmed that
IL-1R1 knockdown reduced the expression levels of cell cycle-related proteins and NF-kB. Addition of NF-kB
inhibitor, embelin, significantly inhibited the IL-1B-induced EdU incorporation rate (P<0.05), G2/M phase
arrest (P<0. 05), and colony formation ability (P<0. 05) in U20S cells, and suppressed the expression of cell
cycle-related proteins. In vivo experimental results showed that the tumor weight in the IL-IRI knockdown
group (0. 75+0. 10 g) and anakinra injection group (0.93+0.06 g) was statistically lower than that in the
control group (1.46+0. 09 g) (both P<0. 05). Conclusion Intratumoral IL-1B level is positively correlated
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with poor prognosis in osteosarcoma patients. IL-1(3 promotes the proliferation ability of osteosarcoma cells

through the IL-1R1/NF-kB signaling axis.
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1.3 EZZXNNBASE

RPMI 1640 15753 G4 3G 5 8 K5 R A
2 [ Gibeo /A 7l s RIPA 24 7 I ) rp [ 38 = KA
ARG BRA 5 bt IL-18 Uik bt IL-1R1PLik
HHTNF-kB p65 PLik AP fb NF-kB p65 Hrik i
F 25 [ Abcam 23 7 5 /NPT CDC25C LA bt GAPDH
Prik HRPARIEH e 1eC PLiR \HRP ricH/h R 1gG bt
PRy A o E R 8 AR R R A Rt
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21 i ] A ) e [ P R S R AR
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HRP)FRCH 30 TR, 37 ‘CFE 30 min, PBSYELS,
TN 3, 37 - A FL IR R e pU 5 R £ (diaminobenzidine,,
DAB)Z4 8 5 min, )5 IR ARG R 4 3 min, HH K&
H 7K vk, ShERIIKG 701k 2 s, IR 5 AL FH 10 min, Hit
K25 B A RS SR R R B R (T IE BB AR
5% (Olympus BX53) 47 U1 i WL FT RSk 4R . 4%
KA G T A Tmage J 844 H, Al THC Profiler 4
1% R #E 47 PF 43, o, $F 43 R Negative (0) 1 Low
Positive (1+) 8 %1l 53 4 1L-1B Ik #3541 5 $F43 4 Positive
(2+) Fl High Positive (3+) 8% X153 A 1L-18 #3541 .
1.5 U208 @ fik o3 77

U20S 41 it [ 35 [ SR B 32 M A5 ocs , SR &
10% i 4 1fiL 375 (fetal bovine serum, FBS) #1100 U/mL 7
TR BT R RPMI 1640 K5 37 Re - AT B 5% . 40O AE
37 °C. & 5%COMM AN TR A R R 57
1.6 IL-1RI & B SARABERL 6 My 3

HEME shIL-IR1 F1 NT shRNA 18 95 75 th 1 1 75 35
Ml 25 H AR AR A G EE . Hor | IL-IR1 #5731 .
GGTGGAGGATTCAGGACATTA ; A #E m) %f BE ¥ 51 (NT
shRNA) : TTCTCCGAACGTGTCACGT . ¥ i e &
U20S 40 i Hh , 48 hJi , A RIS 25 25 DL bR AR FE UL 1)
Y, ARAT R bR I PR ) 2
1.7 AFam fiem £ 57 A B

ANTA] AL HLZH 7 U20S 41 AR FH TR1zol 24 fif 1 24 it
JEHPERURE A RNA, Bk G485 4T mRNA 95355 5 Bt
k. AR cDNAJGEET PCR & 83078, ks s EHLINE
iz I8 P<0. 05 F1 Fold Change>2. 3 5 Fold Change<-2. 3
i 22 S F IR FE IR B R FH JE IR A 1A (gene ontology,
GO ) Bl i Xt 2 5 R A T8 B2 40 #r <
1.8 Waestern blot#-] B #7%& & & &

1 ] RIPA 22 fifp v 24 i 20 28 ol 200 i s 42 B 2
H, & E RGN 5xSDS | FEZE sk , 2 3k 5 min
J&  HE R AL 10 pg B A FREE PAGE IREEFLIN
Ph 80 V.30 min ¥ 45 FE i , Bifi J5 5% %2 120 V HL UK 2 he
HI UK 45 o 5 DAFE 52 FEL U 250 mA B IR TR ED &
0.22 pm [ PVDF I I 28 5% 48 136 A & H B AR
FE L hJE AR —$r(1: 1 000) TAEH 3
T4 CHHWE . R TBSTUE £ —Hi)5 , il A HRP-
TP, EIEFE 1 h, TBST PR in AL 2 %6 5
W, Of BT 5 R K 45 (AcuronBio FluorQuant
AC600) A7 i R IfFHA K
1.9 X i AR¥%m U208 28 e 5 21 5

AN R AR BR A U20S 4 R FH e 35 F e AL 7
A J5 AR B 20 it B, i 709% LT 4 °C T g i o
800 Xg B.0> 5 min B2 LB , A A 10 we/mL
M 4, 6- — Bk 3 -2- 28 B 5] WE (4, 6-diamidino-2-

phenylindole, DAPD YO , iR G4 6,30 min, L1 800 Xg
205 min J5 2 FIEWCE NI, FEAE T 200 pL £ PBS
b A DT T 2 i A A (CytoFLEX LX) #E47JE1 31 43
Mo BdiER M FlowJo V1 10. 8 &K BEA T 0 FAL B
1.10 %73 PCRAW B ARE R & ik

PR ECA B 4H 21 B RNA i, SR JH 2 B PCR S 5%
A G mRNA S5 5% 4 cDNA . ffifH 12,5 pL &Y TB
Green Premix .1 pL Y L35 14 1 pLA R UES 149 .8. 5 pl.
() DEPC /K 12 wL i cDNA fit & & & PCR SUWAK £ , I
18 15 78 VG2 1 PCRAYAR (ThermoFisher, Quantstudio I )
TR, 95 5L 1,
1. 11 U20S %@ e 52 1% mx Ak A Aa i)

W 4 B ¥ R 1 000 /AL R B 6 FLAR H, ol 4% 1]
500 /LR RN 12 fLAR . 20 L A2 N [A) A5 1 i B
FEHZMMBEEZINC R . FEGREEIMA 4% £
5 R[] 22 10 min, T LA PBS 15 VRS A5 48 Ye ik
Yeft 2 min, K FH PBS whik 5 i T IR 08
1. 12 U208 %8 fo38 8 7 P As )

B3RP T 6 FLM i R R AL R , A2
e SN 10 wmol/L (1) EAU T AR , A4k £2 15 37 “CHEA
WER 2 he NN 4% 22 5 H I [ 5 40 M )i e v BA 5 L
BMADE RN IR, 2 iR EEEEF 30 mine 5725 N
W5 R FH PBS P 3 UK, I A DAPT 4 831 , = il ikt
JEYL A 10 mine ARAT BYAE G E T B 2¢O B
(Leica DMI3000B) R4l .
1.13 #RE W B RALAEER 32 5 B shih =3

B 2x10°4> U20S 21 f | 3% 5 4 L 17] shRNA [
U208 2 i 55 shIL-1R1 £ U20S 40 Jf 13 55 21 # BUR ¢
TR 10 dJF AR ST s, X far R /N BREEA T
JISJE 3 5, BRI F v 2R 1) 7 5 5 R 10 me/ke, B 4
RS VIR S 5 4 U A5 25 5 55 6 RUSER s f
FBREAS o (AR R RO i K e A I A
FERF(V) e T BTG 42 (AP) AN -3l i)
AR (L) I LU A0 V=am/3x[ (AP+L)/4 ],
1. 14 IL-1B & A KT 5 & WG & & TS A48 K547

HR i WS4 9 R85 A AR AH DG BN , A1l Kaplan-
Meier 72 %I 2 15 21 R e R IA A 1Y) S A AR R E AT BRI
FHEAENT BB KBS (Log-rank ) FLAZ TL-18 K £
IRER A AE IR 25 57, P<0. 05 Fn ZE A G FE X,
1.15 it F o4

FRAE DI UL, BB o8 22/ 3 M ST SE 54
W xeso o0k Origin 2023 54T, X T4
ZH [A] 9 L3¢, 5 FH LR 22 7 229341 (one-way ANOVA)
SRR VL Tukey K25, 36 S 50C8E W4 LA Kraskal-
Wallis 45 . P<0. 05 #/RZEFAFIFE L.
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%1 PCR3|#
Table 1 Primer sequences for gPCR

Gene Primer sequence(5’'—3")
IL-1B Forward: ATGATGGCTTATTACAGTGGCAA
Reverse : GTCGGAGATTCGTAGCTGGA
IL-IR1I Forward : ATGAAATTGATGTTCGTCCCTGT
a Reverse: ACCACGCAATAGTAATGTCCTG
NF-«B Forward: AACAGAGAGGATTTCGTTTCCG
“ Reverse: TTTGACCTGAGGGTAAGACTTCT
PCNA Forward : CCTGCTGGGATATTAGCTCCA
Reverse: CAGCGGTAGGTGTCGAAGC
CHEK] Forward: ATATGAAGCGTGCCGTAGACT
Reverse : TGCCTATGTCTGGCTCTATTCTG
cDC7 Forward: GAGGCGTCTTTGGGGATTCAG
Reverse: GGTCCTACTTGTAACTGTGCTG
CCNE2 Forward: TCAAGACGAAGTAGCCGTTTAC
: Reverse: TGACATCCTGGGTAGTTTTCCTC
CDCs Forward: CCAGGCACAGGCTACAATCAG
Reverse: AACAGGTTACGGTTTGGACATT
Forward: AGTCCAGTCCATGACGCAG
CDRN2D Reverse: ATCAGGCACGTTGACATCAGC
CDC254 l‘orward:GlGAACGCGC[AlIIC?CGW
Reverse : TGGTTGCTCATAATCACTGCC
CDC25B Forward : ALE;LAL(:T:AT(iL(:T(;T:L:TL
Reverse: CTGGAAGCGTCTGATGGCAA
CDC25C Forward : TCTACGGAACTCTTCTCATCCAC
Reverse: TCCAGGAGCAGGTTTAACATTTT
CDKI Forward: AAACTACAGGTCAAGTGGTAGCC
Reverse: TCCTGCATAAGCACATCCTGA
CDK2 Forward : CCAGGAGTTACTTCTATGCCTGA
Reverse : TTCATCCAGGGGAGGTACAAC
CDK4 Forward: ATGGCTACCTCTCGATATGAGC
Reverse: CATTGGGGACTCTCACACTCT
CDK6 Forward: GCTGACCAGCAGTACGAATG
Reverse: GCACACATCAAACAACCTGACC
EOF] Forward: ACGCTATGAGACCTCACTGAA
Reverse: TCCTGGGTCAACCCCTCAAG
MyC Forward: GGCTCCTGGCAAAAGGTCA
Reverse: CTGCGTAGTTGTGCTGATGT
CCNDI Forward : GCTGCGAAGTGGAAACCATC
Reverse: CCTCCTTCTGCACACATTTGAA
Forward: GGAGCGAGATCCCTCCAAAAT
GAPDH
Reverse: GGCTGTTGTCATACTTCTCATGG

2.1 IL-IBEFABARTHSHARLS EFRRT
V=Ri:ES

XYL 3 )i PR TR s B I AR AR ) B A T g
ALY 5 R I, -1 763850 fBE 1 IR 41 2 b =
K(E1A), H5B#E A R UG AHE(P<0. 05, 1B)
15 4 151 B PRI 835 T AR VTR 08 i 988 55 1 b 97 20 21
W, RT-qPCR 45 J 4R 7% TL-18 16 Mg 1 41 b i 223K 1
F TR R 52 414 (P<0. 05, &1 1C) s IL-1R1 i 3
K HAFAS TL-18 ML (P<0. 05, & 1D) . I4h, Western
blot £5 FRALIESE , 7R H/KF | g 4H 24 b 1L-18 il
IL-1R1 AR 00 & T X e 55 8L (B 1E) o
2.2 IL-1B 43T L3R A 7% an i 7558 7

EdU# A LI 45 R AER , bliE B 418 1 IL-18 ik
JETHE, U20S [ EdU B AR B3 T+ (E 24) , IFF
40 ng/mLIFIRBIUEAE . TSR FEE Y IL-18 A 35 I T AW
£L 3|45 40 ng/mL 2 5 75 ) EAU BHAE 20 0 L5 (9 2B ) o
WA, 200 B S SRS D 25 SR A B8R | Bl TL-18 A R
I, U208 H AL F G2/M AT S 3 i 40 it kb 9] 5 2 E
¥, I T 40 ng/mL 5 i A LS B (K 2C. D), 1
TERETE S 6 25 SR AN R 28 I, BE A TL-18 11 FH e
() T, o B 5 AN /N s H I S R R g T
i, CCK-8 S B 45 AL 27 T AL a4 (B 2F) . I
WL IR S5 RPN IL-18 T4 & A W3 i nl 4 2% E M
B R A U208 (34 58 g 77, H. 40 ng/mL J2& Hoig A
YRR
2.3 IL-1B 422 R % Eif-B P75 20 B 8 #9 & NF-kB

1%

S PR e 3R R BRI L R B TL-18 A AT RN A Ak
PHZH 20 A e S A ik AR T B IR iR (K 3A LB
Hirr IL-1B AbFEZH 5 R fb BR2H 22 [ A7 7E 4 1654 2%
SEFGRILA G 1 688~ LIHRIKFLF N2 4774~ F

qPCR : Quantitative real-time polymerase chain reaction ;

IL-1B: Interleukin-1B; IL-IRI: Interleukin-1 receptor type 1;
NF-kB: Nuclear factor kappa B; PCNA: Proliferating cell

nuclear antigen; CHEKI: Checkpoint kinase 1; CDC7: Cell

division cycle 7; CCNE2: Cyclin E2; CDC6: Cell division
cycle 65 CDKN2D: Cyclin dependent kinase inhibitor 2D;
CDC25A: Cell division cycle 25A; CDC25B: Cell division
cycle 25B; CDC25C: Cell division cycle 25C; CDKI: Cyclin
dependent kinase 1; CDK2: Cyclin dependent kinase 2;
CDK4: Cyclin dependent kinase 4; CDK6: Cyclin dependent

kinase 6; E2F1: E2F transcription factor 1; MYC: MYC proto-

oncogene bHLH transcription factor; CCNDI: Cyclin D1;
GAPDH : Glyceraldehyde-3-phosphate dehydrogenase 1

PAFRINIEN o I AN TL-18 AR rp 19 4 3 bR 3
AT COBENTIG K, 5T A MIAR L TL-18
A PR RE 2 I 1% NF-kB {5 538 #% (I-kappa B kinase/
NF-kappa B signaling) . IL-1 7= 4z & Jij 2% (interleukin-1
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A': Representative images of immunohistochemical staining of IL-1p in osteosarcoma sections; B: High IL-1B expression is
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tissues (n=3, x+s); E: Protein abundances of IL-1R1 and IL-1 in para-cancerous vs tumor tissues
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Figure 1 IL-1B is highly expressed in osteosarcoma tissues and correlated with poor prognosis in patients
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A: Representative images of EdU-positive U20S cells treated with recombinant IL-1f protein at different concentrations;

B: Proportion of EdU-positive U20S cells after IL-1f treatment (n=5, %+s); C: Cell cycle profiles of U20S cells treated

with different concentrations of IL-18; D: Cell cycle distribution of U20S cells after IL-1B treatment (n=3, ¥+s) ;
E: Colony formation of U20S cells after IL-1f treatment; F: Cell viability of U20S cells after IL-1B treatment (n=8, x+s)
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Figure 2 IL-1f treatment promotes the proliferation of osteosarcoma U20S cells
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A: Hierarchical clustering heatmap of differential expression genes (DEGs) in U20S cells; B: Volcano plot of gene expression
in U20S cells; C: Gene Ontology enrichment bubble plot of DEGs in U20S cells; D: Heatmap of DEGs enriched in cell cycle

signaling pathway in U20S cells; E: mRNA levels of key cell cycle molecules in U20S cells detected by RT-qPCR (n=3, ¥+s) ;

F: Heatmap of DEGs enriched in NF-kB signaling pathway in U20S cells; G: NF-kB mRNA levels in para-cancerous (N) and

tumor (T) tissues of osteosarcoma patients detected by RT-qPCR (n=3, x+s); H: NF-kB protein levels in para-cancerous (N)

and tumor (T) tissues detected by Western blotting
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Figure 3 IL-1B treatment significantly activates cell cycle and NF-kB-enriched signaling in U20S cells
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A: Validation of IL-1R1 knockout in U20S cells by RT-qPCR and Western blot (n=4, x+s); B: EdU-positive U20S cells after
different treatments; C: Proportion of EdU-positive U20S cells after different treatments (n=5, x+s); D: Cell cycle distribution
plots of U20S cells after different treatments ; E: Cell cycle distribution of U20S cells after different treatments (n=3, x+s);
F: Colony formation of U20S cells after different treatments; G: Cell viability of U20S cells after different treatments (n=8, x+s) ;
H: mRNA levels of key cell cycle molecules in U20S cells of different treatment groups (n=3, x+s); I: Expression of cell cycle-

related proteins and NF-kB p65 in U20S cells of different treatment groups
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Figure 4 IL-1R1 knockdown inhibits cell proliferation
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H: Expression of cell cycle-related proteins in U20S cells of different treatment groups
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Figure 5 Embelin inhibits IL-1B-induced cell proliferation
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Figure 6 In vivo blockade of IL-1pB signaling effectively reduces osteosarcoma tumor growth
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