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Abstract

BACKGROUND: Mouse osteogenic potential is regulated by the JAK-STAT signaling pathway, and interleukin-9 can regulate multiple cellular functions through
the JAK-STAT pathway, which has the potential to be a novel cytokine that regulates osteogenic potential.

OBJECTIVE: To investigate the effect of interleukin-9 deficiency on osteogenic potential in mice

METHODS: The femurs collected from 2-month-old wild-type and interleukin-9 knockout mice were subjected to Micro-CT scanning to analyze the changes
in bone mass. Then, hematoxylin-eosin staining, Masson staining, and immunohistochemical staining of type | collagen were performed on the slices of the
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femurs of mice. Bone marrow cells from 2-month-old wild-type and interleukin-9 knockout mice were extracted for colony-forming assay and detection of
osteogenic gene expression in bone marrow mesenchymal stem cells. To further verify whether interleukin-9 worked through the JAK-STAT pathway, the
expression of STAT3 protein was detected by western blot.

RESULTS AND CONCLUSION: Micro-CT results showed the bone mass of interleukin-9 knockout mice decreased significantly compared with that of wild-type
mice. In addition, the bone mineral density, bone volume fraction, trabecular number significantly decreased and trabecular separation markedly escalated
in interleukin-9 knockout mice. The findings of hematoxylin-eosin staining were consistent with Micro-CT results. Interleukin-9 knockout mice had lower
bone trabecular density. Type | collagen immunohistochemistry staining and Masson staining indicated the number of type | collagen positive osteoblasts was
significantly reduced and the capacity of collagen formation was damaged in interleukin-9 knockout mice. The results of colony-forming assay indicated that
the mineralization capacity of osteoblast in interleukin-9 knockout mice were significantly lower than that in wild-type mice. Western blot results showed
that osteogenesis induction activated STAT3 signaling, and the pSTAT3 level in wild-type mice with osteogenic induction was significantly higher than that in
interleukin-9 knockout mice with osteogenic induction. These findings suggest that interleukin-9 regulates osteogenesis through the JAK-STAT3 pathway and

interleukin-9 deficiency inhibits osteoblast differentiation and function, which may lead to reduced bone mass in interleukin-9 knockout mice.
Key words: interleukin-9; osteoporosis; mesenchymal stem cell; osteogenic capability; osteogenic induction; osteogenic mineralization
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0 5|= Introduction
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BARIGBIT AT E B, XE T ERMAET .t
PRAE B B N O WAL, BRI DA N 4
PREZPUEFE T AN, BET, &G NIET AT EER
Mo ST O XUBERR h . AL EAMHIR T kB R 2
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) B IC AR I R YR YT PR AT B,
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R T PR A T BRI, 2 SR B R B PR
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1 40 il £ 25 9(Interleukin-9, 1L-9) H H 4 % & M T 41y
KT, 2P DL S R A S, BB 2
40 5 5 T RE Y, 19 S E LI v S R4 R T 5K
MR B, oM R BN 35 -2 IL-4L -7, IL-15 I IL-21.
IL-9 5244 F 41 B R 1455 S 1L-9 3244 o 4 (IL-9Ra) A FH y 4%
AR ™, Hrp o LG, vEEBITESES, 58K
FE N Janus Bl - 15 5% 5 T A S E T (Janus kinase/
signal transducer and activator of transcription, JAK/STAT) i #5 .
AR -9 7RG B 3k B B U AR R Rk T, R
RN JAK-STAT {5552 BECR FEAR U, 540 1L-9 & Rk it
JAK/STATS {555 5 0% /) B G 88 P L /AR U /D E 7 B
X JAK-STAT JE B FLITIR N, I JAK-STAT Sl %728 K B LA
Ko EmE R AR EE VR ", f ZHOU & P R Bl R
S o A5 S 1 R ok STAT3 2 SEUE KB AN, H I T ey 12 DA
SR SRR s A R R A R I e o STATS i 00k s 2 24
B A R, R RN P Bk Ah, VR AMu A
FRef T JAK-STAT {875 B AU, 40 IL-4 3@ 1 STAT6 (1R
AR AL R 7 kB [0, 1L-17 3@ I 0 JAK2/STAT3 55
T, T ECE s R A A KT IR A
KT /N AT AR AR K PRt R s o STAT 3@ 2% 1 15 B T Al o

MRT IL-9 H#:S 5B QRS IaT FAR > .

PRSI TR 7OIL-9 FE R A f R (1L-97) /N R B R
FRBLRS, R R G, 3P T g R AEOR IL-9 [Ek I
Hil 7 /ANER I RCE AR 7T, R TR RS . 119 IR S 3
BB, BRI, XN E B IR SR AL TR T W
LU=

1 #EFI7G3E Materials and methods
1.1 &t FISCI ARSI S0, LB WT AT IL-97 /)
B2 IR Y R BB DA B B 2 S, a0 SR U AR B i )
TR T 40 L AR S b B o A BE 7, 2L TR) B AR FH DR ¢ 46
55 5 ANOVA FLIRI 3 7 Z2 73 HT o
1.2 B Ab,E SZEGT 2021 4 1 H & 2022 45 2 HAETN
K2 E BHIEFC T 5E Bk o
1.3 ##t
1.3.1 SEESANY) SEUS BT A A EF AR AL (WT) AT IL-9 JE Rl 4x i
(IL-97) /N BR (FR M K2 T B U 2 J ), oy 2 F s bk /N B
R 22 g AiA, YT SPF L SEIR AN O AT 1 3R A
B (SYXK( 75 ) 2021-0065). SPF i Fi ¥ jiti #H % i & 4 20—
26 ‘C, FIMEE N 40%-70%., BRAZ B 6] 12/12 h,
ST R TR N R R S ) S B AR B 2 A 2
HE#ES . SUDA20230801A01. SZI& it LA 1 [ F 4 B2 27 4
e T E 54 P 1R # fa r SL i) A4 &
B S5 R0
1.3.2 SR SHREM  FRAE IS ( R0E, PE), PURLR
Ve, B- HMBERREA . HiZEKHA (Sigma, SEHEH ), a-MEM 557
J (Hyclone, ZEH ), &ML EH (BEaR, HH), xR
LT & (Cyagen, £ ), LR TRARE I (0
WEERIRAEVRH AR AR, H1E ), Masson Qi (&
FE, ), 40g/L ZEHE (Biosharp, W), T A5
HHAPUA (Abcam, SE[H ), 56 5E & PCR A& (1A 5%, KH )
TRIzol RNA 73 B R7 (Invitrogen, 5[ )
1.3.3 SZI&{YPE  Micro-CT(SkyScan, LRI ), fbfty) 4o
Bl TTA AL (Leica, 5[ ), 1EEBHEB (Carl Zeiss, fHEH ),
E Al KL JENL (Millipore, ZEMH ),
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1.4 FEI7ik
141 197 NRINEE PR FRER K IE 1 2% 198 2 EL 224 i
W, UL 20 mg/kg P& G s S R4 T /N BRURR IR o BT IS BRGS0
BB ZUBCE T 1.5 mLEP &, I\ 300 pL AR 3 uL
HAM K, FREAHEAIRE, BT 58 CHMALR. KH
HALTERG, FTILZRGTIE, R, N 42 ul TR, 4
AUKHREE 1 he 12 000 r/min, 250 10 min; W HL B3, IF
RS EHI 1.5 mLEP . B INANZ) 300 pL [ 5N RE, L
NEUENES], AL R4, 12 000 r/min &0 10 min,
2% b, 73 %) DNA PLIE. XN g T, & B
DDH,0 70-100 pL, T 55 CHEAH, {2k DNA (AR, 1ENM
PCR 4 SRR %% FH o FRATE IR B FRVGEAT S 78
1.4.2 Micro-CT 734t FIZEBE E /K ECH 1% 1 5 B b2 48 70
L 20 mg/kg FH 1 B Ji vE G HEAT /N BROBR I o K RIS 11 2 A
R/ WT R IL-97 /N R 22 SR8, ISR, 5Bk A L
WAL (n=3), 14 SkyScan1176 B4 474 2% (Bruker, Belgium)
XN BCE TR, BRSECOVHLE RIE N 50 kv, H
Ui A 200 pA, Al 24 0.5 mm, Z3 #F 2 High, 43 4 i 7%
FE4 180°, A4y #E 2 RS 9 ume $345 21 J5 46 B4
BT HL AT NRecon/NReconServe i3 47 5 4, i H 1
Data Viewer ffj i 2E K AR A7 B, AH A CTAN JE IR 1 izt
Ui A2 KR - 60-210 ZVE B % B R B /NRIEE
H/NRECE DL NGRSy 8 FE A S E B A B X, A
F Mimics X — X IR AT = 4E E 2
143 JRAKS - LTt B WTRIIL-9” /N B T 40 g/L
R AT E E, BRI 48 he [EE SERUE, H
PBS J&E¥E 3 i, BT 14%EDTA it 4T i4S, BHRZN 2 F.
S SE B fE , F PBS Tk 3 3, 4% BRI HEATRA & L BEI K
THZRGER., RS, B, U SERE. BARRE A D)
BT 60 CHEFE 1 h, A = F2R LS 2 7%, BAEE ZBESE K,
DDH,0 & ¥t 5 min, FRANG Gt 2 min, F/AKPFYE S min, 2
% O S U6 30 s, ZUKIEYE 1 min, ALY 2 min,
BERE MK, ZHREH 2 Ik, P ER RS E . T 38 XU
WXT 3d )5, FIEE 6B MEHE,
1.4.4 Masson = ett, 5 WT A1 IL-97 /N R B A s b1 &
T 60 CHEFEH 1 h, A ZHIRBLS 2 K, BRE LREEK,
DDH,O Ji ¥ 5 min, Weigert 2k 75 A Hb 4e € 7 4% 4 5 min,
R OBy W 3 4k 5 min, i K PR JE, Masson ¥ R
3 min, FKMYE, WL S YOG 5 min, 9R TAE
WBE 1 min, BEEHERIEWDE 1 min, 5588 TAERGE 1 min 5 &
T ARG G 3 2 min, 55FR TAEMRDE 1 min, BAIE LRERLK,
THZKIEW 2 %, I PER AR T K RT3 d e,
F1E B 9t B i
145 GPEAAL K WT RO /NRBCE U BT 60 CHt
Farh 1 h, ZHIRBLES 2 K, BREEZBESE K, F DDH,0 J ik
5min, {FHFFERNEMNBRIEEIUR, FNANEEL S
At BELIST 7715 & 15 min. PBST Pk 3 ¢k, W 1 B IEEH—
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i, MBI 1 @ 100, 4 CokAM AR KH, L
—Pu, PBSTHEYE, Wi, MEELLHIH 1 @ 1000, =R
FUEE 30 ming PBST iU Wb —=%T, MRELLEIN 1 ¢ 200,
[FFEEZ UL R A 30 min, PBST i ¥k, i DAB & 7K,
DDH,O0 j& ¥ 5 min, Fh ARk 4t 2 min, J/KMPE S min,
JECEEK, “RAE 2 9k, TR EEE . T XU N
Kt JE, HIEEZOCRMERE.

1.4.6 B HE 90 MO R 2T 4k 42 75 T2 A AR AL (colony-forming
unit-fibroblast, CFU-F) 5258 e i $12 BB 8 )5 A 20 o 8% 7%,
WLZ% 8] 78 57 T A0 B AR T& T A 100, R T/ BB i 4t o ) 7
A L 22

1.4.7 JFACH BER FE 5 T4 RS I 3R 2 A WT AT IL-9T
AN E SRS, H& o-MEM B fili 5 2 2 5 mL G
WA R e BEE, EREREE A, Tkk
H: JFH 100 um B uEGR S IER 2 R 8, 3R1S
AN MR, AT ARG DL 1x10° AN / FLIR B AL T
6 LA, BURES], H o-MEM E i SR IR 3R %
3dJEAT IR, 5 2 d i, 7 d JEAT S SR S RN
PERFRREG e, 21d JRitAT iRy,

NRIEFE R T AR AT R E |

B EFREE QA IRRIR 3 d JHARET S — Il 2 5% 3 d il 1 IRk, B
F& 7 d IFURAEAR

pEfER 2 fih 5 2 80%-90% FIEBEIHAGAE £ T 148, %M1 ¢ 2 iyLLfl
A%, 293d M 148, 3L 34

AL E SRR %5 BB 7S BT 4M L D29, CD34., CD45 Fil CDIO (i

RIBZHLE LRSI IR EA 2 51 S e

1.4.8 5 dete U 6 FLIRANML, FEREFRE, HH PBS

THURTRAR IR TR, Pk 2. H 40 g/L 2 R =R T I
SE 30 min, FEZEHE, H PBS IHEVRAMZ RPEE, W%
Y208 FEFLIIN 1 mLgh SR et , 810 min, 37 2 o003,
BN PBS &b 4 ta R B PE 2 RIR M. B TR,
1.4.9 BEMEREEREE YLt B 6 FLARANMY, FFEEREFRE, IF
F PBS E WA R MG IR AL, Wik 2. FH40g/L ZRFR=
R E 30 min, FFLZREEE, H PBS iHERMZ KA
B, VeV 238, FFFLINN 1 mL BRI R IS e, IR
5 F 30 min, FEEGEAT, IO PBS &b guta N %
RIEE. BB AR,

1410 PEEFmLYGe U 6 FLAR AN, LB, JFH
PBS JE IR AR RE IR 3L, PRk 2. H 40 g/L ZRHFREIE
NI E 30 min, FE R EZEEHEE, H] PBS VLR R N EZ EH
B, YRk 2. MILIIN 1 mL e e, =HBOLNE
30 min, FEE YL, N PBS £ b Heth s N 30 2 2 R4,
ST A E LG
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1.4.11 5O & PCR A I i PR SRk 7K K A WT Al
IL-97" /In BB A A B A 1) 7 53 T 400 6 40 590 P o 35 9 6 A
MERFREES3d, 9ld 4N WI-C. WT-0B, IL-97-C flI
IL-97-0B( JLHh CARER X, OB AREMHEET), #LHH
£, FHPBS WE VLA A 2, I ERGIG 40 MRV AL R R, 8
£ 1.5mLEP &, JINIE & TRIzol Z4EZHM, A 1/5 fAF7
AR G w0 B LR B EEIEP B, A
RN, B, MBS0, FE LG, H1mL AR
75% £ TETE BRI H RNA JUUE 2 K, KRR A . T il XUHE i
TG MG & DEPC /KA R FH I % S il 77 G i SR HL Y RNA
SR cDNA, T LL cDNA AR 3E 47 ¢ 't 72 & PCR Al
R A DG I R BRI R T . runt A5G 3[R F 2(runt related
transcription factor 2, Runx2), ‘B85 & [ MR R E A RFIEA,
SIFA K 1.

F1 | REHEAEEESIYFT

Table1 | Primer sequences

E VSRS LA (5-3') A (3-5)

TRMERERRE  CTT GCT GGT GGA AGG AGG CA  CAC GTC TTC TCC ACC GTG GGT
B % CTG ACC TCA CAG ATC CCAAGC  TGG TCT GAT AGC TCG TCA CAA G
| B )52 1 GCT CCT CTT AGG GGC CAC T CCA CGT CTC ACC ATT GGG G
Runx2 CAA GAA GGC TCT GGCGTTTA  TGC AGC CTT AAA TGA CTC GG
GAPDH GGT CGG TGT GAA CGG ATT TG ATG AGC CCT TCC ACA ATG

FEVF: Runx2 Jy runt A EHE SRR 2.

1.4.12 Western blot &3l JAK-STAT 15 51 & AH 5 2 (A R 157K
S WT AT IL-97 /I BR SR B S B 1 78 57 -4 4 31 PR
o B IR ECE R R EE T 3 d, 4r A4y WT-C, WT-OB,
IL-97-C f1 IL-97-0B, 7 %HE7R3E, FH PBS &EVE4IM 2 i, ff
F RIPA S 4H o 2 1, BCA BRIl e B IR T 4ad ik
e, S, {fH B-actin, STAT3 Fll pSTAT3 —#7 (1 : 1 000)
JEENA, AN 4T (1 ¢ 1000) f#F 1h J5BEERIEL.
1.5 T 2R O/ RIS Micro-CT 73 #r . J7RAK, -
e getash I, @Wdl/NR T Y 58 1 BH 1 20 P 4 i LA %
BRI R I 25 @A/ R e /12 R .

1.6 it oM R SPSS 26.0 Giit A AT et 0 M o
FIT A U 38 DA xbs 327, SR BT ¢ ar B6 s Wl 79 2H 1) f A%
Kt B ST 24 L, P<0.05 WAZEFA BEERE L. il
Tk Cgim i 7 MR & 28 — BR B A gt R K

2 258 Results

2.1 197 R %R BT R4S U LA 4 DNA,
{87 FH DNA 38 AT H (3 (1L1-9) EATH 1Y, A4 WT FI
IL-97 /1N BRI 1L-9 JE PRI A K AR, ot i B A M A% TR
VKX 43 WT T IL97 /B WT /B IL-9 J: [ /) DNA K/
> 804 bp, I1L-97 /NEL A IL-9 FE[A ) DNA K/ 1118 bp.
BRI RS e S5 R LA 1.

2.2 2 A# WT A= I1-97 s R B Micro-CT 2474 % N T
FRITIL-9 B TN BB BRI, X2 A % T RiLo”
N BB BEAT Micro-CT 348540 #r. 383 /N B I B Micro-CT

=&, RI IO NREEHEET WT R, &
/NGB BREH R IEOK (B 2A), B LR (E 28), &/
RHXSHMER, L9 NRBEBRS . BANREEH
B RN, H/NRES S E R OK (B 2C-F), ERARE
PR o 27 ERTIR, 119 ISk 2R 5 850N B BB R M TR RS
BT PR

23 WTH IL9" D RIRF HAM -PUfEesR N~
UG AIE L9 Bl S0 T/ BUE B RS, 6 WT AT IL-97 /N R
e VIR AT TR ARG - (R et 45 EoR, 1197 NRUE
NGRS B R A (B 3), IX 5 AT Micro-CT (i 743 Hi 1 25
w3,

24 IL-97 D RAEARE R BEE BRSO
eI PR . — B E R, HRSCEE K T8
ek, eI RER. AT BRI N R
FEAR AR R, 6 WT AT IL-97 /N BRBEE ) 20 il 4T 1 2 i
JEUEE (1 A1 Masson Jety, W58 i 40 MU AR & 7R 2 57
I U R 2R 1 S s AL et 25 SR TR, 197 /N BB 322 i
AR N 5 X T B A iR A 1 B PR AR R 2 B R T WT /IR
] Masson %e a2t L5 B WT /) USSR K i RE 18 1L-97 /N
R, ZRIWAREEE S (E4). B I BEk ki 1
/NERE R Ak

2.5 L9 Bk AR T BRI LR T afeeya ke ) NT
BE— BT -9 /NSRRI S IR, 2 BIRE T WT
FIIL-97 /N U AR B BE 40 M AT CFU-F S206. @ik 46 i 40
o, P WT R IL-97 /N BB B 2 0 T B 16 ) 78 J5R 1 4 g 4
VERR W B Z 5 (B 5A). TR Bl idtiT s 7% T,
R Bl e 1. 7d g, @R L e, RN
95 T T T A 1 K WLRA R %2 R (B 5B). 21d 5, JEIT
PR, RPN BRI 1 SR A B B 1) 78 BR T4 i
WAk Be 77 B Rk ES (B 5C). BB IL-9 [ R B 2E ) T
B ) 70 R T4 A B

2.6 IL-9 898K IH) T REFA X AR 9 RE N T DR
FUIL-9 X T RE RE I s2 M, & PCR 4 RE R, WA
NRERER TR TMREEREE TS, REHECERNE
IS TRy T AR B 0N BRCEE 1) 78 5T 4 T A o R T
Runx2 B 52 A1 T B 5 a1 208 BH il s T 1L-9 i 25 PR /N B
VLI IL-9 Bl T /N R EER (& 6).

2.7 IL-9 494k % 4] IAK-STAT 83415 545 AT —S%
HE IL-9 2 15 @ i JAK-STAT @K 3175 5% S, KH Western
blot Kl STAT3 F [k, FRER, ME ST STAT3
{55163, pSTAT3 KIAHEIZ; T IL-9 fUE LN H] (5
S AL S YL IL-9 L JAK-STAT3 JE K 5 e, 5
ZHOU %5 9 e Il —%4 (& 7).

3 i Discussion
B % 250 FH T ) B N AR v B I P B s 4 e, 2
5w A AR RIS S, E IR R AT R IR AR
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Bl HO MA4 T, HE NG T,
IL-9 N 4IfI A 25 9.

1] L9 PREFLEER
Figure 1 | Genetic identification
of interleukin-9 knockout mice
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= 202
& 2 X
’3,% . 22 0.1
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BIVE: WT EFZER, 197 Jy IL-9 JER A ik, BAJy2 H#twr
IL-97 /N BRBET = 42 I, BT IR Y Micro-CT A28 R4 I = 2k s g [
JE PR A A B T, B 2 R WT R IL-97 /N R
HREAT. C-F g2 A WT A9 /NRIR BB /NESHUE BT,
°P<0.05, "P<0.01, "P>0.05.

2 | BN E O(IL-9) BRI/ IR B EREI

Figure 2 | Effect of interleukin-9 deficiency on mouse bone mass

wT IL-9”

BliE: WTOABFAERL, IL-97 Jy 1L-9 JE [N 4Rk .
B3 | BN E oIL-9) BREXTNR B NREE
#@, #R =50 um)

Figure 3 | Effect of interleukin-9 deficiency on trabecular bone density in
mice (hematoxylin-eosin staining, scale bar=50 pm)
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E 4 | B4R F o(L-9) SRR /NR AR BB BE SR 2T
Figure 4 | The deficiency of interleukin-9 affects osteogenic potential in
mice
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Figure 5 | The deficiency of interleukin-9 inhibits the mineralization
capacity of bone marrow mesenchymal stem cells
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Figure 6 | The deficiency of interleukin-9 inhibits the expression of
osteogenesis-related genes
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