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(MOIG) on bone loss of rheumatoid arthritis (RA) rats, and the mechanism of osteoclast function and activity
induced by lipopolysaccharide (LPS). RA rats were established by injecting bovin type II collagen. The Bio-ethic
Committee of Zhejiang Chinese Medical University approved all experimental protocols associated with this study
(TACUC-20180410-03). The collagen-induced arthritis (CIA) rats were administered drug by gavage for 8 weeks;
the femoral trabecular micro-structure changes were observed in CIA rats by micro-CT; the LPS-induced
osteoclasts model further observed the effect and mechanism of anti-inflammatory osteoporosis in vitro. The results
indicated that MOIG could markedly increase bone mineral density (BMD) in CIA rats, improve trabecular micro-
structure. /n vitro studies demonstrated that MOIG could significantly inhibit osteoclastogensis and differentiation,
suppress tartrate resistant acid phosphatase (TRAP) activity, F-actin ring formation, TNF receptor associated factor
6 (TRAF6) recruitment, and inhibitor of nuclear factor kappa-Ba (IxBa) degradation as well as p65 phosphorylation,
thereby repressing nuclear factor kappa-B (NF-«B) signaling pathway activation. Subsequently, MOIG effectively
inhibited osteoclast nuclear factor of activated T-cells c1 (NFATc1) and cellular oncogene Fos (c-Fos) expression,
as well as bone resorption related protein activity including matrix metalloprotein 9 (MMP-9) and cathepsin K
(CtsK). Meanwhile, MOIG also repressed the phosphorylation expression of Janus activating kinase 2 (JAK2) and
signal transducer and activator of transcription 3 (STAT3), thereby inhibiting JAK2/STAT3 signaling pathway
activation. Moreover, further studies found that MOIG could suppress glycogen synthase kinase-34 (GSK-35)
activity, and GSK-3f gene silencing could markedly inhibit oetsoclast F-actin ring formation as well as the
phosphorylation expression of p65 and STAT3. Of note, compared with GSK-3/ gene silencing group, there was
no significant difference in the group treated with both MOIG with GSK-3/ gene silencing simultaneously. Thus,
the results suggested that MOIG may inhibit NF-xB signaling pathway and JAK2/STAT3 signaling pathway
activation via regulating GSK-3p, thereby alleviating bone destruction in RA.
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Figure 1

CIA model

officinalis iridoid glycosides

Alen/l mg-kg!

2D and 3D micro-CT of CIA rat femur. CIA: Collagen-induced rheumatoid arthritis; Alen: Alendronate; MOIG: Morinda

MOIG/25 mg-kg!

MOIG/50 mg-kg!

MOIG/100 mg-kg™!

Table 1 Effects of MOIG on bone histomorphometry in CIA rats. n =9, x 5. P < 0.01, ""P < 0.001 vs normal group; “P < 0.05, “*P <
0.01, “#4P < 0.001 vs CIA model group. BMD: Bone mineral density; BV-TV"': Bone volume fraction; BS-BV': Ratio of bone surface to

bone volume; Tb.Th: Trabecular thickness; Tb.N: Trabecular number; Tb.Sp: Trabecular separation/spacing

Group BMD/mg-cc’ BV-TV'/% BS-BV'/1-mm Tb.Th/mm Tb.N/1-mm’ Tb.Sp/mm
Normal 306.38+26.76 0.3040.05 25.30+1.92 0.079+0.006 3.8240.37 0.19+0.04
CIA model 168.86+42.51™" 0.07+0.08™ 42.84+11.98™ 0.050+0.012"" 1.11£1.07” 1.83+1.44"
Alen/1.0 mg-kg! 297.67+51.16444 0.28+0.114% 26.44+£3.80444 0.070+0.015%4 3.84+1.16%4 0.15£0.04°4
MOIG/25 mg-kg'! 262.34+64.43444 0.21+0.12% 29.05+5.44444 0.071£0.013%4 2.77+1.31% 0.40+0.28"
MOIG/50 mg-kg 246.04+50.494% 0.19+0.08% 31.17£8.714% 0.068+0.01744 2.67+0.65% 0.33+0.14%
MOIG/100 mg-kg™ 310.61+32.3544% 0.30+£0.07°4 23.854+2.77444 0.085+0.009244 3.48+0.46°4 0.21£0.05°4

i .
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I8 B 41 B NFATc1 Fl c-Fos (IR & . fEREE 4N,
NFATc1 1 c-Fos [ 3#iE , K 42 2k & W Ui Al ok 2 3
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A CtsK 1%, AT HT 25 4R 155 MOILG H43 il) B 1 20 i &
WS AE FH FRIBIL A o
4 MOIG #Il LPS % S B9 5 & 40 i NF-«B i 3§ 70
JAK2/STAT3 @ F& 355
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F-actin 3 ) FE ik
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3P Gt B AL 5, 3 A STAT3 Ml p6s ik, 5
si-GSK-3p 40 # tt , si-GSK-34 5 MOIG Bt & 4b B J5
p65 1 STAT3 & FI B R 1L L B 22 57 . DA B 45 2R 4%
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Figure 2 Effect of MOIG on the formation and differentiation as well as F-actin ring formation of OCs induced by lipopolysaccharide
(LPS). A: Effect of MOIG on the proliferation of OCs; B: BMMs were incubated for 2 d with macrophage-colony stimulating factor
(M-CSF) and receptor activator of nuclear factor kB ligand (RANKL). These preosteoclasts (pOCs) were further incubated for 6 d with
M-CSF in the absence or presence of LPS. OCs were stained for TRAP activity; C, D: Inhibitory effects of MOIG on the formation of OCs;
E, F: The number of TRAP (+) OC with > 3 nuclei (E) and average area (um’, F); G: TRAP activity of OCs treated with MOIG measured by
p-nitrophenyl sodium phosphate method; H: F-actin rings of OCs were stained with phalloidin and DAPI respectively, and then imaged with
a fuorescence microscope (x400). —Blue arrow indicates OCs; —Red arrow indicates the wall thickness of the F-actin rings. n = 4, x £ s.
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Figure 3 Effect of MOIG on transcription factors and bone resorption protein in OCs induced by LPS. n=3,x 5. "P<0.05, "P<0.01 vs
LPS group. NFATc1: Nuclear factor of activated T-cells c1; c-Fos: Cellular oncogene fos; MMP-9: Matrix metalloprotein 9; CtsK: Cathepsin K
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Figure 4 Effect of MOIG on the NF-xB pathway and JAK2/STAT3 pathway in OCs induced by LPS. A: The images of Western blot for
TRAF6, p-p65, p65 and IkBa of OCs induced by LPS at different time points; B-D: The quantification analysis of TRAF6, IxBa and p-p65/p65
based on the results of (A) by using an ECL detection system, respectively; E: The images of Western blot for p-JAK2, JAK2, p-STAT3,
STAT3, p-GSK-3f and GSK-34; F-H: The quantification analysis of p-JAK2, JAK2, p-STAT3, STAT3, p-GSK-34 and GSK-3/ based on the
results of (E) by using an ECL detection system, respectively. n =3, x£s. "P<0.05, "P<0.01, ""P < 0.001 vs LPS group. NF-xB: Nuclear
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Figure 5 Effect of MOIG on F-actin ring formation as well as NF-«xB pathway and STAT3 signaling in OCs with GSK-3/ gene
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and then imaged with a fluorescence microscope (x400); C: The images of Western blot for p65, p-p65, STAT3 and p-STAT3 of OCs; D, E:
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