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Abstract

BACKGROUND: Preliminary studies have found that Achyranthes bidentata alcohol extract can induce the directional chondrocyte differentiation of bone
marrow mesenchymal stem cells, but the specific protein targets and network mechanisms are unknown.

OBJECTIVE: To observe the proteomic analysis of cartilage differentiation of rabbit bone marrow mesenchymal stem cells induced by Achyranthes bidentata
alcohol extract and the construction of protein interaction network.

METHODS: Bone marrow mesenchymal stem cells of New Zealand white rabbits were isolated and cultured by density gradient centrifugation combined with
bone marrow adherent method. Passage 3 cells were randomly divided into five groups: blank group, control group, low-dose Achyranthes bidentata alcohol
extract group, medium-dose Achyranthes bidentata alcohol extract group, and high-dose Achyranthes bidentata alcohol extract group. After continuous
induction and culture for 21 days, gRT-PCR was used to detect the expression of type Il collagen mRNA and toluidine blue staining was used to identify the
formation of chondrocytes. The differentially expressed proteins of different groups were identified by absolute quantitative isotope labeling (iTRAQ) combined
with two-way liquid chromatography tandem mass spectrometry, and the differentially expressed proteins were analyzed by GO analysis, KEGG analysis and
protein interaction network analysis.

RESULTS AND CONCLUSION: (1) The qRT-PCR results showed that the expression of type Il collagen mRNA in the high-dose Achyranthes bidentata alcohol
extract group was significantly higher than that in other groups (P < 0.05), and toluidine blue staining displayed positive reaction in the high-dose Achyranthes
bidentata alcohol extract group. A total of 1 354 differential protein spots were identified by proteomic analysis, including 633 up-regulated proteins and

721 down-regulated proteins. (2) According to the results of gRT-PCR, the differentially expressed proteins of blank group, high-dose Achyranthes bidentata
alcohol extract group and control group were analyzed. Go analysis showed that these differentially expressed proteins were involved in metabolism, cell
differentiation, cell cycle and apoptosis, inflammatory response, immune regulation, oxidative stress, phosphorylation, ubiquitination, cancer and so on.
KEGG analysis obtained 10 typical signal pathways most related to osteoarthritis: interleukin-17 signaling pathway, Toll like receptor signaling pathway, Wnt
signaling pathway, PI3K-Akt signaling pathway, mTOR signaling pathway, JAK-STAT signaling pathway, NF-kappa B signaling pathway, MAPK signaling pathway,
AMPK signaling pathway, and HIF-1 signaling pathway. According to the protein difference between groups, Cytoscape 3.6.0 software was used to successfully
construct protein interaction network diagram. (3) These results suggest that Achyranthes bidentata alcohol extract can induce chondrogenic differentiation
of rabbit bone marrow mesenchymal stem cells by regulating oxidation, cell cycle and apoptosis, changes in cell structure, cell differentiation, metabolism and
inflammatory injury. It has multi-target and multi-center network regulation, and its specific mechanism needs to be further studied.
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Figure 1 | Strong cation exchange column separation chromatogram
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Figure 2 | Total ion flow diagram detected by mass spectrometry
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Table 1 | Data of successful protein points of differential protein identification between blank group and high-dose Achyranthes bidentata alcohol extract

group
HAR T ESEL 3 HARS A% EEGE KO0 TRE kD) EA%HEA PHE
Fif&E 1 P01885  Beta-2-microglobulin; GN=B2M 11.38 13.13% 11.6 7.44 0.009 801

U3KPG6 Intercellular adhesion molecule 1; GN=ICAM1 75.12 22.85% 57.5 5.69 9.66x10”
G1TAH8 Non-specific serine/threonine protein kinase; GN=AKT3 7.63 9.19% 55.8 6.02 0.026 002
G1U2Y0 Nuclear factor kappa B subunit 1; GN=NFKB1 25.62 10.25% 105.1 5.34 0.003 765
U3KM48 Transcription factor BTF3 ; GN=BTF3L4(ENSOCUG00000001517) 12.87 18.54% 16.4 9.79 0.003 034
U3KMX6 Transcription factor BTF3 9.67 36.42% 17.7 7.5 0.017 049
G1TH86 RAB11B, member RAS oncogene family; GN=RAB11B 81.55 34.66% 27.4 7.93 0.011 404
G1SQZ2 BCL2 associated X,apoptosis regulator; GN=BAX 20.58 24.34% 20.8 5.38 0.002 246
Q9BGH4 Beta-actin (Fragment); GN=ENSOCUG00000005867 2126.33 76.06% 15.7 4.84 0.002 312
GITKK9  ISG15 ubiquitin-like modifier; GN=ISG15 8.35 19.51% 17.7 7.09 0.032 143

TiF%EH  G1T994  Collagen alpha-1(XIl) chain; GN=COL12A1 6607.7 56.07% 339.4 5.5 2.68x10™°
G1T7F1  Histone H2B; GN=LOC100348835(ENSOCUG00000014447) 54416  46.03% 13.9 10.32 1.18x10™*
G1T4A5  Collagen alpha-1(I) chain; GN=COL1A1l 476.87  51.46% 109.7 7.53 8.39x10™*
G1SVK5  Protein S100; GN=S100A4 152.9 36.63% 11.7 6.11 5.09x10%
GITKN4 Rac family small GTPase 1; GN=RAC1 90.96 24.87% 21.6 8.9 3.31x10°*
P30946  Heat shock protein HSP 90-alpha; GN=HSP90AA1 892.71  47.41% 79.7 4.97 4.43x10”
GI1SFUO Ras-related protein Rab-7a; GN=RAB7A 247.6 79.71% 235 6.7 5.11x107
G1SIS1  Histone H2B; GN=HIST2H2BE 477.89  46.03% 13.9 10.32 1.67x10°
G1T2Z5 Collagen alpha-2(I) chain; GN=COL1A2 335,59  42.23% 128.7 8.95 6.36x10"
G1TYNO Transmembrane p24 trafficking protein 9; GN=TMED9(ENSOCUG00000025345) 36.31 21.19% 27.2 7.94 6.98x10"
G1U5Q7 Actin-related protein 2/3 complex subunit 4; GN=ARPC4 132.58 46.52% 21.7 9.06 0.000 129
GI1T8H6 Histone H3; GN=H3F3B 30.91 26.47% 15.4 10.98 0.000 43
P62740  Actin, aortic smooth muscle; GN=ACTA2(ACTB) 2847.56 71.62% 42 5.39 0.000 497
G1T6P5  ADP ribosylation factor like GTPase 8B; GN=ARL8B 141 64.14% 16.7 8.46 0.000 517
P02252  Histone H1.4; GN=HIST1H1E 89.36 35.62% 21.9 11.03 0.004 857

%2 | MRESFRERYSTEHEEFEALERNEA KR

Table 2 | Data of successful protein points of differential protein identification between control group and high-dose Achyranthes bidentata alcohol

extract group

HAK S SN AR EAKEEER EAS TR (kD) EA%HA PE
LA P01885 Beta-2-microglobulin; GN=B2M 11.38 13.13% 11.6 7.44 0.000 566
G1U826  V-type proton ATPase subunit G; GN=ATP6V1G1 12.27 19.49% 13.7 7.97 0.036 591
T GlU9S2  Serum albumin; GN=ALB 3164.92 77.14% 68.9 6.3 3.696x10
G1TN89  Heparan sulfate proteoglycan 2; GN=HSPG2 1560.33 47.65% 468.3 6.51 1.372x10™*
G1UOA4  Biglycan; GN=BGN 594.66  58.06% 41.8 7.52 2.297x107
Q28888  Decorin; GN=DCN 402.4 67.50% 39.9 8.21 5.09x10"
G1SP97 Lumican; GN=LUM 655.72  57.69% 38.4 6.29 1.14x10%°
P10658 Phosphoserine aminotransferase; GN=PSAT1 335.74 61.35% 40.6 7.93 1.514x10™"
GI1T4A5  Collagen alpha-1(l) chain; GN=COL1Al 476.87  51.46% 109.7 7.53 3.873x10™
G1U677  Aggrecan core protein; GN=ACAN 107.28 14.86% 222.5 4.32 1.898x10°
GI1SVK5  Protein S100; GN=S100A4 152.9 36.63% 11.7 6.11 2.512x10°
G1U754  Histidine-rich glycoprotein; GN=HRG 208.39  42.34% 60.8 7.43 5.49x10°
G1SYM3  Tetraspanin; GN=CD9 54.69 12.21% 37.8 7.74 0.000 147
G1SPY8 Solute carrier family 2,facilitated glucose transporter member 1; GN=SLC2A1 40.39 13.24% 54 8.73 0.000 198 8
G1TRWO  Serine hydroxymethyltransferase; GN=SHMT2 499.64  62.43% 55.8 8.78 0.000 245 6
P37153 Apolipoprotein D; GN=APOD 26.48 32.80% 21.5 5.27 0.000 554 8
G1SMX7  ER lumen protein-retaining receptor; GN=KDELR3 15.63 16.82% 24.9 8.79 0.000 641 4
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Figure 6 | iTRAQ qualitative analysis of proteins
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Figure 7 | Statistics of the number of differentially expressed proteins in
each group
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Figure 8 | Go classification and Pathway function enrichment analysis of blank group and high-dose Achyranthes bidentata alcohol extract group
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Figure 9 | Go classification and Pathway function enrichment analysis of control group and high-dose Achyranthes bidentata alcohol extract group
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Figure 11 | Differential protein interaction network
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