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Abstract: Osteonecrosis of the femoral head (ONFH) can lead to its collapse which requires

total hip arthroplasty. Exosomes, which are important for intercellular communication are
involved in a series of physiological and pathological processes, and therefore play a unique role
in disease diagnosis and treatment. In this study, untargeted metabolomics was used to investi-
gate the metabolic characteristics of lipids in exosomes of femoral head tissue with osteonecro-
sis and to explain the metabolic changes that occur in the body during this disease. Ultracentrif-
ugation was used to separate and enrich exosomes from femoral head tissue with osteonecrosis.
Exosomes were identified using dynamic light scattering ( DLS), Western blotting, and trans-
mission electron microscopy (TEM). Gradient elution was performed with ultrapure water and
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acetonitrile as mobile phases using a Kinetex XB-C18 column (100 mmx2. 1 mm, 2. 6 pum). The
column oven temperature, flow rate of the mobile phase, and duration were 30 C, 300
wL/min, and 15 min, respectively. A triple TOF 4 600 high resolution mass spectrometry system
was used, and the mass scan range of m/z was set at 100 —1 000. Other conditions were as fol-
lows . sheath gas, 380 kPa; auxiliary gas, 380 kPa; curtain gas, 170 kPa; and atomization tem-
perature, 600 C. Ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-
MS/MS) combined with multivariate statistical analysis was used to identify the lipid metabolic
profile of ONFH-derived exosomes. The exosome metabolites were characterized in detail,
which enables their identification and provided a reliable method for quality evaluation. After
transforming the obtained original data using MarkView software, peak identification, peak
alignment, subtraction of solvent peak, impurity peak, noise filtering, and other treatments, a
three-dimensional matrix was obtained from the exported data table. Principal component anal-
ysis (PCA) and orthogonal partial least squares discrimination analysis (OPLS-DA) in the SIM-
CA-P14. 1 software were used for multivariate statistical analysis of differentially expressed exo-
some lipid metabolites. This strategy was validated using lipid metabolites from patients with
ONFH and healthy controls. The correlation distribution was shown according to the point dis-
persion of the PCA score plot, and lipid metabolites from the same disease showed ideal cluste-
ring. This result indicates a small difference between the groups. A good clustering effect is also
obtained using OPLS-DA, and the statistical model has high reliability. A total of 18 significantly
altered lipid metabolites were detected in the exosomes, including acrylolipids, fatty acid
esters, glycerides, and their derivatives. The pathway analysis was conducted with MetaboAna-
lyst (https:/www.metaboanalyst.ca/) via database source including the HMDB ( http : 7/ www.
hmdb.ca/) and MMCD ( http : 7/ mmcd. nmrfam. wisc.edu/) for confirming the impacted meta-
bolic pathways and visualization. Metabolic pathway analysis showed that glycerophospholipid
and sphingolipid metabolism were the most significantly altered in exosomes. An imbalance
between sphingolipids and glycerophospholipids leads to lipotoxic damage, which is implicated
in the pathophysiology of common metabolic diseases. Furthermore, glycerophospholipids are
correlated with cell proliferation, differentiation, and apoptosis, and the change in glycero-
phospholipid ratio can reflect the disturbance in lipid metabolism. The metabolic changes in
exosomes may reflect the metabolic changes in ONFH. In this study, lipid metabolomics analy-
sis based on UPLC-MS/MS was used to determine metabolic differences between exosomes
extracted from ONFN and femoral neck fracture ( FNF'). Metabolomic analysis of necrotic fem-
oral head tissue-derived exosomes can help explore the most relevant pathways for assessing
the changes in exosome metabolism that affect exosome metabolism in necrotic bone tissue.
Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) ; metabolomics; metabolic pathway; osteonecrosis of the femoral head (ONFH) ; exo-
somes; lipid
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Table 1 Clinical information of the enrolled samples (n=30)

Character Age/year Gender( male/female) Height/cm Weight/kg BMI/ (kg/m?)
FNF 72.28+8.27 12/18 156.47+5.68 56.16+8.44 22.03%2.51
ONFH 65.57+5.14 17/13 163.43+5.54 61.78+7.94 23.62+3.27
P 0.063 0.196 0.035 0.036 0.063

Data are presented as mean+SD. BMI: body mass index; FNF': femoral neck fracture; ONFH: osteonecrosis of the femoral head.

Differences were considered significant at P<0. 05.
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Fig. 1 Tissue and immunohistochemical images
of femoral head
a. X-ray image of osteonecrosis of femoral head; b. magnetic
resonance imaging (MRI) image of osteonecrosis of the femo-
ral head; c. bone tissue specimen of femoral head ; d. hematox-
ylin-eosin (HE) staining of bone tissues.
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Fig. 2 Identification of exosomes ( EXO)
a. exosomes particle size distribution; b. western blotting

analysis of markers in EXO; c. transmission electron micro-
scope (TEM) picture of EXO.
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Table 2 List of the identified differential metabolites in exosomes

Metabolite (7;;2 z) /s VIP P HMDB ID sz;rr?;‘;:l Avj;?ge
Phosphatidylserine 424.279 462.799 2.170 0.014 HMDB0014291 C;;H,NO P 385.304
1-( 0,-(2-methylamino-2-oxo-ethyl ) -Os-hydroxy- ~ 432.262  460.255  3.215  0.008 HMDB0013031 CyH;N50; 239.231
phosphinyl-B-d-ribofuranosyl) thymine
LysoPE(18:3(6Z,9Z,12Z)/0:0) 440.256 461.135 1.192 0.000 HMDB0011508 C,H,NO,P 475.555
Lucyoside K 597.376  336.932 1.043  0.001 HMDBO0041353 C;sHs0q 632.824
Physapruin B 641.289  538.855  3.067 0.016 HMDB0040671 C;,Hs,0, 602.755
Carfentrazone-ethyl 435.191 536.218 1.768 0.000 HMDB0041477 CgH ¢S 146.294
LysoPC(18:2(9Z,12Z)) 520.339 563.929 1.040 0.014 HMDB0010386 C,sHs,NO,P 519.651
1-Palmitoyl-Sn-Glycero-3-Phosphocholine 496.340 589.061 3.241 0.000 HMDB0010382 C,,Hs,NO,P 495.630
LysoPC(20:4(5Z,8Z,11Z,14Z)) 544.339  605.876 1.518  0.001 HMDBO0010395 CyHs,NO,P 543.672
1-Oleoyl-Sn-Glycero-3-Phosphocholine 522.356 605.999 1.304 0.000 HMDB0002815 C,sH;,NO,P 521.667
(£)-Abscisic acid 265.151 359.008 1.277 0.023 HMDB0035140 C,sH,,0, 264.316
Methyl methylthio selenide 142.948 72.309 1.957 0.000 HMDB0030879 C,H4SSe 141.09
Pubescenol 492.321 365.979 1.648 0.000 HMDB0030085 C,H,,Oq 474.629
Nonacosan-10-one 423.788 372.576 3.079 0.000 HMDB0033719 C,HsO 422.770
(24F) -3a-Acetoxy-15a-hydroxy-23-ox0-7,9(11),  491.321 371.631 2.808 0.000 HMDBO0035386 C3,H,5Og 526.704
24-lanostatrien-26-oic acid
Ganoderic acid Mg 620.406 367.133 2.732 0.016 HMDB0035999 C35Hs, Og 602.798
PA (8:0/12:0) 498.310 368.099 1.056 0.005 HMDBO0115483 CyHysO4P 480.579
Taurolithocholic acid 484.316 366.788 1.056 0.005 HMDB0000722 C,H,sNOS 483.71

VIP. variable importance in the projection value of OPLS-DA models. Differences were considered significant at P<0. 05.
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Fig. 4 Heatmap of differential metabolite
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Fig. 5 Metabolic pathway analysis of the identified
metabolites in exosomes of ONFH patients
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