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Objectives

Circulating exosomes represent novel biomarkers for multiple diseases. In this study, we
investigated whether circulating exosome levels could be used as a diagnostic biomarker for
steroid-induced osteonecrosis of the femoral head (ONFH).

Methods

We assessed the serum exosome level of 85 patients with steroid-induced ONFH and 115
healthy donors by Nanosight detection. We then assessed the diagnostic accuracy of serum
exosomes by receiver operating characteristic curve analysis.

Results

The circulating exosome level of the ONFH group was significantly lower than that of control
group. The area under the curve was 0.72, suggesting that the level of serum exosomes has
moderate diagnostic accuracy for steroid-induced ONFH.

Conclusion

Circulating exosome levels are valuable in the diagnosis of steroid-induced ONFH.
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Article focus
To develop an economical and conveni-
ent method for the diagnosis of steroid-
induced osteonecrosis of the femoral
head (ONFH).

Key messages
The circulating exosome levels of the
ONFH group were significantly lower
than that of the control group.
Level of serum exosomes has moderate
diagnostic accuracy for steroid-induced
ONFH.

Strengths and limitations

Strength: the current study is the first
study to reveal the value of serum exo-
some levels as a diagnostic marker for
steroid-induced ONFH.

Limitation: Further studies should be con-
ducted with larger sample sizes in differ-
ent ethnic groups to validate and extend
our findings.

Introduction

Steroid-induced osteonecrosis of the femoral
head (ONFH) involves the necrosis of cancel-
lous bone which ultimately leads to the col-
lapse of the femoral head.!? The incidence of
osteonecrosis ranges from 4.6% to 37% in
patients receiving steroid treatment.!3-6
Intervention at an early stage is the key to suc-
cessful treatment of steroid-induced ONFH.
However, early-stage ONFH could only be
definitively diagnosed with MRI scanning
which is expensive and inconvenient. It is
important to find an economical and conveni-
ent method for screening ONFH development
in patients receiving steroid therapy. After ini-
tial screening, MRI scanning can then be con-
ducted for further confirmation.

Exosomes are 30 nm to 120 nm, cell-
secreted vesicles that are present in all biologi-
cal fluids, including blood, urine and cultured
medium of cell cultures.”® Exosomes carrying
miRNA, mRNA and proteins are important
vehicles for intercellular communication
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Table I. Demographic features of patients with osteonecrosis of the femoral
head and healthy donors

Table II. Area under the curve (AUC) for serum exosome level in the diagno-
sis of steroid-induced osteonecrosis of the femoral head (ONFH)

Demographic ONFH group Control group AUC  Cut-off Sensitivity  Specificity PPV NPV
characteristics (n = 85) (n=115) (%) (%) (%) (%)
Male 44 60 072 84x10%/mL 652 77.6 63.5 798
Female 41 55
Age (yrs) 56.35D 7.9 55.95sD 8.3 Receiver operating characteristic (ROC) curve analysis was used to calculate
Height (cm) 167.2sp11.4 166.8sD 11.7 the AUC of serum exosome level for diagnosing steroid-induced ONFH
Weight (kg) 67.9 sD 8.9 67.3sD9.2
Statistical analysis: Student’s t test or chi-squared test
SD, standard deviation
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Fig. 1

Nanosight detection of serum exosome level. Representative outcome is shown. Exosome level was determined by the number of particles from 30 nm to

120 nm.

in vivo. Recent progress indicated that exosomes in bio-
logical fluids are promising disease-related biomarkers for
chronic kidney disease,® pancreatic cancer'® and acute
coronary syndrome." In this study, we report for the first
time that the circulating exosome level in steroid-induced
ONFH patients was significantly lower than the level found
in a healthy population.

Materials and Methods

Patient information. The study was approved by the
Ethics Committee of Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital. Written consent
was obtained from all donors in accordance with the
Declaration of Helsinki. The serum samples were obtained
from the ONFH Bank of Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital. This study included 85
serum samples from patients with steroid-induced ONFH
and 115 serum samples from healthy donors. All patients
were diagnosed based on MRI and CT scanning, and had
a history of receiving long-term or high-dose steroid ther-
apy. No subject in this study had exposure to all known
ONFH risk factors for at least three months before serum

samples were obtained. The healthy participants were
recruited from the community. All participants in the
control group received a general medical examination
in Shanghai Jiao Tong University Affiliated Sixth People’s
Hospital and no systemic diseases such as hypertension or
diabetes were detected. The primary diseases of the ONFH
patients are summarised in the supplementary material.
All ONFH patients were classified with the Steinberg stag-
ing system of ONFH.12

Exosome concentration detection. All the serum samples
were immediately frozen and stored at -80°C after isola-
tion from donors. Before detection, randomly generated,
eight-digit numbers were assigned to each sample. HZ
kept the group information and diluted all the samples
with phosphate-buffered saline at a ratio of 1:10.6 YG.
detected the exosome level. YW then obtained the group
information from the first researcher and was respon-
sible for data analysis. The exosome concentration was
determined by the number of particles of size 30 nm to
120 nm using Nanosight (Malvern, United Kingdom). All
data in this study were expressed as mean with standard
deviation (SD). Receiver operating characteristics (ROC)
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Receiver operating characteristics curve analysis of serum exosome level for
detection of steroid-induced osteonecrosis of the femoral head.

Table I1l. Serum exosome levels in the different stages of steroid-induced
osteonecrosis of the femoral head (ONFH)

Stage 1/11 Stage lI1/IV Stage V/VI
(n=25) (n=30) (n=30)
Exosome level ('3/mL) 7.2(sp 2.1) 7.3(sp 1.9) 7.3 (sp 2.0)

Patients were classified with the Steinberg staging system of ONFH.12

and other statistical analysis was conducted using SPSS
22.0 (IBM, Armonk, New York).

Results

The demographic characteristics of the patients. The
demographic features of all subjects are shown in
Table I. There were no significant differences in age,
gender, height or weight between the ONFH and con-
trol groups.

The level of circulating exosomes in steroid-induced ONFH
patients was lower than that of healthy donors. The cir-
culating exosome level was determined by detecting
the number of particles with sizes ranging from 30 nm
to 120 nm (Fig. 1). The exosome level in the con-
trol group was 9.1 x 10'3/mL (spD 2.5). For the patient
group, the serum exosome level was 7.3 x 10'3/mL
(sp 2.0). The serum exosome level was significantly lower
in the patient group than in the healthy donors (p < 0.01,
Student’s t-test).

Diagnostic value of serum exosome for diagnosis of ste-
roid-induced ONFH. The diagnostic value of circulating
exosome levels for steroid-induced ONFH were then
calculated by ROC curve analysis (Fig. 2). Circulating

exosome levels showed moderate diagnostic accuracy
for the presence of steroid-induced ONFH (Table II). We
further demonstrated that the level of circulating exo-
somes is not predictive of the stages of steroid-induced
ONFH (Table I1I).

Discussion

Intervention before collapse of the femoral head is the
key to success in hip preservative operations. However,
the steroid-induced ONFH is a latent disease and usually
develops several years after intensive steroid exposure.
Additionally, early-stage ONFH is usually asymptomatic,
highlighting the need for a convenient laboratory test to
detect potential ONFH development. The present study
first evaluated the circulating exosome level in patients
with steroid-induced ONFH. We demonstrated that the
serum exosome level was significantly lower in patients
with steroid-induced ONFH compared with healthy
donors. ROC analysis demonstrated that the serum exo-
some level had moderate diagnostic accuracy for the
detection of steroid-induced ONFH. The serological
examination is more convenient and economical than
traditional MRI scanning. After screening by serum exo-
some level detection, MRI scanning should be conducted
for definitive diagnosis.

It is also possible that the change in exosome levels
might even precede the alteration in MRI, such as show-
ing the ‘double-line’ sign. Thus, it would be interesting
to know whether circulating exosomes can be used as
‘super early’ diagnosis markers for steroid-induced
ONFH. A prospective study on a population with inten-
sive steroid exposure might address this question.

In conclusion, circulating exosome level is valuable in
the diagnosis of steroid-induced ONFH.

Supplementary Material

A table showing a summary of the primary dis-
eases of the ONFH patients can be found alongside
this paper at http://www.bjr.boneandjoint.org.uk/
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