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Abstract

Background Oxidative stress was closely related to the occurrence and development of Steroid-induced osteone-
crosis of the femoral head (SIONFH). 8-hydroxy-2'-deoxyguanosine (8-OHdG) is a important index of oxidative stress.
The aim of this study is to investigate the role of 8-OHdG in the development of SIONFH.

Methods From May 2021 and November 2021, 33 patients diagnosed with SIONFH and 26 healthy controls were
recruited in this study. Assessment included the radiography and pathology evaluation of clinical bone tissue, expres-
sion position and level of 8-OHdG, level of plasma 8-OHdG, as well as the receiver operating characteristic (ROC)
curve.

Results We observed that expression levels of 8-OHdG in bone samples decreased with Association Research Cir-
culation Osseous (ARCO) stages. Plasma 8-OHdG levels were significantly increased in the SIONFH group compared
to the healthy control group. Plasma 8-OHdG level of pre-collapse patients was higher than that of post-collapse
patients, the decreased plasma 8-OHdG level was related to higher ARCO stages.

Conclusion Plasma 8-OHdG may represent potential biomarkers during SIONFH at different stages. Higher plasma
8-OHdG levels indicated early stage of SIONFH. The current study provided new clues for early diagnosis and treat-
ment for SIONFH.

Keywords Steroid-induced osteonecrosis of the femoral head, 8-hydroxy-2'-deoxyguanosine (8-OHdG), Oxidative
stress, Collapse

Introduction
Osteonecrosis of femoral head (ONFH) is a complex hip
disease characterized by reduced blood supply to the
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Accumulating evidences have shown that the high oxi-
dative stress is related to the development of SIONFH
[5-7]. Intracellular reactive oxygen species (ROS) has
been widely studied as an important molecular in the
process of oxidative stress. Previous studies have dem-
onstrated that ROS take part in osteoclast differentiation
as intracellular signal molecules by modulating recep-
tor activator of NF-kB ligand (RANKL)-induced signal-
ling [8, 9]. Chen et al. [10] reported that high oxidative
stress following steroid administration may cause the
decrease of the expression of antioxidant enzymes, which
ultimately leads to osteoclast hyperactivity and subse-
quently progression of ONFH. Moreover, 8-hydroxy-
2’-deoxyguanosine (8-OHdG) is an important index of
oxidative stress, it formed through oxidation of guanine
from damaged DNA [11, 12]. Until now, 8-OHdG has
been widely used as biomarker for various disease, such
as periodontal disease, atherosclerosis and cardiovascu-
lar disease [13, 14]. Fan et al. [15] have observed a signifi-
cantly higher 8-OHdG expression in femoral head with
SIONFH than in that of developmental dysplasia of the
hip (DDH) patients and concluded that glucocorticoids
induced oxidative stress and lead to osteocyte apoptosis
in the process of SIONFH.

In the early stage of ONFH, active osteoclasts in
necrotic zone may indicated the begining of repair. How-
ever, the persistent activation of osteoclasts results in
bone resorption exceeds formation may lead to the loss
of structural integrity and subchondral fracture [16].
Thus, the change of osteoclast activity may be corre-
lated with collapse of ONFH. Here, we hypothesized that
plasma 8-OHdG may be associated with disease progres-
sion in SIONFH. In the present study, we determined the
correlation between plasma 8-OHdG concentrations and
clinical features of different stages of the disease to inves-
tigate its roles in SIONFH.

Materials and methods

Study population

A total of 33 SIONFH patients were recruited from May
2021 to November 2021 from the Third Affiliated Hos-
pital of Guangzhou University of Chinese Medicine.
Twenty-six healthy volunteers were included as control
group. The patients were diagnosed based on clinical
evidence and radiological evidence of the hips. The his-
tory of steroid use was at least 2 g of prednisolone or
its equivalent over a 3-month period, and the diagnosis
must be made within 2 years of last steroid usage [17].
All of the patients were classified according to the ARCO
staging system [18]. The inclusion criteria were as fol-
lows: a) radiographic criteria of ARCO stages > II; and
b) age above 18 years old. The exclusion criteria were as
follows: a) patients who received previous treatments
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for avascular necrosis; b) patients with any diseases that
could affect the hip joint; c) patients with severe meta-
bolic disease. The control group included healthy volun-
teers who received medical examination at the same time.
The healthy subjects had no history of steroid use or hip
pain, and the anteroposterior and frog-leg lateral pelvic
radiographs did not show any lesions. This study was
approved by the ethics committee of The Third Affiliated
Hospital of Guangzhou, University of Chinese Medicine.
All participants provided written informed consent for
inclusion in the study.

Sample collection

Peripheral blood plasma was collected from 33 patients
with SIONFH and 26 healthy volunteers, and stored
at —80 °C until the day of measurement. Necrotic bone
samples were obtained after total hip arthroplasty (THA)
(n = 16 total). Bone samples in the control group (n = 6
total) from femoral neck fractures were obtained after
THA. Bone samples were collected from normal tissue or
subchondral necrotic zone with a depth of 1-4 mm from
the cartilage. Bone samples were harvested and fixed in
4% formaldehyde for over 24h at room temperature.

H&E staining of bone tissue

Bone samples from necrotic region and normal tis-
sue from the control group were obtained and fixed
in 4% formaldehyde. The samples were then decalci-
fied, dehydrated, and inserted into paraffin wax to make
5-um-thick sections. The tissue sections were stained by
haematoxylin and eosin (H&E) and then observed using
a microscope (3DHISTEC, Pannoramic MIDI). Ten HE
staining images were randomly selected from each sam-
ple and the ratio of empty lacunae were calculated.

Micro-CT scan

Micro-CT analyses were performed using a high-reso-
lution device, NEMO Micro CT (NMC-200). The bone
samples were placed in the chamber of a micro-CT set
with the following parameters: 100-kVp X-ray source
voltage and a resolution of 2um Metrological analysis
and 3D reconstruction were performed by Avatar 3.0.
Structural parameters of trabecular bone were analyzed,
including bone volume fraction (BV/TV), trabecular
thickness (Tb.Th), trabecular number (Tb.N) and trabec-
ular separation (Tb.Sp).

Immunoshistochemistry for 8-OHdG

Five micron-thick tissue sections were dewaxed and
rehydrated with different gradients of xylene and abso-
lute ethanol. Antigen retrieval was performed using pH
6.0 citrate buffer. The 10% hydrogen peroxide was used
to remove catalase, and then using 10% goat serum to
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block at room temperature for 1 hour. Then, the sec-
tions incubated with primary antibodies: rabbit anti-8-
OHAG (1:1000; Proteintech Group, Inc). Specimens were
incubated overnight at 4°C, then subjected to secondary
antibody incubation (goat anti-rabbit immunoglobu-
lin (IgGQ)-horseradish peroxidase HRP; 1:500 dilution;
ZSGB-Bio, China) for 30 min at room temperature. After
that, the sections were counterstained with haematoxy-
lin and cover with mounting medium, observed under
microscope (3DHISTEC, Pannoramic MIDI). The inte-
grated optical density (IOD) values were quantified using
Image-Pro Plus software version 6.0 (Media Cybernetics,
Inc., Rockville, MD).

Immunofluorescence for 8-OHdG

The 5-pum-thick sections were blocked in 5% BSA at 37°C
for 1 h, then incubated with primary antibodies at 4°C
overnight. Then, the sections were washed three times
in PBS for 5 min each and incubated with correspond-
ing secondary antibodies at 37°C for 2 h. The slices were
stained with DAPI nuclear staining (Cell Signaling Tech-
nology, cat. #4083) for 1 min. Use the same antibody as
for Immunoshistochemistry.

Measurement of 8-OHdG concentrations

Plasma 8-OHdG was measured using a sensitive sand-
wich enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer’s instruction (Cusabio,
MD, USA). 8-OHdG was used to generate a linear stand-
ard calibration curve (range 3.12-800 ng/ml). The man-
ufacturer-reported precision was <12% (intra-assay) and
<15% (inter-assay). The sensitivity of this assay was 3.12
ng/ml.

Post hoc statistical power calculation

Statistic power (1-f) was calculated by Power and Sam-
ple Size Calculators (http://powerandsamplesize.com) to
obtain the data of different mean 8-OHdG levels, stand-
ard error, and enrolled numbers of patients in each group
[19]. Statistic power was regarded strong when > 0.8. The
ratio between the sample sizes of the two groups is,

na
np

k =

The formula for calculation is as follows:

1 Zi_ Zi 2\ 2
ny = kngandng = ( 1+ — GM
k LA — B
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Statistical analysis

SPSS version 23.0 (SPSS Inc., USA) was used to perform
statistical analysis. The results are presented as mean *
standard deviation (mean + SD). Data conforming to
normal distribution were compared using Student’s t-test
or one-way ANOVA, while those with non-normally dis-
tributed were tested using Mann-Whitney U test. P <
0.05 indicates statistical significance.

Results

Demography of cases in two groups

A total of 33 patients were recruited in the SIONFH
group with a mean age of 38.19 + 12.73 years. There
were 26 patients in the control group with an average
age of 40.15 + 11.57 years. No significant difference in
age was observed (Student’s T test, P > 0.05). There were
14 males and 19 females in the SIONFH group and 12
males and 14 females in the control group. There are 10
patients with stage II ONFH, 13 with III, and 10 with IV,
respectively.

Radiography and pathology evaluation of bone tissue
Figure 1A-D revealed the radiographic results of the
control group and SIONFH group. Figure 1A illus-
trates a regular spherical femoral head and normal joint
space. Figure 1B illustrates a Stage II necrotic femoral
head with nonuniform density and the disappearance
of local bone trabeculae. Figure 1C illustrates a typi-
cal stage III necrotic femoral head with the collapse of
the articular surface. Figure 1D illustrates acetabulum
changes, subchondral collapse and degenerative arthri-
tis. Figure 1E-H show the macroscopic appearances of
femoral head sections. No pathological sign was found
in the homologous trabecular bone of the control group
(Fig. 1E). Figure 1F shows the osteonecrotic bone within
the subchondral area but the femoral head does not col-
lapse. Figure 1G presents a distinct subchondral bone
fracture with a rough cartilaginous surface. Figure 1H
shows deteriorated and severely destroyed in the carti-
lage structure. Figure 1I-L shows the HE staining images
of the femoral head sections. Figure 1I shows a healthy
trabecular architecture with lots of osteocytes embedded.
Figure 1J-L shows that with the stage increases, the oste-
ocytes were absent in the lacunae and with an increas-
ing number of empty lacunae. As shown in Fig. 1M, the
ratio of empty lacunae in the SIONFH groups was signifi-
cantly higher than those in the control group (P < 0.05).
The ratio of empty lacunae in both stages III and IV were
higher than that in Stage II (P < 0.05).
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Micro-CT scan

Figure 2A-L shows the results of micro-CT images and
evaluation. The structure characteristics of trabecu-
lar bone in necrotic area were significantly different in
different stages (P < 0.05). We observed that decreased
value of BV/TYV, Tb.Th and Tb.N and increased value of
Tb.Sp in Stage III. In addition, higher values of BV/TYV,
Tb.N, Tb.Th and lower values of Tb.Sp in Stage IV than
that in Stage II were observed (Fig. 2M—-P).

Immunoshistochemistry for 8-OHdG

Positivity for 8-OHdG immunohistochemical staining
was determined in both necrotic and healthy regions
(Fig. 3). The 8-OHdG was detected on the trabecular
bone, the osteoblast, the osteoclast, and bone mar-
row. An low-level presence of 8-OHdG were observed
in healthy samples (P < 0.05) (Fig. 3A). The levels of
8-OHdG was decreased as ARCO stage progress (P <
0.05) (Fig. 3B-D). The quantitative result was shown in
Fig. 3E.

Immunofluorescence for 8-OHdG

Figure 4 shows the immunofluorescence expression
of 8-OHdG. The results indicated that a low 8-OHdG
expression was observed in the control group (Fig. 4A).
Moreover, the expression levels of 8-OHdG decreased
with ARCO stages (P < 0.05) (Fig. 4B).

Plasma 8-OHdG levels in ONFH patients and control
subjects

The result of plasma 8-OHdG level from ELISA and rela-
tion between other clinical data was shown in Table 1.
The plasma 8-OHdG level was 368.33 + 131.92 ng/ml in
the SIONFH group, which was significantly higher than
213.72 + 80.15 ng/ml in the control group (P < 0.05)
(Fig. 5A). Figure 5B revealed that plasma 8-OHdG lev-
els were differ significantly with different ARCO stages
among SIONFH patients (stage II: 481.52 + 96.61 ng/ml,
stage III: 390.95 + 80.70 ng/ml, stage IV: 225.72 + 79.28
ng/ml, P < 0.05). According to multi-ple comparisons,
significantly differences were observed between stage 11
and stage III (P < 0.05), and between stage II and stage
IV (P < 0.05). Moreover, the plasma 8-OHdG level of
pre-collapse patients (481.52 + 96.61 ng/ml) was higher
than that of post-collapse patients (319.12 + 114.62 ng/
ml) (P < 0.05) (Fig. 5C). In addition, ROC curve analy-
sis was also performed to investigate the predictive value
of plasma 8-OHdG levels for SSIONFH patients. The area
under the curve (AUC) was 0.829 (P < 0.001), the sensi-
tivity was 63.64%, and the specificity was 96.15% (cutoff,
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321.4 ng/ml), which demonstrated that plasma 8-OHdG
showed predictive value for diagnosis of ONFH (Fig. 5D).

Statistical power

After calculation, the statistical power was 0.99, suggest-
ing that the sample size of 33 and the sampling ratio of
0.79 were sufficient to obtain the conclusion (Fig. 6).

Discussion

In this study, we evaluated the relationship between
plasma 8-OHdG level and the occurrence of SIONFH
as well as disease process in patients with SIONFH. We
found that in both plasma and protein level, 8-OHdG
was significantly increased in the SIONFH group com-
pared to the control group. The plasma 8-OHdG level of
pre-collapse patients was higher than that of post-col-
lapse patients, the decreased plasma 8-OHdG level was
related to higher ARCO stages. The finding indicates that
8-OHdG could possibly be used as a biomarker to assess
the progress of ONFH.

Currently, the specific pathogenesis and molecular
mechanism of SIONFH is complex and remain unclear.
Increasing studies indicated that oxidative stress was
closely related to the occurrence and development of
SIONFH. It has been reported that excessive usage of
glucocorticoids could lead to oxidative injury [15, 20].
Oxidative stress is defined as the imbalance between
prooxidants and antioxidants in the organism which
caused by an augmented level of ROS, free radicals, and
other reactive molecular species [21, 22]. Pathologi-
cal excessive generation of ROS can result in oxidative
injury, which is related to osteoarthritis, osteoporosis
and SIONFH [23, 24]. The current understanding of ROS
mediated oxidative stress in the process of SIONFH is
that oxidative stress may enhance the osteoclast activ-
ity and induced osteoblast and osteocyte apoptosis [10,
15]. ROS take part in osteoclast formation and resorp-
tive activity as intracellular signal molecules by support-
ing the activation of RANKL-induced signalling [25, 26].
Antioxidant therapy may be a promising method to pre-
vent the process of SIONFH by inhibiting ROS level [10].
Besides, ROS mediated oxidative stress can induce cell
apoptosis of osteocyte and osteoblast [27, 28].

8-OHdG, one of the most pivotal markers of oxidative
stress, has been used to measure the effect of endoge-
nous oxidative damage to DNA [29]. Recently, 8-OHdG
has been used as biomarker for oxidative stress in vari-
ous fields, such as atopic diseases in children, depres-
sion in bipolar disorder, and a variety of cancers [12,
30, 31]. An experimental study in rats showed that the
8-OHdG immunoreactivities in the vessels, adipocytes,
bone marrow, and trabeculae increased significantly
in the SIONFH group compared to the control group,
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Fig. 3 Immunohistochemistry results for 8-OHdG of bone samples in control group and SIONFH group with different stages. A An low-level
presence of 8-OHdG were observed in healthy samples. B-D The levels of 8-OHdG was decreased as ARCO stage progress. E The 10D value
of immunohistochemistry for 8-OHdG. *P < 0.05 TB: trabecular bone; BM: bone marrow

indicating an increased oxidative injury in SIONFH
model [32]. In theory, the secretion of 8-OHdG should
be increased following the oxidative stress caused by
SIONFH. Here, we suppose that the increased 8-OHdG
level accompanied by the oxidative stress might be an
important pathological process of SSIONFH. In this study,
we observed that plasma 8-OHdG level was significantly
increased in the SIONFH patients compared to the con-
trol group. This results indicated that increased plasma
8-OHdG levels are associated with the occurrence of
SIONFH and might act as a predictive factor for SSIONFH
diagnosis.

The imbalance of osteoblast and osteoclast activity
also plays a key role in the progression of SSIONFH and

the collapse of femoral head. Our previous study has
been demonstrated that osteoblast and osteoclast activity
changed during the progression of SIONFH in necrotic
area in femoral heads [33]. In the early stages of SIONFH,
osteoclast activity is significantly increased, and excessive
osteoclast activity is considered to be the cause of femo-
ral head collapse. In the late-stage SIONFH, it can be
observed that osteoclast activity decreased and osteoblast
activity increased in necrotic femoral heads. The results
of micro-CT also demonstrated that a higher osteoclas-
tic level in Stage II and III could weaken the bone micro-
structure in trabecular scale, which might lead to the
collapse of femoral heads. With the progress of SIONFH
to the stage IV, trabecular quantity increased as bone
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Table 1 Plasma 8-OHdG levels in ONFH patients and control subject and potential relation between other clinical data
Group Cases 8-OHdG level (pg/mL) Comparison Pvalue
Control 26 213.72+£80.15 Control vs SIONFH <0.05
SIONFH 33 36833+ 131.92
ARCO stages
Stage I 10 48152 +96.61 sl 0.023
Stage lll 13 390.95 + 80.70 s IV <0.05
Stage IV 10 22572 +79.28 lhvs IV <0.05
Precollapse 10 481.52 £ 96.61 Pre- vs. post-collapsed <0.05
Postcollapse 23 319.12+ 11462
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Fig.5 Overview shows plasma 8-OHdG level in SIONFH patients and control group. A-C Plasma 8-OHdG levels with statistical differences
among different groups. D Receiver operating characteristic (ROC) curve and the area under the curve (AUC) in association with the sensitivity

and specificity of SIONFH. *P < 0.05

reconstruction took place. As previously mentioned, ROS
mediated oxidative stress may affect the differentiation of
osteoblast and osteoclast. Therefore, we further investi-
gated the relation between SIONFH and 8-OHdG lev-
els in tissue and plasma, especially in different stages of

SIONFH. Patients with ARCO II and III had significantly
higher plasma 8-OHdG levels compared with Stage IV
patients and the control group. The protein expression
levels of 8-OHdG in femoral head bone samples were
consistent with plasma levels. A higher-level protein



Peng et al. BMC Musculoskeletal Disorders (2023) 24:808

30
25

20

Page 10 of 11

— 90% — 99.98% — 70%

35-\—\—\—‘_

Sample Size

0.72 0.74 0.76 0.78
Fig. 6 Statistic power determined by mean and sample size

expression of 8-OHdG were observed with SIONFH
samples than in that of healthy samples, these results are
similar with previous study [15]. These findings suggested
that increased plasma 8-OHdG levels are related to the
process of collapse. Increased expression of 8-OHdG fol-
lowed by oxidative stress which may indicates an enhance
of osteoclast activity and the decrease of osteoblast activ-
ity in the early stages. This change alters the balance
between osteoblast and osteoclast activity resulting in
the collapse of femoral head. Several studies suggested
that oxidative injuries usually present following steroid
administration at the early-stage ONFH [34, 35], these
results are consistent with the phenomenon we observed
in the present study. Meanwhile, 8-OHdG expression
decreased in the late stages revealed that osteoclast activ-
ity was decreased in the late stages of SIONFH. In addi-
tion, the results of X-ray, macroscopic appearances of
femoral head sections as well as the HE staining indicated
that the pathological features of SIONFH are apoptosis of
osteocytes and rising number of lacunae, which proved
that the samples harvested were reliable and can reflect
the pathological changes in different stages.

This is the first study demonstrated the association of
8-OHdG expression with the disease severity of SIONFH.
However, several limitations needed to be acknowledged
in our study. First, it is difficult to enroll patients at an
early stage of ONFH, so that we did not evaluated the
levels of 8-OHdG in stage I which makes it hard to pre-
dict the early stage of ONFH. Second, the control group
was not matched with glucocorticoid consumption, only
with age and sex. Third, the number of samples in this
study was limited, and larger samples are needed for fur-
ther study.

In conclusion, plasma 8-OHdG may represent poten-
tial biomarkers during SIONFH at different stages.

0.8 0.82 0.84 0.86

Higher plasma 8-OHdG levels indicated early stage
of SIONFH. The current study provided new clues for
early diagnosis and treatment for SIONFH.
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8-OHdG  8-hydroxy-2'-deoxyguanosine

ONFH Osteonecrosis of femoral head

ROS Reactive oxygen species

ARCO Association Research Circulation Osseous

THA Total hip arthroplasty

Acknowledgements
None.

Authors’ contributions

PP and MCH wrote the article. WHF and MQL collected the literature. PP and
FJX prepared figures and tables. WH, HX and QSW designed the study. All
authors contributed toward data analysis, drafting and critically revising the
paper and agreed to be accountable for all aspects of the work. All authors
read and approved the final manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China (grant number 81873327, 82004392, 82274544 and 81573996), the
major project of "Double First-class”and High-level University Discipline Col-
laborative Innovation Team of Guangzhou University of Chinese Medicine
(grant number 2021XK05), the cultivated project of “Double First-class”and
High-level University Discipline Collaborative Innovation Team of Guangzhou
University of Chinese Medicine (grant number 2021XK41 and 2021XK46), the
Foundation of Guangdong Educational Committee for Youth Scientists (grant
number 2019KQNCX017), and Bijie Science and Technology Bureau ‘the open
competition project’ (no. BST Major Project No.1,2022).

Availability of data and materials
Data will be made available from the corresponding author on request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the Third Affiliated
Hospital of Guangzhou University of Chinese Medicine (approval number:
GYH202101-04). Written informed consent was obtained from all participants
in this study. All methods were performed in accordance with the relevant
guidelines and regulations.



Peng et al. BMC Musculoskeletal Disorders (2023) 24:808

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 18 March 2023 Accepted: 16 August 2023
Published online: 12 October 2023

References

1.

Mont MA, Salem HS, Piuzzi NS, Goodman SB, Jones LC. Nontraumatic
osteonecrosis of the femoral head: where do we stand today?: A 5-year
update. J Bone Joint Surg Am. 2020;102(12):1084-99.

Yoon BH, Mont MA, Koo KH, Chen CH, Cheng EY, Cui Q, et al. The 2019
revised version of association research circulation osseous staging system
of osteonecrosis of the femoral head. J Arthroplasty. 2020;35(4):933-40.
Atilla B, Bakircioglu S, Shope AJ, Parvizi J. Joint-preserving procedures for
osteonecrosis of the femoral head. EFORT Open Rev. 2020;4(12):647-58.
Fukushima W, Fujioka M, Kubo T, Tamakoshi A, Nagai M, Hirota Y. Nation-
wide epidemiologic survey of idiopathic osteonecrosis of the femoral
head. Clin Orthop Relat Res. 2010;468(10):2715-24.

IchisekiT, Ueda Y, Katsuda S, Kitamura K, Kaneuji A, Matsumoto T.
Oxidative stress by glutathione depletion induces osteonecrosis in rats.
Rheumatology (Oxford). 2006;45(3):287-90.

JiaYB, Jiang DM, Ren YZ, Liang ZH, Zhao ZQ, Wang YX. Inhibitory effects
of vitamin E on osteocyte apoptosis and DNA oxidative damage in bone
marrow hemopoietic cells at early stage of steroid-induced femoral head
necrosis. Mol Med Rep. 2017;15(4):1585-92.

Ueda S, Shimasaki M, Ichiseki T, Hirata H, Kawahara N, Ueda Y. Mitochon-
drial transcription factor a added to osteocytes in a stressed environment
has a Cytoprotective effect. Int J Med Sci. 2020;17(9):1293-9.

Lee NK, Choi YG, Baik JY, Han SY, Jeong DW, Bae YS, et al. A crucial role

for reactive oxygen species in RANKL-induced osteoclast differentiation.
Blood. 2005;106(3):852-9.

Kanzaki H, Shinohara F, Kanako |, Yamaguchi Y, Fukaya S, Miyamoto Y,

et al. Molecular regulatory mechanisms of osteoclastogenesis through
cytoprotective enzymes. Redox Biol. 2016;8:186-91.

Chen K, LiuY, He J, Pavlos N, Wang C, Kenny J, et al. Steroid-induced oste-
onecrosis of the femoral head reveals enhanced reactive oxygen species
and hyperactive osteoclasts. Int J Biol Sci. 2020;16(11):1888-900.
Dizdaroglu M, Jaruga P, Birincioglu M, Rodriguez H. Free radical-induced
damage to DNA: mechanisms and measurement. Free Radic Biol Med.
2002;32(11):1102-15.

Jelic MD, Mandic AD, Maricic SM, Srdjenovic BU. Oxidative stress and its
role in cancer. J Cancer Res Ther. 2021;17(1):22-8.

Paredes-Sanchez E, Montiel-Company JM, Iranzo-Cortés JE, Almerich-
Torres T, Bellot-Arcis C, Almerich-Silla JM. Meta-analysis of the use

of 8-OHdG in saliva as a marker of periodontal disease. Dis Markers.
2018;2018:7916578.

Di Minno A, Turnu L, Porro B, Squellerio |, Cavalca V, Tremoli E, et al.
8-Hydroxy-2-deoxyguanosine levels and cardiovascular disease: a sys-
tematic review and meta-analysis of the literature. Antioxid Redox Signal.
2016,24(10):548-55.

Fan ZQ, Bai SC, Xu Q, Li ZJ, Cui WH, Li H, et al. Oxidative stress induced
osteocyte apoptosis in steroid-induced femoral head necrosis. Orthop
Surg. 2021;13(7):2145-52.

Shah KN, Racine J, Jones LC, Aaron RK. Pathophysiology and risk factors
for osteonecrosis. Curr Rev Musculoskelet Med. 2015;8(3):201-9.

Yoon BH, Jones LC, Chen CH, Cheng EY, Cui Q, Drescher W, et al. Etiologic
Classification criteria of ARCO on femoral head osteonecrosis part 1:
glucocorticoid-associated osteonecrosis. J Arthroplasty. 2019;34(1):163-
168.el.

Mont MA, Marulanda GA, Jones LC, Saleh KJ, Gordon N, Hungerford DS,
et al. Systematic analysis of classification systems for osteonecrosis of the
femoral head. J Bone Joint Surg Am. 2006;88(Suppl 3):16-26.

Bacchetti P, Leung JM. Sample size calculations in clinical research. Anes-
thesiology. 2002;97(4):1028-9 (author reply 1029-32).

Page 11 of 11

20. Almeida M, Han L, Ambrogini E, Weinstein RS, Manolagas SC. Glucocorti-
coids and tumor necrosis factor a increase oxidative stress and suppress
Wnt protein signaling in osteoblasts. J Biol Chem. 2011;286(52):44326-35.

21. Buczko P, Zalewska A, Szarmach . Saliva and oxidative stress in oral cavity
and in some systemic disorders. J Physiol Pharmacol. 2015;66(1):3-9.

22. Schieber M, Chandel NS. ROS function in redox signaling and oxidative
stress. Curr Biol. 2014;24(10):R453-62.

23. Powers SK, Deminice R, Ozdemir M, Yoshihara T, Bomkamp MP, Hyatt
H. Exercise-induced oxidative stress: Friend or foe? J Sport Health Sci.
2020;9(5):415-25.

24. Sato AY,Tu X, McAndrews KA, Plotkin LI, Bellido T. Prevention of gluco-
corticoid induced-apoptosis of osteoblasts and osteocytes by protecting
against endoplasmic reticulum (ER) stress in vitro and in vivo in female
mice. Bone. 2015;73:60-8.

25. Kim H, Lee YD, Kim HJ, Lee ZH, Kim HH. SOD2 and Sirt3 control osteo-
clastogenesis by regulating mitochondrial ROS. J Bone Miner Res.
2017;32(2):397-406.

26. Yip KH, Zheng MH, Steer JH, Giardina TM, Han R, Lo SZ, et al. Thapsigargin
modulates osteoclastogenesis through the regulation of RANKL-induced
signaling pathways and reactive oxygen species production. J Bone
Miner Res. 2005;20(8):1462-71.

27. Peng P, Nie Z, Sun F, Peng H. Glucocorticoids induce femoral head
necrosis in rats through the ROS/JNK/c-Jun pathway. FEBS Open Bio.
2021;11(1):312-21.

28. Bai SC, Xu Q, LiH, Qin YF, Song LC, Wang CG, et al. NADPH oxidase
isoforms are involved in glucocorticoid-induced preosteoblast apoptosis.
Oxid Med Cell Longev. 2019;,2019:9192413.

29. Valavanidis A, Vlachogianni T, Fiotakis C. 8-hydroxy-2'-deoxyguanosine
(8-OHdQ): a critical biomarker of oxidative stress and carcinogenesis. J
Environ Sci Health C Environ Carcinog Ecotoxicol Rev. 2009;27(2):120-39.

30. Chen PY, Chen CW, Su'YJ, Chang WH, Kao WF, Yang CC, et al. Associations
between levels of urinary oxidative stress of 8-OHdG and risk of atopic
diseases in children. Int J Environ Res Public Health. 2020;17(21):8207.

31. Geli KHEA, Tuna G, Ceylan D, Kiiglikgoncii S. A comparative meta-analysis
of peripheral 8-hydroxy-2"-deoxyguanosine (8-OHdG) or 8-oxo-7,8-di-
hydro-2'-deoxyguanosine (8-oxo-dG) levels across mood episodes in
bipolar disorder. Psychoneuroendocrinology. 2023;151: 106078.

32. Dasci MF, Yaprak Sarac E, Gok Yurttas A, Atci T, Uslu M, Acar A, et al. The
effects of thymoquinone on steroid-induced femoral head osteonecrosis:
an experimental study in rats. Jt Dis Relat Surg. 2022;33(3):553-66.

33. He MC, Zhang J, Chen XJ, Shen YS, Fang B, Qin YX, et al. Osteoclastic activ-
ity was associated with the development of steroid-induced osteonecro-
sis of femoral head. Artif Cells Nanomed Biotechnol. 2020;48(1):1036-46.

34. Ichiseki T, Kaneuji A, Katsuda S, Ueda Y, Sugimori T, Matsumoto T. DNA oxi-
dation injury in bone early after steroid administration is involved in the
pathogenesis of steroid-induced osteonecrosis. Rheumatology (Oxford).
2005;44(4):456-60.

35. Lu BB, Li KH. Lipoic acid prevents steroid-induced osteonecrosis in rab-
bits. Rheumatol Int. 2012;32(6):1679-83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Plasma 8-OHdG act as a biomarker for steroid-induced osteonecrosis of the femoral head
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study population
	Sample collection
	H&E staining of bone tissue
	Micro-CT scan
	Immunoshistochemistry for 8-OHdG
	Immunofluorescence for 8-OHdG
	Measurement of 8-OHdG concentrations
	Post hoc statistical power calculation
	Statistical analysis

	Results
	Demography of cases in two groups
	Radiography and pathology evaluation of bone tissue
	Micro-CT scan
	Immunoshistochemistry for 8-OHdG
	Immunofluorescence for 8-OHdG
	Plasma 8-OHdG levels in ONFH patients and control subjects
	Statistical power

	Discussion
	Acknowledgements
	References


