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Abstract
Background
Plasma interleukin-33 (IL-33), a cytokine associated with inflammatory and autoimmune disease, has been
described to be significantly raised in osteonecrosis of the femoral head (ONFH) and hence was
recommended for use as a marker for ONFH. The concentration of plasma interleukin-33 level has not
been estimated in any studies conducted in patients with sickle cell disease (SCD); hence, we investigated
the levels of plasma interleukin-33 in patients with sickle cell disease with or without ONFH to assess
whether it can be used as a marker for the early detection of ONFH in this disease also.

Methods
Forty-four consecutive patients with sickle cell disease with osteonecrosis of the femoral head and matched
controls without ONFH were evaluated for plasma interleukin-33 levels by enzyme-linked immunosorbent
assay (ELISA). All patients were confirmed for sickle cell disease using high-performance liquid
chromatography (HPLC). ONFH was diagnosed in patients with sickle cell disease using clinical-radiological
findings. Univariate and multivariate analyses were performed using the IL-33 level as the dependent
variable.

Results
Plasma IL-33 levels were comparable in 44 patients with sickle cell disease with osteonecrosis of the femoral
head as compared with 24 patients with sickle cell disease without ONFH (2.05 ± 4.57 pg/mL versus 1.50 ±
2.89 pg/mL, p-value = 0.590). There was no significant difference in IL-33 levels in different stages of
avascular necrosis (AVN).

Conclusions
Plasma interleukin-33 levels cannot act as a marker of ONFH as were being considered in idiopathic ONFH
or ONFH caused by other causes such as trauma and chronic steroid or alcohol usage.

Categories: Orthopedics
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Introduction
Osteonecrosis of the femoral head (ONFH) is a disabling condition of young individuals. Its etiology and
pathogenesis are not completely known. In its natural course, 70%-80% of patients develop secondary hip
joint osteoarthritis [1]. Trauma, including a fractured neck of the femur, is considered a major cause of
ONFH. Nontraumatic ONFH can be caused by prolonged use of corticosteroids, chronic alcohol
consumption, infections, hyperbaric damage to the vascularity of the femoral head, glycogen and lipid
storage disorders, marrow infiltrating diseases, coagulation defects, very low or high temperatures, and
some autoimmune diseases [2]. Sickle cell anemia or sickle cell disease (SCD) is also common in some parts
of the world, including India, and is a common cause of ONFH. The incidence of osteonecrosis of the femoral
head has been described to be 22% in patients with sickle cell disease [3] and up to 50% in some other series
[4]. In this disease, valine substitutes instead of glutamic acid in the beta chain of red blood corpuscles
(RBCs) at the genetic level. This predisposes RBCs to become sickle-shaped when oxygen saturation
becomes less in the circulating blood, and this, in turn, is known to cause an increased incidence of
avascular necrosis (AVN) of the femoral head [4]. The incidence of ONFH has been described as more in the
homozygous SS sickle cell disease than in the sickle cell trait, in which it is described as rare [5].

The prevalence of sickle cell disease is estimated at about 2.1% in Chhattisgarh, and that of the sickle cell
trait is about 10%. The state of Chhattisgarh is endemic to sickle cell disease [6]. It can simultaneously affect
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multiple joints; the femoral head is more vulnerable as it lacks collateral blood flow. The most common
cause of ONFH in Central India is sickle cell disease (SCD). The abnormal sickle-shaped adherent red blood
cells cause ischemia of the femoral head articular cartilage, leading to bone infarction at the epiphysis, and
early-onset degenerative arthritis [5,7-10].

Interleukin-33 (IL-33) is a cytokine associated with inflammatory and autoimmune diseases. It is a member
of the IL-1 family of cytokines discovered in 2007 [11]. IL-33, a pro-inflammatory cytokine, is released from
osteonecrotic bones. It is mainly released from osteoblasts, adipocytes, and osteocytes by cells undergoing
necrosis rather than by active secretion [12-15]. IL-33 is believed to act as a primary inflammatory cytokine
in septic shock, proliferative diseases, asthma, cardiovascular diseases, collagen vascular diseases, and
pleural malignancies [16]. During ONFH, IL- 33 also plays a role by directly and indirectly impacting bone
remodeling after it is released from osteonecrosis of bones [17]. The origin, mode of action, and function of
interleukin-33 are still under research, as well as whether IL-33 increases with the repair of necrotic bone or
whether IL-33 acts as a positive or a negative effect after ONFH.

Plasma interleukin-33 levels have been described to be significantly raised in osteonecrosis of the femoral
head, which may be steroid-induced, alcohol-induced, secondary to an infection, coagulation defects,
storage disorders, marrow infiltrating diseases, autoimmune diseases, immoderately low or high
temperatures, hyperbaric events, or idiopathic disease. IL-33 is raised in all of these conditions with
ONFH and was recommended for use as a marker for osteonecrosis of the femoral head [18,19].

The concentration of plasma interleukin-33 levels has not been estimated in patients with sickle cell
disease; hence, we investigated the levels of plasma interleukin-33 in adult patients with sickle cell disease
with or without ONFH to assess whether its levels can be used as a marker for the early detection of the
disease.

Materials And Methods
Study design
The present study is a case-control study.

Study population
After obtaining institutional review board approval (OW-55/AIIMS-RPR/RC/2017) on October 28, 2017, from
All India Institute of Medical Sciences (AIIMS), Raipur, and written informed consent, we included patients
presenting to tertiary referral center during the period from September 2017 to December 2020. All
consecutive patients with age between 18 and 70 years with known sickle cell disease with a history of hip
pain and limping were included in the study. Patients with a history of significant trauma, inflammatory
disease, active infection on the affected hip, immunodeficiency, HIV infection, history of long-term steroid
use for any illness, or previous surgery on the hip were excluded from the study. The patients were diagnosed
with osteonecrosis of the femoral head (ONFH) based on clinical history, physical examination, and
radiological evaluation (X-ray and MRI) by the orthopedic surgeons. We confirmed the diagnosis of all
patients with sickle cell disease with electrophoresis and HPLC. A total of 44 patients were diagnosed to
have osteonecrosis of the femoral head (ONFH).

Control group
Twenty-four age- and sex-matched healthy subjects with known sickle cell disease were simultaneously
recruited as controls. All participants in the control group were examined clinically and radiologically to rule
out any hip disease in order to prevent selection bias.

Staging
All patients with osteonecrosis of the femoral head (ONFH) were evaluated according to the China-Japan
Friendship Hospital (CJFH) classification [20]. The CJFH classification is based on the area of involvement of
necrosis in the three pillars (medial (M), central (C), and lateral (L)) seen in the mid-coronal image of
MRI/CT scan and the intact degree of the lateral pillar (L1, L2, and L3).

Methodology for IL-33 measurements
A blood sample (3 mL) was collected in sterile anticoagulation (heparin) tubes from the cases and controls.
Then, the samples were sent to the laboratory for the estimation of IL-33. It was centrifuged at 3,000 rpm for
15 minutes to separate plasma. The plasma was immediately frozen and stored at -80°C for analysis at a later
date. Plasma interleukin-33 was to be detected by enzyme-linked immunosorbent assay (ELISA). All samples
and standards were run in duplicate. The average absorbance values for each set of duplicate standards and samples were
calculated. A standard curve was plotted using the mean absorbance for each standard concentration and
concentrations of IL-33 for each patient.

Statistical analysis
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Data were analyzed using SPSS version 24.0 (IBM Corporation, Armonk, NY, USA). Quantitative variables
were reported as mean ± standard deviation (SD). Nonpaired t-tests were used to compare the IL-33 levels in
both groups. For statistically significant differences, groups were to be compared using the least significant
difference (LSD) test. All tests were to be two-tailed at the 5% level of significance.

Funding
The study was funded by an intramural grant given by the employer institute for the purpose of research.

Results
Demographic data
In our study, 44 patients with sickle cell disease had osteonecrosis of the femoral head (M/F = 29/15) as
compared with 24 patients in the control group (M/F = 9/13). The mean age was comparable between the
groups, 26.2 ± 8.23 years in the case group and 28.08 ± 10.89 years in the control group (Table 1).

Demographics of the patients Case (ONFH) (number/mean (SD)) Control (number/mean (SD)) P-value

Total number of patients 44 24  

Age (years) 26.2 ± 8.23 28.08 ± 10.89 0.469

Sex    

Male 29 9 0.037

Female 15 13  

CJFH classification    

Type M 1   

Type C 7   

Type L 36   

Type L1 4   

Type L2 15   

Type L3 17   

TABLE 1: Demographic data of the two groups

Among the 44 patients with ONFH in the case group, the CJFH types were as follows: type M in one hip, type
C in seven hips, and type L in 36 hips (L1 = 4, L2 = 15, and L3 = 17).

Plasma IL-33 levels
Plasma interleukin-33 levels, which were examined using ELISA, were demonstrated to be 2.05 ± 4.57 pg/mL
and 1.50 ± 2.89 pg/mL in patients with sickle cell disease with ONFH and without ONFH, respectively (Table
2).
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Variables Case Control P-value

IL-33 level (pg/mL) 2.05 ± 4.57 1.50 ± 2.89 0.590

Hb A 15.04 ± 21.76 49.83 ± 17.87 <0.001

Hb A2 2.48 ± 0.93 3.09 ± 0.61 0.006

Hb F 17.96 ± 6.87 6.28 ± 9.03 0.001

Hb S 63.72 ± 15.33 37.52 ± 12.52 <0.001

Hb 10.7 ± 1.8 11.4 ± 2.14 0.99

TABLE 2: Comparison between the two groups

There was no significant difference in plasma interleukin levels among patients with sickle cell disease with
ONFH and without ONFH (p-value = 0.590).

Many literature reviews have suggested that ONFH is associated with homozygous patients with sickle cell
disease, but in our study, we found six heterozygous patients with sickle cell trait that is associated with
ONFH [2,3]. A significant difference was found on HPLC, whereby the Hb S and HB F levels were significantly
higher in ONFH. There was no significant difference in Hb levels in patients with sickle cell disease with or
without ONFH. The levels were normal (Table 2).

The levels of plasma IL-33 were 1.27 ± 0.62 pg/mL, 1.24 ± 1.40 pg/mL, and 1.08 ± 2.46 pg/mL in patients
with ONFH CJFH types L1, L2, and L3, respectively (Figure 1). There was no significant difference between
the groups (p-value = 0.968).

FIGURE 1: Plasma IL-33 levels in ONFH patients with CJFH types L1, L2,
and L3 (1.27 ± 0.62 pg/mL, 1.24 ± 1.40 pg/mL, and 1.08 ± 2.46 pg/mL,
respectively)

Discussion
Several studies decide whether interleukin-33 can be taken up as a marker of avascular necrosis of the
femoral head [18,19]. Plasma interleukin-33 levels correlated well with ONFH, but these studies did not
mention sickle cell disease as a cause of osteonecrosis. So, it was not clear whether plasma interleukin-33
levels were relevant in patients with sickle cell disease or not. To the best of our knowledge, no study has
been done until now on patients with sickle cell disease, and our study was planned to investigate the
plasma levels of IL-33 in patients with sickle cell disease and in patients with sickle cell disease with ONFH.

Earlier studies have described the generally considered direct effects of IL-33 on the osteoclasts and its
rising level in the circulation after its release from the necrotic cells, but the effect of IL-33 in patients with
sickle cell disease with ONFH has not been described. Our study found that plasma interleukin-33 levels
were comparable in patients with sickle cell disease with or without ONFH. Also, interleukin-33 levels were
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comparable in different stages of ONFH as classified by the CJFH classification. As the levels of plasma
interleukin-33 in patients with sickle cell disease are always low, the level need not be correlated with ONFH
grade. This comes as a novel finding since many studies have described an increased level of IL-33 in
patients with ONFH.

A study conducted by Zheng et al. on 125 patients with ONFH and 126 controls irrespective of the cause of
ONFH found that plasma IL-33 levels were higher in patients with ONFH and increased with the increase in
the stage of the disease [18]. Another study done by Ma et al. on 40 patients with ONFH, irrespective of the
cause, also corroborated the above study and found that plasma IL-33 levels were higher in patients with
ONFH [19].

The present study has some limitations. Firstly, the sample size in the control group is relatively small.
Secondly, we have not analyzed the relationship between necrotic area and the levels of plasma IL-33 in
ONFH. Thirdly, the study should be planned on a larger population as the incidence of sickle cell disease is
2.1 % for homozygous cases and 10 % for sickle cell traits.

Conclusions
Plasma IL-33 levels do not correlate with osteonecrosis of the femoral head in patients with sickle cell
disease. However, we recommend further studies examining local cytokine signaling for specific biological
phenomena such as osteonecrosis of the femoral head.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. The All India Institute of
Medical Sciences, Raipur, issued approval AIIMSRPS/RC(P)/2017/008. The Research Cell, All India Institute
of Medical Sciences, Raipur, has approved the proposal in a meeting held on October 26, 2017. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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