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High Serum Alpha-2-Macroglobulin Level in Patients 
with Osteonecrosis of the Femoral Head

Abstract

Background: Diagnosis of osteonecrosis of the femoral head (ONFH) is complicated due to the lack of reliable 
serum biomarkers. Up-regulation of alpha-2-macroglobulin (A2M) gene has been reported in glucocorticoid-induced 
ANFH rat model. This study aimed to investigate whether the serum level of alpha-2-macroglobulin (A2M) can be 
used for ONFH diagnosis.

Methods: Serum protein capillary electrophoresis was performed on the sera of 36 ONFH patients. Also, human 
enzyme-linked immunosorbent assay was performed to evaluate the serum levels of A2M.

Results: Alpha-2 subunit level, composed of alpha-2-macroglobulin, ceruloplasmin and 2-2 haptoglobin phenotype, 
was increased significantly as compared to healthy subjects (P=0.0001). Moreover, ELISA assay confirmed significant 
elevation in the A2M (P=0.037).

Conclusion: Our findings suggest that avascular necrotic femur head presumably directly or indirectly elevates A2M 
in the bloodstream. Thus, serum level of A2M might be used as a reliable diagnostic tool in clinical practice.

Level of evidence: II
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Introduction

Osteonecrosis of the femoral head (ONFH) has been 
considered as a devastating disease and a common 
cause of musculoskeletal disability (1, 2). Avascular 

necrosis (AVN), aseptic necrosis of bone, osteochondritis 
dissecans, and ischemic necrosis are different names 
contributing to this condition and indicating that the 
etiology of the disease is not entirely known (3, 4). 
Most ONFH patients are initially asymptomatic with 
no changes in their plain radiography; however, the 
necrosis progresses to total destruction of the hip joint 

in a relatively short time, usually before the fifth decade 
of life (1). In most patients with a lesion less than 30% 
of the femoral head, ONFH remains asymptomatic for 
more than 5 years. However, a poor prognosis with 
a rate of femoral head collapse greater than 85% at 2 
years has been reported in symptomatic painful ONFH 
(5). Approximately 5% to 18% of the 500,000 total hip 
replacement (THR) procedures performed annually in 
the United States are related to ONFH (6)). Although the 
actual prevalence of the disease remains undetermined, 
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A2M (alpha-2-macroglobulin), collagen type II alpha 1 
(Col2A1) and melanoma inhibitory activity (MIA) was 
previously reported in ONFH animal models.  Amongst 
the candidate genes, A2M is considered as a highly 
upregulated molecule in animal models of ONFH. Since 
A2M could be measured in the blood, it has the potency 
to become a serum biomarker. Taking into account the 
colorful roles of A2M in hemostasis, chondrogenesis and 
osteogenesis, in the present study, A2M is measured at 
the serum level in ONFH patients to assess its diagnostic 
biomarker applicability (14). 

Materials and Methods
Population

The study was approved by the local ethical committee 
(IR.MUMS.fm.REC.1394.393) and a signed informed 
consent was obtained from each study participant prior 
to blood collection. Patients with longstanding history 
of steroid consumption and established ONFH were 
recruited at two regional hospitals. The diagnosis of non-
traumatic ONFH was established on the basis of the clinical 
history and a combination of radiology, CT scan, or MRI. 
Patients who were admitted for surgical treatment were 
classified into different stages based on Ficat and Arlet 
classification. Patients in stage 2 and 3 received surgical 
core decompression of the hip and patients with late stages 
and painful hip underwent total hip replacement. The 
inclusion criteria were ONFH and glucocorticoid intake. 
Patients with a history of hip injury, rheumatoid arthritis 
and sickle cell anemia were excluded from the study. 

Blood Sample collection  
Blood samples of 36 ONFH patients with glucocorticoids 

use in two regional hospitals were collected from 
February 2014 to December 2015. The venous blood 
samples were centrifuged at 1000 x g for 15 minutes; 
the sera were aliquoted in labeled tubes and stored at 
–80°C before use.

Capillary Electrophoresis of Serum Proteins
An automated multi-capillary zone electrophoresis 

(CE) instrument (Capillarys®, 4.51 software version; 
Sebia) was used for human serum protein analysis. 
Briefly, using the Capillarys β1-β2+® reagent set 
(Sebia), the proteins were separated at 7 kV for 4 min 
in 15.5 cm × 25 μm fused-silica capillaries (n=8) at 35.5 
°C in a pH=10 buffer with online detection at 200 nm. 

Enzyme-linked Immunosorbent Assay
Enzyme-linked immunosorbent assay (ELISA) was 

performed for A2M protein using Abcam® human 
alpha 2 macroglobulin in vitro competitive ELISA kit 
(ab108888). The experiment was carried out according 
to the manufacturer’s instructions. Briefly,  the reagents  
(1X dilute M, 1X wash buffer, 1X biotinylated alpha 2 
macroglobulin, and 1X conjugated SP) were initially 
prepared and the standards were made according to the 
Abcam standard dilution preparation table.  Following 
the ELISA plate preparation, all experiments were 
performed in triplicates. A PerkinElmer microplate-
reader (victor x5) was used to measure the absorbance 

an estimated of 10,000 to 20,000 new cases were 
reported each year in the United States and 300,000 to 
600,000 people suffer from this disease in total there 
(7). Noticeably, this disease is more common among 
the Asian population than other people. In Taiwan, 
46.3% of all THR surgeries are because of ONFH. 
Several statistical reports show a higher prevalence of 
the disease in Japan and Korea compared to Caucasian 
populations (8). In Japan 2500 to 3300 new ONFH cases 
are reported annually (1). A case series of 647 THR in 
Hong Kong revealed that ONFH accounted for 45.6% 
of all hip replacements. These data indicate that the 
disease is more prevalent in Asia and hence has been 
studied probably more thoroughly by Asian scientists 
and surgeons (9). Almost 75% of patients with ONFH 
are between 30 to 60 years old (6). Since most patients 
with the disease are at the peak of their productive 
years, there is a harmful effect on the workforce with 
direct economic outcome on their families. Basically, 
this condition has a severe socioeconomic impact on 
all populations in the world especially poor/middle 
socioeconomic classes among whom the high cost of 
hip replacement procedures are far beyond the reach 
(9). Several previous studies have reported high failure 
rates in total hip replacements in short-term and mid-
term follow ups and the sufferance of patients from 
additional operations although new modern designs 
and surgeon awareness in THR have relatively improved 
the outcomes (10, 11). Core decompression is the most 
common available femoral head preserving technique, 
especially recommended in early stages (I and II) of 
the disease. It is usually employed before the collapse 
and fracture of the femoral head and/or neck to delay 
or avoid reconstructive surgery of femur. Most patients 
ultimately require total hip arthroplasty (stage III or 
higher)  and no treatment method has proved to be 
completely effective in arresting the disease process 
before subchondral collapse or slowing the progression 
of femoral head destruction and osteoarthritis after 
subchondral collapse (9). Based on these conditions, 
a quick and thorough investigation can lead to the 
formulation of a correct diagnosis in time for the 
application of therapeutic methods, less debilitating for 
the patients (1).  Hip-preserving therapies especially 
core decompression are most effective in the earliest 
stages of ONFH. Thus, the key to successful treatment 
lies in identifying the individuals at risk and quantifying 
the risk in terms of clinical and pathophysiological 
characteristics so that early diagnosis can be made 
before femoral head collapse. One of the reliable 
methods providing a dynamic and powerful approach to 
understand the spectrum of a disease with applications 
in screening, diagnosis, and prognosis is biomarker 
studies (12). A diagnostic biomarker for ONFH 
specifically in non-traumatic cases could lead to an early 
diagnosis and eventually an appropriate treatment.

Glucocorticoid (GC) administration is considered as 
the most common risk factor for non-traumatic ONFH 
and so far, several candidate genes had been introduced 
to become up-regulated in GC induced ONFH in animal 
models (13). Upregulation of a number of genes such as 
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Figure 1. Capillary electrophoresis of serum patients compared with the baseline (0.5-0.9 g/dL, 9.45%) of healthy individuals (12.40±2.97) 
(Left); Capillary electrophoresis composition of serum (Right).

at 450 nm. Finally, data calculation was accomplished 
based on the standard curve.

Statistical Analysis
The mean A2M protein concentration in patients 

was compared with the normal mean values using 
one-tailed t-test. The correlation between A2M and 
alpha 2 was investigated with Pearson’s Product-
Moment Correlation test.  The statistical evaluation 
of the results was performed using SPSS version 22.0 
software (Chicago, IL, USA).  All values were expressed 
as mean±SD. A P≤0.05 was considered as statistically 
significant. The normality of distribution was checked 
by the Kolmogorov-Smirnov test.

Results
A total of 36 non-traumatic ONFH patients (17 males 

and 19 females, 39±10 years old ranging 25-60 years) 
were enrolled in this study. According to the clinical 
history and a combination of radiology, computed 
tomography or magnetic resonance imaging, the 
femur head was 50% bilaterally and 50% unilaterally 
involved in ONFH patients. Majority of the patients 
(69%) were at stage 3 of Ficat and Arlet classification. 
All patients had received at least one sort of GC. The 
clinical and biological characteristics of the patients 
are summarized in Table 1.

Capillary Electrophoresis of Serum Proteins
The alpha 2 zone measured by capillary 

electrophoresis increased significantly in ONFH 
patients compared with the baseline (0.5-0.9 g/
dL, 9.45%) of healthy individuals, (12.40±2.97) 
(P=0.0001) [Figure 1]

Table 1. The clinical and biological characteristics of the ONFH patients

Grade
 Renal

disorders
N (%)

Chemotherapy 
N (%)

 Alcohol
consumption

N (%)

Drug abuse
N (%)

Femur bone 
involvement 

(%)

Consumption 
of GCs (%)

Number (%)
and age (25-45 

yr)

432++++ULBL
36

(100%)

FemaleMale

6
(18%)

25
(69%)

5
(13%)

5
(13%)

31
(87%)

4
(11%)

32
(89%)

3
(8%)

33
(92%)

10
(27%)

16
(44%)

18
(50%)

18
(50%)

19
(53%)

17
(47%)

GCs: Glucocorticoids; BL: bilateranl; UL: Unilateral
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ELISA
The Kolmogorov-Smirnov test showed no significant 

deviation from the normal curve for A2M data 
(P=0.977).

Serum concentration of A2M was determined using 
standard curve and expressed as mg/L. Patients’ A2M 
were compared with the mean of normal A2M level 
indicating a range of 1.49-1.79 g/L in the ELISA kit. 
The results demonstrated a significant increase in 
the level of A2M (P=0.037). It was also significantly 
enhanced compared to the upper limit of normal 
A2M level (P=0.04). The ELISA results for antibodies 
against A2M correlated to alpha 2 proteins are shown 
in Figure 2.

Discussion
Nowadays, researchers have encountered with some 

limitations regarding the etiology and treatment 
of ONFH, including: 1) lack of understanding the 
interaction between the disease and the bone cellular 
abnormalities especially in the early stages of the 
disease; 2) lack of suitable animal models; and 3) lack 
of informative biomarker to evaluate the activity status 
or the prognosis of the disease (14, 15). Finding an 
informative biomarker that can diagnose the disease 
especially in its early stages has been the interest of 
many researchers. In addition to diagnosis, plasma 
biomarkers could be useful in screening, routine 
assessment of disease recurrence, and response to 

therapy without accompanying imaging studies or 
biopsies. In present study, we measured the level of 
alpha-2-macroglobulin protein in ONFH diseases 
serum. Alpha-2 subunit level, composed of alpha-2-
macroglobulin, ceruloplasmin and 2-2 haptoglobin 
phenotype, was increased significantly as compared 
to healthy subjects.

Upregulation of mentioned protein has reported in 
other studies (13, 16). Carli AV. and his colleagues 
showed elevated plasma A2M levels during GC 
treatment in rodents. They suggested A2M raise could 
play an important role in the host reparative response 
to GC-associated effects (16). Ramadori G et al.  
showed GC could modulate A2M and apolipoprotein 
E gene expression by raising the steady-state levels 
of alpha-2-macroglobulin-specific messenger RNA 
and reducing apolipoprotein E-specific transcript 
in cultured rat liver fat-storing (Ito) cells (17). 
Milosavljevic TC et al. showed GCs could mediate 
transcriptional activation of the A2M gene (18). 

This study and several similar studies denote the 
effect of GC in regulation of A2M especially in its up-
expression. In this regard, capillary electrophoresis 
was performed on the serum of patients receiving GCs. 
For the six serum capillary electrophoresis accepted 
zones, all six peaks were observed (albumin, alpha 
1, alpha 2, beta 1, beta 2 and gamma). Alpha 1 peak 
includes a combination of α1-antitrypsin, thyroxine-
binding globulin (TBG), and transcortin. Alpha 2 

Figure 2. The statistical analysis of serum concentration of patients’ A2M compared 
with the mean of normal A2M level.
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peak contains haptoglobin, ceruloplasmin, and A2M.  
Measurement of alpha 2 in ONFH patients showed 
an elevation in comparison to normal values. The 
elevation could be due to an increase in each alpha 2 
component especially A2M protein. Thus, A2M in ONFH 
patients’ sera was measured, which demonstrated a 
significant increase in A2M protein level. Surprisingly, 
Soyfoo MS et al. did not observe an elevated serum 
level of A2M and α1-antitrypsin in their cohort of 
non-traumatic ONFH patients, however, they declared 
cryofibrinogenemia, a fibrinolysis defect, in their 
patients and, more importantly in their multifocal 
ONFH patients (19). Amdo TD et al.  elucidated there 
was a high serum level of α1-antitrypsin and A2M and 
delayed euglobulinlysis time in cryofibrinogenemia as 
opposed to Soyfoo’s findings (20). In another study, 
Chen Y et al. reported that the levels of complement 
component 3 (C3), C4, inter-α-trypsin inhibitor heavy 
chain H4 and A2M in the serum of patients with ONFH 
have reduced, although several other studies did 
not confirm their results (14, 21-23). The difference 
amongst the results could be related to various stages 
of disease and dissimilar environmental conditions as 
well as technical issues. Thus, it is recommended to 
stage the disease and determine the size of necrotic 
lesions of the femoral head and then correlate them 

with A2M serum level in future studies. To minimize the 
co-founder effects, it is suggested to perform similar 
studies on different categories of ONFH patients 
such as glucocorticoid, alcohol, or drug induced and 
idiopathic ONFH patients separately. Hence, the effect 
of each inducer could be compared to the A2M serum 
level of normal individuals and studied independently. 

Besides, regards to alpha fraction in electrophoresis, 
moving toward the negative portion of the gel (i.e., 
the negative electrode), the next peaks after albumin, 
involve the alpha1 and alpha2 components. The 
alpha2-protein fraction is comprised of Ceruloplasmin, 
alpha2-macroglobulin, and haptoglobin. Since renal 
failure and acute inflammation (resulting from acute-
phase reactants) can increase the alpha2-protein band, 
the patients’ information and the stage of disease 
could be helpful (24). Furthermore, larger sample 
sizes could help increase the power and ensure the 
correct conclusion respecting whether these protein 
could be a reliable diagnostic tool in clinical practice.

To sum up, the present study demonstrated that patients 
with nontraumatic ONFH have significantly higher serum 
levels of A2M than normal population. 
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Figure 3. Linear regression between A2M concentration and its 
absorbance.



ALPHA-2-MACROGLOBULIN IN AVASCULAR NECROSISTHE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR
VOLUME 6. NUMBER 3. MAY 2018

)224(

1. Pouya F, Kerachian MA. Avascular necrosis of the 
femoral head: are any genes involved? Arch Bone Jt 
Surg. 2015; 3(3):149-55.

2. Mazloumi SM, Ebrahimzadeh MH, Kachooei AR. 
Evolution in diagnosis and treatment of Legg-Calve-
Perthes disease. Arch Bone Jt Surg. 2014; 2(2):86-92.

3. Doheny R. Avascular necrosis of femoral head. New 
York: Surgical Technologist; 2006.

4. Bose VC, Baruah BD. Resurfacing arthroplasty of 
the hip for avascular necrosis of the femoral head: a 
minimum follow-up of four years. J Bone Joint Surg Br. 
2010; 92(7):922-8.

5. Kelly DM. Congenital and developmental anomalies 
of the hip and pelvis. In: Canale ST, Beaty JH, 
editors. Campbell’s operative orthopaedics. 12th ed. 
Philadelphia: Elsevier-Mosby; 2013. P. 1079-118.

6. Candinas R, Jakob M, Buckingham TA, Mattmann 
H, Amann FW. Vibration, acceleration, gravitation, 
and movement: activity controlled rate adaptive 
pacing during treadmill exercise testing and daily 
life activities. Pacing Clin Electrophysiol. 1997; 
20(7):1777-86.

7. Bejar J, Peled E, Boss JH. Vasculature deprivation--
induced osteonecrosis of the rat femoral head as a 
model for therapeutic trials. Theor Biol Med Model. 
2005; 2(5):24.

8. Chen WM. Osteonecrosis of the femoral head: surgical 
perspective. Formosan J Surg. 2011; 44(4):131-5.

9. Ali YM, Sarwar JM, Sarker MC, Hossain MS, Kayes 
MN, Rahman MM, et al. Core decompression by laser 
osteoperforation: a preliminary report of new and 
minimally invasive modality for the treatment of 
avascular necrosis of the femoral head. Malaysian J 
Med Biol Res. 2014; 1(1):9-17.

10. Hadjigeorgiou G, Dardiotis E, Dardioti M, Karantanas 
A, Dimitroulias A, Malizos K. Genetic association 
studies in osteonecrosis of the femoral head: mini 
review of the literature. Skeletal Radiol. 2008; 
37(1):1-7.

11. Taheriazam A, Saeidinia A. Conversion of failed 
hemiarthroplasty to total hip arthroplasty: a short-
term follow-up study. Medicine. 2017; 96(40):e8235.

12. Strimbu K, Tavel JA. What are biomarkers? Curr Opin 
HIV AIDS. 2010; 5(6):463-6.

13. Kerachian MA, Seguin C, Harvey EJ. Glucocorticoids 
in osteonecrosis of the femoral head: a new 
understanding of the mechanisms of action. J Steroid 
Biochem Mol Biol. 2009; 114(3-5):121-8.

14. Kerachian MA, Cournoyer D, Harvey EJ, Chow TY, 
Begin LR, Nahal A, et al. New insights into the 
pathogenesis of glucocorticoid-induced avascular 
necrosis: microarray analysis of gene expression in a 
rat model. Arthritis Res Ther. 2010; 12(3):R124.

15. Lafforgue P. Pathophysiology and natural history of 
avascular necrosis of bone. Joint Bone Spine. 2006; 
73(5):500-7.

16. Carli AV, Harvey EJ, Azeddine B, Gao C, Li Y, Li A, et 
al. Substrain-specific differences in bone parameters, 
alpha-2-macroglobulin circulating levels, and 
osteonecrosis incidence in a rat model. J Orthop Res. 
2017; 35(6):1183-94.

17. Ramadori G, Knittel T, Schwogler S, Bieber F, Rieder 
H, Meyer zum Buschenfelde KH. Dexamethasone 
modulates alpha 2-macroglobulin and apolipoprotein 
E gene expression in cultured rat liver fat-storing (Ito) 
cells. Hepatology. 1991; 14(5):875-82.

18. Milosavljevic TS, Petrovic MV, Cvetkovic ID, Grigorov 
II. DNA binding activity of C/EBPbeta and C/EBPdelta 
for the rat alpha2-macroglobulin gene promoter 
is regulated in an acute-phase dependent manner. 
Biochemistry. 2002; 67(8):918-26.

19. Soyfoo MS, Watik A, Stordeur P, Gangji V. Cryofibrinogen 
levels are increased in non-traumatic osteonecrosis: a 
new pathogenic clue to osteonecrosis? Rheumatology 
(Oxford). 2013; 52(9):1694-700.

20. Amdo TD, Welker JA. An approach to the diagnosis 
and treatment of cryofibrinogenemia. Am J Med. 
2004; 116(5):332-7.

21. Chen Y, Zeng C, Zeng H, Zhang R, Ye Z, Xing B, et al. 
Comparative serum proteome expression of the 
steroid-induced femoral head osteonecrosis in adults. 
Exp Ther Med. 2015; 9(1):77-83.

22. Wu RW, Wang FS, Ko JY, Wang CJ, Wu SL. Comparative 
serum proteome expression of osteonecrosis of the 
femoral head in adults. Bone. 2008; 43(3):561-6.

23. Pineiro M, Alava MA, Gonzalez-Ramon N, Osada J, 
Lasierra P, Larrad L, et al. ITIH4 serum concentration 
increases during acute-phase processes in human 
patients and is up-regulated by interleukin-6 in 
hepatocarcinoma HepG2 cells. Biochem Biophys Res 
Commun. 1999; 263(1):224-9.

24. Bauer J, Strauss S, Schreiter-Gasser U, Ganter U, 
Schlegel P, Witt I, et al. Interleukin-6 and alpha-
2-macroglobulin indicate an acute-phase state 
in Alzheimer’s disease cortices. FEBS Lett. 1991; 
285(1):111-4.

References


