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Osteonecrosis in genetic disorders
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Summary

The avascular necrosis of bone is characterized by an abnor-
mality of tissue that can occur whenever a disease process
causes major cell stress. Some evidence supports a role for
genetic factors in some avascular necrosis suggesting that
gene mutations could play a role in the pathogenesis of os-
teonecrosis. These genetic studies provide hope that tools
for identifying high risk patients will be available in the fu-
ture.
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The term “avascular necrosis (AVN) of bone” is often used im-
properly to designate any bone lesion that contains some histo-
logical evidence of necrosis or that is misinterpreted as exhibit-
ing imaging features of AVN. Bone tissue necrosis is a non
specific abnormality that can occur whenever a disease
process causes major cell stress (1).

So far, there is not accepted definition of osteonecrosis of jaw
(ONJ). However, clinically it typically appears as an area of
exposed alveolar bone that can occur in the mandibule or the
maxilla (2). It may or may not be painful and may or may not
be associated with infection or local trauma. Some evidence
supports a role for genetic factors in some of avascular
necrosis.

Sickle cell anemia results from homozygosity for the Glu6Val
mutation in the hemoglobin beta chain gene (HBB) (3). Os-
teonecrosis is a common sequela of sickle cell disease and
several studies indicate that by the age of 35 years, one half
of all patients with this disease have osteonecrosis (4). Bald-
win et al. hypothesized that the presence or absence of os-
teonecrosis could be influenced by genetic variability in
genes other than HBB that are expressed in either bone or
vasculature (3). They examined the potential association of
osteonecrosis with single nucleotide polymorphisms (SNPs)
in candidate genes of different functional classes, including
those involved in vascular function, inflammation, oxidant
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stress, and endothelial cell biology. SNPs in three genes
were found associated with the development of osteonecro-
sis. These genes are important in bone metabolism. In partic-
ular, KL gene encodes a glycosyl hydrolase that participates
in a negative regulatory network of the vitamin D endocrine
system and may be important for a wide variety of other cellu-
lar processes, including regulation of antioxidative defense,
angiotensin converting enzyme activity, arteriosclerosis, and
aging (5). Bone morphogenic proteins (BMPs) genes, includ-
ing BMP6 gene, encoding for pleiotropic secreted proteins
structurally related to transforming growth factor B (TGFB)
and activins. BMP6 is involved in inflammatory processes (6)
and is important for bone formation and, in association with
parathyroid hormone (PTH) and vitamin D, appears to be in-
volved in inducing bone development by human bone mar-
row-derived mesenchymal stem cells (7). ANXA2 gene en-
coding for a member of the calcium-dependent phospholipid-
binding protein family and regulates cell growth and is in-
volved in signal transduction pathways (8).

Although several genes have been identified that may play a
significant role in the pathogenesis of sickle cell osteonecrosis
by altering protein function of gene expression, the role of
these polymorphisms in the pathogenesis of the sickle cell os-
teonecrosis is not known. However these data may suggests
that the vascular complications due to the presence of “genetic
risk factors* may improve the possibility to develop an os-
teonecrosis in patient affected by sickle cell disease.

Hypercoagulability has been identified recently as a possible
contributor to AVN. Procoagulant abnormalities have been
found in patients with AVN or Legg Perthes disease (9). Glueck
et al. (10) assessed whether heterozygosity for the throm-
bophilic Leiden mutation of the factor V gene (MFV) was patho-
genic for alveolar osteonecrosis of the jaw and whether a syn-
ergism between exogenous estrogens and MFV for develop-
ment of osteonecrosis was present. They found that subjects
with MFV have a higher risk both for venous thrombosis and
osteonecrosis and in these subjects the use of oral contracep-
tives may be contraindicated (10).

Primary thrombophilia and hyperfibrinolysis appear to be
common, heritable, pathophysiologic risk factors for idiopathic
osateoncerosis of the jaws (11). In addition, factor V Leiden,
a genetic risk factor for venous thrombosis, has been associ-
ated with non traumatic osteonecrosis of the femoral head,
supporting the hypothesis that intravascular coagulation is a
major pathogenetic mechanism of the disease (12). Recently
coagulation abnormalities in the form of factor V Leiden and
the prothrombin 20210A gene mutations have been associat-
ed also with a higher incidence of osteonecrosis of the knee
(13).

Osteonecrosis of the femoral head also occurs in association
with corticosteroid treatment. The pathology of femoral head
osteonecrosis has not been fully clarified, but it is though
those drastic ischemic changes occur in femoral head and
then bone necrosis develops (14). Several studies have re-
ported a relationship between plasma lipoprotein(a) [Lp(a)]
concentration and vascular lesions such as coronary heart
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disease, stroke and carotid atherosclerosis (15). Lp(a) is a
low-density lipoprotein (LDL)-like lipoprotein that has a com-
ponent of two disulfile-linked high molecular weight proteins,
apolipoprotein(a) and apolipoprotein B100. Apo(a) is consid-
ered a lipoprotein that induces both artheriosclerosis and
thrombogenesis (16).

Testsurom et al. (14) examined the relationship between corti-
costeroid-induced femoral head osteonecrosis after renal
transplantation in Japanese patients and apo(a) gene polymor-
phism. They found that subjects with gene haplotype CC had
significantly higher plasma Lp(a) levels than those with gene
haplotype DD. In addition, they found that the risk of os-
teonecrosis was high in patients with low molecular weight
apo(a) isoforms (14). In a study of 136 renal transplant recipi-
ents, the risk of AVN was closely dependent on the multidrug
resistance (MDR) gene, of which the ABCB1 C3435 TT haplo-
type was strongly protective (odds ratio, 0.10) (17). This haplo-
type was associated with decreased intracellular concentra-
tions of glucocorticoids (1, 17).

Some genes involved in the pathogenesis of AVN are repre-
sented by the ADH2, ADH3, ALDH2 and P450E1. These
genes are involved in the alcohol metabolism and polymor-
phisms of these genes have been associated with the risk of
AVN. In particular, analysis revealed that ADH2*1 allele may
diminish the risk of AVN related to alcohol abuse (18).

In Taiwan, Chen et al. (19) identified two families with ANV of
the femoral head (ANFH) showing autosomal dominant inheri-
tance. By linkage analysis in a 4-generation family, they ex-
cluded linkage with antithrombotic protein C (PROC), protein S
(PROS1), and PAI, which had been implicated in thrombophilia
or hypofibrinolysis. Furthermore, by a genome-wide scan, a
significant 2-point lod score of 3.45 (theta = 0.0) was obtained
between ANFH and marker D12S85 on chromosome 12. High-
resolution mapping was conducted in a second family with
ANFH, with replication of the linkage to D12S368. When an
age-dependent penetrance model was applied, the combined
multipoint lod score was 6.43 between D12S1663 and
D12S85, a 15-cM region on 1213 (19). Liu et al. identified
three families in which there was autosomal dominant inheri-
tance of ANFH, with mapping of the phenotype to 12q13. They
carried out haplotype analysis in the families, selected candi-
date genes in the critical interval for ANFH on 12g13, and se-
guenced the promoter and exonic regions of the type Il colla-
gen gene (COL2A1) from patients with inherited and sporadic
forms of ANFH. The same gly1170-to-ser mutation was found
in two separate families, with the mutant allele occurring on dif-
ferent haplotype backgrounds. In the third family, a gly717-to-
ser mutation was detected. No mutation was found in the
COL2A1 coding region in sporadic cases of ANFH. The au-
thors pointed out that in families with ANFH, haplotype and se-
guence analysis of the COL2A1 gene can be used to identify
carriers of the mutant allele before the onset of clinical symp-
toms, allowing the initiation of measures that may delay pro-
gression of the disease (20).

Finally, as endothelial nitric oxide synthase (eNOS) has bene-
ficial effects on skeletal, vascular and thrombotic systems, the
association between non traumatic femoral head osteonecro-
sis and eNOS polymorphisms has been investigated (21). Mi-
crosatellite polymorphism in intron 4 of eNOS gene was signif-
icantly associated with idiopathic femoral head osteonecrosis
in Korean patients indicating a possible protective role of nitric
oxide in the pathogenesis of the disease (20).

In conclusion, some results suggest that defective cartilage

function or abnormal bone homeostasis, for example due to
COL2A1 gene mutations, could play a role in the pathogene-
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sis of osteonecrosis. These genetic studies provide hope that
tools for identifying high risk patients will be available in the
future.

References

1. Lafforgue P. Pathophisiology and natural history of avascular of
bone. Joint Bone Spine. 2006;73:500-507.

2. Shane E, Glodring S, Christakos S, Drezner M, Eisman J, Silver-
man S, Pendrys D. Osteonecrosis of the jaw: more research need-
ed. J Bone Min Res. 2006;21:1503-1505.

3. Baldwin C, Nolan VG, Wyszynski DF, Ma QL, Sebastiani P, Em-
bury SH, Bisbee A, Farrell J, Farrer L, Steinberg MH. Association
of klotho, bone morphogenetic protein 6, and annexin A2 polymor-
phisms with sickle cell osteonecrosis. Blood. 2005;106:372-375.

4. Milner PF, Kraus AP, Sebes JI, Sleeper LA, Dukes KA, Embury
SH, Bellevue R, Kishy M, Moohr JW, Smith J. Sickle cell disease
as a cause of osteonecrosis of the femoral head. N Engl J Med.
1991;325:1476-1481.

5. Tsujikawa H, Kurotaki Y, Fujimori T, Fukuda K, Nabeshima Y.
Klotho, a gene related to a syndrome resembling human prema-
ture aging, functions in a negative regulatory circuit of vitamin D
endocrine system. Mol Endocrinol. 2003;17:2393-2403.

6. Rosendahl A, Pardali E, Speletas M, Ten Dijke P, Heldin CH,
Sideras P. Activation of bone morphogenetic protein/Smad signal-
ing in bronchial epithelial cells during airway inflammation. Am J
Respir Cell Mol Biol. 2002;27:160-169.

7. Sammons J, Ahmed N, EI-Sheemy M, Hassan HT. The role of
BMP-6, IL-6, and BMP-4 in mesenchymal stem cell-dependent
bone development: effects on osteoblastic differentiation induced
by parathyroid hormone and vitamin D(3). Stem Cells Dev. 2004;
13:273-280.

8. Gillette JM, Nielsen-Preiss SM. The role of annexin 2 in osteoblas-
tic mineralization. J Cell Sci. 2004;117: 441-449.

9. Jones JC, Mont MA, Le TB, Petri T, Hungerford DS, Wang P,
Glueck CJ. Procoagulants and osteonecrosis, J. Rheumatol. 2003;
30:783-791.

10. Glueck CJ, McMahon RE, Bouquot JE, Triplett D, Gruppo R,
Wang P. Heterozygosity for the Leiden mutation of the factor V
gene, a common pathoetiology for osteonecrosis of the jaw, with
thrombophilia augmented by exogenous estrogens. J Lab Clin
Med. 1997;130:540-543.

11. Glueck CJ, McMahon RE, Bouquot JE, Stroop D, Tracy T, Wang
P, Rabinovich B. Thrombophilia, hyperfibrinolysis, and alveolar os-
teonecrosis of the jaws. Oral Surg Oral Med Oral Pathol Oral Ra-
diol Endod. 1996;81:557-566.

12. Zalavras CG, Vartholmatos G, Dokou E, Malizos KN. Genetic
background of osteonecrosis: associated with thrombophilic muta-
tions? Clin Orthop Relat Res. 2004;422:251-255.

13. Bjorkeman A, Burtscher IM, Svensson PJ, Hillarp A, Besjakov J,
Benoni G. Factor V Leiden and the prothrombin 20210A gene mu-
tation and osteonecrosis of the knee. Arch Orthop Trauma Surg.
2005;125:51-5.

14. Tetsurou H, Fujioka M, Takahashi K, Asana T, Ishida M, Akioka K,
Okamato M, Yoshimura N, Satomi Y, Nishino H, Hirota Y, Nakaji-
ma S, Kato S, Kubo T. Low molecular weight phenotype of
apolipoprotoein(a) is a risk factor of corticosteroid-induced os-
teonecrosis of the femoral head after renal transplant. J Rheumatol.
2007;34:516-522.

15. Kalina A, Csaszar A, Fust G, Nagy B, Szalai C, Karadi I, Duba J,
Prohaszka Z, Horvath L, Dieplinger H. The association of serum
lipoprotein(a) levels, apolipoprotein(a) size and (TTTA)(n) poly-
morphism with coronary heart disease. Clin Chim Acta. 2001,
309:45-51.

16. McLean JW, Tomlinson JE, Kuang WJ, Eaton DL, Chen EY, Fless
GM, Scanu AM, Lawn RM. cDNA sequence of human apolipopro-
tein(a) is homologous to plasminogen. Nature. 1987;330:132-13.

17. Asano KA, Takahashi KA, Fujioka M, Inoue S, Okamoto M, Sugio-
ka N, Nishino H, Tanaka T, Hirota Y, Kubo T. ABCB1 C3435T and

Clinical Cases in Mineral and Bone Metabolism 2007; 4(1): 27-29



Osteonecrosisin genetic disorders

18.

19.

G2677T/A polymorphism decreased the risk for steroid-induced
osteonecrosis of the femoral head after kidney transplantation.
Pharmacogenetics. 2003;13:675-682.

Chao YC, Wang SJ, Chu HC, Chang WK, Hsieh TH. Investigation
of alcohol metabolizing enzyme genes in Chinese alcoholics with
avascular necrosis of hip joint, pancreatitis and cirrhosis of the liv-
er. Alcohol Alcohol. 2003;38:431-436.

Chen WM, Liu YF, Lin MW, Chen IC, Lin PY, Lin GL, Jou YS, Lin
YT, Fann CS, Wu JY, Hsaio KJ, Tsai SF. Autosomal dominant
avascular necrosis of femoral head in two Taiwanese pedigrees

Clinical Cases in Mineral and Bone Metabolism 2007; 4(1): 27-29

20.

21.

and linkage to chromosome 12q13. Am J Hum Genet. 2004;75:
310-317.

Liu YF, Chen WM, Lin YF, Yang RC, Lin MW, Li LH, Chang YH,
Jou YS, Lin PY, Su JS, Huang SF, Hsaio KJ, Fann CS, Hwang
HW, Chen YT, Tsai SF. Type Il collagen variants and inherited os-
teonecrosis of the femoral head. New Eng J Med. 2005;352:2294-
2301.

Koo HK, Lee LS, Lee YJ, Kim KJ, Yoo JJ, Kim HJ. Endothelial ni-
tric oxide synthase gene polymorphism in patients with nontramat-
ic femoral head osteonecrosis. J Orthop Res. 2006;24:1722-1728.

29



