T—786C polymorphism of the endothelial nitric oxide synthase
gene and neuralgia-inducing cavitational osteonecrosis of
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Objective. We hypothesized that, similar to idiopathic hip osteonecrosis, the T—786C mutation of the endothelial
nitric oxide synthase (eNOS) gene affecting nitric oxide (NO) production was associated with neuralgia-inducing
cavitational osteonecrosis of the jaws (NICO).

Design: In 22 NICO patients, not having taken bisphosphonates, mutations affecting NO production (eNOS T—786C,
stromelysin 5A6A) were measured by polymerase chain reaction. Two healthy normal control subjects were matched
per case by race and gender.

Results. Homozygosity for the mutant eNOS allele (TT) was present in 6 out of 22 patients (27%) with NICO
compared with O out of 44 (0%) race and gender-matched control subjects; heterozygosity (TC) was present in 8
patients (36%) versus 15 control subjects (34%); and the wild-type normal genotype (CC) was present in 9 patients
(36%) versus 29 controls (66%) (P = .0008). The mutant eNOS T—786C allele was more common in cases (20 out of
44 [45%]) than in control subjects (15 out of 88 [17%]) (P = .0005). The distribution of the stromelysin 5A6A
genotype in cases did not differ from control subjects (P = .13).

Conclusions. The eNOS T—786C polymorphism affecting NO production is associated with NICO, may contribute to
the pathogenesis of NICO, and may open therapeutic medical approaches to treatment of NICO through provision of
L-arginine, the amino-acid precursor of NO. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2010;109:548-553)

Pathophysiologic mechanisms involved in degenera-
tion and death of cells within the jaws have been
studied over the past 94 years.'”’ As early as 1915,
G. V. Black, the father of modern dentistry, described
a progressive “death of bone, cell by cell,” which he felt
differed from osteomyelitis.! This degenerative pro-
cess, which Black called “chronic osteitis,” character-
istically was able to “soften the bone, often hollowing
out the cancellous portions of large areas of bony
tissue.” Thirty years earlier, Noel” had called this “bone
caries” and separated it into 2 distinct categories: “bone
death” and the less intense “reduced vitality.”

Over the past century, dental and orthopedic re-
searchers have clarified that the etiology of osteonecro-
sis is multifactorial, the result of a wide variety of local
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and systemic risk factors.” ' Whether the factors are
acquired (alcoholism, glucocorticoids, estrogen re-
placement therapy, cancer chemotherapy, deep sea div-
ing) or inherited (sickle cell anemia, Gaucher disease,
thrombophilia, hypofibrinolysis, reduced nitric oxide
[NO] production), each factor can have a compounding
negative effect on the microcirculation within bone.*'®
Neuralgia-inducing cavitational osteonecrosis of the
jaws (NICO)*!'"'® is commonly multifactorial, involv-
ing trauma, infection, and systemic disorders including
thrombophilia and hypofibrinolysis.®'*!7-*! NICO is
often multifocal, frequently lacks inflammatory cells,
and is remarkably chronic, with deep bone pain and
varied, persistent, and severe pain syndromes.>!”-!8
NICO is associated with a relatively high failure rate
with local interventions, a high prevalence of hypofi-
brinolysis and thrombophilia in affected patients, and
primary localization at the ends of the arterial inflow
(retromolar and subcrestal alveolar regions), where
weak irregular blood flow favors the formation of in-
travascular thrombi.'®

Gene polymorphisms associated with reduced NO
production, eNOS T—786C, and stromelysin SA6A,
which can lead to vasoconstriction, platelet aggregation
and thrombosis, may play a pathogenic role in osteo-
necrosis of the hip.®’ Nitric oxide regulates bone turn-
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over by osteoblasts and osteoclasts and is thought to
play an important role in bone physiology.>?

Our objective in the present study was to assess
whether the eNOS T—786C mutation, associated with
reduced NO production,®” might also be a potential
cause of NICO. To this end, we assessed eNOS
T—786C and stromelysin SA6A mutations in a cohort
of individuals with NICO of the jaws.”'® While recog-
nizing that certain aspects of our understanding of
NICO remain unclear, even contentious,”>>* we con-
sider NICO to be an early or nascent pathologic stage of
jaw osteonecrosis confined primarily to its medullary
compartment and associated with ischemic injury of the
marrow stroma, especially capillary endothelium and
the vasa nervosa of alveolar nerves.'®

MATERIALS AND METHODS

Case and control subjects

This prospective case-control protocol was approved
by the Institutional Review Board of the Jewish Hos-
pital of Cincinnati and was carried out with signed
informed consent. Case subjects included 22 patients
with NICO of alveolar bone of the jaws,'® as docu-
mented by presenting symptoms, imaging, diagnostic
anesthesia test results, and microscopic evaluation.?
Nineteen patients were referred from a single dental sur-
gery practice, 1 in October 1966 (restudied on January 5,
2007) and 21 from January 5, 2007, to March 31, 2009.
To minimize the risk of bias in the control group, 2
asymptomatic healthy controls were matched to each sub-
ject by gender and race, for a total of 44 control subjects.?®
These 44 control subjects came from a previously de-
scribed cohort of 72 healthy adults, including 40 hospital
personnel and 32 subjects evaluated during family studies
of hyperlipidemic patients.”*”

Patients and control subjects provided detailed med-
ical histories, were given physical examinations, and
had blood drawn (fasting, seated) for assessment of the
T—786C eNOS and stromelysin SA6A mutations. In
the NICO patients, information on the duration and
severity of jawbone pain was systematically obtained.
No subjects or controls had taken oral or intravenous
bisphosphonates, and none had active cancer and/or
hypercalcemia. None of the 22 NICO patients took
corticosteroids, none were cigarette smokers, and 1 was
a recovered alcoholic.

Laboratory methods

As previously described,?® after an overnight fast, at
8:30-9:00 a.m. blood was collected in 3.2% buffered
sodium citrate (1 part citrate:9 parts blood). The sam-
ples were immediately transported and centrifuged at
2,600g for 15 minutes to obtain platelet-poor plasma.
The samples were run in batches. The plasma was
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frozen in aliquots and stored at minus seventy degrees
centigrade. Blood for polymerase chain reaction (PCR)
analysis was drawn in tubes containing the appropriate
anticoagulant (ethylene diamine tetraacetic acid), and
the DNA was extracted for subsequent analysis.

The DNA was isolated with the Capture Column
(Gentra Systems, Minneapolis, MN). PCR measures of
the S5A/6A stromelysin®®° and the T—786C eNOS?!3*
mutations were performed using previously published
techniques. The forward primer for the stromelysin
polymorphism®® was 5-ggt tct cca ttc ctt tga tgg ggg gaa
aga-3, the reverse primer was 5-ctt cct gga att cac atc
act gcc acc aga-3. One hundred nanograms of patient
DNA was denatured at 95°C for 5 minutes, then 31
cycles of 95°C for 1 minute and 60°C for 1 minute, and
then 72°C for 1 minute. The product was digested with
Tth111 I (New England Biolabs, Beverly, MA) per the
supplier’s instructions. The forward primer for the
eNOS polymorphism was 5-tgg aga gtg ctg gtg tacc
cca-3. The reverse primer was 5-gcc tcc acc ccc acc ctg
tc-3.% One hundred nanograms of patient DNA was
denatured at 95°C for 5 minutes, then 32 cycles of 94°C
for 0.5 minute and 63°C for 0.5 minute, and then 72°C
for 0.5 minute. The product was digested with Msp I
per the supplier’s instructions (New England Biolabs).
The products of the PCR reactions were then electro-
phoresed on a 10% polyacrylamide gel and the bands
visualized with ethidium bromide.

As reported by Nakayama et al.,>* the PCR analysis
that identifies the eNOS T—786C polymorphism was
confirmed by complete sequencing of the eNOS gene
from nucleotide —1533 to + 44.

Statistical methods

Based on our previous studies of osteonecrosis of the
hip” (95 cases: 14 [15%] eNOS T—786C homozygous
mutant, 42 [44%] heterozygous, and 39 [41%] wild-type
normal; and 72 normal control subjects: 1 [1%] homozy-
gous mutant, 27 [38%] heterozygous, and 44 [61%] wild-
type normal), with alpha = 0.05 and beta = 0.20, we
estimated that we would need to study 58 cases to have
optimal power to distinguish them from controls.

Distributions of genotypes of the eNOS and strome-
lysin polymorphisms were compared in subjects and
race and gender—matched controls by chi-squared anal-
yses and Mantel-Haenszel x* tests (Table I; Fig. 1).
Mutant homozygosity (TT) versus wild-type normal
(CC) plus heterozygosity (TC) were compared by
Fisher exact tests (Table I). Risk ratios with 95% con-
fidence intervals (CIs) were reported (Table I). The ClIs
for sensitivity and specificity were calculated by as-
ymptotic normal distribution for binomial variables,
when cell frequency was 0 using continuity adjustment
correction +0.5 (Table I).
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Table 1. Case-control differences in eNOS T—786C and stromelysin 5A6A mutations

Specificity
(95% CI)

Sensitivity
(95% CI)

RR
(95% CI)

Fisher

Mutant allele

P

Mantel-Haenszel frequency TC + CC

X test

ccC

C

eNOS T—786C mutation

.0008 3.75(2.5-5.7)  27% (9%-45%)

16 (73%)

45% vs. 17%;

10.8;
P =.001

X =

14.3;

df =2;

X2_

8(36%) 8 (36%)

22 6(27%)

Case

x> =122;
P = .0005

P = .0008

100% (97%-100%)

44 (100%)

29 (66%)

15 (34%)

44 0(0%)

Control
Stromelysin SA6A mutation

32% (12%-51%)

1.59 (0.8-3.2)

21

15 (69%)

64% vs. 48%;

Xz = 3.75;
P =.053

x> =4.2;

14 (64%)  1(5%)

2 7(32%)

Case

X2 = 2.98;
P =084

df =2;
P=.13

82% (71%-93%)

36 (82%)

26 (59%) 10 (23%)

44 8 (18%)

Control

eNOS, Endothelial nitric oxide synthase; 77, homozygous mutant; 7C, heterozygous; CC, wild-type normal. RR, risk ratio; CI, confidence interval.
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RESULTS
The 22 caucasian subjects with NICO included 17
women and 5 men, with a mean = SD age of 53 £ 13
years. The 44 caucasian healthy normal controls in-
cluded 34 women and 10 men, aged 43 * 13 years.
The mean * SD duration of jawbone pain in the 22
NICO patients was 6 = 3.3 years, median 5 years, and
the interquartile range (25th-75th percentiles) was 3-7
years. In 18 patients, pain was unremitting and chronic,
4 were totally disabled by pain, 2 of whom described
their lives as “ruined” by pain. To achieve pain relief,
73% of the 22 patients required opiate and/or fentanyl
analgesia. Five patients required daily opiates, 11 took
opiates intermittently, 2 used nonnarcotic analgesics, 3
used over-the-counter analgesics, and 1 required no
pain therapy. As shown in Fig. 2, technetium-99 MDP
(methylene disphosphonate) scintigraphy scans of alve-
olar regions of painful ischemic bone damage revealed
intense uptake. Biopsy material from alveolar bone in
these subjects demonstrated degenerative marrow and
bone changes consistent with NICO, with areas of
thrombosis, marrow congestion, ischemic myelofibro-
sis, and chronic low-grade inflammation (Fig. 3).
Homozygosity for the mutant eNOS allele (TT) was
present in 6 out of 22 patients (27%) with NICO ver-
sus O out of 44 (0%) race/gender—matched control
subjects (Fig. 1; Table I). Heterozygosity for the mutant
eNOS allele (TC) was present in 8 patients (36%)
versus 15 control subjects (34%), and the wild-type
normal genotype (CC) was present in 9 patients (36%)
versus 29 controls (66%) ()(2 =143, df = 2, P =
.0008; Table I). The distribution of the eNOS T—786C
genotype was shifted toward heterohomozygosity in
cases, compared with control subjects (Mantel-Haens-
zel X2 = 10.8; P = .001; Table I; Fig. 1). The mutant
eNOS T—786C allele was more common in case sub-
jects than in control subjects: 20 out of 44 (45%) versus
15 out of 88 (17%) (x> = 12.2; P = .0005; Table I; Fig.
1). The relative risk ratio of eNOS T—786C homozy-
gosity versus heterozygosity/wild-type normal was
3.75, with 95% CI 2.5-5.7 (Table I). The specificity of
eNOS T-786C genotype (homozygosity vs. nonho-
mozygosity) was high, with 44 out of 44 of 44 healthy
control subjects (100%) free of eNOS homozygosity.
As shown in Table I, the distribution of the strome-
lysin SA6A genotype in case subjects did not differ
from control subjects ()(2 =42;df = 2; P = .13;
Mantel-Haenszel x*> = 3.75; P = .053). Homozygosity
for the stromelysin SA6A (7 out of 22, 32%) was more
common in cases than in controls (8 out of 44, 18%),
but not significantly (P = .21). The mutant stromelysin
SAG6A allele was more common in case subjects than in
control subjects (28 out of 44 [64%] vs. 42 out of 88
[48%]), but not significantly (x2 = 2.98; P = .084). The
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Fig. 1. Distribution of the endothelial nitric oxide synthase (eNOS) T—786C polymorphism and the eNOS T—786C mutant allele
in 22 patients with neuralgia-inducing cavitational osteonecrosis of the jaws and in 44 race and gender—matched control subjects.

Fig. 2. Technetium-99 MDP scintigraphy scan of 2 alveolar
regions of painful ischemic bone damage in a patient with
neuralgia-inducing cavitational osteonecrosis of the jaws,
showing intense uptake in both damaged areas (arrows).

specificity of the stromelysin SA6A mutation (homozy-
gosity versus nonhomozygosity) was 82%, with 36 out of
44 healthy controls free of eNOS homozygosity.

DISCUSSION
In the present report, patients with biopsy- and im-
aging-defined® NICO differed from matched normal

control subjects in being more likely to have the eNOS
T—786C polymorphism. This mutation is associated
with reduced NO production.>* Homozygosity for the
eNOS T—786C polymorphism was found in 6 out of 22
NICO case subjects (27%), versus 0% of 44 healthy
normal control subjects. This finding was generally
similar to our previous study of idiopathic osteonecro-
sis of the hip, where homozygosity for the mutant
eNOS allele was present in 8 (22%) of 36 patients
versus 1 (3%) of 36 race/gender—matched control sub-
jects.”

Nitric oxide production is impaired by the T—786C
eNOS single nucleotide polymorphism, with a substi-
tution of the nucleotide thymine by cytosine at a locus
786 base pairs upstream of the eNOS gene.””* There
are 3 main NO synthases in bone cells (eNOS, bNOS,
and iNOS) of which eNOS is the predominant consti-
tutive isoform expressed in normal adult bone,** mainly
in osteoblastic lineage cells. Nitric oxide, which is
vasoactive, is produced in the vascular endothelium,
and its production is controlled to a large degree by
eNOS?® and stromelysin genes.*® Nitric oxide is an
osteocytic signaling molecule which regulates bone
mass and bone turnover through effects on osteoblast-
osteoclast activity.?” Nitric oxide inhibits osteoclasis,*®
and its generation by eNOS is enhanced by mechanical
stimuli and estrogen.*® Nitric oxide release is impaired
by eNOS T—786C and stromelysin-1 SA6A mutations,
leading to vasoconstriction, platelet aggregation,
thrombosis, reduced angiogenesis, and bone formation.
Nitric oxide plays a role in bone angiogenesis, throm-
bosis, and turnover, all probably related to the patho-
genesis of osteonecrosis and other forms of chronic



OOOOE

552 Glueck et al.

April 2010

Fig. 3. Bone marrow edema showing signs of ischemic damage: A, ischemic myeolofibrosis, dilated marrow capillaries, multiple
platelet/fibrin thrombi (arrowheads), focal hemorrhage, and granular cytoplasm in adipocytes, but with viable and essentially
normal bone; B, higher power of one of the thrombi (arrowheads).

ischemic bone disease.*” Impaired NO release mediated
by the T—786C polymorphism could produce ischemi-
cally damaged bone and bone marrow, with multiple
intraosseous intravascular thrombi, and neural degen-
eration with subsequent production of jawbone pain,'®
as evidenced by the present patients with NICO. Severe
chronic pain characterized all 22 patients, being present
for a median 5 years, requiring opiate and/or fentanyl
analgesia in 73%.

Although skepticism has been expressed in some re-
view articles about NICO and its treatment, with some
rejecting the very existence of the entity,”**" the 22
patients in this study had chronic facial pain and well
defined chronic ischemic bone disease by pathologic
review of excised tissue using the same histopatho-
logic criteria as osteonecrosis of long bones.'*>

A limitation of the present study is sample size. Al-
though case-control comparisons revealed highly signifi-
cant differences in eNOS T—786C genotypes between
NICO case subjects and healthy control subjects, our
sample size calculations suggest that future studies include
at least 58 NICO patients. Future studies of the eNOS
T—786C polymorphism in osteonecrosis of the jaws
should also include patient control subjects with atypical
face pain affecting the jawbones and patients with peria-
pical granulomas or radicular cysts.

The eNOS T—-786C polymorphism affecting NO
production may contribute to the pathogenesis of
NICO. Our finding of an increased frequency of ho-

mozygosity for the T—786C eNOS mutation (27%) in
subjects with NICO, and high specificity, with none of
44 control subjects having eNOS T—786C homozygos-
ity, is congruent with our recent finding of eNOS
T—786C mutation in osteonecrosis of the hip.”*' We
speculate that provision of the amino acid L-arginine,
an NO precursor, might be therapeutic in osteonecrosis
patients with homozygosity for the eNOS T—786C
mutation, whether the osteonecrosis is found in the hip
or in the jaws.”*!

REFERENCES

1. Black GV. A work on special dental pathology. 2nd ed. Chicago,
IL: Medico-Dental Publishing; 1920.

2. Noel H. A lecture on caries and necrosis of bone. Am J Dent Sci
1868;1:425-82.

3. Bouquot JE, McMahon RE. Neuropathic pain in maxillofacial
osteonecrosis. J Oral Maxillofac Surg 2000;58:1003-20.

4. Glueck CJ, Freiberg RA, Fontaine RN, Tracy T, Wang P. Hy-
pofibrinolysis, thrombophilia, osteonecrosis. Clin Orthop Relat
Res 2001;386:19-33.

5. Glueck CJ, Freiberg RA, Sieve L, Wang P. Enoxaparin prevents
progression of stages I and II osteonecrosis of the hip. Clin
Orthop Relat Res 2005;435:164-70.

6. Koo KH, Lee JS, Lee YJ, Kim KJ, Yoo JJ, Kim HJ. Endothelial
nitric oxide synthase gene polymorphisms in patients with nontrau-
matic femoral head osteonecrosis. J Orthop Res 2006;24:1722-8.

7. Glueck CJ, Freiberg RA, Oghene J, Fontaine RN, Wang P.
Association between the T—786C eNOS polymorphism and id-
iopathic osteonecrosis of the head of the femur. J Bone Joint Surg
Am 2007;89:2460-8.



OOOOE

Volume 109, Number 4

8.

10.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Glueck CJ, McMahon RE, Bouquot J, Stroop D, Tracy T, Wang
P, et al. Thrombophilia, hypofibrinolysis, and alveolar osteone-
crosis of the jaws. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1996;81:557-66.

. 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;130:540-3.

Gruppo R, Glueck CJ, McMahon RE, Bouquot J, Rabinovich
BA, Becker A, et al. The pathophysiology of alveolar osteone-
crosis of the jaw: anticardiolipin antibodies, thrombophilia, and
hypofibrinolysis. J Lab Clin Med 1996;127:481-8.

. Glueck CJ, McMahon RE, Bouquot JE, Triplett D. Exogenous

estrogen may exacerbate thrombophilia, impair bone healing and
contribute to development of chronic facial pain. Cranio 1998;
16:143-53.

Glueck CJ, Freiberg R, Tracy T, Stroop D, Wang P. Thrombo-
philia and hypofibrinolysis: pathophysiologies of osteonecrosis.
Clin Orthop Relat Res 1997;334:43-56.

Glueck CJ, Fontaine RN, Gruppo R, Stroop D, Sieve-Smith L,
Tracy T, et al. The plasminogen activator inhibitor-1 gene, hy-
pofibrinolysis, and osteonecrosis. Clin Orthop Relat Res 1999;
366:133-46.

Glueck CJ, McMahon RE, Bouquot JE, Tracy T, Sieve-Smith L,
Wang P. A preliminary pilot study of treatment of thrombophilia
and hypofibrinolysis and amelioration of the pain of osteonecro-
sis of the jaws. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1998;85:64-73.

McMahon RE, Bouquot JE, Glueck CJ, Griep J. Beyond bisphos-
phonates: thrombophilia, hypofibrinolysis, and jaw osteonecro-
sis. J Oral Maxillofac Surg 2006;64:1704-5.

Bjorkman A, Svensson PJ, Hillarp A, Burtscher IM, Runow A,
Benoni G. Factor V Leiden and prothrombin gene mutation: risk
factors for osteonecrosis of the femoral head in adults. Clin
Orthop Relat Res 2004;425:168-72.

Bouquot JE, LaMarche MG. Ischemic osteonecrosis under
fixed partial denture pontics: radiographicand microscopic
features in 38 patients with chronic pain. J Prosthet Dent
1999;81:148-58.

. Bouquot JE, Roberts AM, Person P, Christian J. Neuralgia-

inducing cavitational osteonecrosis (NICO). Osteomyelitis in
224 jawbone samples from patients with facial neuralgia. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 1992;73:307-19,
discussion 319-20.

Bouquot JE. More about neuralgia-inducing cavitational osteo-
necrosis (NICO). Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1992;74:348-50.

Bouquot JE. Ischemia and infarction of the jaws—the “phantom”
pain of NICO. Cranio 1994;12:138-9.

McMahon RE, Bouquot JE, Glueck CJ, Spolnik KJ, Adams WR.
Osteonecrosis: a multifactorial etiology. J Oral Maxillofac Surg
2004;62:904-5.

Fox SW, Chow JW. Nitric oxide synthase expression in bone
cells. Bone 1998;23:1-6.

Benoliel R, Eliav E. Neuropathic orofacial pain. Oral Maxillofac
Surg Clin North Am 2008;20:237-54.

Zuniga JR. Challenging the neuralgia-inducing cavitational os-
teonecrosis concept. J Oral Maxillofac Surg 2000;58:1021-8.
Bouquot JE, Christian J. Long-term effects of jawbone curettage
on the pain of facial neuralgia. J Oral Maxillofac Surg 1995;53:
387-97; discussion 97-9.

Fletcher RH WE. Clincal epidemology: the essentials. 2nd ed.
Baltimore, MD: Williams & Wilkins; 1988. p. 199-202.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Glueck et al. 553

Balasa VV, Gruppo RA, Glueck CJ, Stroop D, Becker A, Pillow
A, et al. The relationship of mutations in the MTHFR, prothrom-
bin, and PAI-1 genes to plasma levels of homocysteine, pro-
thrombin, and PAI-1 in children and adults. Thromb Haemost
1999;81:739-44.

Balasa VV, Gruppo RA, Glueck CJ, Wang P, Roy DR, Wall EJ,
et al. Legg-Calve-Perthes disease and thrombophilia. J Bone
Joint Surg Am 2004;86-A:2642-7.

Hoppmann P, Koch W, Schomig A, Kastrati A. The SA/6A poly-
morphism of the stromelysin-1 gene and restenosis after percutane-
ous coronary interventions. Eur Heart J 2004;25:335-41.

Liu PY, Chen JH, Li YH, Wu HL, Shi GY. Synergistic effect of
stromelysin-1 (matrix metallo-proteinase-3) promoter 5A/6A
polymorphism with smoking on the onset of young acute myo-
cardial infarction. Thromb Haemost 2003;90:132-9.

Khurana VG, Sohni YR, Mangrum WI, McClelland RL, O’Kane
DJ, Meyer FB, et al. Endothelial nitric oxide synthase T—786C
single nucleotide polymorphism: a putative genetic marker dif-
ferentiating small versus large ruptured intracranial aneurysms.
Stroke 2003;34:2555-9.

Nakayama M, Yoshimura M, Sakamoto T, Shimasaki Y, Naka-
mura S, Ito T, et al. Synergistic interaction of T—786— C
polymorphism in the endothelial nitric oxide synthase gene and
smoking for an enhanced risk for coronary spasm. Pharmacoge-
netics 2003;13:683-8.

Fatini C, Sofi F, Gori AM, Sticchi E, Marucucci R, Lenti M,
et al. Endothelial nitric oxide synthase —786T > C, but not
894G > T and 4a4b, polymorphism influences plasma homocys-
teine concentrations in persons with normal vitamin status. Clin
Chem 2005;51:1159-64.

Nakayama M, Yasue H, Yoshimura M, Shimasaki Y, Kugiyama
K, Ogawa H, et al. T—786— C mutation in the 5'-flanking
region of the endothelial nitric oxide synthase gene is associated
with coronary spasm. Circulation 1999;99:2864-70.

Church JE, Fulton D. Differences in eNOS activity because of
subcellular localization are dictated by phosphorylation state
rather than the local calcium environment. J Biol Chem
2006;281:1477-88.

Boyle JJ. Macrophage activation in atherosclerosis: pathogenesis
and pharmacology of plaque rupture. Curr Vasc Pharmacol
2005;3:63-8.

Lagumdzija A, Ou G, Petersson M, Bucht E, Gonon A, Pernow
Y. Inhibited anabolic effect of insulin-like growth factor-I on
stromal bone marrow cells in endothelial nitric oxide synthase-
knockout mice. Acta Physiol Scand 2004;182:29-35.

Loveridge N, Fletcher S, Power J, et al. Patterns of osteocytic
endothelial nitric oxide synthase expression in the femoral neck
cortex: differences between cases of intracapsular hip fracture
and controls. Bone 2002;30:866-71.

Calder JD, Buttery L, Revell PA, Pearse M, Polak JM. Apopto-
sis—a significant cause of bone cell death in osteonecrosis of the
femoral head. J Bone Joint Surg Br 2004;86:1209-13.

Benoliel R, Sharav Y. Neurovascular orofacial pain. Cephalalgia
2008;28:199-200.

Glueck CJ, Freiberg RA, Boppana S, Wang P. Thrombophilia,
hypofibrinolysis, the eNOS T—786C polymorphism, and multi-
focal osteonecrosis. J Bone Joint Surg Am 2008;90:2220-9.

Reprint requests:

C. J. Glueck, MD
Cholesterol Center
ABC Building

3200 Burnet Ave.
Cincinnati, OH
glueckch@healthall.com


mailto:glueckch@healthall.com

	T−786C polymorphism of the endothelial nitric oxide synthase gene and neuralgia-inducing cavitational osteonecrosis of the jaws
	MATERIALS AND METHODS
	Case and control subjects
	Laboratory methods
	Statistical methods

	RESULTS
	DISCUSSION
	REFERENCES


