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Abstract

Background: Multiple myeloma (MM) constitutes approximately 10% of hematological malignancies. Bisphospho-
nates have established themselves in solid organ metastasis and multiple myeloma lytic bone lesions by inhibiting
osteoclast activation. Medication-related osteonecrosis of the jaw (MRONJ) emerges as an important complication.
Investigating host-based factors, and developing personal risk factors gain importance in the development mecha-
nism of MRONJ. We aimed to reveal the different genotype polymorphisms, and clinical effects of eNOS in patients
with a diagnosis of MRONJ in MM patients.

Methods: Medical records and blood samples were collected from 60 MRONJ patients with MM and 60 healthy con-
trols. Inclusion criteria was having an exposed maxillofacial bone for more than eight weeks, a history of bisphospho-
nates, and no history of radiation therapy for the jaws. eNOS G894T and intron 4 VNTR were calculated by polymerase
chain reaction and/or restriction fragment length polymorphism.

Results: eNOS G894T and VNTR genotypes and alleles were compared statistically with the healthy control group.
There was no significant difference between the two groups. In comparison between G894T and clinical parameters,
aphthous stomatitis was more common in TT genotype, while DMFT >3 was more common in TG-GG genotype
(p=0.035,0.023).

Conclusions: eNOS induces osteogenesis in bone metabolism, with its regulatory effects on bone remodeling and
also NO induced angiogenesis takes place indirectly with its protective effect on endothelial functions. We see that
these polymorphisms affecting the entire process of bone remodeling and angiogenesis, especially mucosal dam-
age, which is the triggering factor of MRONJ pathology, have been revealed in the MM patient group. Considering
the MRONJ initiating factors, it is necessary to emphasize the importance of our study results. It should be seen as an
important step for new studies towards MRONJ and its treatment.

Keywords: Medication-related osteonecrosis of the jaws (MRONJ), Bisphosphonate, Multiple myeloma, Endothelial
nitric oxide synthase

Background
Multiple myeloma (MM) constitutes approximately 10%
of hematological malignancies. It is a disease caused by
E— : malignant plasma cells, the pathology of abnormal pro-
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MM affects 7 in every 100,000 adults and the median
age is 65 years old [2—4]. Clinical manifestations appear
as renal failure, anemia, hypercalcemia and lytic bone
lesions. Although positron emission tomography/com-
puted tomography (PET/CT) is often preferred for the
detection of lytic bone lesions, magnetic resonance (MR),
computed tomography (CT), and direct radiographs also
contribute to the diagnosis.

Metastatic bone lesions can be encountered in many
solid malignancies. In this patient group, cancer cells
that metastasize to bone stimulate osteoclasts via the
cytokines they produce and cause bone destruction [5].
Lytic bone lesions in multiple myeloma occur by a simi-
lar mechanism. They cause bone destruction by secret-
ing osteoclast stimulants such as nuclear-KB ligand
(RANKL) receptor activator as well as molecules that
inhibit osteoblastic activity such as dickkopf-1 (DKK)
[5, 6]. Bisphosphonates have established themselves
in solid organ metastasis, and multiple myeloma lytic
bone lesions by inhibiting osteoclast activation [5-7].
Decreased osteoclast activity decreases bone remodeling
and is used to prevent osteoporosis by increasing bone
density [5-7].

Besides all these effects; medication-related osteone-
crosis of the jaw (MRON]J) emerges as an important
complication [8]. Although the exact mechanism of
medication-related osteonecrosis has not yet been deter-
mined, several potential hypotheses have been proposed.
The most accepted hypothesis is that deep inhibition of
osteoclast function inhibits normal bone turnover and
damage from normal mechanical load or any injury [5,
8]. In addition, studies with different mechanisms can be
also mentioned. In a review about non-bisphosphonate
related osteonecrosis of jaw, authors divided reasons
related to osteonecrosis following mechanisms: Systemic
medication, radiation, bacterial, viral or deep fungal
infections, direct chemical toxicity, trauma or idiopathic
[9]. In reports involving non-bisphosphonate related
osteonecrosis cases, we see that the main reasons were
trauma, local interventions, chemotherapy and systemic
steroid usage [10, 11]. With all these findings, it can be
mentioned that the responsibility of MRON] is related to
more than one factor or the necessity of association.

In a study related to bisphosphonates usage, it was
shown that zoledronic acid exerts an inhibitory effect
on circulating levels of vascular endothelial growth
factor (a potent angiogenesis stimulator) [12, 13]. Bis-
phosphonates were also thought to be toxic to the oral
mucosa directly, and it was reported that they could
cause mucosal fenestration and exposure to bone [14].
MRONTJ and its associated maxilla-mandibular involve-
ment are related to the “intraoral environment” In
addition, knowing that bisphosphonates accumulate

Page 2 of 7

especially in bones with high turnover capacity, it
should be considered that the bisphosphonate concen-
tration of the maxilla and mandible is extremely high
[5, 15]. There are also studies contrary to this concen-
tration theory. Bauss et al. [16] have been shown that
ibandronate uptake is not different in jaw compared
to long bones and vertebrae. Morris et al. [17] also
showed that there was no difference in mandible bind-
ing in patients with metastatic malignancies who used
chronic bisphosphonates. Otto et al. [18] showed that
the development of osteonecrosis increased in condi-
tions that create an acidic local environment such as
infections during high dose use of non-nitrogenous bis-
phosphonates (zoledronate and ibandronate).

Dentoalveolar trauma is the most common and con-
sistent risk factor in most MRON]J cases reported to
date. Patients with a history of inflammatory dental
disease (e.g. periodontal and dental abscesses) are at a
seven-fold increased risk for developing MRONTJ [19,
20]. The duration of bisphosphonate therapy has been
associated with the risk of developing both MRON]
and more severe disease [5]. Similarly, the more potent
pamidronate, and especially intravenous bisphospho-
nates such as zoledronic acid appear to be significantly
more problematic compared with oral bisphosphonate
drugs [5, 21].

Investigating host-based factors and developing per-
sonal risk factors gain importance in the development
mechanism of MRONJ. At this point, nitric oxide syn-
thase (NOS) is an important individual factor. NO syn-
thesized from L-arginine by the NOS enzyme. NOS can
also catalyze superoxide anion production due to the
presence of substrate and cofactor. There are three main
isoforms of the enzyme called neuronal NOS (nNOS),
inducible NOS (iNOS) and endothelial NOS (eNOS).
These differ in their dependence on Ca2*, their expres-
sion and activity. NOS is an important signaling molecule
in bone [22]. In addition, physiological activity appears to
be source and concentration dependent [12-23]. Nitric
oxide (NO) produced by osteocytes is an important
regulator of bone response to movement and compres-
sion and has been shown to mediate osteoclast activity.
iNOS has been shown to mediate inflammation-induced
bone resorption on the compression side [24]. Although
osteogenesis on the tension side is not well understood,
there are publications reporting the increase and role of
eNOS in bone formation. As a result, NO and NOS play
an important role in bone formation and turnover.

In our study, we aimed to reveal the different genotype
polymorphisms and clinical effects of eNOS in patients
with a diagnosis of MRONYJ, which is frequently encoun-
tered in the MM patient group and creates clinical
difficulties.
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Methods

Study population

Medical records and blood samples were collected from
60 MRONJ] patients with MM (31 females, 29 males;
mean age: 53 years old) and 60 healthy controls (29
females, 31 males; mean age: 54 years old). The patients
diagnosed and treated in the Department of Hematol-
ogy, Faculty of Medicine, Gaziantep University (Gazi-
antep, Turkey). Demographic characteristics were
recorded, and clinical/radiographic, dental examina-
tions were performed for the patients diagnosed with
MM. Presence of MRONJ and symptoms were exam-
ined by an Oral Surgeon from Faculty of Dentistry,
Gaziantep University, (Gaziantep, Turkey). Inclusion
criteria were having an exposed maxillofacial bone for
more than eight weeks, a history of bisphosphonates
and no history of radiation therapy for the jaws.

Oral mucosal physical examination findings were ana-
lyzed under two subheadings together with MRONJ:
Presence of aphthous stomatitis and calculation of
the decayed-missing-filled teeth index (DMFT score).
DMEFT were recorded and calculated for each case.
The healthy control group was similar in terms of age
and sex distribution; with healthy individuals who did
not have any evidence of any malignancy. All patients
were of Turkish origin, and their informed consent was
obtained. The study protocols were performed accord-
ing to the principles of the Declaration of Helsinki. The
experimental study protocol and process were assessed
and approved by the Faculty of Medicine, Gaziantep
University ethics committee (2018/78).

Genotyping of eNOS gene variants

For the analysis of eNOS gene variants, Vacutainer
tubes with EDTA as anticoagulant were used to col-
lect about 5 mL peripheral blood. DNA was extracted
from leukocytes according to standard protocols [25].
G894T and intron 4 VNTR were calculated by polymer-
ase chain reaction (PCR) and/or restriction fragment
length polymorphism (RFLP) as previously described
[26, 27].

Statistical analysis

The OpenEpi Info software package version 3.01 (www.
openepi.com) and The Statistical Package for the
Social Sciences program (IBM SPSS, version 20) were
used for Statistical analysis. Results were presented as
mean + standard deviation (S.D). The X test, analysis of
variance (ANOVA) statistics, and the Fisher exact test
were used to analyze the relationships between eNOS
variants and the clinical/demographical characteristics.
Risk factors were calculated using Odds Ratios (ORs)
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and 95% confidence intervals (CIs). A p value of less
than 0.05 was considered significant.

Results

Of the 60 patients included in our study, 31 were female
(52%) and 29 were male (48%). Only 5 (16.6%) of the
patients were diagnosed with light chain. The 5-year
OS was 76%, the PFS median was 54.3 months and the

Table 1 Clinical features and treatment regimens of MRONJ

patients
MRONJ patients Controls
n:60 (%) n:60 (%)
Age 53 (37-71) 54 (29-71)
Gender
Females/males 31/29 (52/48) 29/31 (48/52)
Ig subtypes
K/\ 22/11 (64.9/35.1)
G/A 23/5(67.4/16)
Light chain 5(16.6)
Stage (Salmon-Durie)
111 10/23 (31/69)
A/B 27/6 (76/24)
IPI
I 10 (30.2)
111 9/13 (26.6/43.2)
ECOG
>1 4/33 (16.6)
Hemoglobin
gr/dL 10.7 (6.6-14.7)
Leucocytes
pL 6100(2760-17,300)
Platelets
10%/uL 198 (123-337)
C-reactive protein
mg/dL 6.6 (2.1-215)
LDH
IU/L 235 (100-556)
32-microglobulin
ma/L 47 (1.5-47)
Albumin
q/L 36(2.2-5.1)
Treatment
VCD, ASCT, LD 60
OS % (5 years) 76
PFS (month)? 54.3
Follow up duration?® (month) 36 (7.8-99.1)

VCD, bortezomib, cyclophosphamide, dexamethasone; APBSCT: autologous
peripheral blood stem cell transplantation LD, lenolidomid, dexamethasone;
ECOG, performance status; LDH, lactic dehidrogenase; IPI, International
Prognostic Index; PFS, progression-free survival, OS: Overall survival
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Table 2 Genotype and allele frequencies of eNOS variants

between patients and controls

eNOS Patients  Controls ORExp (B) 95% Cl P

G894T n=60(%) n=60 (%)

Genotypes

GG 4(6.7) 101.7) 0.227* 0.023- 0.201*
2.207*

GT 20(333)  21(35) 0977* 0453- 0.954*
2111*

L 36(60)  38(633) 0883% 0421- 08515
1.850%

Alleles

G 28(233) 23(19.2)

T 92(76.7)  97(80.8)  1.000% 0.550- 1.000%
1.819%

eNOS VNTR

BB 40 (66.7)  42(70) 0.881% 0.406— 0.844%
1.913%

BA 19(31.6)  15(25) 0.756* 0.338- 0.496*
1.692*

AA 1(1.7) 3(5) 3.091% 0.299- 0.344*
31.981*

Alleles

B 99(82.5  99(825)  1.000% 0.514- 1.000%
1.946%

A 21(175)  21(17.5)

" OR (95%Cl) was adjusted by age and sex

&Fisher's Exact Test
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median follow-up was 36 months (7.8-99.1). Demo-
graphic data can be seen in Table 1.

eNOS G894T and VNTR genotypes and alleles of the
patients were compared statistically with the healthy con-
trol group. There was no significant difference between
the two groups in terms of G894T GG, GT and TT geno-
types, and G and T alleles (»=0.201, 0.954, 0.851, 1.000).
There was no significant difference between the two
groups in terms of VNTR BB, BA and AA genotypes, and
B and A alleles (p =0.844, 0.496, 0.344, 1.000) (Table 2).

In comparison between G894 T and clinical parameters,
aphthous stomatitis was more common in TT genotype,
while DMFT >3 was more common in TG-GG geno-
type (p=0.035, 0.023) (Table 3). In comparison between
VNTR genotypes and clinical findings, no statistically
significant result was obtained (p>0.05) (Table 4).

Discussion

Considering the frequency of MM and bisphosphonate
use, MRON] emerges as an important clinical problem.
To our knowledge, this study is the first study evaluat-
ing genetic polymorphisms in MM and MRON] patients.
NO inhibits osteoclast-mediated bone resorption in vitro
and in vivo, and its protective effects against bone loss
have been demonstrated, especially in postmenopau-
sal women [28]. Decreased NO synthesis enhances

Table 3 Association between eNOS G894T variant and clinical features of patients

eNOS G894T TT TG-GG OR Exp(B) 95% Cl p
Number of patients 36 (%) 24 (%)

Males/FEMALES 20/16 11/13

Age of diagnosis 52 (37-77) 55 (46-81)

Apthous stomatitis 6(16.7) 0(0) 1.200 1.037-1.389 0.035%
DMFT>2 28 (77.8) 22(91.2) 0318 0.061-1.652 0.157%
DMFT >3 18 (50) 19(79.2) 0.263 0.081-0.858 0.023%

&Fisher's Exact Test Pearson Chi-Square #Logrank test; ®OR (95%Cl) was adjusted by age and sex; *median; *Median test; DMFT: the decayed, missing and filled teeth

index. The results that are statistically significant are shown in boldface

Table 4 Association between eNOS VNTR variant and clinical features of patients

eNOSVNTR BB BA-AA OR Exp(B) 95% Cl p
Number of patients 40 (%) 20 (%)

Males/females 19/21 12/8

Age of diagnosis 54 (37-81) 52 (38-77)

Apthous stomatitis 5(12.5) 1(5) 3.848 0.344-43.043 0.274@
DMFT>2 35(75) 15 (75) 2220 0.549-8.980 0.264¢
DMFT>3 26 (65) 11 (55) 1377 0410-4.622 0.605¢

&Fisher’s Exact Test. Pearson Chi-Square 8‘Logrank test; © OR (95%Cl) was adjusted by age and sex; * median; *Median test; DMFT: the decayed, missing and filled teeth

index
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osteoclast-mediated bone resorption and increases bone
loss [28]. Its effects on angiogenesis, remodeling and
osteogenetic activity of bone have been revealed. With its
proven effects in both humans and animals, NO consti-
tutes an important working point.

Although our study was conducted on patients using
bisphosphonates; bisphosphonates are not the only
antiresorptive treatment agent. In a recent meta-analysis
[29], the MRONJ effect of denosumab has been proven,
and it has even higher risk than zoledronic acid. In the
light of all these data, MRON] does not originate from
a single pathologic mechanism; it seems more logical to
talk about the unity of factors. MRON] pathophysiology
is basically based on deep inhibition of osteoclast func-
tion, which disrupts bone remodeling and creates the
clinical picture; however, it does not seem possible to
blame osteoclast dysfunction alone. It has been shown
that low turnover caused by antiresorptive treatments
also increases the risk of infection and creates a cumula-
tive effect [30, 31].

Another important working point is angiogenesis. In
a study on pamidronate and zoledronic acid [13], the
effects of these two agents on angiogenesis were investi-
gated. In this study, in which zoledronic acid was shown
to be a potent angiogenesis inhibitor, it was proven that
bisphosphonates inhibit angiogenesis. Although this
can be seen as an advantage in preventing metastasis of
malignancies, it is an important pathophysiological fac-
tor in terms of MRONJ. In this study, in which we aimed
to examine the bisphosphonate and these effects, as well
as the possible NO polymorphism-related angiogenesis
difference and MRONJ relationship, we could not reveal
a significant difference with the healthy control group;
however, the results obtained with the eNOS G894T in
terms of aphthous stomatitis and DMFT bring important
clinical controversy.

Oral mucosal damage, which is the common point of
many studies for MRON]J and seen as a pathophysiol-
ogy initiating factor, constitutes another important field
of study. It has not been clearly demonstrated whether
the pathological change mainly begins in the bone or
is caused by mucosal damage. We see that bisphospho-
nates and mucosal damage have been demonstrated in
studies conducted. The toxicity of bisphosphonates on
mucosal cells has been documented previously [14, 32,
33]. Epithelial toxicity of bisphosphonates has been dem-
onstrated using Caco-2 cells in two different important
studies. Caco-2 cells are cells derived from gastric adeno-
carcinoma, similar to the gastric epithelium. In the study
conducted by Twiss et al. [32], the toxicity of pamidronate
and alendronate to epithelial cells has been proven. In the
presence of calcium, pamidronate and alendronate have
been found toxic to cells and pamidronate is more toxic
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than alendronate. Olpadronate caused toxicity at con-
centrations ten times higher than the toxic concentra-
tions of pamidronate. In the absence of calcium, precise
signs of toxicity were observed with pamidronate only
at clinically relevant concentrations. The most toxic bis-
phosphonate was found to be pamidronate. In the study
of Suri et al. [33] bisphosphonates appear to cause inhi-
bition of the apoptosis of epithelial cells and/or prolif-
eration of undifferentiated epithelial cells (due to loss of
prenylated proteins and sterols) and may contribute to
the esophagitis and ulcer in the gastrointestinal tract.

In terms of eNOS polymorphism, which is a significant
statistical finding of our study, we see that similar data in
the literature are related to Behcet’s disease, where recur-
rent aphthous stomatitis is also common. There was a
significant association between recurrent aphthous sto-
matitis and inheritance of single-nucleotide polymor-
phism 752297518 (p=0.006) [34]. In another study, no
relationship was found between the studied eNOS poly-
morphisms and aphthous stomatitis [35].

In the light of all these effects, it can be said that bis-
phosphonates show toxicity to the mucosa apart from
their effects on MRON] pathology. Our study includes
the first results in the literature in terms of mucosal
damage seen as the pathophysiological mechanism that
initiates MRON]J. For eNOS G894T polymorphism, sig-
nificantly more aphthous stomatitis was observed in TT
genotype, while having a DMFT > 3 score in TG-GG gen-
otype was found to be significantly higher. It is thought
that there will be genotype differences between MRON]
patients and the healthy population in the evaluation to
be made with a larger patient population.

Synthesized by eNOS, NO plays an important role
in blood flow regulation as a potent vasodilator, anti-
thrombotic, anti-inflammatory and anti-proliferative.
The eNOS polymorphism plays an important role in
endothelial dysfunction [36]. The eNOS G894T variant
plays a role in the pathogenesis of a variety of diseases
such as cardiovascular disease and erectile dysfunc-
tion [37, 38]. However, we see that various studies have
been conducted on ischemic stroke. Regarding the rela-
tionship between the eNOS G894T polymorphism and
the risk of ischemic stroke, the results of the study of
Diakite et al. [39] show that GT and TT genotypes are
significantly associated with ischemic stroke. These
data are supported by two separate studies [40, 41].
Considering that NOS polymorphism and the resulting
endothelial dysfunction may also play a role in MRON]
pathophysiology, it should be said that our study results
point to a very important and new area. In parallel with
the publications related to ischemic storm and athero-
sclerosis, DMFT score was found above 3 in GT and
TT genotypes in our study. It should be emphasized



Tas Ozyurtseven et al. BMC Oral Health (2021) 21:272

that different eNOS polymorphisms and associated
endothelial dysfunction are the first study results to be
associated with MRON.

It is necessary to summarize our study results as fol-
lows and include them in the literature: eNOS induces
osteogenesis in bone metabolism, with its regulatory
effects on bone remodeling, and also NO induced angi-
ogenesis takes place indirectly with its protective effect
on endothelial functions. We see that these polymor-
phisms affecting the entire process of bone remodeling
and angiogenesis, especially mucosal damage, which is
the triggering factor of MRON] pathology, have been
revealed in the MM patient group.

The most important limitation of our study is that our
patient and control groups are small. For this reason,
it can be thought that there is no significant difference
in genotypes between MRON] patients and the control
group. In addition, although the use of only zoledronic
acid in the patient population can be seen as a statisti-
cal advantage, it can be seen as an obstacle to the evalu-
ation of possible polymorphism differences that will
occur in MRONT]J cases that occur with different treat-
ment subtypes. With more meaningful results to be
achieved in a larger patient population, NO-based new
approaches in MRON] treatment may come into ques-
tion. In addition, the polymorphisms we studied need
to be examined in cases of bisphosphonates or similar
antiresorptive therapy unrelated osteonecrosis. Addi-
tional studies are needed to say that the polymorphisms
related to our results are specific to the use of bisphos-
phonates or MM patients only.

Conclusion

In conclusion, to our best of knowledge, our study is the
first in the MM patient group in terms of MRON] and
eNOS polymorphism features. In comparison between
eNOS G894T and clinical parameters, aphthous stoma-
titis was seen more in TT genotype, while DMFT was
more common in TG-GG genotype > 3; Considering the
MRON] initiating factors, it is necessary to emphasize
the importance of our study results. It should be seen
as an important step for new studies towards MRON]
and its treatment.
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