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Correlation between Metal Ions and Cytokines in the
Saliva of Patients with Oral Lichenoid Lesions

Hye-Min Ju', Sun-Nyoung Yu?, Yong-Woo Ahn®, Soo-Min OI’, Soon-Cheol Ahn? and Sung-Hee Jeong®

'Department of Oral Medicine, Pusan National University Dental Hospital, Dental Research Institute, Yangsan;

*Department of Microbiology & Immunology, School of Medicine, Pusan National University, Yangsan;

*Department of Oral Medicine, School of Dentistry, Pusan National University, Dental Research Institute, Dental and Life Science Institute,
Yangsan, Korea.

Purpose: We aimed to investigate the effect of metal ions from oral prostheses (OPs) released into the saliva of patients with oral
lichenoid lesions (OLLs).

Materials and Methods: Subjects (n=183) were divided into four groups according to the presence or absence of OLL and OP.
Concentrations of the metal ions titanium, chromium (Cr), cobalt (Co), nickel (Ni), palladium (Pd), silver (Ag), platinum (Pt),
gold (Au), and zirconium (Zr) were measured using a laser-ablation microprobe inductively coupled to a plasma mass spectrom-
eter. Saliva levels of interleukin (IL)-6, IL-1pB, IL-8, and tumor necrosis factor-a were detected using an enzyme-linked immuno-
sorbent assay. The reticulation/keratosis, erythema, and ulceration (REU) scoring system was used to assess the severity of OLL.
Results: Mean concentrations of IL-6 and IL-8 were statistically higher in OLL patients with OPs. The concentration of Ni was
high in OLL groups. The concentrations of Cr, Ni, and Au ions in the saliva were positively correlated with IL-8. REU scores were
positively correlated with salivary concentrations of IL-6 and IL-8, as well as with concentrations of Cr, Ni, and Au.

Conclusion: Increased concentrations of metal ions, especially Ni, in saliva were positively correlated with IL-8 and showed posi-

tive correlations with the severity of OLL.
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INTRODUCTION

As patient desires for esthetics has increased, so has the use of ce-
ramic and zirconium (Zr) dental prostheses also increased. How-
ever, the use of porcelain-fused metal (PFM) and gold crowns
is still preferred. Although oral prostheses (OPs) are exposed to
various environmental conditions, such as temperature and pH
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changes, toothpaste, drugs, food, bacteria, mechanical load,
and galvanic reactions, they can last on average for more than
10 years. Previous studies, however, have demonstrated that
these environmental factors increase the amount of metal ions
released by corroding OPs, and many researchers have raised
questions about adverse reactions between metal ions released
from OPs in the mouth and the oral mucosa."?

Patient complaints of burning mouth syndrome, recurrent
aphthous stomatitis, and gingivitis can be caused by contact al-
lergic reactions between the oral mucosa and the OP. These al-
lergic reactions are presumed to be an etiology of oral lichenoid
lesions (OLLs), a T-cell-mediated chronic inflammatory disor-
der** Although it is clear that T cells are involved in OLL patho-
genesis, it is still unclear which antigens elicit an immune re-
sponse mediated by CD4" and CD8" T cells.

Dental materials are considered to be one etiologic factor of
OLLs,*® and OLLs are considered to be either a disease or a con-
sequence of OPs. They are sometimes regarded as both, with OPs
considered an aggravating factor of existing OLLs.? Hypersen-
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sitivity reactions in patients with OLLs caused by OPs usually
resolve upon removal of the trigger, and a chronic inflamma-
tory state is not maintained, as is characteristic of OLLs. How-
ever, when there are many OPs in the mouth, it can be difficult
to decide exactly which OP should be removed if an adverse
reaction occurs and to confirm whether the lesion was in fact
caused by the OP.

Levels of cobalt (Co) and chromium (Cr) ions in serum have
been measured in metal-on-metal hip resurfacing arthroplas-
ties to evaluate adverse reactions.” As in these studies, we also
aimed to determine if concentrations of metal ions in saliva
could affect OLL severity. The metal ions titanium (Ti), Cr, Co,
nickel (Ni), palladium (Pd), silver (Ag), platinum (Pt), gold (Au),
and Zr are widely used in prostheses, and the relationship be-
tween these ions, oral lesions, and other symptoms has been
studied.*® The reason saliva was used in these studies is because
collecting it is noninvasive, and it is readily collectible and rel-
atively inexpensive. Moreover, previous studies on cytokine con-
centrations have shown that although greater levels of cytokines
are detected in both serum and saliva of patients with OLL than
in those of healthy controls (HCs), the average concentration
of cytokines detected in saliva is higher than that found in the
serum of patients with OLL.">" For this reason, saliva is believed
to be more effective than serum when studying OLLs. Although
various kinds of cytokines have been studied in patients with
OLLs, NF-kB-dependent interleukin (IL)-1p, IL-6, IL-8, and tu-
mor necrosis factor (TNF)-a were selected in this study as they
have been verified as OLL biomarkers. They have also returned
consistent results in terms of concentrations in saliva in many
studies, and they are important for studying inflammatory re-
actions.'** The reticulation/keratosis, erythema, and ulceration
(REU) scoring system was used to assess the severity of OLL."*"®

The aim of this study was to compare metal ion and cytokine
concentrations in the saliva of patients with OLLs to those in the
saliva of HCs and to investigate correlations between metal ion
and cytokine concentrations in patients with OLL. A second
aim of this study was to investigate the effects of OPs on salivary
metal ion concentrations.

MATERIALS AND METHODS

Subjective

Subjects were divided into four groups: 1) HCs with no OPs (HC-
woOP, n=30); 2) HCs with OPs (HCwOP, n=41); 3) patients diag-
nosed with OLL, clinically or histologically, and with OPs (OLL-
wOP, n=107); and 4) OLL and no OPs (OLLwoOP, n=5). Almost
all patients had dental restorations, and the number of patients
in the OLLwoOPs group was limited. Patients with OLLs were
recruited from those who first visited the Department of Oral
Medicine at the Pusan National University Dental Hospital from
March 2015 to February 2019. Subjects were all South Korean.
Subjects with other OLs were excluded, and those who were
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taking corticosteroids or immunosuppressive medications at
that time due to OLL or other systemic diseases or had a record
of taking them within 6 months were also excluded. The HC
group consisted of volunteer participants. In the OLLwOP group,
the visual analog scale (VAS) was used to assess pain scores, and
the salivary flow rate was evaluated. The type and number of
OPs were examined in the group with OPs. Written informed
consent was obtained from all patients at the first visit. This study
was approved by the Institutional Review Board of Pusan Na-
tional University Dental Hospital (IRB No. PNUDH-2017-028).

OLL scoring system

REU scores were obtained for the OLL group. Based on the REU
criteria, the oral cavity was divided into 10 sites (upper/lower la-
bial mucosa, right buccal mucosa, left buccal mucosa, dorsal
tongue, ventral tongue, floor of the mouth, hard palate mucosa,
soft palate/tonsillar pillars, maxillary gingiva, and mandibular
gingiva), and 0 or 1 point was given to each part for the existence
or nonexistence of a reticular/hyperkeratotic form. In addition,
if there was no erythema or ulcer, 0 points were given. One point
was given for lesions smaller than 1 cm?, 2 points for 1-3-cm? le-
sions, and 3 points for lesions greater than 3 cm?. The final score
was calculated by summing the total scores of reticular, erythe-
ma, and ulcer lesions, with weights of 1, 1.5, and 2 given to them,
respectively.'*"® For example, if a patient had lesions with a re-
ticular lesion, with a 4-cm? patch of erythema and a 0.5-cm? ul-
cer on the right buccal mucosa, as well as a reticular lesion with
2-cm? erythema patch on the left buccal mucosa, the final score
was 11.5 points:

Right buccal mucosa: (1x1)+(3x1.5)+(1x2)=7.5
Left buccal mucosa: (1x1)+(2x1.5)=4
Final score: 7.5+4=11.5

Saliva collection

Unstimulated whole saliva was collected from subjects at their
first visit. The subjects were advised to avoid eating, drinking,
smoking, and brushing their teeth for at least 1 hour before the
collection. They were asked to rinse their mouths with water
and wait at least 10 minutes after rinsing before giving a sample.
A 2-mL polypropylene tube was used to collect saliva by pas-
sive drooling for 3 min. Collected saliva samples were imme-
diately stored in a -80°C refrigerator. The saliva samples were
kept at -80°C for later analysis.

Analysis of metal ions in saliva

Ti, Cr, Co, Ni, Pd, Ag, Pt, Au, and Zr, which are widely used in re-
placement prostheses, were investigated. Metal ions were mea-
sured using a laser-ablation microprobe inductively coupled to
a plasma mass spectrometer (Optima 3000; Perkin Elmer, Nor-
walk, CT, USA). To assess the concentration of metal ions in sa-
liva, samples were diluted directly with nitric acid, as described
by Kim, et al.'® The manufacturer’s recommended operating
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procedures for the instruments were followed.

Detection of cytokines by enzyme-linked
immunosorbent assay (ELISA)

For enzyme-linked immunosorbent assay (ELISA), saliva speci-
mens were thawed on ice. Following centrifugation at 6000xg
at 4°C for 20 min, cellular debris was removed, and the super-
natant was used for cytokine analysis. Manufacturer’s instruc-
tions (Human Uncoated ELISA kit; Invitrogen, Carlsbad, CA,
USA) were followed to detect saliva levels of IL-6, IL-1p, IL-8,
and TNF-o by ELISA.

Statistical analysis

All statistical analyses were performed using IBM Statistical
Package for the Social Sciences version (SPSS) 22.0 (IBM Corp.,
Armonk, NY, USA). The independent t-test was used to com-
pare the distribution of OPs between the HCwOP and OLLwOP
groups. In addition, Kruskal-Wallis was used to compare the av-
erage concentrations of metal ions and cytokines in saliva and
salivary flow rate among the four groups. Pearson’s correlation
test was used to verify the correlation between REU scores and
metal ion concentrations and REU scores and cytokine concen-
trations. Pearson’s correlation test was also used to analyze cor-
relations between OPs and metal ion concentrations and be-
tween cytokines and metal ion concentrations in the OLLwOP
group. Multiple linear regression was used to investigate the ef-
fects of independent variables on REU score. p<0.05 was con-
sidered statistically significant.

RESULTS

Higher number of OPs with high non-precious metal
alloy content in the OLLWOP group than in the
HCwOP group

The ratio of females to males exceeded 1 in all groups except the
HCwoOP group. The average non-stimulated salivary flow rate
was not statistically different among the four groups, and nei-

Table 1. Characteristics of the Samples
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ther was stimulated salivary flow, both of which suggest that the
amount of saliva was not altered in OLL."” The average age of
the OLL group was higher than that of the HC group (Table 1).
Most patients with OLL were in their 40s or older. An age-matched
control group would have been desirable in the present study.
Howevey, older patients predominated made up the OLL group,
and no age-matched control group without metal restorations
was available. The mean REU scores of the OLLwWOP and OLL-
woOP groups were 7.58 [interquartile range (IQR), 6.50] and 5.10
(IQR, 4.50), respectively (Table 1). When the distributions of the
type of OPs were examined, in the HCwOP group, gold prosthe-
sis (GP) and Zr prostheses were most common, and PFMs and
GP were most common in the OLLwOP group. In the OLLwOP
group, there were statistically more PFMs (p<0.001) and porce-
lain-fused gold (PFG) (p<0.01) OPs, which are OPs with a high
non-precious metal alloy content. In addition, the number of
implants in patients of the OLLwOP group was also statistical-
ly higher than that in the HCwOP groups (p<0.001) (Fig. 1).

In the OLL group, the concentration of Ni in saliva was
statistically higher than that in HCs

The mean concentrations of the various salivary metal ions in
the four groups are shown in Table 2. Ni was observed at higher

HCwOP
11 (6%) — 4(2%)

OLLwOP
24 (2%)

2(1%) 0 0 MC

23 (11%) 28 (14%) 143 (14%) O PFME

56 (5%) B PrG*

56 (5%)

40 (20%) : - G-P !
B Zirconia

93 (46%) 365 (35%) W AmF
B |mplantt

36 (4%)

Fig. 1. Distribution of OPs in HCwOP and patients with OLLwOP. p values
were obtained by independent t-test. *p<0.01, 'p<0.001. HCWOP, healthy
control with oral prosthesis; OLLwOP, oral lichen lesion with oral prosthe-
sis; MC, metal crown; GP, gold prosthesis; PFM, porcelain-fused metal;
PFG, porcelain-fused gold; AmF, amalgam filling; OP, oral prosthesis.

Groups HCwoOP (n=30) HCwOP (n=41) OLLwWOP (n=107) OLLwoOP (n=5)

Sex

Male 19(63.3) 18(43.9) 32(29.9) 2 (40)

Female 11(36.7) 23(56.1) 75(70.1) 3(60)
Salivary flow rate (mL/min)*

Unstimulated 0.35+0.32 0.50+0.38 0.53+0.55 0.16+0.11

Stimulated 1.32+0.84 1.54+0.79 1.42+1.07 1.24+0.60
Age (mean+SD) 30.6+9.27 39.93+13.97 60.11+11.75 51.80+18.02
REU score (IQR) 7.58 (6.50) 5.10 (4.50)

HCwoQP, healthy control without oral prosthesis; HCwOP, healthy control with oral prosthesis; OLLwOP, oral lichenoid lesion with oral prosthesis; OLLwoQP, oral
lichenoid lesion without oral prosthesis; IQR, interquartile range; REU, reticulation/keratosis, erythema, and ulceration.

pvalues were obtained by Kruskal-Wallis.

*p>0.05.
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concentrations in the OLL group (p<0.01), while Pd (p<0.01) and
Au (p<0.01) were observed at higher concentrations in the HC
group. Ag was observed at a higher concentrations in HCwOP
and OLLwOP groups. The only statistically significant differenc-
es in the concentrations of metal ions among the four groups
were in Ni, Pd, Ag, and Au, not Ti and Zr (Table 2). There was a
positive correlation between the number of metal crowns (p<
0.01) and PFMs (p<0.05) and the concentration of Ni. Also, the
number of PFG OPs (p<0.05) and the concentration of Ag were
also positively correlated in the OLLwOP group (Table 3).

Although both concentrations of IL-6 and IL-8 were
high in patients with OLL, only concentrations of IL-8
were highly correlated with specific metal ions

The mean concentrations of IL-6 (p<0.001) and IL-8 (p<0.001)
were statistically higher in the OLL group; the salivary levels of
IL-1p and TNF-a were not statistically different among the four
groups (Fig. 2). The concentration of IL-6 in the saliva of patients
with OLLwOP was not correlated with that of metal ions, while
IL-8 concentrations were highly correlated with Cr (p<0.001),
Co (p<0.01), Ni (p<0.01), Pd (p<0.001), and Au (p<0.001) con-
centrations. There was no correlation between metal ions Ti,
Zx, Ag, and Pt and an increase in IL-8 (p>0.05). In addition, there
was a positive correlation between IL-1p and Cr (p<0.05) and
Au (p<0.05), whereas IL-1p was negatively correlated with Ti (p<
0.05) (Table 4). In the HC group, there was no correlation be-
tween metal ions and IL-6, between metal ions and IL-8, or be-
tween metal ions and IL-1f. However, in the HCwOP group, an
increase in TNF-a concentrations was negatively correlated with
Cr (p<0.01) and Ni (p<0.01). In addition, in the HCwoOP group,
an increase in TNF-a concentrations had a strong negative cor-
relation with Co (p<0.001) and Ni (p<0.001). As for the correla-
tion between cytokines, IL-8 increased when IL-1f increased,
although IL-1pB (p<0.001) did not have any statistical relation-
ship with IL-6 (p>0.05) (Supplementary Table 1, only online).
There was a correlation between an increase in IL-6 and that in
IL-8 (p<0.05) (Supplementary Table 1, only online).

Table 2. Concentrations of Metal lons [Parts Per Billion (ppb)] in Saliva

Metal lons and Cytokines in Saliva from OLL Patients

Correlation between clinical severity and levels of
inflammatory cytokines and metal ions

REU scores were well correlated with subjective pain scores on
VAS (p<0.01). Interestingly, REU scores were positively corre-
lated with salivary concentrations of IL-6, IL-8, and IL-1p (all
p<0.001, respectively) and three metal ions [Cr (p<0.01), Ni (p<

Table 3. Correlations between OPs and Metal lons in Patients with OLL-
wOP
OP Ti Cr Co Ni Zr Pd Ag Pt Au
MC
r -0.062 0021 0081 0265 0052 -0.113 -0.111 -0.029 -0.122
p 0524 0830 0406 0.009" 0598 0.247 0.256 0.767 0.210
PFM
r -0.099 0011 -0.001 0.210 -0.045 -0.105 0.104 0.035 -0.060
p 0311 0908 0992 0.039* 0644 0282 0286 0.718 0.539
PFG
r 0012 0.155 0.035 0.193 0.069 -0.069 0.224 -0.032 0.151
p 0900 0111 0719 0058 0478 0480 0.021* 0.742 0.121
GP
r -0.012 -0.106 0.008 0.053 -0.069 -0.189 0.133 0.118 0.034
p 0905 0279 0932 0606 0477 0052 0172 0227 0.729
Zirconia
r -0.143 -0.102 -0.165 -0.149 0.005 -0.127 -0.132 -0.037 -0.160
p 0141 0298 0089 0.145 0961 0192 0175 0.701 0.099
AmF
r 0.081 0009 -0.106 -0.140 0.078 -0.038 -0.059 -0.047 -0.038
p 0405 0927 0275 0172 0423 0699 0548 0629 0.696
Implant
r -0.053 0.037 -0.181 -0.024 0.034 0.112 0.094 0.023 0.163
p 0587 0701 0062 0.819 0726 0252 0.337 0.813 0.093

OP. oral prosthesis; OLLwOP, oral lichenoid lesion with oral prosthesis; Ti, ti-
tanium; Cr, chromium; Co, cobalt; Ni, nickel; Zr, zirconium; Pd, palladium; Ag,
silver; Pt, platinum; Au, gold; MC, metal crown; GP, gold prosthesis; PFM,
porcelain-fused metal; PFG, porcelain-fused gold; AmF, amalgam filling.
r=Pearson’s correlation coefficient; p values were obtained by Pearson’s cor-
relation.

*p<0.05, 'p<0.01.

Metal ion HCwoOP (n=30) HCwOP (n=41) OLLwOP (n=107) OLLwoOP (n=5) pvalue
Ti 444 37 (375.04) 607.10 (450.16) 628.99 (507.08) 1154.20 (469.70) 0.484
Cr 7.96 (7.68) 8.36 (7.28) 8.16 (7.18) 10.25(10.40) 0.556
Co 0.31(0.00) 0.24(0.00) 0.51(0.00) 0.84(1.01) 0.161
Ni* 7.89(7.95) 7.55 (6.53) 14.11(8.33) 25.50(16.61) 0.023*
zr 0.28(0.00) 0.03(0.00) 0.38(0.00) 0.00(0.00) 0.437
Pd 3.18(1.77) 5.73(2.13) 1.97 (0.00) 0.27(0.00) 0.014*
Ag 0.00(0.00) 1.22(0.00) 1.36(0.00) 0.00(0.00) 0.008
Pt 0.00(0.00) 0.17(0.00) 0.28(0.00) 0.00(0.00) 0.775
Au 25.53(17.38) 65.50 (5.36) 13.34(3.81) 0.00(0.00) <0.001"

HCwoQP, healthy control without oral prosthesis; HCwOP, healthy control with oral prosthesis; OLLwOP, oral lichenoid lesion with oral prosthesis; OLLwoQP, oral
lichenoid lesion without oral prosthesis; Ti, titanium; Cr, chromium; Co, cobalt; Ni, nickel; Zr, zirconium; Pd, palladium; Ag, silver; Pt, platinum; Au, gold; IQR, in-

terquartile range.

Data are shown as the median (IQR); pvalues were obtained by one-way Kruskal-Wallis.
*p<0.05, 'p<0.01, *Ni was investigated in 97 out of 107 OLLwOP patients, and 10 patients were not analyzed.
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Fig. 2. Concentration of cytokines in saliva. *p<0.001. p values were obtained by Kruskal-Wallis. HCwoOP, healthy control without oral prosthesis; HCwOP,
healthy control with oral prosthesis; OLLwOP, oral lichen lesion with oral prosthesis; OLLwoOP, oral lichen lesion without oral prosthesis.

0.01), and Au (p<0.001)] (Table 5). A multiple regression analysis
a stepwise regression method were utilized to investigate what
variables have important effects on increased REU scores. Among
107 subjects, 95 were targeted, excluding those with missing val-
ues. Two variables (IL-6 and Ni) were able to account for 26.9%
of the REU scores (25.3% according to the correction factor),
which was statistically significant (p<0.001). As a result of the
analysis, we found that IL-6 and Ni variables had statistically
significant positive effects on REU scores (p<0.05). When { val-
ues were compared with one another to determine the level of
relative importance among factors affecting REU scores, IL-6
(B=0.457) had the strongest effect, followed by Ni ($=0.190). Over-
all these results suggested that the higher the concentrations
of IL-6 and Ni are, the higher REU scores are (Table 6).

DISCUSSION

Studies on metal ions released from removable and fixed OPs

https://doi.org/10.3349/ym;.2021.62.8.767

have been conducted both in vitro and in vivo. In studies on met-
al ions released from Cr-Co alloy, the concentration of metal
ions was higher in patients with metal alloy OPs than in patients
without it."” In addition, studies on saliva concentrations of met-
alions in patients with fixed orthodontic appliances have found
that the concentrations of Ni and Cr in the saliva of these pa-
tients were higher than those in the saliva of HCs."** Similar re-
sults were also found in an artificial saliva environment in vitro.”*
In studies on serum metal ion concentrations following metal-
on-metal hip replacement arthroplasty, the amount of metal ion
peaked 3-4 years following surgery, and either remained at that
same level or increased in some patients thereafter, based on
long-term research continuing for 5-10 years after surgery.”> Un-
like serum ion concentrations, previous studies on saliva have
found that the highest amount of salivary metal ions appear ini-
tially following insertion of OPs in the mouth and then gradu-
ally decrease within the next 10 weeks.'** In our study, as the
subjects had OPs for at least 5 years, the difference in metal ion
concentration in saliva occurred with Ni, Au, and Pd (Table 2).
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In the OLL group, the concentration of Ni appeared to be statis- more specifically, in the OLLwOP group, the number of metal
tically high, which may be because PFMs have a relatively high- crowns and PFMs in the oral cavity had a positive correlation
er content of Ni-Cr alloy and Co-Cr alloys, which are non-pre- with Ni concentrations in saliva. On the other hand, the concen-

cious alloys. The data in Table 3 also show a similar tendency: trations of Au and Pd were higher in HC. Au was also highly cor-

Table 4. Correlations between Metal lons and Cytokines

Group Ti Cr Co Ni Zr Pd Ag Pt Au
OLLwQP
IL-6
r 0.074 0.136 0.11 0.144 0.046 0.120 -0.45 0.055 0.003
p 0.450 0.162 0.251 0.159 0.639 0.218 0.641 0.575 0.975
IL-8
r -0.016 0.652 0.266 0.275 -0.009 0.410 0.244 0.059 0.472
p 0.869 <0.001* 0.006 0.007' 0.924 <0.001* 0.011* 0.548 <0.001*
IL-1B
r -0.203 0.235 0.033 -0.021 0.132 -0.015 0.14 -0.022 0.273
p 0.036* 0.015* 0.737 0.840 0.174 0.882 0.146 0.825 0.004°
TNF-o.
r -0.130 0.043 0.011 -0.138 0.067 0.131 0.128 0.165 0.066
p 0.183 0.664 0.911 0.179 0.491 0.177 0.190 0.089 0.498
HCwOP
TNF-o.
r 0.048 -0.454 -0.270 -0.491 -0.182 0.220 -0.033 -0.003 0.041
p 0.769 0.003" 0.092 0.005" 0.373 0.172 0.841 0.985 0.802
HCwoOP
TNF-o.
r -0.155 -0.346 -0.765 -0.788 0.061 -0.052 . . -0.301
p 0.414 0.061 <0.001* <0.001* 0.747 0.785 . 0.105

HCwoQP, healthy control without oral prosthesis; HCwOP, healthy control with oral prosthesis; OLLwOP, oral lichenoid lesion with oral prosthesis; Ti, titanium; Cr,
chromium; Co, cobalt; Ni, nickel; Zr, zirconium; Pd, palladium; Ag, silver; Pt, platinum; Au, gold; IL, interleukin; TNF, tumor necrosis factor.

r=Pearson’s correlation coefficient; pvalues were obtained by Pearson’s correlation.

*p<0.05, 'p<0.01, *p<0.001.

Table 5. Correlations among Metal lons, Cytokines, and REU Score

Ti Cr Co Ni Zr Pd Ag Pt Au IL-6 IL-8 IL-1p TNF-a  VAS
REU score
r 0043 0253 0095 028 -0.062 0119 0093 -0036 0343 0439 0380 0416 0114 0282
p 0657  0008" 0330 0005 0528 0224 0343 0716 <0.001" <0.001* <0.001* <0.001* 0242  0.003'

Ti, titanium; Cr, chromium; Co, cobalt; Ni, nickel; Zr, zirconium; Pd, palladium; Ag, silver; Pt, platinum; Au, gold; IL, interleukin; TNF, tumor necrosis factor; REU, re-
ticulation/keratosis, erythema, and ulceration; VAS, visual analog scale.

r=Pearson’s correlation coefficient; p values were obtained by Pearson’s correlation.

'p<0.01, *p<0.001.

Table 6. Associations for REU Score with Cytokines and Metal lons by Multiple Linear Regression Analysis

Unstandardized coefficients  Standardized coefficients . ) Collinearity statistics
B SE B Tolerance VIF
Constant 4.680 0.564 8.300 <0.001"
IL-6 0.024 0.005 0.457 5.106 <0.001" 0.981 1.019
Ni 0.057 0.027 0.190 2.126 0.036* 0.981 1.019

Variables: Ti, titanium; Cr, chromium; Co, cobalt; Ni, nickel; Zr, zirconium; Pd, palladium; Ag, silver; Pt, platinum; Au, gold; IL, interleukin; TNF, tumor necrosis fac-
tor; dependent variable: REU, reticulation/keratosis, erythema, and ulceration score; B, regression coefficient; SE, standard error; B, standardized coefficient; VIF,
variation inflation factor.

R? (0.269), adjusted R? (0.253), F=17.100, p=0.000, Durbin-Watson (1.925). A stepwise regression method was utilized. A multiple regression analysis was per-
formed in the OLL group.

*p<0.05, 'p<0.001.
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related with REU scores and IL-8 concentration. Au is a stable
metal, but clinical experience has revealed many patients with
lesions around GPs. This correlation between GPs and an in-
crease in the concentration of Au seems to arise from the fact
that GP is not pure Au and is mixed with non-precious metals
in the form of an alloy. However, there are also reports that Au
itself causes an allergic reaction, and this is why further study
on Au is necessary.?

Increased concentrations of metal ions in the body have been
shown to be associated with chronic inflammation, carcino-
genesis, mutagenesis, and cellular death.* In Co-Cr based met-
al-on-metal hip joint replacement, it has been reported that
metal ions, both at toxic and subtoxic levels, induced antigen-
presenting cells and T-lymphocyte-mediated hypersensitivity.
Moreover, metal ions released by corrosion can induce bone re-
sorption cytokines (IL-1f, IL-6, and TNF-a), which originate from
macrophages.” In addition, other research has confirmed that
metal ions of Cr and Ni could elicit the release of IL-1f through
oxidative stress and the NF-kB-dependent signaling pathway.*
In another study, researchers showed that Ni** induces the ex-
pression of inflammatory genes, including IL-8, in human pri-
mary monocytes.”” Meanwhile, in another study of biological
interactions between oral tissue and dental cast alloy, Ni-con-
taining alloys repressed the proliferation rate of gingival fibro-
blasts and caused cell toxic reactions. In addition, it has also
been reported that Ni, Au, Pd, and Co cause allergic reactions
to dental cast alloy.> Our study also showed that an increase in
the concentrations of Cr and Au was correlated with IL-1p and
that increases in the concentrations of Cr, Co, Ni, Pd, and Au
had strong positive correlations with IL-8, an inflammatory cy-
tokine (Table 4). However, in the HC group, there was a high neg-
ative correlation between the concentrations of Ni, Co, and Cr
and TNF-o. In previous research, it has been shown that TNF-a
is upregulated with metal ions like Ni and that Ni induces an
inflammatory reaction. However, research has indicated that
Ni selectively reduces the production of lipopolysaccharide-
induced IL-6 by lowering the stability of mRNA, and some re-
search has claimed that Ni suppresses the activation of NF-kB in
human oral squamous cell carcinoma.?®* There is not a mean-
ingful reference that can explain the negative correlation be-
tween Ni, Co, Cr, and TNF-a in healthy people and thus conse-
quentially support the results of this research. Additional research
is needed on why metal ions have little effect on cytokines and
why metal ions do not suppress cytokines in HCs, but do in pa-
tients with OLL.

In a previous study, the concentrations of TNF-o, IL-1a, IL-6,
and IL-8, which are NF-kB-dependent cytokines, all increased
more in the patients with OLL than in HCs, and it was noted that
TNF-0, IL-10, IL-6, and IL-8 had diagnostic and prognostic po-
tential for monitoring disease activity and assisting in therapeu-
tic decision-making in patients with OLL.* Another study on
TNF-q, IL-6, and IL-8 also showed that the concentration of all
three increased more in patients with OLL than in HCs and sug-
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gested that IL-8 could be used as a biomarker for OLL severity.”'
In our study, only the concentrations of IL-6 and IL-8 showed
significant differences among the study groups, with those in
the OLL group highest (Fig. 2), and OLL severity was correlated
with both IL-6 and IL-8. In conventional cases, a scoring system
has been used to objectively measure lesion changes.

There have been frequent attempts to find objective monitor-
ing biomarkers for OLL. In Rhodus, et al's* study, in which non-
invasive monitoring was used, when patients with OLL were
treated with 0.1% dexamethasone, cytokines in saliva decreased.
The measurement of cytokines in saliva has the potential to be
an objective monitoring biomarker. However, further studies on
OLL monitoring using cytokines in saliva need to be conduct-
ed in the form of controlled treatment with a large number of
samples.

In patients with OLLwOP, increases in metal ions in saliva were
correlated with IL-8, and Cr and Au were correlated with IL-1p.
In previous studies, the signaling of reactive oxygen species (ROS)
was found to induce generation of IL-8 via IL-1B.* It has also
been reported that IL-1 induces the production of IL-8 during
an inflammatory reaction of dental pulp cells.*** In our study,
although IL-1p amounts were not significantly different among
the four groups, IL-8 increased as did IL-1B, although IL-1f did
not have any statistical relationship with IL-6 (Supplementary
Table 1, only online).

Based on previous studies, metal haptens could induce ROS,
which controls the release of IL-1p. ROS stimulates toll like re-
ceptor (TLR) 4 and is involved in innate immune signaling.***
Moreover, Ni, Co, and Pd are often bound directly to TLR4 and
induce an inflammatory response.® In Salem, et al’s* study,
when comparing patients with OLL with HCs, the transcrip-
tion of TLR4 was upregulated in the oral epithelium of patients
with OLL, and the reactivity of TLR4 was reinforced by the re-
cruitment of T lymphocytes, giving rise to a pro-inflammatory
loop cycle. Based on the results of this and other studies, it is
possible to hypothesize about the effects of metal ions in saliva
on OLL. In patients with OLL who have an inflammatory reac-
tion, specific metal ions stimulate the signaling of T cells, lead-
ing to the production of IL-1p, which in turn leads to the produc-
tion of IL-8, which aggravates OLL. However, in HCs, an increase
in IL-1P was not related to that of IL-8, and further research is
needed to investigate the reason underlying the difference.

Currently, for the diagnosis and treatment of OLL, a skin-patch
testis conducted if a dental-fixed OP is suspected as the etiology,
and the OP is removed if the result is positive. The disease is con-
sidered confirmed if the lesion resolves. Although a skin-patch
test is useful to confirm contact allergy, it cannot be implement-
ed currently as the import of dental kits for this test has been
temporarily discontinued in South Korea. Additionally, because
microenvironments and the permeability of tissues of the skin
and oral mucosa are different, it is difficult to be certain that a
skin contact allergen always corresponds to an oral contact al-
lergen. Itis also possible that adverse reactions might occur even
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though the result of a skin test is negative.>** Consequently, this
study, utilizing the measurement of metal ions and cytokines in
saliva, is a starting point for further investigations into biomark-
ers that, instead of a skin-patch test, can diagnose metal-induced
OLL by saliva in a noninvasive simple way and for discovering
more objective criteria for the diagnosis of OLL.

OPs can increase the amounts of metal ions, particularly Ni,
in saliva and exacerbate OLL. Therefore, the replacement of Ni-
releasing OPs with other types of OPs is strongly recommended
in patients with refractory OLL, particularly if the OPs are sus-
pected as aggravating factors.
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