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Abstract

Nickel-chromium (Ni-Cr) alloys used in fixed prosthodontics have been associated
with type IV nickel-induced hypersensitivity. We hypothesized the full-thickness
human-derived oral mucosa model employed for biocompatibility testing of base-
metal dental alloys would provide insights into mechanisms of nickel-induced
toxicity. Primary oral keratinocytes and gingival fibroblasts were seeded onto
Alloderm’" and maintained until full-thickness was achieved prior to Ni=Cr and
cobalt-chromium (Co-Cr) alloy-disc exposure (2-72 h). Biocompatibility assessment
involved histological analyses with cell viability measurements, oxidative stress
responses, inflammatory cytokine expression and cellular toxicity analyses.
Inductively coupled plasma mass spectrometry (ICP-MS) analysis determined
elemental ion release levels. We detected adverse morphology with significant
reductions in cell viability, significant increases in oxidative stress, inflammatory
cytokine expression and cellular toxicity for the Ni-Cr alloy-treated oral mucosal
models compared with untreated oral mucosal models and adverse effects were
increased for the Ni=Cr alloy that leached the most nickel. Co-Cr demonstrated
significantly enhanced biocompatibility compared with Ni-Cr alloy-treated oral
mucosal models. The human-derived full-thickness oral mucosal model was
discriminatory between dental alloys and mechanistically provided insights into

Ni-induced toxicity, highlighting potential clinical relevance.



1 Introduction

Two-dimensional (2D) oral keratinocyte [1-3] and gingival fibroblast [4-6] cell
monolayers have been employed to determine dental casting alloy biocompatibility.
Oral keratinocytes are the primary tissue target of nickel ions and have been
associated with the proinflammatory response elicited by the oral mucosa during
nickel hypersensitivity reactions in vivo [7]. However, the ability of cell
monolayer structures to faithfully replicate the complexities of full-thickness
human oral mucosal tissue have been questioned [7-9]. Cell monolayer structures
possess deficiencies in cell differentiation [10-11], since anatomically cell monolayers
fail to represent complex three-dimensional (3D) native human oral mucosal tissue.
Cell differentiation modifies a cell’s ability to respond to chemical and hormonal
signals due to changes in gene expression [12]. Additionally, cell monolayers lack
supporting connective tissue, basement membranes and extracellular matrix [13]

which can lead to increased toxin susceptibility and inappropriate immune responses.

Recent advances in tissue engineering have led to oral mucosal equivalent
development with an in vitro translational advantage for biocompatibility testing
[8,13-15]. Moharamzadeh et al. [15] incorporated primary gingival fibroblasts and
immortalised TR146 oral keratinocytes onto a human-derived scaffold structure
(Alloderm ™) and identified cell differentiation, manifest as a cytokeratin expression
profile similar to native human oral mucosal tissue, comprising cytokeratins 5, 10 and
19, indicative of cell type and epithelial differentiation status [15]. However, the
Moharamzadeh et al. [15] study could not be described as a primary cell-based
structure as immortalised rather than primary oral keratinocytes were

employed.



Nickel-chromium (Ni-Cr) dental alloys were developed as a cost-effective alternative
to Weinsteins high-gold patented alloy [16] in response to rising gold prices from
1968 [17]. Co-Cr dental alloys possess similar elastic moduli, strength and
hardness as Ni-Cr dental alloys, however, are less ductile compared with their
Ni-Cr counterparts [18,19] and are accordingly not as widely employed in
clinical dentistry. Today Ni-Cr alloys are used extensively in fixed prosthodontics
[20-21] where appliances can remain in sifu, adjacent to the oral mucosa, for
substantial periods of time and have been associated with nickel allergy - indicative of
a type IV nickel-induced hypersensitivity response [22]. Nickel allergy has been
associated with dental appliances with metal-ceramic restorations manufactured
using Ni-based dental casting alloys remaining in situ and directly adjacent to
the oral mucosa for substantial periods of time [23-26]. Nickel is a potent
allergen and carcinogen causing hypersensitivity reactions to a greater extent
compared with any other metal used in metal-ceramic restorations with
approximately one in five female and one in twenty male patients [27].
Consequently, the leaching of the metallic elemental components into the

surrounding oral mucosal tissues should therefore be expected.

The oral mucosal equivalent [15] was modified by replacing the immortalised cell line
with primary oral keratinocytes, thereby creating an exclusively primary human cell-
based tissue, termed the oral mucosal model, following integration into Alloderm"”
scaffold structures. We hypothesised that the full-thickness oral mucosal model would
provide an improved biocompatibility testing methodology for base-metal dental
alloys and provide novel insights into the mechanisms of Ni-Cr alloy-induced

toxicity. Assessment involved histological analyses in conjunction with analysis of
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cell viability, oxidative stress responses, inflammatory cytokine expression and

cellular toxicity.



2 Materials and Methods

2.1 Dental casting alloys

Ni-Cr (d.Sign®10 (in mass %: 75.4 Ni, 12.6 Cr and 8.0 Mo) and d.Sign®15 (58.7
Ni, 25.0 Cr and 12.1 Mo): Ivoclar Vivadent, Schaan, Liechtenstein) and Co-Cr
(d.Sign®30 (30.1 Cr, 1.0 Mo and 60.2 Co): Ivoclar Vivadent) alloy-discs (10.0 mm
diameter, 1.0 mm thickness) were cast, divested by alumina abrasion, polished to
a clinical surface finish using rubber polishing wheels [2,28] and sterilised at

115°C for 15 min.

2.2 Cell culture

Prior ethical approval for the study was obtained from the Faculty of Ethical
Research, Trinity College, Dublin, Ireland. All reagents were of cell culture
grade supplied by Sigma-Aldrich Ltd. (Dublin, Ireland) or Invitrogen (Bio-
Sciences Ltd., Dublin, Ireland). Buccal tissues, obtained on removing third molar
teeth from informed healthy adults (n=15), were transferred to 10 mL 1x Dulbeccos’
Phosphate Buffered solution (DPBS) and incubated (4°C) for 3 h. The tissue was
washed with 10 mL Dulbeccos’ Modified Eagle’s Medium (DMEM) supplemented
with 100 pg/mL penicillin, 100 pug/mL streptomycin and 2.5 pg/mL amphotericin B.
The tissue was treated with 10 mL 2.5 mg/mL Dispase I in DMEM at 4°C for 12 h,
prior to activation at 37°C for 30 min. The enzyme-treated tissue was transferred into

5 mL DMEM and connective tissue dissected from epithelial tissue.

The connective tissue was incubated in 10 mL 0.05% (w/v) collagenase type I at 37°C
for 12 h, centrifuged (1500 rpm for 4 min) and re-suspended in 20 mL Green’s

Medium pH 7.0-7.4 (GM; 60% DMEM, 21% Hams F-12 Medium and supplemented



with 50 pg/mL penicillin, 50 pg/mL streptomycin, 10% foetal bovine serum (FBS),
2.5 pg/mL amphotericin B, 5 ug/mL insulin, 10 ng/mL human epidermal growth
factor (EGF), 2x10™ mol/L L-glutamine, 0.4 ug/mL hydrocortisone, 5 pg/mL
transferring triiodothyronine and 10 mol/L adenine). Re-suspended connective tissue
was inoculated into a T-25 cell culture flask (Cellcoat®, Greiner Bio-One Ltd.,
Gloucester, UK) and maintained under normal incubation conditions (5% CO»

atmosphere at 37°C) with the GM media changed every 2-3 days.

The epithelial tissue was washed in 5 mL Keratinocyte Growth Medium (KGM; 64%
DMEM, 23% Hams F-12 supplemented with 10% FBS, 100 pg/mL penicillin, 100
pg/mL streptomycin, 2.5 ug/mL amphotericin B, 10 ng/mL EGF, 0.5 pg/mL
hydrocortisone, 5 pg/mL insulin, 1.8x10™ M adenine and 107" M cholera toxin)
followed by dissection. The tissue was re-suspended in 20 mL KGM, added to a T-25
cell culture flask and maintained under normal incubation conditions with the KGM

media changed every 4-5 days.

At 70% confluence, the gingival fibroblast and oral keratinocyte cells were
trypsinised using 10 mL 0.25% (w/v) trypsin-EDTA and incubated for 5 min.
Detached cells were centrifuged (250g for 5 min), re-suspended in GM for gingival
fibroblasts or KGM for oral keratinocytes. Cell densities required for seeding the oral

mucosal model were established using the trypan blue dye assay [2].

Dehydrated Alloderm” GBR (LifeCell Corp., Biohorizons UK, Berkshire, UK) discs
(11.5 mm diameter, 4.6-4.8 mm thickness) were immersed in 10 mL 1x DPBS for 30

min and transferred into sterile 12.0 mm diameter polycarbonate inserts with a 0.4 um



pore membrane (Corning® Transwell® insert, Fischer Scientific, Leicestershire, UK).
The connective tissue aspect of the Alloderm " -disc was adjusted upwards and
inoculated with gingival fibroblasts (5x10° cells in 800 uL GM). DMEM (800 uL)

was added to the lower aspect and the structure incubated for 72 h.

The insert was re-opened and the Alloderm disc inverted so the connective tissue
faced downwards. Oral keratinocytes (5x10° cells in 800uL KGM) were added to the
basement membrane, the insert closed and re-incubated for 24 h. The GM and KGM
were discarded, replaced with fresh media and incubated for‘a further 48 h. To
encourage cell differentiation, the air/liquid interface was raised during incubation by
reducing the 800 uL. KGM to 250 pL over the next 4 days. The sterilised alloy-discs
were placed onto the basement membrane of the oral mucosal model and

incubated submerged for the exposure-times specified for individual analyses.

2.3 Histology

The oral mucosal models were embedded in OCT Tissue-Tek™ Containing
Compound (Sakura Finetek, Syntec Scientific Ltd., Dublin, Ireland). The
embedded oral mucosal models were incubated at -20°C for 30 mins prior to
cryosectioning to ensure the specimen matrix had frozen. Histological analyses of
the untreated control and alloy-treated oral mucosal models were performed the
cryo-sections (5 um thickness) stained with haematoxylin and eosin (H&E) at 48
h.

Cryosectioning

Sections (Spum in thickness) were prepared using a hand-operated Cryostat (Leica

CM1900, Leica Microsystems, Dublin, Ireland) which was maintained at a constant



temperature (-20 to -22°C) and the sections were immediately placed onto subbed
slides. The slides were incubated at room temperature for Smins prior to staining with
haematoxylin and eosin (H&E) to enhance the adhesion of the embedded oral

mucosal model sections to the gelatine-based subbed slides.

2.4 Cell viability

The viability of the oral mucosal models following alloy-exposure were determined at
2,24, 48 and 72 h (exposure-time) using the alamar blue resazurin salt assay, as a
10% solution in DMEM. Prior to the assay measurement, all test material was
removed from the oral mucosal models, 500 puL of alamar blue dye added and
incubated for 4 h. Aliquots (100 uL) were decanted into 96 well cell culture dishes
and fluorescence intensity determined at excitation (530 nm) and emission (580 nm)
wavelengths. Untreated oral mucosal models were the controls and all experiments

performed in triplicate on three occasions.

2.5  Oxidative stress

Reduced glutathione (GSH) levels were determined for the untreated control and
alloy-treated oral mucosal models using the GSH-Glo™ Glutathione assay (Promega,
Dublin, Ireland) at 2, 24, 48 and 72 h (exposure-time). Untreated oral mucosal models

were the controls and experiments performed in triplicate on three occasions.

2.6 Inflammatory cytokine expression
Inflammatory cytokine expression (Interleukin-1o (IL-1a), Interleukin-8 (IL-8),
Prostaglandin E; (PGE,) and Tumor Necrosis Factor-a (TNF-a)) from the oral

mucosal models were assessed with ELISAs (Quantikine® Immunoassay Systems,



RnD Systems Ltd., Abingdon, UK) on 100 pL aliquots following alloy-exposure at 24
h. Untreated oral mucosal models were the controls and experiments performed in

triplicate on three occasions.

2.7  LDH release

Cellular toxicity assessment of alloy-exposed oral mucosal models were determined
by lactate dehydrogenase (LDH) release at 2, 24, 48 and 72 h (exposure time) using
CytoTox 96° Non-Radioactive Cytotoxicity assays (Promega, Dublin, Ireland). Oral
mucosal models treated with 1% Triton-X 100 (500 pL) were used as treated controls

and experiments performed in triplicate on three occasions.

2.8  Inductively coupled plasma-mass spectrometry (ICP-MS)

Aseptic alloy-discs incubated in 50 mLL DME for 1 day were diluted in deionised
water 1:10 (pH 2.0) and analysed (Agilent 7500a Series® ICP-MS, Agilent
Technologies, Dublin, Ireland). Detection limits of ICP-MS analysis were in ng/L

and cell culture media was used as a negative control for the ICP-MS analyses.

2.9  Statistical Analyses

Linear regression analyses of the cell viability and cellular toxicity data for the
controls and alloy-treated oral mucosal models with exposure time were used to
determine cellular responses. One-way analysis of variance (ANOVA) and Tukey’s
post-hoc tests (P<0.05) were used for the pooled (all exposure times) cell viability,
oxidative stress, inflammatory cytokine expression and cellular toxicity data for

assessment of individual dental alloy (SPSS V12.0.1, SPSS Inc., IL, USA).
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3 Results

3.1 Histological analyses

The Ni-Cr (d.Sign®10 and d.Sign®15) alloy-exposed oral mucosal models elicited
critical losses of cellular thickness and compactness of epithelial and connective
tissue layers (Figure 1b,c) compared with the untreated control oral mucosal model
(Figure 1a). d.Sign®15 alloy-discs induced increased vacuolisation of connective
tissue (Figure 1c) compared with d.Sign®10 (Figure 1b). No adverse morphological
alterations were highlighted for the Co-Cr (d.Sign®30) alloy-discs (Figure 1d)

compared with untreated control oral mucosal models (Figure 1a):

3.2 Cell viability

No significant metabolic decrease (P=0.5561) in the untreated control oral mucosal
model was observed over 72 h and the positive regression slope suggested an active
metabolic state (Table 1a, Figure 2a). Tukey’s post-hoc tests showed significant
decreases (P<0.0001) in cell viability following alloy-exposure compared with
untreated control oral mucosal models. The d.Sign®15 alloy-discs elicited
significantly decreased cell viability compared with d.Sign®10 (P<0.0001) and
d.Sign®30 alloy-discs (P<0.0001). The d.Sign®10 alloy-discs elicited significantly

decreased (P<0.0001) cell viability compared with d.Sign®30.

3.3 Oxidative stress

One-way ANOVA of the oxidative stress data for the alloy-treated oral mucosal
models highlighted a significant decrease (P<0.0001) in reduced GSH compared with
untreated control oral mucosal models. Tukey’s post-hoc tests showed d.Sign®10

(P=0.0030) and d.Sign®15 (P<0.0001) alloy-discs elicited significant decreases in

11



reduced GSH but not d.Sign®3O (P=0.7280) alloy-discs when compared with
untreated control oral mucosal models. The d.Sign®15 alloy-discs elicited
significantly decreased reduced GSH from the oral mucosal models compared with

d.Sign®10 (P=0.0230) and d.Sign®30 (P<0.0001) alloy-discs (Figure 2b).

3.4 Inflammatory cytokine expression

Inflammatory cytokine expression data from the alloy-exposed oral mucosal models
highlighted significantly increased IL-1a (P<0.0190), IL-8 (P<0.0001), PGE,
(P<0.0300) and TNF-a (P<0.0090) expression compared with untreated control oral
mucosal models. The d.Sign®15 alloy-discs elicited significantly increased IL-10
(P<0.0001), IL-8 (P=0.0120), PGE; (P=0.0380) and TNF-a (P<0.0001) expression
compared with d.Sign®10 alloy-discs. Ni-Cr alloy-discs significantly increased
(P<0.0001) all inflammatory cytokine expression levels compared with Co-Cr alloy-

discs (Figure 3a-d).

3.5 Cellular toxicity

Tukey’s post-hoc tests on the pooled cellular toxicity data for alloy-exposed oral
mucosal models showed the alloys elicited significantly increased LDH levels
(P<0.0001) relative to the treated control oral mucosal models. The d.Sign®15 alloy-
discs did not elicit significantly increased (P=0.5580) LDH levels compared with
d.Sign®10 but did (P=0.0040) for d.Sign®30 alloy-discs. The LDH levels were not
significantly increased (P=0.1130) for d.Sign®10 alloy-discs compared with

d.Sign®30 alloy-discs (Figure 2c).
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3.6 ICP-MS

The Ni-Cr alloy-discs (d.Sign®10 and d.Sign®15) leached high levels of nickel
(<417.5 pg/L) and chromium (29.67 ng/L) ions, in addition to other alloying
elements over the 14 day immersion duration. The Co-Cr alloy-disc (d.Sign®30)

leached chromium (57.3 pg/L), iron (27.2 pg/L) and cobalt (17.3 pg/L), however,

no nickel ions were detected.
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4 Discussion

The current study produced a primary human cell-based oral mucosal model,
integrated into Alloderm " that permitted multiple-endpoint responses to dental alloy-
discs. Alloderm' is a low antigenic, durable [29], acellular human cadaveric dermis
comprising a basal lamina suitable for keratinocyte attachment and growth and a
lamina propria facilitating fibroblast infiltration and growth [14]. The oral mucosal
model was viable as defined epithelial and connective tissue layers thickened, due to
infiltration and growth of oral keratinocytes and gingival fibroblasts throughout the
scaffold, with a defined boundary evident (Figure 1a). Therefore, the oral mucosal
model was considered metabolically alive to a minimum of eleven days and
histologically resembled native human oral mucosa. Eleven days of culture was
selected, as the oral mucosal model, was grown at the air-liquid interface for a
total of 7 days and experimentation was performed on day 8 (2 hr), day 9 (24 h),
day 10 (48 h) and day 11 (72 h). The media employed in the oral mucosa model was
serum-based in order to enhance the longevity of the primary cells employed
compared with serum-free media [30]. We investigated the ability of the oral mucosal
model to discriminate biocompatibility differences in base-metal dental alloys and

aimed to provide insight into the mechanisms of Ni-Cr alloy-induced toxicity.

Following Ni-Cr alloy-disc exposure, critical losses of cellular thickness and
compactness of epithelial and connective tissue layers, vacuolisation of the connective
tissue (d.Sign®10 (Figure 1b) and d.Sign®15 (Figure 1c)) and irreparable losses of
tissue integrity were evident compared with the untreated control oral mucosal model
and d.Sign®30 (Figure 1b) alloy-treated oral mucosal model (Figure 1a). The alamar

blue dye assay for cell viability indicates barrier integrity in epithelial tissue [31-32].
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The extensive loss of cell viability detected in the Ni-Cr alloy-treated oral mucosal
models (Table 1a, Figure 2a) in conjunction with the histological data suggests nickel
ions identified by ICP-MS (Table 1b) diffused throughout the epithelial tissue, to the
basal lamina and subsequently throughout the extracellular matrix, resulting in loss of
cell viability and tissue integrity. Generation of reactive oxygen species (ROS) by
nickel ions and induction of oxidative stress are responsible for the rapid loss of
cellular viability [1,33]. Low levels of ROS, present during normal cellular conditions
are scavenged by major endogenous antioxidants (reduced glutathione (GSH)) [34].
Following Ni-Cr alloy-disc exposure, significant decreases (P<0.0030) in reduced
GSH were evident (Figure 2b) compared with the untreated oral mucosal models and
Co-Cr alloy-treated oral mucosal models, indicative of ROS generation, culminating
in oxidative stress, loss of cellular viability and a potential immune response [35]. The
increased nickel ion level in d.Sign®15 compared with the d.Sign®10 immersion
solutions (Table 1b) were manifest as increased vacuolisation of the connective tissue
and significantly decreased cell viability and significantly reduced GSH

measurements.

Further evidence of lethal cell injury was provided by the LDH enzyme release assay,
a marker of cell damage [36-38]. Triton-X treated oral mucosal models displayed high
levels of LDH release at 2 h, indicative of maximum cellular toxicity, which was
evident over 72 h and manifest as a negative regression slope (Table 1a, Figure 2c).
Ni-Cr alloy-treated oral mucosal models elicited significantly increased LDH release
(P<0.0001) with exposure-time and positive regression slopes, due to lysing of oral

keratinocytes and gingival fibroblasts by nickel ions [38].
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Activation of the innate immune response by nickel ions was indicated by the
initiation of a proinflammatory response and recent data indicated that nickel ions
activate innate immunity by stimulation of Toll-like receptor 4 (TLR4) proteins [22].
Schmidt ef al. [22] highlighted the link between the onset of nickel
hypersensitivity in humans and the role of the surface membrane bound TLR4
proteins. During the secondary phase of nickel hypersensitivity in vivo, the
proinflammatory response is elicited by the cells. The immune response elicited
by the epithelial cells to nickel ions is thought to stimulate the production of
TLR4-associated inflammatory cytokines IL-1a, IL-8, PGE, and TNF-a and
other immune molecules including activated macrophages and phagocytes [39].
The initiation of the proinflammatory response by Ni** ions is thought to result
from signals on membrane-bound receptors of which the TLR family are the
most widely studied [22]. Mechanistically, the nickel ions are postulated to have
permeated the epithelial tissue of the oral mucosal model and encountered surface
membrane-bound TLR4 proteins [22] present on the surface of primary oral
keratinocytes. Expression of IL-1a, IL-8, PGE, and TNF-a inflammatory cytokines
may indicate the initiation of a type IV nickel-induced hypersensitivity response
through. TLR4 protein stimulation [22]. Low IL-1a, IL-8, PGE,; and TNF-a expression
were evident for the untreated oral mucosal models (Figure 3a-d) suggesting primary
explant cells underwent stress, eliciting the immune responses observed. Following
Ni-Cr alloy-disc exposure, significant IL-1o expression (Figure 3a) highlighted
activation of epithelial inflammatory responses, indicative of cellular damage [40].
Significant IL-8 expression (Figure 3b) suggested the commencement of innate
immunity responses [2-3,41] to the site of cellular injury [41] where elevated ROS

occur [35]. Significant PGE, expression (Figure 3c), indicative of a chemically-

16



induced inflammatory response [42], signified the up-regulation of the epithelial
inflammatory response [1], while significant TNF-a expression (Figure 3d)

highlighted critical inflammatory levels - the end-point of the immune response [35].

The increased nickel ions leached from d.Sign®15 compared with d.Sign®10
immersion solutions (Table 1b) corroborated the inflammatory cytokine expression
data, indicating that nickel release content was directly related to the level of immune
response [22]. Consequently, d.Sign®15 alloy-treated oral mucosal models elicited
significantly increased IL-1a [40], IL-8, [1,41], PGE,; [42] and TNF-a [43] compared

with d.Sign®10 alloy-treated oral mucosal models.

The authors acknowledge that it is difficult to completely replicate the in vitro
conditions of the oral environment in an in vivo setting using oral mucosal
models. However, the physical manifestation of nickel hypersensitivity reactions
in vivo are well documented in the dental literature and the results obtained with
the differentiated full-thickness oral mucosal models employed in the current

study reflectthe in vivo observations.
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5 Conclusions

In summary, Ni-Cr alloy-exposure to the oral mucosal models resulted in
vacuolisation of the connective tissue, loss of tissue integrity and a significant loss of
cell viability with the initiation of a proinflammatory cytokine response and a
significant reduction in reduced GSH levels, indicative of major oxidative damage. It
is proposed that nickel ions permeated the epithelial tissue of the oral mucosal
model and interacted with TLR4 proteins, activating the proinflammatory
responses observed with the rapid loss of cellular viability likely to have resulted
from extreme oxidative damage. Conversely, Co-Cr-treated oral mucosal models
exhibited significantly improved biocompatibility compared with Ni-Cr-treated oral
mucosal models. The Co-Cr-treated oral mucosal models had morphological
appearance, reduced GSH levels, inflammatory cytokine expression and LDH release
profiles similar to the untreated oral mucosal models since nickel was absent. The 3D
human-derived, full-thickness, oral mucosal model described provides an improved
biocompatibility testing methodology for discriminating between base-metal dental
alloy and suggested novel insights into the mechanisms of Ni-Cr alloy-induced

toxicity.
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Figure Captions

Figure 1: Histological assessment (following 11 day incubation) of (a) the untreated
control oral mucosal model and the alloy-treated oral mucosal models following

exposure to (b) d.Sign®10, (c) d.Sign®15 and (d) d.Sign®30 alloy-discs.

Figure 2: Graphical representation (with standard error bars) of the (a) cell
viability, (b) oxidative stress response and (c) cellular toxicity analyses of the
control oral mucosal models and the alloy-treated oral mucosal models following

2-72 h exposure to the d.Sign®10, d.Sign®15 and d.Sign®30 discs.

Figure 3: Boxplot analysis (with standard error bars) of (a) IL-1a, (b) IL-8, (c)
PGE; and (d) TNF-o inflammatory cytokine expression (in pg/mL) from the
untreated control oral mucosal models and the alloy-treated oral mucosal models

following 24 h exposure to the d.Sign®10, d.Sign®15 and d.Sign®30 alloy-discs.
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Table 1a: Linear regression analysis data for the cell viability and cellular toxicity

data for exposure time (2-72 h) - the control oral-mucosal-model and alloy-exposed

oral-mucosal-models. (equation of the line: y = mx +c¢ where m=slope and

c=intercept with y-axis, 1°: coefficient of determination, P value: probability and df:

degrees of freedom).

Cellular Alloy Equation of r P value df
Assay the Line
Cell Control y=1.3x + 0.0357 0.5561 10
Viability 87.8
d.Sign®10 y=-9.8x + 0.7912 0.0001 10
63.7
d.Sign®15 y=-6.6x + 0.8006 0.0001 10
359
d.Sign®30 y=-1.6x + 0.2496 0.0981 10
64.0
Cellular Control y=-0.3x + 0.6555 0.4218 10
Toxicity 98.7
d.Sign®10 y=18.4x — 0.7932 0.0001 10
19.5
d.Sign®15 y=24.9x — 0.7680 0.0002 10
24.8
d.Sign®30  y=3.4x-1.5 0.7651 0.0002 10
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Table 1b: ICP-MS analysis of the 1 day immersion solutions for the d.Sign®10, d.Sign®15 and d.Sign®30 alloy-discs. Values are given in pg/L.

Alloy Day Ni Cr Mo Fe Co Cu
d.Sign®10 1 68.4 11.5 17.4 52.4 : 240.7
d.Sign®15 1 140.8 14.5 25.4 67.1 . 267.1
d.Sign®30 1 - 37.4 - 12.8 25.1 -
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