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Dental care products comprising stannous fluoride

The present invention provides new dental care products comprising stannous fluoride and
at least 0.01 wt% self-assembling peptides, wherein the self-assembling peptides are essen-
tially present in the dental care product in assembled form. The assembled peptides form a
three-dimensional matrix capable of stabilizing stannous fluoride by protecting it from oxida-
tion. The dental care products may further comprise polyphosphates such as sodium tripoly-
phosphates as well as a tin chelating agent such as sodium gluconate. They may be provided
in the form of a dental gel, a toothpaste, a prophylactic paste, a tooth foam or a dental rinse.
Also disclosed are methods for stabilizing stannous fluoride in a dental care product. Finally,
the present invention relates to therapeutic methods for protecting a tooth or teeth from de-
mineralization, for remineralizing tooth enamel, for destroying biofilm formed on a tooth or
teeth and for treating dentinal hypersensitivity.

The anti-caries effects of fluoride are scientifically demonstrated and thus well-established.
Fluoride inhibits tooth demineralization and promotes tooth remineralization by reacting with
calcium present in plaque and saliva to form calcium fluoride on the tooth surface. The cal-
cium fluoride eventually dissolves to allow calcium and fluoride ions to interact with the
tooth and to form fluoride-containing apatite within the tooth structure. By converting the cal-
cium mineral apatite in teeth into fluorapatite, fluoride also makes the tooth enamel more re-
sistant to bacteria-generated acid attacks. Moreover, fluoride can also directly inhibit plaque
bacteria by interfering with the bacterial metabolism through various different mechanisms
(https://en.wikipedia.org/wiki/Tin(ll)_fluoride; Marquis, 1995; Nasser et al., 2023).

In light of these known advantageous effects of fluoride, dental care products such as tooth-
pastes (dentrifices) comprising fluoride are nowadays commonly in use.

Historically, the first fluoride-containing dentifrices provided the fluoride in the form of tin(ll)
fluoride, also commonly referred to as stannous fluoride (SnF»). These stannous fluoride-
comprising toothpastes exhibited considerable efficacy in reducing coronal caries; however,
the use of stannous fluoride in oral care compositions was limited due to its instability in the
presence of water. The stannous ions (Sn?*) are highly reactive and rapidly oxidate into in-
active stannic ions (Sn#*). Oxidation of Sn?* manifests itself intraorally as yellow-brown
stains on the tooth surface. Moreover, the tin present in stannous fluoride readily hydrolyses
above a pH of 4, which results in its precipitation from the solution, with a consequent loss
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of its therapeutic properties. Importantly, the chemical reactions contributing to stannous flu-

oride deactivation occur not only in storage, but directly in processing (White, 1995).

In consequence, manufacturers of fluoride-containing toothpaste products switched to using
alternative fluoride sources such as, e.g., monofluorophosphate or sodium fluoride, which
exhibit anticaries activities comparable to those of the fluoride ion in stannous fluoride.
However, unlike monofluorophosphate or sodium fluoride, stannous fluoride is also known
for its intrinsic antimicrobial effects and its clinically demonstrated efficacy in controlling gin-
givitis. Moreover, it shows significant reactivity with root surfaces and was demonstrated to
reduce dentinal hypersensitivity. Accordingly, in recent years there has been renewed inter-
est in the manufacture of dental products containing stannous fluoride, as stannous fluoride
is considered a therapeutically effective "all-in-one" active ingredient (White, 1995).

Therefore, scientists were faced with the challenge of finding ways to stabilize stannous flu-
oride in dental care products and during administration, as stabilized stannous fluoride for-
mulations allow for greater bioavailability of stannous and fluoride ions, thereby increasing
their oral health benefits. Stabilization of stannous fluoride requires prevention of Sn?* oxi-
dation into Sn#* as well as protection of SnF» from hydrolysis. As it turned out, earlier stan-
nous fluoride-containing dentifrices were oftentimes stable enough to provide some anticar-
ies efficacy but provided insufficient bioavailable stannous fluoride to exert antimicrobial ac-
tivity required for gingivitis control. In other words, the stability requirements of stannous flu-
oride as gingivitis active agent appeared to be more rigorous than those for anticaries activ-
ity (White et al., 1995).

Over time, a number of strategies have been developed to obtain more stable stannous flu-
oride-containing formulations:

For instance, Sn?* oxidation to stannic ions may be prevented, e.g., by drastically reducing
or completely omitting the addition of water to the SnF2-containing toothpaste formulations.
However, a low water content of less than 10% can affect the taste and texture of the result-
ing toothpaste.

The stannous fluoride may also be dissolved in an anhydrous material such as glycerin to
obtain non-aqueous gel formulations. For instance, US4418057A and US3433544A de-
scribe methods where stannous fluoride is formulated as a non-aqueous gel mixture com-
prising anhydrous glycerin and hydroxyethyl cellulose as a gelling agent.

Further attempts to stabilize stannous fluoride in dental care products include the addition of
stannous salts capable of reacting with oxygen to protect the stannous fluoride from
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becoming oxidized. Stannous salts such as stannous phosphate or stannous chloride may
also provide a reservoir source for replenishing Sn?* lost from the active SnF».
US5004597A discloses an exemplary composition containing stannous fluoride that relies
on stannous chloride and stannous gluconate as stannous reservoirs for replacing unstable
Sn?* jons. However, the use of some of these stannous salts may negatively affect the taste
of the toothpaste and, more importantly, has proven to be rather ineffective in preventing

the formation of high amounts of stannic ions.

Use of chelating agents has also been contemplated to protect stannous fluoride complexes
from hydrolysis and oxidation and thus to reduce or even eliminate the precipitation of insol-
uble tin compounds. Suitable stannous chelants include sodium gluconate, stannous glu-
conate, citrates such as zinc citrate as well as hydroxyl-substituted aliphatic di- and tri-car-
boxylic acids such as citric acid or malic acid. Formulations comprising these chelating
agents are disclosed, e.g., in US5716600A, US5004597A, US9968803B2 or US3282792A.
Alternatively, a copolymer of maleic anhydrate or acid and a polymerizable ethylenically un-
saturated monomer, preferably a lower alkyl vinyl ether such as methoxyethylene has been
found to form chelates with Sn2*, thereby protecting the Sn?* ions from oxidation. The use of
such polymeric chelating agents in stannous fluoride-containing formulations is disclosed,
e.g., in US5017363A, US4960586A or US4961924A. However, inclusion of some of the
above-mentioned chelants can result in toothpastes with a gritty texture and a bitter, metal-
lic, stringent, and salty taste profile (Li et al., 2019).

Finally, Colgate Total SF manufactured by the Colgate-Palmolive Company relies on a for-
mulation in which SnF2 is stabilized using zinc phosphate, which complexes with SnF; to

prevent its oxidation.

Despite the different approaches and strategies contemplated for stabilizing stannous fluo-
ride in dental care formulations, there remains a need for improved stannous fluoride-con-
taining dental care products that are characterized both by a stable formulation and by an
increased efficacy.

The problem is solved by the present invention, in particular by the subject-matter of the
present claims.

The present invention provides a dental care product comprising:

i. tin(l) fluoride, and
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i. atleast 0.01 wt% self-assembling peptides comprising a sequence of X1-X2-
X1-X2-X1, wherein X1 is independently selected from the group consisting of

glutamic acid, aspartic acid, glutamine and ornithine, and X2 is independently

selected from the group consisting of alanine, valine, isoleucine, leucine, me-

thionine, phenylalanine, tyrosine, tryptophan and glutamine, wherein the self-
assembling peptides are essentially present in the dental care product in as-

sembled form.

The dental care product of the invention comprises tin(ll) fluoride, which, in the context of
the present invention, is also referred to as stannous fluoride or SnF2.The stannous fluoride
may be present in the dental care product at a concentration of 0.1-1.0 wt%.

Preferably, the stannous fluoride is present in the dental care product at a concentration of
0.2-0.7 wt%. Previous research has demonstrated that stannous fluoride at a concentration
of 0.4-0.7 wt% (corresponding to about 1000 to 1500 ppm fluoride), in particular of 0.454
wt%, provides the best therapeutic protection against caries, gingivitis, plaque and dentin
sensitivity (West et al., 2018; Parkinson et al., 2020). For children, the recommended con-
centration is 0.227 wt% (about 500 ppm fluoride) Thus, in a preferred embodiment, the den-
tal care product of the invention comprises stannous fluoride at a concentration of 0.1-0.7
wt%, most preferably at a concentration of 0.454 wt%.

The inventors surprisingly found that the dispersion of stannous fluoride in a three-dimen-
sional matrix formed by self-assembling peptides effectively protects stannous ions (Sn?*)
from being oxidized to stannic ions (Sn**), thus preventing the formation of extrinsic stains

on the tooth surface caused by said oxidation.

In the context of the invention, self-assembling peptides (SAP) are peptides that, as the
name implies, are capable of undergoing self-assembly in a pH-dependent manner to form
three-dimensional scaffolds or matrices, thereby promoting tissue regeneration. As used
herein, "self-assembly" of the peptides refers to the spontaneous and reversible organiza-
tion of peptides with other peptides of their own kind (or peptides having a similar structure)
into multimeric assemblies by non-covalent interactions. Non-covalent interactions that are
responsible for forming the multimeric assemblies include van-der-Waals, pi-stacking, hy-
drogen bonds, polar and ionic interactions between the amino acid backbones and/or the
amino acid side chains of the peptides.

Suitable self-assembling peptides are taught, e.g., in WO 2004/007532 A1, US10/521,628,
US12/729,046, US13/551,878, US 14/062,768, WO 2010/041636 A1 or WO2014/027012

A1, which are all fully incorporated herein by reference. Self-assembling peptides can
4
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assemble in one dimension to form beta-sheets, and higher order assemblies such as fibers
or tape-like assemblies. Three-dimensional supramolecular structures of self-assembling
proteins can be formed, which have an affinity for/ to calcium phosphate.

The size of the self-assembling peptides used in the dental care product of the invention is
not specifically limited. They may be of any length that allows self-assembly in a pH-de-
pendent manner. The peptides may have a size of about 5-200 amino acids, e.g., 9-100
amino acids, 10-50 amino acids, 10-30 amino acids or 11-20 amino acids. Preferably, the
self-assembling peptides have a length of about 27 amino acids, 24 amino acids, 21 amino
acids, 15 amino acids, or 11 amino acids. In a particularly preferred embodiment, the self-
assembling peptides have a length of 11 amino acids, i.e., they consist of 11 amino acids.

To be able to adhere to a tooth surface, the matrix formed by the self-assembling peptides
present in the dental care product of the invention has to be able to bind mineral particles
present in the tooth surface. The matrix thus comprises binding sites for the mineral particles
which enable it to bind the particles, which preferably comprise calcium, on the tooth surface.
For example, charged amino acid residues such as Glu on the surface of self-assembling
peptides bind to hydroxyapatite particles and to the tooth surface, which is also substantially
formed of hydroxyapatite. A capability for three-dimensional self-organization is important for
binding. In general, highly charged surfaces will promote adhesion of the mineral particles.
The protein-matrices work particularly well when their surface shows glutamate residues
which may attach to calcium phosphate or to other mineral particles. Preferably, the protein
comprises 5% or more, 10% or more, 20% or more or 30% or more charged amino acid
residues, such as glutamate residues.

Inthe context of the present invention, self-assembling peptides may be able to self-assemble
by themselves, as is the case, e.g., for the peptides P11-4, P11-8, P11-2, P11-5 mentioned
below, but they can alternatively be able to self-assemble in a combination of two self-assem-
bling peptides, as is the case, e.g., for the peptides P11-13/P11-14 and P11-28/P11-29, P11-
30/ P11-31 mentioned below.

Self-assembling peptides in the dental care product of the invention comprise the consensus
sequence X1-X2-X1-X2-X1, wherein X1 is independently selected from the group consisting
of glutamic acid, aspartic acid, glutamine and ornithine, and X2 is independently selected
from the group consisting of alanine, valine, isoleucine, leucine, methionine, phenylalanine,
tyrosine, tryptophan and glutamine. Independently selected means that, e.g., X1 in positions
1, 3 or 5 of the sequence above can be different from each other. Of course, they can also
be identical.
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In one embodiment, the self-assembling peptides comprise the sequence of X1-X2-X1-X2-
X1, wherein X1 is an amino acid with an acidic side chain and X2 is an amino acid with a
hydrophobic or polar side chain.

Preferably, the self-assembling peptides also comprise X1-X2-X1-X2-X1, wherein X1 is inde-
pendently selected from the group consisting of glutamic acid and ornithine, and X2 is inde-
pendently selected from the group consisting of tryptophan and phenylalanine.

Self-assembling peptides may further comprise X3-F-X1-W-X1-F-X1, wherein X1 is inde-
pendently selected from the group consisting of glutamic acid and ornithine, and X3 is se-
lected from the group consisting of arginine, glutamic acid and ornithine, wherein X3 prefer-
ably is arginine.

Self-assembling peptides used in the dental care product the invention may comprise or,
preferably, consist of X4-X4-X3-F-X1-W-X1-F-X1-X4-X4, wherein X1 is independently se-
lected from the group consisting of glutamic acid and ornithine, and wherein X3 is selected
from the group consisting of arginine, glutamic acid and ornithine, and wherein X4 is inde-
pendently selected from the group consisting of glutamine, glutamic acid, serine, threonine
and ornithine. X3 preferably is arginine. Independently, X4 preferably is glutamine.

Self-assembling peptides may comprise SEQ ID NO: 5, or, preferably, consist thereof: Q-Q-
R-F-X1-W-X1-F-X1-Q-Q, wherein X1 is independently selected from the group consisting of
glutamic acid and ornithine.

In the context of the present invention, self-assembling peptides taught in WO 2004/007532
A1, US10/521,628, US12/729,046, US13/551,878, US 14/062,768, or W0O2014/027012 A1,
which are all fully incorporated herein by reference, are preferred. Most preferably, said pep-
tides comprise the specific peptides listed in Table 2 or consist thereof. Of course, self-as-
sembling peptides assembling in combination with another self-assembling peptide, e.g., as
disclosed above, may be formulated in composition.

Preferably, the self-assembling peptide comprises the sequence of SEQ ID NO: 6 or consists
thereof. A peptide consisting of a sequence of SEQ ID NO: 6 is also designated P11-4, and
is preferred throughout the invention. In another preferred embodiment, the self-assembling
peptide comprises the sequence of SEQ ID NO: 9 or consists thereof (P11-8). In another
preferred embodiment, the self-assembling peptide comprises the sequence of SEQ ID NO:
15 or consists thereof (P11-20).

Peptides of SEQ ID NO: 6, 9 or 15 are particularly advantageous, e.g., as they can be used
in relatively low concentrations, they are highly compatible with cells and have beneficial
charge distribution.
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Table 1: Consensus sequences of preferred self-assembling peptides

SEQ ID NO Peptide Sequence Exemplary SAP
name
SEQ ID NO: 1 | Consensus | X1-X2-X1-X2-X1, P11-2, P11-4,
seqguence wherein X1 1s independently |P11-5, P11-8,
1 selected from the group con-|Pl1-12, P11-13,
sisting of glutamic acid, as-|P11-14, P11-17,
partic acid, glutamine and or-|P11-19, P11-20,
nithine, and X2 1s inde-|P11-28, P11-29
pendently selected from the
group consisting of alanine,
valine, 1isoleucine, leucine,
methionine, phenylalanine, ty-
rosine, tryptophan and gluta-
mine
SEQ ID NO: 2 | Consensus | X1-X2-X1-X2-X1, P11-4, P11-8,
sequence |wherein X1 is independently |P11-12, P11-13,
2 selected from the group con-|P11-14, P11-17,
sisting of glutamic acid and | P11-28, P11-29
ornithine,
and X2 1is independently se-
lected from the group consist-
ing of tryptophan and phenyl-
alanine
SEQ ID NO: 3 | Consensus | X3-F-X1-W-X1-F-X1, wherein X1 |P11-4, P11-8,
sequence is independently selected from | P11-12, P11-13,
3 the group consisting of glu-|P11-14, P11-17,
tamic acid and ornithine, P11-28, P11-29
and X3 1is selected from the
group consisting of arginine,
glutamic acid and ornithine,
wherein X3 preferably is argi-
nine
SEQ ID NO: 4 | Consensus | X4-X4-X3-F-X1-W-X1-F-X1-X4- P11-4, P11-8,
sequence X4, P11-12, P11-13,
4 wherein X1 1s independently |P11-14, P11-17,
selected from the group | P11-28, P11-29
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consisting of glutamic acid
and ornithine,
and wherein X3 1s selected

from the group consisting of

arginine, glutamic acid and
ornithine,

and wherein X4 is inde-
pendently selected from the

group consisting of glutamine,

glutamic acid, serine, threo-

nine and ornithine. X3 prefer-

ably is arginine. Inde-
pendently, X4 preferably is
glutamine.

SEQ ID NO:

5

Consensus
sequence

5

Q-Q-R-F-X1-W-X1-F-X1-Q-Q,

wherein X1 1s independently
selected from the group con-
sisting of glutamic acid and

ornithine.

p11-4,

P11-8

Table 2: Preferred self-assembling peptides. Positions X1 are underlined, “O” denotes
the amino acid ornithine.

SEQ ID NO Peptide Sequence (One | $ amino acid identity to

name letter code) Pl11-4 (Clustalw (2.1,
standard parameters))

SEQ ID NO: 6 P11-4 QQRFEWEFEQQ 100

SEQ ID NO: 7 P11-2 QORFQWQFEQQ 81.8

SEQ ID NO: 8 P11-5 QQRFOWOFQQQ 72.7

SEQ ID NO: 9 P11-8 QORFOWOFEQQ 81.8

SEQ ID NO: 10 P11-12 SSRFOWOFESS 45.4

SEQ ID NO: 11 P11-13 EQEFEWEFEQE 72.7

SEQ ID NO: 12 P11-14 QQOFOWOFOQQ 63.6

SEQ ID NO: 13 P11-17 TTRFEWEFETT 63.6

SEQ ID NO: 14 P11-19 QORQOQOQEQQ 54.5

SEQ ID NO: 15 P11-20 QOROEQEQEQQ 72.7

SEQ ID NO: 16 P11-28 OQOFOWOFOQO 45.4

SEQ ID NO: 17 P11-29 QQEFEWEFEQQ 90.9

SEQ ID NO: 18 P11-16 NNRFOWOFENN 45.4
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SEQ ID NO: 19 P11-18 TTRFOWOFETT 45.4
SEQ ID NO: 20 P11-26 QQOQOQOQ0QO 36.4
SEQ ID NO: 21 P11-31 SSOFOWOFOSS 27.3

The composition of the invention may also comprise at least one self-assembling peptide
having at least 45% sequence identity to a peptide consisting of SEQ ID NO: 6. Preferably,
the peptide has at least 54%, at least 63%, at least 72%, at least 81% or at least 90% se-
guence identity to a peptide consisting of SEQ ID NO: 6, or is said peptide.

The self-assembling peptides used in the dental care products of the invention may further
be structurally modified in one or more amino acid positions, e.g., by the introduction of one
or more modified amino acids. According to the invention, these modified amino acids may
be amino acids that have been changed by e.g., biotinylation, phosphorylation, glycosyla-
tion, acetylation, branching and/or cyclization. Further, the self-assembling peptides present
in the dental care product of the invention may additionally or alternatively contain other
modifications, such as terminal blocking groups, formyl-, gamma-carboxyglutamic acid hy-

droxyl-, methyl-, phosphoryl-, pyrrolidone carboxylic acid-, and/or sulphate-groups.

In a preferred embodiment, all self-assembling peptides present in the dental care product
of the invention are acetylated at their N-terminus and/or amidated, e.g., with an NHx-group,
at their C-terminal end, most preferably, both. As non-blocked forms tend to start a deamini-
zation reaction, the termini of the self-assembling peptides described herein are preferably
blocked to increase stability. Accordingly, in a preferred embodiment, the self-assembling
peptides present in the dental care product of the invention, e.g., peptides of SEQ ID NO: 6,
9 and/or15, comprise both an Ac-N-terminus and NH2-C-Terminus. A particularly preferred
embodiment is a peptide P11-4 (SEQ ID NO: 6) that is N-terminally acetylated and C-termi-
nally amidated with a NH2>-group.

The dental care product may contain a single type of self-assembling peptides or two or
more, such as three, four or five etc., different types of self-assembling peptides, e.g., it
may comprise a mixture of self-assembling peptides consisting of SEQ ID NO: 6 and self-
assembling peptides consisting of SEQ ID NO: 15.

In the dental care product of the invention, the self-assembling peptides are essentially pre-
sent in assembled form. As used herein, this means that at least about 70%, about 75%,
about 80%, about 85%, about 90%, about 95%, about 99% or even about 100% of the pep-
tides found in the dental care product are assembled i.e., in multimeric or polymeric form.

Most self-assembling peptides in the dental care product according to the invention, e.g.,

P11-4 (SEQ ID NO:6) and/or P11-20 (SEQ ID NO:15) as well as terminally modified variants
9
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thereof undergo self-assembly as soon as the pH of their environment drops below pH 7.5.
This means that the self-assembling peptides present in the dental care product of the inven-
tion start to self-assemble to a significant extent when the pH drops below 7.5.

Assembly is mainly controlled by the pH. The pH at which the self-assembling peptides as-
semble depends on its sequence. For example, P11-4 assembles below pH 7.5. The pH of
the dental care product of the invention for P11-4 and similar peptides preferably is below
7.5, in particular, if the self-assembling peptide is P11-4. The pH preferably is between 4 and
7.5, e.q., 5-7.50r6-7.

Other self-assembling peptides, such as P11-8, self-assemble above pH 7.5. If such self-
assembling peptides are employed, the pH of the dental care product is suitably adapted, i.e.,
the pH is above the pH at which the self-assembling peptides assemble., e.g., above pH 7.5.

The assembly state of peptides is also influenced by the ionic strength. The ionic strength of
a solution is a function of the concentration of all ions present in that solution. Thus, even at
a pH above the pH at which the peptide starts to undergo self-assembly, i.e., when the peptide
is substantially monomeric in solution, a particularly high ionic strength is able to trigger the
assembly of the peptide.

The skilled person will know how to determine and measure the ionic strength of a solution.
The ionic strength | is generally calculated according to the formula | = %2 zi2bi, wherein z
is the valence factor and bi is the molality [mol/kg{H2QO}] of the ion concentration. The sum-
mation, 3, is taken over all ions in a solution. For example, the ionic strength of a 150 mM
NaCl solution is approximately 0.15 mol/L. This is also approximately the ionic strength of
blood. The ionic strength of saliva present in the oral cavity, is generally much lower, such as
approximately 0.04 mol/L. In the context of the invention, ionic strength in the physiological
range is considered to be corresponding to an ionic strength of 0.15 mol/L.

It is also known to the skilled person that the peptide concentration may influence the assem-
bly of peptides, i.e., a particularly high peptide concentration may trigger assembly. Corre-
spondingly, an exceptionally low peptide concentration may prevent assembly of the peptides
of the invention, i.e. even under low pH conditions as present in tooth lesions and the oral
cavity.

The skilled person will be able to determine whether essentially all of the self-assembling
peptides are in an assembled form by means of routine experimentation. For example, the
assembly state of the peptides in solution can be determined by nuclear magnetic resonance
(NMR), such as 1H-NMR, by circular dichroism analysis, by dynamic light scattering (DLS)
analysis, diffusing-wave spectroscopy, native electrophoretic methods, viscosity measure-
ments (rheology), Quartz crystal microbalance with dissipation monitoring (QCMD) and the

10



10

15

20

25

30

WO 2025/056542 PCT/EP2024/075249

like, preferably by native electrophoretic methods. The presence of fibres of self-assembled
peptide may be detected by TEM.

Suitable buffers and pH modulating agents for obtaining the desired pH are known in the art.

As described herein, stabilization of stannous fluoride involves prevention of premature oxi-
dation of stannous ions (Sn2*) to stannic ions (Sn**). The inventors surprisingly found that
the dispersal of stannous fluoride in a three-dimensional matrix formed by the herein de-
scribed self-assembling peptides protects the stannous ions from being oxidated within the
dental care product and upon application of the dental care product to a dental surface.
Without being bound by theory, the fibres formed by the self-assembling peptides, having a
net-charge of -2, may serve as a stabilization factor, thereby preventing the oxidation of the
stannous ion. The three-dimensional matrix of self-assembling peptides, through its affinity
to hydroxyapatite, further helps to maintain stannous fluoride on the enamel surface for pro-
longed durations. The added stabilization of the stannous ion due to the presence of the
self-assembling peptides prevents the formation of dental staining typically observed as a
result of SnF2 oxidation.

Of note, the present inventors found that the surprising ability of the herein described self-
assembling peptides to stabilize and protect stannous fluoride from oxidative changes
largely depends on the concentration of the self-assembling peptides within the dental care
product: The advantageous affect was only observable in formulations containing 100 PPM
(i.e. 0.01 wt%) or more of self-assembling peptides whereas this effect was not noticeable
in formulations having a concentration of self-assembling peptide of less than 100 PPM.

Accordingly, the self-assembling peptides are present in the dental care product of the in-
vention at a concentration of at least 100 PPM or at least 0.01 wt%, e.g., at a concentration
of 0.01-5 wt% such as 0.01-0.1 wt%, 0.1-1 wt%, 1-2 wt%, 2-3 wt%, 3-4 wt% or 4-5 wt%.
Preferably, the self-assembling peptides are present in the dental care product at a concen-
tration of 0.01-0.1 wt%, e.g., about 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09 or 0.1
wt%. Most preferably, the self-assembling peptides are present in the dental care product at
a concentration of about 0.03-0.07 wt%, e.g., about 0.05%.

While it is not required, in a preferred embodiment, the dental care product of the invention

further comprises a polyphosphate. Polyphosphates are inorganic polymers consisting of

two or more phosphate molecules arranged primarily in a linear configuration, although in

some cases, cyclic derivatives may be used as well. Polyphosphates act as chelators and

are capable of preventing dental pellicle formation by binding to the tooth surface. The

polyphosphates thereby reduce the force of adhesion of absorbed salivary glycoproteins
1



10

15

20

25

30

WO 2025/056542 PCT/EP2024/075249
and help desorb salivary proteins from enamel (Mason et al., 2019). In consequence,
polyphosphates contribute to stain removal and the control of stain build-up during tooth
brushing. Accordingly, polyphosphate compounds are frequently used in whitening
toothpastes. Moreover, due to their ability to act as chelating agents, polyphosphates can
bind to calcium ions in saliva and plaque, thereby suppressing the formation of calcified

deposits (known as calculus) on dental surfaces.

Surprisingly, the inventors have found that polyphosphates do not prevent the adhesion of
the self-assembling peptides to the enamel, and they can thus be combined in a dental care
product without a loss of the dental effects of self-assembling peptide.

The Food and Drug Administration (FDA) has listed sodium pyro-, tri-, and hexametaphos-
phates as Generally Recognized as Safe (GRAS) food additives (Moon et al., 2019). Any of
these, or a combination thereof, can be used in the dental care product of the invention.

Dental care formulations comprising polyphosphates such as, e.g., sodium hexametaphos-
phate for reducing stains arising from oxidation of stannous fluoride have been disclosed
e.g., in US6667027B2, US6350436B1, US6821507B2, US5578293A, US5145666A,
US5281411A or US5281410A.

In some embodiments, the polyphosphate present in the dental care product of the inven-
tion may be a pyrophosphate, i.e., a diphosphate characterized by two phosphorous atoms
linked to one oxygen atom. The pyrophosphate may be provided in the dental care product
as a disodium or tetrasodium salt.

However, in a preferred embodiment, the polyphosphate present in the dental care product
of the invention is sodium tripolyphosphate (STP). The STP may be present in the dental
care product at a concentration of 1-10 wt%, e.g. 2-5 wt%. Preferably, the dental care

product of the invention comprises about 3 wt% STP.

The dental care product optionally further comprises additional ingredients known for their
ability to stabilize stannous fluoride.

For instance, in some embodiments, the oral care product may further comprise one or
more agents capable of chelating stannous ions. Chelation refers to a chemical reaction in
which ions or molecules bind to metal ions. Suitable stannous chelating agents capable of
forming stable chelates with stannous fluoride and thus protecting it from hydrolysis and oxi-
dation are known in the state of the art and include, e.g., sodium gluconate, stannous glu-
conate or zinc citrate.
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The agent capable of chelating stannous ions may be present in the dental care product at
a concentration of 0-5 wt%, e.g., 0.5-1 wt%, 1-2 wt%, 2-3 wt%, 3-4 wt% or 4-5 wt%. More
preferably, the agent capable of chelating stannous ions is present in the dental care
product at a concentration of 2-4 wt%, e.g., 2 wt%, 3 wt%, or 4 wt%.

Preferably, the agent capable of chelating stannous ions is sodium gluconate. Sodium glu-
conate is non-corrosive, non-toxic and readily biodegradable. It forms stable chelates with
calcium, iron, copper, aluminium and other heavy metals, including tin. Thus, sodium glu-
conate is preferably used in the dental care product of the present invention to further stabi-
lize stannous fluoride.

Thus, in a preferred embodiment, the present invention provides a dental care product com-
prising:
i.  0.1-1.0 wt% tin(ll) fluoride;
i. atleast 0.01 wt% self-assembling peptides consisting of SEQ ID NO: 6 (P11-
4);
ii.  1-10 wt% sodium tripolyphosphate; and
iv.  optionally, 0.5-5 wt% sodium gluconate,

wherein the pH of the dental care product is below 7.5.

The dental care product according to the invention may be a dental gel, a toothpaste (denti-
frice), a prophylactic paste, a tooth foam or a dental rinse, preferably a dental gel. The den-
tal care product may be for use by a professional in a dental practice, where it is preferably
applied using a suitable dental instrument such as rubber polisher. It can also be applied
with a syringe. The dental care product may however also be for home use, where it is pref-
erably applied to the dental surface using a finger or a toothbrush, e.g., an interdental tooth-
brush.

The dental care product may additionally comprise one or more typical ingredients of the re-
spective dental care product. Such typical ingredients may be:

- abrasive agents such as carbonates, phosphates, silicates, acrylates, alumina,

- suspension agents such as glycerine, polyethylene glycols (PEG), sorbitol, xylitol,
and/or erythritol,

- binding agents such as cellulose and derivate thereof such as carboxymethyl cellu-
lose (cellulose gum), carrageenan, paraffin, xylose,

- detergents such as hydrogenated castor oil, sodium lauryl sulphate,

- aroma such as caramel, vanillin, menthol,
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- conserving agents such as ethanol, sodium benzoate,
- colouring agents such as solvent red, acid blue 3,
- additional fluoride sources, preferably, in the form of tertiary amines, such as amine

fluoride or organic fluoride such as sodium monofluorophosphate.
The dental care product typically comprises water, optionally, more than 10% of water.

For instance, a particular preferred dental care product of the invention comprising stan-
nous fluoride and the herein described self-assembling peptides is a dental gel and further
comprises

sodium tripolyphosphate,
sodium gluconate,
sorbitol,

cellulose gum,

xylitol,

erythritol

hydrated silica,

S@e@ ™ 0 a0 T W

phosphoric acid,

optionally, NaOH, and

j- water

The present invention provides dental care products in which stannous fluoride is stabilized
using a matrix formed by the herein described self-assembling peptides. Accordingly, the
present invention also relates to a novel method for stabilizing stannous fluoride in a dental

care product, comprising admixing
i) tin(Il) fluoride, and

i) at least 0.01 wt% self-assembling peptides comprising a sequence of X1-X2-
X1-X2-X1, wherein X1 is independently selected from the group consisting of
glutamic acid, aspartic acid, glutamine and ornithine, and X2 is independently
selected from the group consisting of alanine, valine, isoleucine, leucine, me-
thionine, phenylalanine, tyrosine, tryptophan and glutamine, wherein the self-
assembling peptides are essentially present in the dental care product in as-
sembled form,

wherein, preferably, the dental care product is a dental care product of the present invention.
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The dental care product of the invention may be stable for at least 6 months at room tem-
perature (20°C), at least 12 months at room temperature, at least 18 months at room tem-
perature, at least 24 months at room temperature or at least 36 months at room tempera-
ture. In this context, stable means that no visible discoloration due to oxidation of stannous

fluoride has occurred.

The use of the dental care products as described herein is associated with a series of ad-

vantageous effects.

For instance, the dental care product of the invention may be used for preventing deminer-
alization of a tooth or for remineralizing the tooth enamel, e.g., of a non-cavitated tooth le-
sion.

Dental caries is one of the most ubiquitous bacterial infections in the world. It is a breakdown
of tooth material due to bacterial metabolites, mainly acids made by bacteria when they break
down food debris or sugar on the surface or in the biofilm of the teeth. This leads to an im-
balance between demineralisation and remineralisation processes. Hard tooth structures,
i.e., enamel, dentin and cementum, are damaged by ongoing demineralisation, which results
in carious lesions and eventually in the appearance of caries cavities. The earliest sign of a
new carious lesion is the appearance of a chalky white spot on the surface of the tooth, a so-
called white spot lesion (also designated an incipient carious lesion), i.e., a subsurface lesion.
As the demineralisation progresses, the mineralised surface of the lesion (partially) collapses
and breaks and a microcavity or a cavity, a hole in the tooth, appears. This is referred to as
a (partially) cavitated carious lesion or cavitated carious lesion.

Stannous fluoride is known for its considerable efficacy in reducing coronal caries both by
preventing enamel demineralization and enabling enamel remineralization (Fiorillo et al.,
2020). On the other hand, as disclosed, e.g., in international patent application WO
2021/110923 A1, a matrix formed by the self-assembling peptides as described herein can
constitute a protective layer or film on teeth on which it is administered. This protective layer
formed by the assembled self-assembled peptides can effectively prevent further demineral-
isation and protects the dental enamel from acid attacks.

In addition, a matrix formed by the herein disclosed self-assembling peptides such as P11-4
can lead to an increased mineralisation (Soares et al., 2017). A self-assembling peptide ma-
trix was further found to prevent artificial caries lesions and lead to remineralisation of enamel
around orthodontic brackets (Jablonsky-Momeni et al., 2019).

While stannous fluoride and self-assembling peptides both exert protective effects against
enamel demineralization as well as remineralizing activities, they may act synergistically.
Moreover, by being suspended in a three-dimensional matrix formed by the self-assembling
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peptides disclosed herein, stannous fluoride is maintained and stabilized on the enamel sur-
face for extended time periods, which leads to sustained protection against tooth demineral-
ization and prolonged enamel remineralization.

Thus the present invention provides methods for preventing demineralization of a tooth and
for remineralizing the tooth enamel, e.g. of a non-cavitated tooth lesion, in a subject in need
thereof, wherein both methods comprise applying an effective amount of the dental care prod-
uct of the present invention to a tooth. Of course, treatment of a tooth can also be treatment
of several teeth, preferably, of all teeth of a subject.

In another embodiment, the dental care product of the invention may be for destroying a
bacterial biofilm formed on a tooth.

Stannous fluoride is also known for intrinsically exhibiting anti-bacterial effects both through
bactericidal mechanisms as well as via the inhibition of bacterial metabolic enzymes. In line
with this, the efficacy of stannous fluoride in gingivitis control has been clinically demon-
strated (Paraskevas et al., 2006; Parkinson et al., 2020; Acherkouk et al., 2021). The pre-
sent inventors found that the anti-bacterial effect of stannous fluoride can be further en-
hanced by the presence of the self-assembling peptides, which, upon self-assembly, form a
negatively charged three-dimensional matrix that repels bacteria with a net negative charge.
Consequently, the biofilms formed on dental surfaces are less dense and can be disrupted
by stannous fluoride more easily. Therefore, the dental care product according to the pre-
sent invention allows for more effective removal of dental biofilms.

Thus, the herein disclosed invention further provides a method for reducing or destroying
biofilm formed on a tooth, comprising applying an effective amount of the dental care prod-
uct of the invention to a tooth.

Enhanced destruction of biofilms on dental surfaces can contribute to the prevention of gin-
givitis, periodontitis and/or peri-implantitis.

Gingivitis is a non-destructive periodontal disease that most commonly forms as plaque- in-
duced gingivitis in response to bacterial biofilms (also called plaque) adherent to tooth sur-
faces. Gingivitis is reversible with good oral hygiene.

However, in the absence of treatment, or if not controlled, gingivitis can progress to periodon-
titis. Periodontitis - or periodontal disease - is a set of inflammatory diseases affecting the
periodontium, i.e., the tissues that surround and support the teeth. Periodontitis is caused by
microorganisms that adhere to and grow on the tooth's surfaces, along with an over-aggres-
sive immune response against these microorganisms. With the destruction of the gingival

fibers, the gum tissues separate from the tooth, leading to deepened sulcus, called a
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periodontal pocket. Subgingival micro-organisms, i.e., those that exist apically from gum line,
colonize the periodontal pockets and cause further inflammation in the gum tissues and pro-
gressive bone loss. If left undisturbed, microbial plaque calcifies to form calculus, which is
commonly called tartar. Tissue destruction, e.g., of periodontal ligament, and alveolar bone
resorption can ultimately lead to tooth mobility and subsequent loss of involved teeth.

Peri-implantitis is a destructive inflammatory process affecting the soft and hard tissues sur-
rounding dental implants which is arises due to plaque formation at the tissues surrounding
a dental implant.

Thus, in another aspect, the present invention provides a method for preventing gingivitis,
periodontitis, and/or peri-implantitis in a subject in need thereof, comprising applying an ef-
fective amount of the dental care product of the present invention to a dental enamel surface.

Stannous fluoride has further been clinically demonstrated to significantly reduce dentinal
hypersensitivity (Schiff et al., 2005; Hines et al., 2019). Without being bound by theory, the
stannous ions from stannous fluoride, in the presence of saliva, forms insoluble tin com-
pounds, i.e., low-solubility hydroxyapatite with tin impurities, that precipitate in the open den-
tinal tubes and occlude them.

On the other hand, when the herein-described self-assembling peptides self-assemble into a
three-dimensional matrix configuration, the matrix forms a stable adherent barrier on exposed
dentinal tubules, physically blocking the path of external stimuli.

Thus, the stannous fluoride and the self-assembling peptides present in the dental care prod-
uct of the present invention promote parallel desensitizing effects. They may act synergisti-
cally to reduce dentinal hypersensitivity. Moreover, because the self-assembling peptides in
the dental care product also contribute to the maintenance of the stannous ion on the dentin
surface, they ensure that the desensitizing effect of stannous fluoride can be prolonged.

Thus, by combining the desensitizing effects of the self-assembling peptides and the stan-
nous fluoride, the dental care product according to the invention provides a more permanent
and faster relieve from sensitivity on account of the self-assembling peptide matrix forming
an immediate barrier on the exposed dentin. The relief is prolonged by the continued pres-
ence of the stannous ion on the root surface through the self-organizing peptide matrix.

Thus, in another aspect, the present invention also provides an improved method for treat-
ing dentinal hypersensitivity in a subject in need thereof, comprising applying an effective
amount of the dental care product of the present invention to a tooth.

For all the methods described herein, the subject preferably is a human being. It may, how-
ever, also be a non-human mammal, e.g., a household pet such as a cat or a dog or
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another domestic animal such as cow, pig, horse, sheep, goat or camel. The subject may
also be another animal kept in captivity such as a non-human primate or, e.g., a lion, tiger
or leopard.

In the context of the invention, “treating” any of the above-mentioned conditions is to be un-
derstood to comprise a curative medical therapy of a subject with the intent to cure, amelio-
rate or stabilize said condition. On the other hand, “Preventing” a condition refers to pre-
cluding, averting, obviating, forestalling, stopping, or hindering said condition from happen-
ing in the first place. Preventing a condition thus also explicitly includes the prophylactic
treatment of a subject.

The dental care product may be applied, e.g., by spreading the dental care product using,
e.g., a rubber polisher, an applicator such as a syringe, a finger or a toothbrush, as de-
scribed elsewhere herein.

In the various methods disclosed herein, the dental care product is preferably administered
one, two or three times aday on 1, 2, 3, 4, 5, 6, 7 or more days, in one embodiment, daily.
It can also be administered less often, e.g., once a week or once a month.

In summary, the present inventors unexpectedly identified a novel way of stabilizing stan-
nous fluoride in a dental care product. By dispersing the stannous fluoride in a three-dimen-
sional matrix formed by self-assembling peptides, it is possible to increase the bioavailabilty
of biologically active stannous and fluoride ions. The thus obtained dental care products can
be advantageously used in improved methods for treating and/pr preventing varies dental
conditions, including caries, gingivitis, periodontitis, peri-implantitis and dentinal hypersensi-
tivity.

Throughout the invention, the term “about” is intended to be understood as "+/- 10%”. If
“about” relates to a range, it refers to both lower and upper limit of the range. “A” is intended
to mean “one or more”, if not explicitly mentioned otherwise. The term "comprising" as used
herein also encompasses the meaning "consisting of".

The following examples are intended to illustrate, but not to limit the invention. All literature
cited in the present application is herewith incorporated herein in full.

Examples:

Self-assembling peptides have been proven to enable enamel remineralization, inhibit its
demineralization, and treat dentinal hypersensitivity. Stannous fluoride, in a concentration
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between 0.4-0.5% has also clinically demonstrated efficacy in treating dentinal hypersensi-
tivity and prevention of dental caries.

The inventors made the surprising observation that the combination with the self-assem-
bling peptides considerably increases the stability and thus the bioavailability of the incorpo-
rated stannous fluoride, possibly due to its interaction with the self-assembling peptide fi-

bres.

Historically, the use of stannous fluoride in oral care compositions was limited to the prob-
lem of instability of the stannous ion (Sn2*), which underwent rapid oxidation to the inactive
stannic ion (Sn#). Intraorally, this also manifests as yellow-brown stains on the tooth sur-
face.

Unexpectedly, this oxidative change is not observed with stannous ions dispersed within the
self-assembling peptide matrix. The oxidation is hampered both when exposed to atmos-
pheric oxygen and when tested with redox experiments in the laboratory.

Gel formulations at a pH below 7.5, containing the following, are prepared to evaluate this
effect:

1. 0.45% stannous fluoride

2. 0.45% stannous fluoride + 50 PPM P11-4 self-assembling peptide matrix
3. 0.45% stannous fluoride + 100 PPM P11-4 self-assembling peptide matrix.
4 0.45% stannous fluoride + 250 PPM self-assembling peptide matrix

5. 0.45% stannous fluoride + 500 PPM self-assembling peptide matrix

Absence of oxidative changes is observed in all formulations containing 100 PPM or more

of self-assembling peptide matrix.
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Claims

1. A dental care product comprising:
i.  tin(ll) fluoride, and

i. atleast0.01 wt% self-assembling peptides comprising a sequence of X1-X2-
X1-X2-X1, wherein X1 is independently selected from the group consisting of
glutamic acid, aspartic acid, glutamine and ornithine, and X2 is independently
selected from the group consisting of alanine, valine, isoleucine, leucine, me-
thionine, phenylalanine, tyrosine, tryptophan and glutamine, wherein the self-
assembling peptides are essentially present in the dental care product in as-
sembled form.

2. The dental care product of claim 1, wherein the tin(ll) fluoride is present in the dental
care product in a concentration of 0.1-1.0 wt%.

3. The dental care product of claim 1, wherein the self-assembling peptides comprise
an amino acid sequence of SEQ ID NO: 6 (P11-4) or SEQ ID NO: 9 (P11-8) or SEQ
ID NO: 15 (P11-20) or consist thereof.

4. The dental care product of claim 1, wherein the self-assembling peptides consist of
SEQ ID NO: 6 (P11-4).

5. The dental care product of claim 1, further comprising a polyphosphate.

6. The dental care product of claim 5, wherein the polyphosphate is sodium tripoly-
phosphate.

7. The dental care product of claim 6, wherein the sodium tripolyphosphate is present
in the dental care product at a concentration of 1-10 wt%.

8. The dental care product of claim 1 further comprising sodium gluconate.

9. The dental care product of claim 8, wherein the sodium gluconate is present in the
dental care product at a concentration of 0.5-5 wt%.
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10. The dental care product of claim 1, wherein the dental care product is a dental gel, a

toothpaste, a prophylactic paste, a tooth foam or a dental rinse.

11. The dental care product of claim 1, further comprising

a.  sodium tripolyphosphate,

b.  sodium gluconate,

C. sorbitol,

d. cellulose gum,

e. xylitol,

f. erythritol,

g. hydrated silica,

h.  phosphoric acid,

i. optionally, NaOH, and
j- water

The dental care product of claim 1, wherein the pH of the dental care product is below
7.5.

A dental care product comprising:
i.  0.1-1.0 wt% tin(ll) fluoride;
i. atleast 0.01 wt% self-assembling peptides consisting of SEQ ID NO: 6 (P11-
4);
ii.  1-10 wt% sodium tripolyphosphate; and
iv.  0.5-5wt% sodium gluconate,

wherein the pH of the dental care product is below 7.5.

A method for preventing demineralization of a tooth, comprising applying an effective
amount of the dental care product of claim 1 to the tooth.

A method for remineralizing tooth enamel in a subject in need thereof, comprising
applying an effective amount of the dental care product of claim 1 to a tooth.

A method for destroying biofilm formed on a tooth, comprising applying an effective

amount of the dental care product of claim 1 to a tooth.

A method for treating dentinal hypersensitivity in a subject in need thereof, comprising

applying an effective amount of the dental care product of claim 1 to a tooth.

A method for stabilizing stannous fluoride in a dental care product, comprising admix-
ing
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i)
i)

tin(Il) fluoride, and

at least 0.01 wt% self-assembling peptides comprising a sequence of X1-X2-
X1-X2-X1, wherein X1 is independently selected from the group consisting of
glutamic acid, aspartic acid, glutamine and ornithine, and X2 is independently
selected from the group consisting of alanine, valine, isoleucine, leucine, me-
thionine, phenylalanine, tyrosine, tryptophan and glutamine, wherein the self-
assembling peptides are essentially present in the dental care product in as-

sembled form.
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