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retaining teeth by means of restorative treatment and daily oral
care (Ekelund, 1991; Wardh et al., 2000). Updated information is
therefore needed for planning oral care to meet the needs of the
long-term hospitalized elderly.

The combination of professional oral treatment and mucosal
careis very useful forimprovement of oral as well as general health
in the institutional elderly. In conclusion, here we demonstrate the
beneficial effects of mucosal care on infection control of pathogens
such as mutans streptococci and Candida during oral professional
care. However, the oral professional care is limited by the high
costs of odontologic assistance, the oral and general health status
of the elderly, the lack of time available for caregivers to carry out
the tasks, etc, in the institutionalized elderly. The preventive
attitude offered by repetition of oral professional care is based on
nursing professionals and institutional resources. Moreover, there
are limitations of this study in a small sample size, no group treated
with only mucosal care, the influences to other oral pathogens, etc.
Further investigation is warranted based upon these findings to
evaluate whether mucosal oral care can support prevention of
multiple oral pathogens in the expanded study plan.
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ABSTRACT

Objective: Streptococcus gordonii is a pioneer colonizer of the enamel salivary pellicle that
forms biofilm on the tooth surfaces. Recent reports show the surface protein analogue
peptide {400 (T) of SspB 390402 is substituted to K forming SspB (390-T400K-402)} from S.
gordonii interacts strongly with salivary receptors to cariogenic bacteria, Streptococcus mutans.
To characterize the analogue peptide biological activities, we investigated its binding and
inhibiting effects, and the role of its amino acid moities.
Methods: We measured binding activity of analogue peptides to salivary components using
the BlAcore assay; assayed inhibition activities of peptides for bacterial binding and growth
on saliva-coated hydroxyapatite beads (s-HA); and describe the peptides interfering with
biofilm formation of S. mutans on polystyrene surfaces.
Results: The SspB (390-T400K-402 and -401) peptides significantly bound with salivary com-
ponents and inhibited the binding of S. mutans and S. gordonii to s-HA without bactericidal
activity; but did not inhibit binding of Streptococcus mitis, a beneficial commensal. Further, the
lack of D and E-L at position 390 and 401402 in the peptide, and substituted peptide SspB
(D390H- or D390K-T400K—402) did not bind to salivary components or inhibit binding of S.
mutans. The SspB (390-T400K—402) peptide inhibited biofilm formation on salivary compo-
nents-coated polystyrene surfaces in absence of conditioned planktonic cells.
Conclusions: We found constructing the peptide to include positions 390(D), 400(K) and
401(E), two surface positive and negative connective charges, and at least 12 amino acids
are required to bind salivary components and inhibit the binding of S. mutans and S. gordonii.
© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

species such as Porphyromonas gingivalis, a periodontal patho-
gen, to form the predominant biofilm on the tooth surface.*

Oral bacterial communities known as biofilms are character-
ized by species composition, surface or substratum composi-
tion, and the conditioning films coating the surfaces on which
they form."? The interaction between oral streptococci and the
salivary pellicle plays a large role in early colonization,
aggregation and biofilm formation. Streptococcus gordonii colo-
nizes the oral cavity very early in life® and interacts with other

* Corresponding author. Tel.: +81 03 5285 1111; fax: +81 03 5285 1163.

E-mail address: hsenpuku@nih.go.jp (H. Senpuku).

Streptococcus mutans is the etiologic agent of human dental
caries? and is shown to be able to colonize the mouth only after
acquiring the enamel pellicle surfaces of the erupted tooth and
to form part of the biofilm on tooth surfaces.® S. mutans and S.
gordonii produce surface protein antigens (PAc, Agl/Il, B, P1,
SpaP, and MSL-1); and SspB (SspA), respectively, that have
respective molecular masses of approximately 190°° and

0003-9969/$ — see front matter ¢ 2010 Elsevier Ltd. All rights reserved.
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180 kDa.'**? These proteins interact with salivary components
that include lysozyme,®'® amylase,” 18,000 and 38,000 Da
proline-rich proteins, and an agglutinin.™*

We previously demonstrated the molecular mechanisms of
the cell surface adhesion with the alanine-rich repeating region
(residues 219-464, the A-region) of the SpaP (PAc) from S. mutans
atthe N-terminal region (residue 1-429) homologous to the SspB
from S. gordonii.> %137 The analogue peptide, position 400 T
of SspB 390402 was substituted with K forming SspB (390-
T400K-402), had the highest binding activity to salivary
components” and to the agglutinin (gp340/DNBT1) peptide
(Scavenger Receptor Cystein-Rich domain Peptide 2; SRCRP2)™®
in comparison to various other SspB peptides and the PAc (365~
377) peptide. This analogue peptide has two surface positive
charges correlating with positively charged residues.” Recent-
ly, we reported the lysine position was important for binding
between the SspB peptide and SRCRP2; and inhibited binding of
S. mutans to saliva-coated hydroxyapatite (s-HA).'® Therefore,
the position of the charged amino acid residues in the peptide is
essential for binding and inhibition.

Here we demonstrate inhibition of adherence of S. mutans
and S. gordonii to surfaces previously treated with SspB (390-
T400K-402) peptide, a truncated analogue peptide, compared
to lysine alone using in vitro assays on s-HA, and biofilm
formation on microtitre plates. Our data show the role of the
analogue and truncated peptides and the connection to the
surface’s positive and negative charge results in the inhibition
of the adherence. This provides important information about
the initial phase of oral biofilm formation; and may yield
preventive therapies for oral diseases.

2, Materials and methods
2.1. Bacterial strains and culture conditions

S. mutans MT8148, S. gordonii ATCC 10558 and S. mitis ATCC
6249 were grown in Brain Heart Infusion broth (BHI; Difco
Laboratory, Detroit, MI) using 5% CO,, 75% N, and 20% O,
(GasPack CO,, Becton Dickinson, Sparks, MD) at 37 °C prior to
incubation with s-HA beads and in 96-well microtitre plates.

2.2.  Peptide synthesis

The sequences of the analogue and truncated peptides are
from a previous report’” and were modified using the
sequence of the SspB gene from S. gordonii M5'* (Table 1).
The peptides were synthesized using a stepwise solid-phase
procedure at Scrum, Inc. (Tokyo, Japan). Purity was deter-
mined as greater than 95% using HPLC analysis. The peptides
were dissolved in sterile de-mineralized water at 1 mg/ml; and
aliquots were freeze-dried and stored at —20°C. For each
experiment, the freeze-dried peptides were re-dissolved to
1mg/ml in sterile distilled-water (dH,0).

2.3.  Human saliva collection
Prior to saliva collection, the aim and details of the study were

explained and consent was obtained from all subjects. Whole
saliva from five human volunteers (27-44 years-old) was

stimulated by chewing paraffin gum for 5 min; and the saliva
was collected in an ice-chilled sterile bottle. After the saliva
was clarified by centrifugation at 10,000 x g for 10 min at 4 °C,
the supernatant without debris was taken and filter sterilized
using a 0.45 pm filter (Millex-HV, Millipore, Cark, Co., Ireland);
and used immediately to coat HA for the binding assay and the
96-well microtitre plates for the biofilm assay.

2.4.  Bactericidal assay

S. mutans or S. gordonii was grown at 37 °C for 18 h using 5%
CO,, 75% N, and 20% O, (GasPack CO,). The bacteria were
harvested and washed with sterilized PBS three times;
suspended in BHI; and adjusted to 5 x 107 CFU in a 1.5 ml
bacterial suspension. Six hundred and fifty pM of SspB (390-
T400K-402) peptide and 0.04% chlorhexidine (CHX) were,
respectively, added into separate bacterial cultures. The mix
suspensions were incubated for 16 or 22 h using 5% CO,, 75%
N, and 20% O, (GasPack CO,). The bacterial concentration at
550 nm was measured using a spectrophotometer (Beckman
Instruments, Inc., Fullerton, CA) and compared with control
(no addition of peptide or CHX).

2.5.  Inhibiting effects of the SspB (390-T400K—402)
peptide to bind oral streptococci to s-HA

The s-HA binding assay was originally described by Liljemark
et al.,?® Koga et al.?* and Arakawa et al.** with our modifica-
tions. To determine the effects of the SspB (390-T400K-402)
peptide, truncated SspB (390-T400K—402) peptides, and vari-
ous amino acids were used to examine S. mutans, S. gordonii
and S. mitis adherence: 20 mg of HA (Sangi Co., Ltd., Tokyo,
Japan) was equilibrated in phosphate buffered saline, pH7.4
(PBS); soaked in 1.5 ml of sterilized whole saliva; incubated for
60 min at room temperature; and washed twice with sterile
PBS. s-HA was suspended and incubated for 60 min at 37 °C in
6.5, 32.5, 65.0, 650.0 and 3,250 uM of the test peptides or 68.5,
685.0, and 6,850.0 uM of lysine, threonine or aspartic acid
solutions in PBS. Oral streptococci were grown at 37 °Cfor 18 h
using 5% CO,, 75% N, and 20% O, (GasPack CO,) in BHI broth
containing [methyl->H] thymidine (ICN Radiochemicals,
Irvine, CA) at 10 pCi/ml having a specific activity of between
2.5x 10" and 0.6 x 1073 cpm/cell. The bacteria were har-
vested and washed with sterilized PBS three times; suspended
in PBS; sonicated on ice for 10 s; and adjusted to 5 x 10’ CFU in

Position Sequence.
SspB (T400K-401) KE

SspB (399-T400K)' - : 0K

SspB (399-T400K-401) QKE

SspB (398-T400K-402) YOKEL

SspB (391-T400K-402) YOAKLAAYQKEL
SspB (390-399) DYQAKLAAYQ
SspB (390-T400K) DYQAKLAAYQK
SspB (390-T400K-401) DYQAKLAAYQKE
SspB (390-T400K~402) DYQAKLAAYQKEL
SspB (D390H-T400K-402) HYQAKLAAYQKEL
SspB (D390K-T400K-402) KYQAKLAAYQKEL
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a 1.5-ml bacterial solution. The s-HA specimens were
suspended in the [*H]-labelled bacterial solution and incubat-
ed with shaking for 90 min at 37 °C 5% CO,, 75% N, and 20% O,
(GasPack CO,). Unattached cells were removed where the
beads with bound [*H]-labelled bacteria were washed five
times with sterilized PBS and transferred to a scintillation vial.
After the addition of 10 ml of Ultimagold Scintillation Cocktail
(Packard Co., Downers Grove, IL), the radioactivity was
determined using a liquid scintillation counter (LSC-5000,
Aloka Co., Ltd., Tokyo, Japan). In an assay without the peptide
with an input of 7.5 x 107 cells, 60% of the cells attached to the
s-HA and showed radioactivity was from 36,500 to 42,500 cpm.
Background values were less than 100 cpm.

2.6.  Binding of analogue peptides to salivary components
using the BIAcore Biosensor System

To confirm binding activities of the analogue peptides to
salivary components, BlAcore Biosensor System (BIAcore
2000, BlAcore AB, Uppsala, Sweden) analysis for peptide
binding was modified and performed as described previous-
ly.*72915 We used a standard CMS sensor chip with a
carboxymethylated dextran-coated gold sensor chip activated
with 70 pl of a solution containing 400 mM N-ethyl-N'-(3-
diethylaminoprophyl) carbodiimide and 100 mM N-hydroxy-
succinimide at a flow rate of 10 pl/min. Following activation,
70 ul of 1/4 diluted and sterilized whole saliva in 10 mM
sodium acetate buffer (pH 5.0) was applied to the chip to
immobilize it on the surface. Residual N-hydroxysuccinimide
esters were then inactivated using 70 pl of 1 M ethanolamine
hydrochloride. We used a flow rate of HBS-EP buffer saline
(0.00 M HEPES pH 7.4, 0.15M NaCl, 3mM EDTA, 0.005%
surfactant P20) at 10 pl/min throughout the immobilization
procedure. The peptide solutions at 0.625, 1.25 and 2.5 mM in
PBS (pH 6.5) were exposed to the immobilized ligand(s) on the
CMS sensor chip (flow rate, 10 pl/min); and for the dissociation
phase we injected HBS-EP at a rate of 10 pl/min. All binding
experiments were conducted at 25°C. At the end of each
binding cycle, the surface of the sensor chip was regenerated
using 50 mM glycine-NaOH (pH 9.5) for 60 s. Before re-usingit,
the returning to baseline of resonance unit was confirmed.
The binding assays were performed less than three times
using a single immobilized surface of the sensor chip because
the reactivity was reduced by repeated use. Association (Ko)
and dissociation (Kg) rate constants were determined using
BlA-evaluation software (BIAcore AB).

2.7.  Biofilm formation assay using microtitre plates

Biofilm formation by S. mutans was assayed using the method
of Motegi et al.?® The assay was performed as an in vitro
experiment to study whether the inhibition effects by peptide
on the adherence was useful for the prevention of biofilm
formation which associated with development of dental caries
in the condition including sucrose. The wells of a 96-well (flat
bottom) micro titre plate (Sumitomo Bakelite, Tokyo, Japan)
were coated with sterilized whole saliva for 30 min at 4 °C. To
perform the inhibition assay using the SspB (390-T400K—-402)
peptide, 100 ul of the analogue peptide solution (650 uM in
PBS) was added to the wells and incubated for 1 h at4 °C. After

removing the peptide solution and washing three times with
sterile PBS, 20 ul (4.0 x 10* CFU) of a bacterial cell suspension
was added to the wells with 160 pl tryptic soy broth without
dextrose supplemented with 0.25% sucrose (TSBS). The plates
were incubated at 37°C for 1h under 5% CO, in aerobic
conditions; then the liquid medium including planktonic cells
was removed by decantation; and the wells were rinsed twice
with sterile PBS. Each well then received 200 ul fresh TSBS and
the culture was incubated for 5, 8, 11 and 15h at 37°C
aerobically with 5% CO,. The liquid medium was removed and
the wells were rinsed twice with sterile PBS. The plates were

~ then air-dried and stained with 0.25% safranin for 15 min.

After staining, the plates were rinsed with dH,0 to remove
excess dye and air-dried. The biofilm mass was measured
quantitatively using an ELISA microplate reader at Asg
(Multiskan Bichromatic Laboratory Japan, Tokyo, Japan) where
the biofilms were uniformly spread on the bottoms of the wells
in the 96-well plates.”®

2.8.  Modeling of the secondary structure using surface
charge

The A-region of SspB is thought to assume an «-helical
structure.’™? Modeling of the secondary structures using the
surface charge of the SspB (390-T400K—402), truncated SspB
(390-T400K—402), SspB (D390H-T400K-402) and SspB (D390K-
T400K—-402) peptides were performed using a MOE (Molecular
Operating Environment, Version 2006-08, Chemical Comput-
ing Group. Inc, Montreal, Canada) with the developing
platform of PPh4Dock and the MMFF94 s force field subrou-
tines used for energy evaluation.?* The proteins and protein
analogues were evaluated and analyzed based on an «-helical
structure using the MOE system. An «-helical structure was
constructed using a Phi-angle of —65° and Psi-angle of —~39°
with energy minimization of possible structures in these
peptides; and was performed using atom size, bond stretch,
angle bend, stretch-bend, out-of-plane, torsion, and charge.

3. Statistics

Comparisons of bacterial adherence and biofilm formation
using peptide or amino acid treatment and non-treatment
were performed using the ANOVA and Fisher's PLSD tests.
Differences at p = 0.05 or less were considered to be statisti-
cally significant.

4, Results

4.1.  Effects of SspB analogue peptide on bacterial binding
to s-HA

The adherence of S. gordonii and S. mutans were significantly
inhibited using 650 uM SspB (390-T400K~402) peptide; but not
at 6.5 and 65 pM (Fig. 1A and B). Adherence of S. mitis was not
inhibited by the peptides (Fig. 1C). This suggests the analogue
peptide is a significant and specific inhibitor for the binding of
S. gordonii and S. mutans to s-HA. The analogue peptide
contains lysine which plays an important role in the binding of



ARCHIVES OF ORAL BIOLOGY 55 (2010) 754-762 757

Binding values of bacteria to HA-beads (x104 cpm)

14 | (©

10

6

o , -

Co&‘o 6.5 65.0 650.0
Peptide (uM)

Fig. 1 - SspB peptide inhibits streptococcal adherence to s-
HA. The adherence levels (cpm) of S. gordonii ATCG 10558
(A), S. mutans MT8148 (B) and S. mitis ATCC 6249 (C) to s-
HA treated with 6.5, 65.0 and 650.0 pM of SspB (390-
T400K-402) peptide are shown. The data are the

means + SD of three independent assays. Asterisks show
significantly different relative levels of bacterial adherence
(p < 0.05 vs. control: non-treated and saliva-coated
hydroxyapatite).

the SspB peptide to salivary components where we con-
structed an analogue protein with two positive surface
charges in connection with the positively charged residues.
These peptides commonly adopt an amphipathic conforma-
tion in which positively charged and hydrophobic groups
segregate onto opposing faces of an a-helix, a B-sheet, or some
other tertiary structure and may have anti-microbial activi-
ties.?> SspB (390-T400K-402) peptide has cationic amino acid
and «-helix structures;® and, therefore, to determine whether
the peptide has cationic anti-microbial activity we performed
the bacteriocidal test. One mg/ml SspB (390-T400K-402)
peptide and positive control, 0.04% chlorhexidine (CHX), were
added to growing S. mutans cultures. CHX inhibited both 16 and
22 h growth of S. mutans; whereas the peptide did not show
inhibition of growth (Fig. 2).

%

& & o P

5 A Y V
» AN o )
& S
00 Q,Q
<
®
g&

Bacterial concentration (ODgs)

Fig. 2 - Bacterial growth in the presence of the SspB peptide
or CHX. To determine whether 650 pM the SspB peptide
has cationic anti-microbial activity, SspB (390-T400K-402)
peptide and a positive control, 0.04% CHX, were applied
into S. mutans cultures grown in BHI. The mixed
suspensions were incubated for 16 or 22 h; and the
bacterial concentrations at 550 nm were measured using a
spectrophotometer. The data are the mean =+ SD of three
independent assays. Asterisks show significantly
different relative levels of bacterial growth (p < 0.05 vs.
control: PBS-treated S. mutans).

To determine the influence of the positive charged amino
acid, lysine, in the binding of S. mutans, lysine alone was used
in a competitive inhibition assay. At 685 pM lysine alone,
higher than the molarity (650 pM) of the SspB (390-T400K-402)
peptide, lysine alone did not show inhibition; whereas at an
excess molarity of 6850 uM lysine alone significantly inhibited
the binding activities (Fig. 3). Members of other similar amino
acids such as glutamine and aspartic acid that are negatively
charged and threonine, the original residue before substitu-
tion by lysine in SspB (390-402) did not inhibit the binding of S.
mutans (data not shown). To determine the effects of changes
in the secondary structure of the analogue peptide, we
examined if the numbers of amino acids and two surface
positive charges and their connection with the positive
charged residues are required for the inhibition. We con-
structed various truncated peptides, substituted amino acids
in the preparations, and made small peptides (Table 1). The
dimer amino acid peptides (KE or QK) of lysine and glutamic
acid or glutamine did not show significant inhibition as shown
by SspB (390-T400K—402) peptide at the same molarities
(Fig. 4). The trimer amino acid peptide (QKE) of lysine,
glutamic acid and glutamine, and the pentamer amino acid
peptide (YAKEL) containing lysine at its centre did not show
significant inhibition. The central chain (amidohydrogen) of
SspB has a positively charged aspartic acid that is partially
exposed on the surface of the «-helical peptide structure
determined in a previous crystallography analysis.” The
authors suggest the two surface positive charges at residues
390(D) and 400(K) were important for the binding to the
salivary components. To study the role of the positively
charged residues for the inhibition activity, we constructed a
peptide without aspartic acid and substituted a positive charge
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Fig. 3 - Inhibition using lysine alone for S. mutans
adherence to s-HA. The adherence levels (cpm) of S.
mutans MT8148 to s-HA treated with 68.5, 685.0 and
6850.0 pM lysine are shown. Gontrol: binding values of S.
mutans to non-treated s-HA. The data are the means + SD
of three independent assays. Asterisks show significantly
different relative levels of bacterial adherence (p < 0.05 vs.
control: non-treated s-HA).

amino acid at position 390 (Table 1). SspB (391-T400K—402) and
SspB (D390H or D390K-T400K—402) peptides were synthesized
and used in the inhibition assay. We found substituted
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peptides lacking aspartic acid did not show significant
inhibition (Fig. 4). Expression of the positive and negative
charge at position 390 was required for the inhibition effects of
the peptide in S. mutans adherence (Fig. 5). After removing
leucine at position 402 (Table 1), the SspB (390-T400K-401)
peptide was synthesized and used in the inhibition assay. The
SspB (390-T400K—401) peptide showed significant inhibition at
similar levels as the SspB (390-T400K-402) peptide. S. gordonii
and S. mutans adherence had dose-dependentinhibition by the
SspB (390-T400K—402) peptide; but not after removing more
amino acids using the SspB (390-399) peptide (Fig. 6AB). S. mitis
adherence was not inhibited by any of these peptides (Fig. 6C).
Removing more amino acids from the SspB (390-T400K)
peptide removed significant inhibition (Fig. 4). This shows
the negative charged amino acid, glutamic acid, at position 401
was required for the inhibition effect (Fig. 5).

To further quantitatively confirm the binding activity of
analogue and truncated peptides to salivary components, an
adhesion binding assay was performed using the BlAcore
Biosensor System. Peptides (1.25 mM) were applied to the
sensor chip having the immobilized salivary components.
The K, and K4 were determined using the BIA-evaluation
software (BIAcore). The K, of peptides were lower than K,
levels (1 x 10*-10° M™% seen with monoclonal antibodies to
antigens; however, our values were significant (Table 2).
There were no significant differences between SspB (390-
T400K-402) and SspB (390-T400K—-401) peptides in K, and K;.
Other peptides and peptides at less than 650 M were below
the detectable K, and K4 using the BlAcore assay. Taken
together, the connection of the positively and negatively
charged residues involving aspartic acid, lysine and glutamic
acid at positions 390, 400 and 401; and the 12 amino acid
sequence from positions 390 to 401 were required for binding
and the inhibition activity of the SspB (390-T400K-402)
peptide.

LI R
& F & & S
GO S A Y

LR U . U
IO

Fig. 4 - Inhibition using SspB truncated peptides for S. mutans adherence on s-HA. The adherence levels (CPM) of S. mutans
MT8148 to s-HA treated using 650.0 pM lysine alone, SspB (T400K-401), SspB (399-T400K), SspB (399-T400K-402), SspB
(398-T400K-402), SspB (391-T400K~402), SspB (390-399), SspB (390-T400K), SspB (390-T400K-401), SspB (390-T400K-402),
SspB (D390H-T400K-402) and SspB (D390K-T400K-402) peptides are shown. Control: binding values of S. mutans to non-
treated s-HA. The data are the means + SD of three independent assays. Asterisks show significantly different relative
levels of bacterial adherence (p < 0.05 vs. control: non-treated and saliva-coated hydroxyapatite).
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SspB(D390K-T400K-402) SspB(399-T400K) SspB(380-T400K-401)

KYQAKLAAYQKEL DYQAKLAAYQK DYQAKLAAYQKE

SspB(D390H-T400K-402) ’ SspB(391-T400K-402) SspB(390-T400K-402)
. HYQAKLAAYQKEL YQAKLAAYQKEL DYQAKLAAYQKEL

Fig. 5 - Schematic computer model of the substituted peptides, SspB (390-T400K-402) and truncated SspB (390-T400K-402)
peptides. Model of the secondary structure and surface charges (positive [blue] and negative [red]) in the peptides were
constructed by using the MOE software with chemical computing graphics. Some of the amino acid residues on the surface
of the peptides are indicated.

° 25.0 (A) 23%;3:37;:)01(402) 3.5 (B) g::szg;-;‘;;oxwz) 14.0 (C)  -O-swaosTao0K-0D
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5 i 20.04 4 % 4 __% -
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Fig. 6 - Inhibition using SspB (390-T400K~402) and SspB (390-T400K~401) peptides for streptococci adherence on s-HA. The
adherence levels (cpm) of S. gordonii ATCC 10558 (A), S. mutans MT8148 (B) and S. mitis ATGC 6249 (C) to s-HA treated with
0.0, 32.5, 65.0, 325.0, 650.0 and 3,250.0 pM of SspB (390~-T400K-402) or SspB (390-399) peptide are shown. The data are the
means * SD of three independent assays.

4.2.  Effects of the SspB analogue peptide using the analogue peptide on the polystyrene plates before inoculation
microtitre plate inhibition assay of S. mutans to the saliva-coated well did not inhibit biofilm

formation at 6, 9, 12 and 16 h culture without withdrawing the
We determined if SspB (390-T400K—402) inhibited adherence planktonic cells (data not shown). However, after withdrawing
of S. mutans and influenced biofilm formation by S. mutans the planktonic cells at 1 h, photographs shows bindingat 5 and
conditioned with 0.25% sucrose. The treatment with the 8h was inhibited by pre-treatment with 650 pM analogue
peptide (Fig. 7A); and significant inhibition was confirmed
using quantitative analysis in comparison to the control, a
non-treated culture (Fig. 7B). At 650 uM analogue peptide, the
biofilm formation after withdrawing planktonic cells at 1 h
was significantly inhibited using S. mutans, when the plates

Table 2 - Association and dissociation rate constants of
SspB peptides to immobilized salivary components.

SspB peptide Association Dissociation . . .
rate constants rate constants were twice washed with sterile PBS, after the 5 and 8 h culture
(Ka x 10*M™Y) (Ka x 107> M) (Fig. 7C). The effect slowly diminished, where at 11h the
290 T400K 402 L7100 57150 culture biofilm was notinhibited using pre-treatment with the
390-TA400K_401 29411 28413 SspB (390-T400K—-402) peptide using no washing with PBS

(Fig. 7B); and showed slight inhibition when twice washed
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A) Control

SspB (390-T400K-402)
peptide

®
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[0 sspB(390-T400K-402)
0.3 peptide treatment

0.6
0.4

0.2 .
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(Absorbance at 492 nm)

0.0

Sh 8h 11h
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©
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Fig. 7 - Inhibition using SspB peptides of 5. mutans biofilm formation on polystyrene surfaces. The culture medium
including planktonic cells of S. mutans MT8148 was removed from the polystyrene surface treated using 650 uM SspB (390-
T400K-402) peptide after 1 h culture of S. mutans MT8148. Photographs of biofilms formed by S. mutans MT8148 on the
polystyrene surface of a 96-well microtitre plate coated with salivary components and treated with SspB (390-T400K-402)
peptide at 5 and 8 h culture (40X) (A). Formed biofilms were stained using safranin and the absorbance was measured at
492 nm (B). After removing the culture medium, the wells were rinsed a second time with sterile PBS (C). Fresh medium was
added and they were cultured for 5, 8 and 11 h. The data are expressed as the means = SD of triplicate assays. Asterisks
show significantly different relative levels of biofilm formation (p < 0.05 vs. control: non-treated and the saliva-coated

polystyrene surface).

with sterile PBS (Fig. 7C). By 15h, there was no significant
inhibition of adherence by pre-treatment with the peptide
(data not shown).

5. Discussion

Controlling dental plaque bacteria is important in the
prevention and treatment of oral diseases. Recently, various
types of anti-microbial peptides against oral bacteria derived
from various sources have been suggested.?*° However, the
tested peptides shown here have no bactericidal activity and/
or cell growth enhancement or growth inhibition (Fig. 2). The
constructed analogue peptide described here exhibits a
significant binding to salivary components and has a
preferential adherence inhibition for S. mutans and S. goedonii
on the salivary components-coated HA as compared to other

beneficial commensal streptococci such as S. mitis that were
notinhibited. As S. gordonii and S. mutans likely compete for the
same niche environment in the dental plaque biofilm, this
capacity may allow S. gordonii to effectively win the interspe-
cies competition with S. mutans.>* Accordingly, S. gordonii and
S. mutans may compete for salivary adhesion sites such as
homologue SspB regions including SspB (390-402) and PAc
(365-377)." Therefore, physical inhibition using the analogue
peptide may potentially be useful in preventing the interaction
between salivary components and the common adhesin area
on S. mutans and S. gordonii surface proteins; and may play a
role in preventing bacterial adherence and dental caries using
a safe oral treatment without side-effects; whereas other
peptides have direct effects such as bactericidal activity,
killing both beneficial and pathogenic agents.

In previous studies, lysine inhibited whole saliva- and
salivary agglutinin-mediated aggregation of both S. mutans
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and S. sanguinis®? as well as S. mutans adherence to an adhesin-
promoting-coated hydroxyapatite.*® Previous reports support
our findings that in theory the lysine moiety has a role in the
adherence inhibition of S. mutans and S. gordonii. Excess lysine
alone inhibits S. mutans adherence; however at the same
molarity, lysine alone does not inhibit adherence compared to
the SspB (390-T400K-402) peptide, which shows significant
inhibition (Fig. 3). Synthetically adding glutamine or glutamic
acid, and glutamine and glutamic acid to the N or/and C-
terminus at the lysine and other truncated peptides of the
SspB (390-T400K-402), except for the SspB (390-T400K—401)
peptide, did not increase binding to the salivary components
and did not inhibit adherence (Fig. 4). This shows the leucine
position 402 on the c-terminal side was not required for
binding and inhibition. The responsible peptide adhering to
the salivary receptors required the appropriate secondary
structure with surface charges for adherence inhibition of S.
mutans (Fig. 5). Recently, Daep et al. reported the SspB peptide
(residues 1167-1193) containing positively charged amino
acids at position 1182 or hydrophobic residues at position
1185 bound to P. gingivalis more efficiently than control
peptides containing asparagine and valine at these posi-
tions.3* The study suggested perturbation of the peptide
secondary structure influences the adherence activity. Here
we show a lack of aspartic acid at position 390 in the SspB (391~
T400K—402) peptide did not inhibit the adherence of S. mutans
to s-HA. Further, peptides substituted with positively charged
amino acids at position 390 did not show significant inhibition.
Aspartic acid at position 390 is a negatively charged amino
acid showing negative and positive charged areas in the
secondary structure of SspB (390-T400K-402) using chemical
computing graphics (Fig. 5). The c-terminus neighbour of
lysine at position 400 is glutamic acid having a negatively
charged amino acid at position 401 in the SspB (390-T400K~
402) peptide. The lack of glutamic acid at position 401 resulted
in a marked loss of the inhibition activity for the peptide.
Cheng et al.®® suggests ion-pairing (positive and negative
charged functional groups) interactions are important for
protein stabilization. Therefore, we conclude the positive
charges form durable interactions with negative charges in the
analogue peptide. The structural and expressive difference in
the surface protein charge in the active peptides may
influence inhibition. Taken together, the two surface positive
charges in connection with the negatively charged residues at
position 390, 400 and 401, and the 12 amino acid sequence of
390-T400K~-401 are required for the adherence inhibition of S.
mutans. These new characteristic activities in amino acid
sequence were found in addition to the required position of
lysine previously observed by our laboratory.*®

Biofilm formation at 5 and 8 h after culture re-start, S.
mutans was inhibited with the peptide pre-treatment on
saliva-coated polystyrene surfaces when the planktonic cells
were removed after 1 h culture with the S. mutans. The biofilm
formation at 5 and 8 h had log-phase biofilm growth.>® We
believe once the bacterial adherence is inhibited, biofilm
formation could be immediately prevented. However, the
inhibition effects were not shown with planktonic cells and
were poor without planktonic cells in stationary phase
biofilm growth (>11 h). Possibly, the planktonic cells adhered
to polystyrene surfaces and was un-bound with the peptide

using synthesis of glucan in the medium containing sucrose
because the synthesis of glucans is critical both for the
adherence of the organisms to the tooth surfaces and for their
accumulation and persistence.” Further, the planktonic cells
reproduced increasing the developed biofilm where this may
disturb the inhibition by the peptide during stationary phase
biofilm growth. Therefore, biofilm formation in glycan
inducing media including sucrose was limited to a short
culture time (<8h). However, if used regularly in routine
home and clinically in the oral cavity, peptide therapy to
prevent dental caries requires oral routine hygiene techni-
ques to remove planktonic cells and the limitation of sugar
diet intake.

After treatment using analogue SspB peptide, the com-
mensal streptococci such as S. mitis which is the major
bacteria in the oral cavity of healthy humans® may re-
colonize immediately on the tooth surface to keep a healthy
oral flora excluding S. mutans. Therefore, in conclusion, it may
be possible to employ anti-adherence peptides in future
routine therapies preventing oral infections. Thus as the oral
cavity is readily accessible for regular local application to the
tooth surface, oral hygiene with brushing and limitation of
sugar diet intake may be particularly suitable for including this
small peptide.
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Abstract

Purpose Oral mucositis is a common symptomatic compli-
cation associated with hematopoietic stem cell transplantation
(HCT). We use simple strategies aimed to reduce oral
mucositis by keeping the oral cavity clean and moist. Here,
we report on the progress of oral care and the changes in the
degree of oral mucositis. The purpose of this pilot study is to
evaluate the effects of our strategies on the prevalence and the
severity of oral mucositis.

Methods Fifty-three consecutive patients from 2003 to 2006
administered with conventional allogeneic HCT were enrolled
in this study. The degree of oral mucositis was evaluated daily
in all patients. Our oral care program was divided into two
periods: “examination and trial period (2003 and 2004)” and
“intensive oral care period (2005 and 2006).” In the latter, an
oral care regimen was carried out systematically by a
multidisciplinary team.
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Results Using our oral care strategies, the prevalence of
ulcerative oral mucositis was decreased significantly. The
rate was reduced from 76% (10 of 13) of patients with
ulcerative oral mucositis in 2003 to only 20% (3 of 15) in
2006.

Conclusions Our pilot study suggests that oral mucositis in
HCT patients can be alleviated by simple strategies aimed
at keeping the oral cavity clean and moist.

Keywords Oral care - Supportive care - Oral mucositis -
Hematopoietic stem cell transplantation

Introduction

Oral mucositis is one of the most common symptomatic
complications associated with high-dose chemotherapy,
especially hematopoietic stem cell transplantation (HCT)
[1, 2]. Severe mucositis is associated with not only
intolerable pain but also the risk of systemic infection.
Oral mucositis is a significant cause of suffering and
morbidity in patients receiving myeloablative chemotherapy
[3]. Effective interventions to alleviate this complication are
needed [3].

Keeping the oral cavity clean is one of the important
interventions because this prevents both mucositis itself and
infection associated with oral mucositis. The Multinational
Association for Supportive Care/International Society of
Oral Oncology mucositis guidelines [4] and the National
Cancer Center Network task force report [3] both recommend
good oral hygiene in these patients.

Keeping the oral cavity moist may also be important. Oral
dryness is caused by high-dose chemotherapy and total-body
irradiation (TBI) performed as part of the conditioning
regimen for HCT. Oral dryness not only results in discomfort
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but may also exacerbate oral mucositis. We have often seen
the development of ulcerative mucositis on dry mucosa in
contact with dry teeth clinically. One of the reasons may be
that saliva is necessary to maintain oral mucosal health.
Additionally, moisture in oral cavity may moderate irritation
caused by mechanical contact between the teeth and oral
nmucosa.

We began attempts to implement oral care in our ward
from 2003. Our strategy includes a multidisciplinary
approach prior to and during cancer treatment aimed at
reducing the oral microbial load and keeping the oral cavity
moist. Here, we describe the effect of intensive oral care on
the degree of oral mucositis in HCT recipients.

Materials and methods
Patients

Fifty-three consecutive patients administered conventional
allogeneic HCT at Okayama University Hospital of Medicine
and Dentistry between April 2003 and March 2007 (23 men,
30 women; mean age=SD, 34.3£11.8 y) were enrolled in this
study. Patients administered autologous and reduced-intensity
HCT (RIST) were excluded. Numbers of patients and diseases
according to year are shown in Table 1.

The Ethics Committee of Okayama University Graduate
School of Medicine, Dentistry, and Pharmaceutical Sciences
approved this study.

HCT conditioning regimens

Most patients with related or unrelated donors received TBI at
a dose of 12 Gy in six fractions followed by cyclophospha-
mide (CY) at a dose of 60 mg/kg once daily for 2 days.
Alternatively, patients received a combination of busulphan
(BU; 4 mg/kg/day x4 days) and CY (60 mg/kg/day x2 days).
Patients with unrelated cord blood donors were treated with
TBI at 12 Gy, CY (60 mg/kg/dayx2 days) and cytarabine

(Ara-C; 6 g/m>/dayx2 days). Numbers of patients, sources of
hematopoietic stem cells, and HCT protocols (conditioning
regimen) according to year are shown in Tables 2 and 3.

General infection control

Fluoroquinolone for prophylaxis against bacterial infection
and fluconazole for prophylaxis against fungal infection were
administered orally. Prophylaxis against herpes virus infection
with acyclovir was also given. Neutropenic fever was
managed according to the guidelines of Hughes et al. [6].

Assessment of oral mucositis

The severity of oral mucositis in patients undergoing HCT
was evaluated daily according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCI-CTCAE) version 3.0 [7]. The criteria for oral
mucositis were as follows:

—  Grade 1: Erythema of the mucosa

~  Grade 2: Patchy ulcerations or pseudomembranes

~  Grade 3: Confluent ulcerations or pseudomembranes;
bleeding in response to minor trauma

—~ Grade 4: Tissue necrosis; significant spontaneous
bleeding; life-threatening consequences

—  Grade 5: Death

Assessments were performed as part of daily nursing
care by nurses who were trained by dentists and dental
hygienists. The consistency of these assessments was
checked by the dental team at least once per week.

Progress of our oral care regimen

Implementation of our oral care program was divided into two
periods: “examination and trial period (2003 and 2004)” and
“intensive oral care period (2005 and 2006).” Throughout this
study period, the core oral care providers consisting of an
experienced dentist, dental hygienists, and nurses were the same.

Table 1 Diseases of patients

Diseases Year Total
2003 2004 2005 2006
Acute myelogenous leukemia 5 4 3 4 16
Acute lymphoblastic leukemia 5 3 1 2 11
Chronic myelogenous leukemia 1 0 1 0 2
Malignant lymphoma 1 4 6 4 15
Aplastic anemia 1 0 1 0 2
Myelodysplastic syndromes 0 0 2 5 7
Total 13 11 14 15 53
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Table 2 Source of hematopoi-

etic stem cells Source Year Total

2003 2004 2005 2006

Related donors 7 4 2 6 19
Unrelated donors (without cord blood donors) 4 7 7 22
Unrelated cord blood donors 0 5 5 12
Total 13 11 14 15 33

Examination and trial period (2003 and 2004)

We provided oral care interventions when oral mucositis
developed clinically in HCT patients. On the other hand,
there was no consensus within our ward regarding the
precise method of oral care, and sometimes some points
were missed.

Intensive oral care period (2005 and 2006)

We provided preventive oral care interventions, keeping the
oral cavity clean and moist. The core oral care providers
educated all ward staff members including new personnel.
The oral care regimen included:

1. All subjects were referred to dentists with experience in
treating medically compromised patients, and necessary
dental treatment aimed at reducing preexistent oral
infection, and the oral microbial load was completed as
much as possible before HCT.

All subjects were instructed regarding self management
including performing meticulous oral hygiene geared to
their individual needs. Staff members, including nurses
and dental professionals performed oral hygiene measures

.PJ

Table 3 Conditioning regimen of HCT

Conditioning regimens  Year Total
2003 2004 2005 2006

With TBI

CY/TBI 6 5 6 9 26
1-PAM/TBI 2 2 3 2 9
CA/TBI 1 0 0 0 1
CA/CY/TBI 0 1 3 2 6
CY/TBI/ATG 0 0 1 0 1
Without TBI

BU/CY 3 3 1
CY/ALG 0 0

FlwBU 0 0 0 1 1
Total 13 11 14 15 53

TBI Total-body irradiation, C¥ cyclophosphamide, L-P4M melphalan,
CA cytarabine, ATG anti-thymocyte globulin, BU busulfan, ALG anti-
lymphocyte globulin, Flu fludarabine

to patients in poor general condition. In patients with
severe mucositis who could not tolerate tooth brushing,
dental and mucosal debris was gently removed using
saline-drenched gauzes, aimed at keeping the oral cavity
as clean as possible.

3. Oral rinsing with saline was performed every 3 h
during daytime. In addition, patients used a commercial
saliva substitute, Oralbalance®, when they experienced
oral dryness. Oral rinsing with chlorhexidine is not
recommended in Japan. Oral rinsing with amphotericin
B was indicated only when fungi were detected on the
oral mucosa. '

Statistical analysis

The frequencies of patients with oral ulcerative mucositis
(NCI-CTCAE version 3.0>2) during transplantation period
for each year were analyzed statistically with Fischer’s exact
test. Mucositis frequencies of 2004, 2005, and 2006 were
compared with that of 2003, and the period 2003-2004 and
20052006 were compared. P values were calculated using
StatFlex statistical software (Artech, Osaka, Japan).

Results
Progress of oral care and oral mucositis

The frequencies of all grades of mucositis by year are shown in
Fig. la. Subjects were categorized as follows: non-oral ulcer <
Grade 1; oral ulcer carrier > Grade 2, since mucositis > Grade
2 suggests disruption of the oral mucosal membrane barrier
and formation of an infection route (Fig. 1b). With progress of
oral care, the frequency of patients with ulcerative oral
mucositis decreased significantly (P<0.05, Fischer’s exact
test), whereas there were no significant changes relative to
diseases or conditioning regimens (Tables | and 2); mucositis
rate was reduced from 76% (10 of 13) of patients with
ulcerative oral mucositis in 2003 to only 20% (3 of 15) in
2006. When the historical control group (2003+2004) was
compared with the intensive oral care regimen group (2005+
2006), a significant reduction in ulcerative mucositis was also
observed (Fig. l¢; P<0.05, Fischer’s exact test).
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qFig. 1 Frequencies of oral ulcerative mucositis by year. a Frequencies
of all grades of mucositis by year. b Frequencies of patients with
ulcerative oral mucositis (grade > 2). Numbers of patients with
ulcerative oral mucositis according to the year of their HCT were as
follows: 10 of 13 in 2003; 9 of 11 in 2004; 6 of 14 in 2005; 3 of 15 in
2006. ¢ The historical control group (2003+2004) was compared with
the intensive oral care regimen group (2005+2006). A significant
reduction of ulcerative mucositis was observed

Discussion

Our oral care strategy aimed at keeping the oral cavity clean
and moist reduced the degree of ulcerative oral mucositis in
our ward. Borowski et al. [&] reported the superiority of
intensive oral care in patients with and without TBI and in
patients with good or poor oral hygiene; the observed risk
of mucositis was reduced by 70% in each of these four
subgroups in their study. Our results were very similar to
those reported in this study. The ulcerative mucositis rate in
our study was reduced from 76% (10 of 13) of patients in
2003 to only 20% (3 of 15) in 2006. Therefore, the rate of
ulcerative mucositis in 2003 was reduced by 73.7% in 2006
by our intensive oral care regimen (Fig. 1b).

The Multinational Association for Supportive Care in
Cancer/International Society of Oral Oncology mucositis
guidelines recommend systematic oral care with brushing,
flossing, bland rinses, and moisturizers [4]. This guideline
recommends a multidisciplinary approach to oral care
including nurses, physicians, dentists, dental hygienists,
dieticians, pharmacists, and others, when relevant. Further-
more, dental examination and treatment are considered
important prior to the start of cancer therapy [4]. The
present pilot study supports these recommendations. Our
oral care regimen included application of Oralbalance®,
which has been shown to have an antimicrobial effect [9].
However, the use of additional antimicrobial agents may be
indicated in patients who cannot continue tooth brushing. In
our regimen, we used wet gauzes to clean the oral cavity in
these patients, but this has been shown to be ineffective to
remove dental plaque [10].

The shifts in some of the diagnoses (Table ) and
associated treatment regimens between the two periods
evaluated may have had an impact on the outcomes. A
prospective intervention study, including large numbers of
subjects and controls, may provide more detailed informa-
tion on optimal oral care measures and may demonstrate the
significance of oral care in HCT patients to reduce oral
mucositis and related outcomes including pain, fever and
infection, length of hospital stay, and costs.

In conclusion, our results suggest that oral mucositis in
HCT patients can be alleviated by intensive multidisciplinary
oral care starting prior to HCT and aimed at keeping the oral
cavity clean and moist in the immediate post-transplant
phase.
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