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Passive Immunization with Milk Produced from an Immunized Cow

Prevents Oral Recolonization by Streptococcus mutans
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Cell surface protein antigen (PAc) and water-insoluble glucan-synthesizing enzyme (GTF-I) produced by
cariogenic Streptococcus mutans are two major factors implicated in the colonization of the human oral cavity
by this bacterium. We examined the effect of bovine milk, produced after immunization with a fusion protein
of functional domains of these proteins, on the recolonization of S. mutans. To prepare immune milk, a preg-
nant Holstein cow was immunized with the fusion protein PAcA-GB, a fusion of the saliva-binding alanine-rich
region (PAcA) of PAc and the glucan-binding (GB) domain of GTF-I. After eight adult subjects received
cetylpyridinium chloride (CPC) treatment, one subgroup (2 = 4) rinsed their mouths with immune milk and
a control group (n = 4) rinsed with nonimmune milk. S. mutans levels in saliva and dental plaque decreased
after CPC treatment in both groups. Mouth rinsing with immune milk significantly inhibited recolonization of
S. mutans in saliva and plaque. On the other hand, the numbers of S. mutans cells in saliva and plaque in the
control group increased immediately after the CPC treatment and surpassed the baseline level 42 and 28 days,
respectively, after the CPC treatment. The ratios of S. mutans to total streptococci in saliva and plaque in the
group that received immune milk were lower than those in the control group. These results suggest that milk

produced from immunized cow may be useful for controlling S. mutans in the human oral cavity.

Dental caries is one of the most prevalent infectious diseases
in humans, and Streptococcus mutans has been implicated as a
causative organism in human dental caries (5, 12, 22). Coloni-
zation on tooth surfaces by this microorganism is considered to
be the first step in the induction of dental caries. S. mutans
adheres to tooth surfaces by sucrose-independent and sucrose-
dependent mechanisms (8, 10). The former mechanism is due
to the binding of a 190-kDa surface protein antigen (PAc) of S.
mutans to human salivary components on tooth surfaces (9).
The latter, sucrose-dependent binding, is due to the synthesis
of water-insoluble glucan from sucrose catalyzed by glucosyl-
transferases (GTFs) (11). The important roles of PAc and
water-insoluble-glucan-synthesizing GTF (GTF-I) in the cario-
genicity of S. mutans make them rational targets for the de-
velopment of an anticaries vaccine and an adhesion inhibitor
(7). Simultaneous inhibition of these colonization factors may
result in the protection of teeth from dental caries.

We previously constructed a fusion protein, PAcA-GB, that
fuses the saliva-binding alanine-rich region (PAcA) of PAc
with the glucan-binding (GB) domain of GTF-I (27) and have
immunized Holstein cows with the fusion protein (19). More-
over, we have shown that antibodies purified from the milk of
these immunized Holstein cows inhibit both the adhesion of S.
mutans to saliva-coated hydroxyapatite beads and glucan syn-
thesis by GTF-I (19). In this study, we investigated the effect of
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passive immunization with milk from an immunized cow on
recolonization of the human oral cavity by S. mutans.

MATERIALS AND METHODS

Preparation of immune milk and control milk. Immune milk and control milk
were prepared as described previously (19). Immune milk was collected from a
Holstein cow immunized with the fusion protein PAcA-GB (27), and control
milk was collected from a Holstein cow that had not been immunized. After
pasteurization at 65°C for 30 min, milk from each cow was processed and stored
at —30°C until it was used.

rPAc and GTF-I. Recombinant PAc (rPAc) and GTF-I were used as antigens
for the enzyme-linked immunosorbent assay (ELISA). rPAc was purified from
the culture supernatants of transformant S. mutans TK18 by ammonium sulfate
precipitation, chromatography on DEAE-cellulose, and subsequent gel filtration
on Sepharose CL-6B (Pharmacia, Uppsala, Sweden) (9). For preparation of
GTF-], transformant S. mutans UA130B™, which is defective in both the gtfC and
gtfD gene products (27), was grown in brain heart infusion broth (Difco Labo-
ratories, Detroit, Mich.) at 37°C for 18 h. GFT-I was extracted from whole cells
of the transformant by treatment with 8 M urea at 25°C for 1 h. The extract was
centrifuged at 5,000 X g for 20 min, and the supernatant was dialyzed against 10
mM potassium phosphate buffer (pH 6.0). The supernatant was used as the
GTF-I preparation (27).

ELISA. For ELISA, 96-well microtiter plates were coated with 100 wl of rPAc
or GTF-I (5 pg/ml) in 50 mM carbonate-bicarbonate buffer (pH 9.6). After
incubation at 37°C for 90 min, the plates were washed with phosphate-buffered
saline (PBS) containing 0.05% (vol/vol) Tween 20 (PBST) and blocked with
PBST containing 1% (wt/vol) chicken egg albumin at 37°C for 90 min. After the
plates were washed three times with PBST, twofold serial dilutions of pasteurized
bovine milk were added (100 wl per well) and the plates were incubated at 37°C
for 90 min. The bound antibodies were detected with alkaline phosphatase-
conjugated rabbit anti-bovine immunoglobulin G (heavy and light chains)
(Zymed Laboratories, South San Francisco, Calif.) followed by the addition of
p-nitrophenylphosphate substrate solution (1 mg/ml). After 30 min of incubation
at 37°C, the A ,ys was measured with a microplate reader (Bio-Rad Laboratories,
Richmond, Calif.). The ELISA antibody titer was expressed as the reciprocal of
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TABLE 1. ELISA titers to rPAc and GTF-I of bovine milk

ELISA titer with coating antigen®

Bovine milk
rPAc GTF-1
Immune 4,667.7 2,791.8
Control 36.4 259.4

“ ELISA antibody titer expressed as the reciprocal of the highest dilution
giving an A4ys of 0.1 above the conjugated control (no sample added) after
30 min of incubation with the substrate.

the highest dilution giving an 4,5 of 0.1 above the conjugated control (no sample
added) after 30 min of incubation with the substrate.

Subjects. Eight healthy volunteers (ages 20 to 25) who had more than 5 X 10°
CFU of S. mutans/ml in stimulated saliva were randomly divided into test (n =
4; 3 female, 1 male) and control (n = 4; 2 female, 2 male) groups. Written
informed consent was obtained from all volunteers, and the protocol was ap-
proved by the ethics committee of the Faculty of Dental Science, Kyushu Uni-
versity, Fukuoka, Japan. None of the volunteers had any clinically detectable
active carious lesions. For the baseline values of the mean S. mutans count, the
ratio of S. mutans to total streptococci, and the mean dental caries experience
(decayed, missing, filled teeth), there was no statistical difference between the
groups.

Experimental design. Three different samples of saliva and plaque were col-
lected from each subject during a 2-week period. The baseline S. mutans level in
each subject was determined from the mean value of the three samples. Before
rinsing their mouths with milk, all of the subjects received cetylpyridinium chlo-
ride (CPC) treatment and professional mechanical tooth cleaning (PMTC) for 5
days to lower the level of S. mutans in the oral cavity. After PMTC with a rubber
cup and an abrasive containing fluoride, 10 ml of 1.0% CPC solution was applied
once a day for 5 min using a custom-made dentition tray. During this treatment
period, the subjects also rinsed their mouths with 10 ml of 0.2% CPC solution for
1 min twice a day (morning and night) after brushing their teeth. On the day after
the last CPC treatment, they started rinsing their mouths with milk. Mouth
rinsing was performed with 10 ml of immune and control milk for 1 min twice a
day (morning and night) after tooth brushing for a period of 14 days. The
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subjects were instructed not to change their oral hygiene habits during the study
period, and they were asked to refrain from eating and drinking for 1 h after
rinsing their mouths with CPC or milk.

Bacteriological analysis. Stimulated whole saliva was collected by having the
subjects chew paraffin and expectorate into a tube chilled on ice. Plaque samples
collected using a sterilized periodontal probe from all the surfaces of the most
posterior molars in each quadrant were immediately placed into 1 ml of PBS.
Both saliva and plaque samples were homogenized by sonication for 10 s. Serial
10-fold dilutions of the suspensions were prepared in PBS. Aliquots of 100 wl of
the appropriate dilutions were plated in duplicate on mitis salivarius (MS) agar
and MS-bacitracin (MS-B) agar (2). The plates were incubated at 37°C under
anaerobic conditions for 72 h. The number of S. mutans cells and the total
number of streptococci per plate were determined by counting colonies on MS-B
agar and MS agar plates, respectively. Identification of S. mutans was conducted
by observation of colony morphology on MS-B agar plates under a microscope,
and representative colonies of different morphotypes identified as S. mutans
were confirmed by the PCR method as described previously (20).

Statistical analysis. The ELISA titer, S. mutans count, and ratio of S. mutans
to total streptococci were each expressed as the mean * standard deviation.
Statistical comparison between the test group and the control group was made
using the Mann-Whitney U test with SPSS (version 6.1; SPSS Japan Inc., Tokyo,
Japan).

RESULTS

ELISA titers in milk. ELISA titers to rPAc and GTF-I of
immune milk from a cow immunized with fusion protein
PAcA-GB and control milk from a nonimmunized cow are
shown in Table 1. Immune milk showed antibody titers to the
two components of the fusion protein, rPAc and GTF-I, ap-
proximately 130- and 10-fold higher, respectively, than those of
the control milk.

S. mutans count. The numbers of S. mutans cells in saliva and
dental plaque were expressed as the mean of the percentage of
the baseline count (Fig. 1). S. mutans in saliva and plaque was
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FIG. 1. Effects of milk from an immunized cow on oral recolonization by S. mutans in saliva (A) and dental plaque (B). The volunteers rinsed
with milk (solid circles) from a Holstein cow immunized with fusion protein PAcA-GB or with control milk (open circles) (10 ml/rinse) twice a
day (morning and night) after brushing for 14 days after an initial 5 days of CPC treatment. The values are the mean + standard deviation of S.
mutans levels expressed as a percentage of the baseline S. mutans level. The statistical difference between the baseline S. mutans level and the S.
mutans level at each sampling date was assessed using the Mann-Whitney U test. *, P < 0.1; #*, P < 0.05.
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FIG. 2. Effects of milk from an immunized cow on the ratio of S. mutans to total streptococci in saliva (A) and dental plaque (B). The volunteers
rinsed with milk (solid circles) from a Holstein cow immunized with fusion protein PAcA-GB or with control milk (open circles) (10 ml/rinse) twice
a day (morning and night) after brushing for 14 days after an initial 5 days of CPC treatment. The values are the mean + standard deviation of
the ratio of S. mutans to total streptococci expressed as a percentage of the baseline level. The statistical difference between the baseline level and
the ratio of S. mutans to total streptococci at each sampling date was assessed using the Mann-Whitney U test. *, P < 0.1; #*, P < 0.05.

suppressed by the CPC and PMTC treatments in both the test
group and the control group. The numbers of S. mutans cells in
saliva and plaque in the test group remained less than 1/10 of
the baseline throughout the 4 weeks after mouth rinsing was
begun. On the other hand, the numbers of S. mutans cells in
saliva and plaque in the control group returned to near-base-
line levels during the period of mouth rinsing and increased
beyond the baseline after the end of the mouth rinsing.

Ratio of S. mutans to total streptococci. In the test group, the
ratios of S. mutans to total streptococci in saliva and plaque
decreased after the CPC treatment and PMTC and further
decreased during the first week of mouth rinsing with the
immune milk (Fig. 2). From the second week of mouth rinsing,
the ratios increased gradually. On the other hand, the ratio of
S. mutans to total streptococci in plaque in the control group
increased immediately after the CPC treatment and PMTC
and continued to increase beyond the baseline level. The ratios
of S. mutans to total streptococci in the test group were lower
than in the control group throughout the study period.

DISCUSSION

Passive immunization for prevention of dental caries has
recently received much attention (3, 4, 23), and monoclonal
antibodies, chicken egg yolk antibodies, and bovine milk anti-
bodies have been used (1, 6, 13, 14). Of these, bovine milk
antibodies are, in theory, most easily obtained on a large scale.
In practice, colostrum or concentrated milk has been used in
previous studies (1, 13, 17) because of the difficulty of obtain-
ing normal milk containing high titers of antibodies. However,
the use of colostrum as a daily food for humans is prohibited

by the Ministry of Health, Labour and Welfare in Japan, be-
cause colostrum contains a large amount of proteins, including
blood cells, readily forms a coagulum on warming, and is col-
ored. Moreover, the concentration of normal milk containing
low titers of antibodies is a time-consuming job. We have
recently succeeded in preparing large amounts of normal milk
in which the antibody titers to PAc and GTF-I are very high
(19). In this study, we examined the effect of passive immuni-
zation with normal milk containing antibodies against the fu-
sion protein PAcA-GB on the recolonization of S. mutans in
the human oral cavity. The immune milk significantly inhibited
recolonization of S. mutans in saliva and dental plaque. Nei-
ther the smell nor the taste of our immune milk is different
from that of control milk. In this study, none of the volunteers
complained of an unpleasant taste or of being in bad health
after rinsing with the immune milk. Passive immunization with
normal immune milk may be useful for control of S. mutans in
humans.

Significant reduction of the resting infection level of S. mu-
tans in the oral cavity is considered to be an effective starting
point at which to assess the subsequent effect of passive im-
munization, in which antibodies are administered to test sub-
jects. Chlorhexidine (CHX) is often used to decrease the S.
mutans level (24, 25). The application of CHX to the mucosal
region, however, is known to be capable of inducing anaphy-
lactic shock and drug-mediated eruption (18, 21). Therefore, in
our initial intervention, we used CPC, anticipating an antibac-
terial effect equivalent to that of CHX (26). It is very difficult
to lower the S. mutans level using only an antibacterial agent,
however, because oral bacteria form biofilms on tooth surfaces
(26). In this study, we combined mechanical cleaning of the
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tooth surfaces with the CPC treatment. The combined use of
the CPC treatment and PMTC lowered the S. mutans level
effectively.

In our study, the passive immunization period during which
the volunteers were exposed to immune milk was 2 weeks. The
S. mutans level in the test group remained lower than that in
the control group during the entire 8-week experimental pe-
riod but increased gradually and approached the baseline by
the eighth week after the beginning of mouth rinsing. It may be
necessary to extend the period of passive immunization to
enhance the inhibitory effect of immune milk on the recoloni-
zation of S. mutans.

In the control group, the S. mutans level increased beyond
the baseline level after the CPC treatment. The volunteers
rinsed with nonimmune milk twice a day in the morning and at
night after tooth brushing and, as with the test group, were not
to eat or drink for 1 h after rinsing their mouths with milk.
Normal milk may contain various components that enhance
the growth of S. mutans or colonization on teeth by the organ-
ism. Long-time stagnation of such milk components in the oral
cavity might increase the number of S. mutans cells there.
Rapid elimination of other oral bacteria by an antibacterial
agent may be responsible for the incremental increase of S.
mutans. A similar rebound phenomenon was observed in other
studies using CHX (15, 16). Since the concentration of CPC
used in this study was higher than that in commercially avail-
able toothpaste and mouth rinse, most of the subjects com-
plained of taste disorder or a burning sensation in the oral
cavity during the CPC treatment. Such side effects, however,
were temporary, and the symptoms subsided within a few days
after the CPC treatment. Similar side effects have been re-
ported during clinical research studies using high concentra-
tions of CHX (25).

In conclusion, bovine milk containing antibody against the
fusion protein PAcA-GB was effective in controlling the re-
colonization of the oral cavity by S. mutans. Milk from immu-
nized cattle may be useful not only for controlling S. mutans in
humans who are already infected, but also for preventing initial
infection with S. mutans in infancy.
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