Braz Oral Res
2006;20(4):297-302 Immunology

Production of monoclonal antibodies against Streptococcus
mutans antigens

Producéao de anticorpos monoclonais contra antigenos de
Streptococcus mutans

Antonio Carlos Victor Canettieri*
Fujiko Yamasiro Kretchetoff**
Cristiane Yumi Koga Ito***

Daniella Moreira*

Fabio José Condino Fujarra****
Carmelinda Schmidt Unterkircher*****

ABSTRACT: Several studies have been conducted in the last decades aiming to obtain an anti-caries vaccine,
however some studies have demonstrated cross reactivity between Streptococcus mutans surface antigens and the
human cardiac tissue. In this work, the reactivity of five anti-Streptococcus mutans monoclonal antibodies (MoAb)
(24A, 56G, C8, E8 and F6) was tested against oral streptococci, cardiac antigens and skeletal and cardiac myosins,
aiming to evaluate the specificity of these MoAb. The hybrid producers of immunoglobulins of the IgG,, class were
cloned by limit dilution and expanded in vivo. MoAb were tested by ELISA. The hybrid 24A reacted with S. mutans
CCT 1910, S. salivarius CCT 0365 and S. pyogenes T23. No reactivity difference was observed among the tested
species. Cross reactivity with heart and cardiac myosin was not confirmed and only reaction with myosin of skel-
etal muscle was observed (p = 0.0381). The hybrid 56G reacted with all the tested microorganisms and there was
statistically significant difference between S. mutans and S. pyogenes T23 (p < 0.001). This hybrid also reacted with
myosin of skeletal muscle (p = 0.0095). C8, E8 and F6 presented low reactivity against oral streptococci strains and
no reactivity against cardiac antigens. The data of this study showed that the 24A and 56G anti-S. mutans MoAb
presented reactivity with S. pyogenes and S. salivarius, reinforcing the occurrence of common antigens between
these species. The tested MoAb presented low cross-reactivity with myosin of skeletal muscle, but anti-heart activ-
ity could not be confirmed.

DESCRIPTORS: Antibodies, monoclonal; Streptococcus mutans.

RESUMO: Diversos estudos foram realizados nas tultimas décadas com o intuito de se obter uma vacina anticarie
dentaria, mas alguns trabalhos tém demonstrado reatividade cruzada entre antigenos de superficie de Strepto-
coccus mutans e tecido cardiaco humano. Neste trabalho, foi testada a reatividade de cinco anticorpos monoclo-
nais (AcMo) anti-Streptococcus mutans (24A, 56G, C8, E8 e F6) contra estreptococos orais, antigenos cardiacos
e miosinas esquelética e cardiaca, no intuito de avaliar a especificidade desses AcMo. Os hibridos produtores de
imunoglobulinas da classe IgG,, foram clonados por diluicdo limite e expandidos in vivo. Os AcMo foram testados
por ELISA. O hibrido 24A reagiu com S. mutans CCT 1910, S. salivarius CCT 0365 e S. pyogenes T23. Nenhuma
diferenca de reatividade foi detectada entre as espécies analisadas. Reatividade cruzada com coracdo e miosina
cardiaca nao foi confirmada, existindo somente reacdo com miosina de musculo esquelético (p = 0,0381). O hibrido
56G reagiu com todos os microrganismos testados e houve diferenca estatisticamente significante entre S. mutans
e S. pyogenes T23 (p < 0,001). Este hibrido também reagiu com miosina de musculo esquelético (p = 0,0095). C8,
E8 e F6 apresentaram baixa reatividade contra cepas de estreptococos orais e nenhuma reatividade com antigenos
cardiacos. Os dados deste trabalho demonstraram que os AcMo 24A e 56G anti-S. mutans reagiram com S. pyo-
genes e S. salivarius, confirmando a existéncia de antigenos comuns entre essas espécies. Esses AcMo avaliados
apresentaram baixa reatividade cruzada com miosina de musculo esquelético, porém a atividade anticoracdo nao
foi confirmada.

DESCRITORES: Anticorpos monoclonais; Streptococcus mutans.
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INTRODUCTION

S. mutans has been considered the main bac-
terial species involved in the etiology of dental car-
ies.® The main surface antigens are the enzymes
glucosyltransferase (GTF) that converts sucrose,
present in the human diet, into glucans (extracel-
lular polysaccharides) that are responsible for S.
mutans adherence to teeth. Another important pro-
teinic antigen was denominated I/II, and it works
as an adhesin, being important for the adherence
mechanism of S. mutans to the receptors of salivary
acquired pellicle. Immunizations with antigen I/1I
and glucosyltransferases protected experimental
animals against dental caries.!’!®* Researches in
humans, using passive immunization with MoAb for
antigen I/II (185 kDa) showed that this procedure
might hinder the early implantation of S. mutans,
delaying the oral colonization by these microorgan-
isms.!'2 Unfortunately, some studies demonstrated
some degree of cross reactivity between S. mutans
surface antigens and human cardiac tissues, mak-
ing not viable a protocol of active immunization.!®

The studies on S. mutans antigens and im-
munological responses to these components are
important to comprehend the anti-dental caries de-
fenses. Considering this, analysis of the specificity
of monoclonal antibodies may help in the selection
of interesting antigens for an anti-caries vaccine.

MATERIAL AND METHODS

Production of anti-S. mutans monoclonal
antibodies

Cell culture

Cells of the lineage Sp2-Oagl4 (myeloma cells)
and the hybrids obtained were cultivated in RPMI-
1640 medium (Sigma, Baden-Wuttemberg, Steinhe-
im, Germany) containing 1 mM L-glutamine (Sigma,
Baden-Wuttemberg, Steinheim, Germany), 10 mM
Hepes (Sigma, Baden-Wuttemberg, Steinheim, Ger-
many), 24 mM sodium bicarbonate (Sigma, Baden-
Wuttemberg, Steinheim, Germany), 40 mg/ml gen-
tamicin sulphate (Shering, Rio de Janeiro, Rio de
Janeiro, Brazil) and supplemented with 10% fetal
bovine serum (Sigma, Baden-Wuttemberg, Stein-
heim, Germany). Both were maintained in humid
atmosphere with 5% CO, and at 37°C.

Fusion protocol

The protocol proposed by Goding* (1980), with
modifications, was followed. Female Balb/c mice
were immunized intradermically in the tail basis
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with 200 ug of S. mutans cytoplasmatic antigen
(CAg) in Freund’s complete adjuvant, and then res-
timulated by intraperitoneal via after 21 days with
the same antigen in saline solution buffered with
phosphate (PBS - Sigma, Missouri, St. Louis, USA).
Three days after the booster, the animals were sacri-
ficed and had their spleen removed. This organ was
macerated and its cells (108) were fused with the lin-
eage Sp2-0Oagl4 (5 x 107), using 45% polyethyleneg-
lycol (PEG) (Sigma, Baden-Wuttemberg, Steinheim,
Germany) as a fusion agent and 10 ml of RPMI.
Then, the suspension was agitated for 10 minutes.
Polyethyleneglycol was eliminated by centrifugation
and the cells were resuspended in RPMI medium
supplemented with hypoxanthine, aminopterin and
20% thymidine (HAT) (Sigma, Baden-Wuttemberg,
Steinheim, Germany). Hybrids were distributed at a
1 x 10° ratio on the feeder layer, prepared the previ-
ous day with the spleen of a non-immunized animal
(1.6 x 109), feeding them each S days. After seven
days, the cell culture was examined with the aid of
an inverted microscope (Nikon, model 104; Melville,
New York, USA). After 10 days, the HAT medium
was replaced by 20% HT (hypoxanthine and ami-
nopterin) (Sigma, Baden-Wuttemberg, Steinheim,
Germany), and after 12 days the points presenting
confluent growth were tested by the ELISA tech-
nique for the antigen used in the immunization. The
positive points were cloned in the common ratio of
1/2 and the hybrids of interest were expanded in
vitro and in vivo in Balb/c mice.

Antigen obtaining
S. mutans cytoplasmatic antigens preparation

S. mutans CCT 1910 was grown in triptic soy
broth (TSB, Difco, Detroit, USA) at 37°C for 24
hours with 5% CO,, killed by 0.075% formalde-
hyde and then maintained for 18 hours at 4°C.
The suspension was centrifuged and the cells were
washed in 125 mM 2,3 dibromopropyl-chlorydric
acid (Tris-HCI; Life Technologies, New York, USA)
pH 7.5, 10 mM EDTA, and resuspended in 50 ml
of the same buffer. After that, 5 mM phenylmethyl
sulphonyl fluoride (PMSF, Sigma, Steinheim, Ger-
many) was added and the suspension was agitated
vigorously with glass beads overnight at 4°C. The
lisate was centrifuged and the supernatant was
dialysed against distilled water, concentrated and
liophylized, constituting the cytoplasmatic antigen
(CAg). The proteinic content was determined by the
Bradford? (1976) method.



Canettieri ACV, Kretchetoff FY, Ito CYK, Moreira D, Fujarra FJC, Unterkircher CS. Production of monoclonal antibodies against
Streptococcus mutans antigens. Braz Oral Res 2006;20(4):297-302.

Streptococci whole cells preparation

S. mutans (CCT 1910) cells, S. salivarius (CCT
0365) and S. pyogenes (CCT 1500 and T23) were
grown in triptic soy broth (T'SB, Difco, Detroit, USA)
for 24 hours and killed by 0.075% formaldehyde.
After a wash step in PBS and 10,000 g centrifu-
gation at 25°C for 20 min, the suspensions were
standardized by spectrophotometry (595 nm and
optical density of 0.200).

Self-antigen preparation

Myosin from pig cardiac muscle (Sigma, Baden-
Wuttemberg, Steinheim, Germany) and from mice
skeletal muscle (6 mg/ml), kindly donated by Dr.
Ternynck (Pasteur Institute, Paris), were included
in the study.

Heart extract preparation

Twenty Balb/c mice were sacrificed and had
their hearts removed. They were washed in PBS,
macerated and filtered in sterile gauze. The fil-
trate was maintained at —20°C. The pellet was
transferred to 5 ml of a buffer solution contain-
ing 150 mM Tris-HCI, 6 M urea, 20 mM 2-mer-
captoethanol and 1% Tween 20 (Merck, Hessen,
Darmstadt, Germany). The mixture was boiled for
five minutes and then maintained under refrigera-
tion for 24 hours. It was then centrifuged and the
supernatant was dialysed against PBS overnight.
Both were concentrated by ultra-filtration. The pro-
teinic concentration was estimated in 30 pug/ul by
the Bradford? (1976) method.

ELISA technique

Polystyrene plates (number 3590, Costar,
Cambridge, MA, USA) were coated with whole
streptococci cells, with myosin (5 ug/ml) and
heart extract (10 ug/ml) in 0.1 M carbonate buffer
(pH 9.6) and incubated for 2 hours at 37°C and for
18 hours at 4°C. The wells were blocked with 0.5%
gelatin (Merck, Hessen, Darmstadt, Germany) in
phosphate buffered saline (PBS-G) for 30 minutes
at 37°C. Then the plates were washed with 0.5%
Tween 20 PBS (T-PBS). The supernatants of the
culture and/or ascites diluted in T-PBS-G were
added to the wells, in duplicate, and diluted in the
common ratio of 1/2. Plates were incubated for 2
hours at 37°C, and maintained at 4°C overnight.
After an additional wash step with T-PBS, 50 ul of
anti-mice IgG peroxidase-labelled (Sigma, Baden-
Wuttemberg, Steinheim, Germany) were added to

the wells (1 ng/ml) and incubated for 1 hour at
37°C. Finally, 100 ul/well of o-phenylenediamine
(Merck, Hessen, Darmstadt, Germany) in 0.1 M
citrate buffer (pH 5.5) (Merck, Hessen, Darmstadt,
Germany) were added at room temperature until a
yellow color developed. The reaction was stopped
with 2.5 M sulfuric acid (Merck, Hessen, Darm-
stadt, Germany) and the color was measured
at 490 nm with a model 3550 reader (Bio Rad
Laboratories, California, Hercules, USA). Three
experiments, in duplicate, with their respective
controls (Irrelevant MoAb 17C) were performed.
The concentration of 5 ug/ml was elected for sta-
tistical analysis, as this value was the mean point
of the curves.

Statistical analysis

The data obtained were analyzed by Mann-
Whitney and Kruskal-Wallis tests, at the level of
significance of 5%.

RESULTS
MoAb production by hybrids

All the points with optical densities obtained
by ELISA higher than 0.300 were considered posi-
tive. This value corresponds to at least three times
the mean reactivity of a control serum of mice di-
luted at 1:100.

First fusion

Twenty-seven hybrids (4.6% of the plated points)
presented confluent growth in six plates of 96 wells
(576 points) in the first reading, and three points
(11.1%) were positive for S. mutans in ELISA. Among
these hybrids, only two continued to produce IgG
antibodies after initial cloning and were recloned by
limit dilution. The hybrids that produced antibodies
were denominated 24A and 56G.

Second fusion

Sixty-six hybrids (11.4% of the total of plated
points) were obtained, seventeen produced antibod-
ies against S. mutans and only three (4.5%) main-
tained the production of IgG (C8, E8 and F6).

Reactivity of MoAb in ELISA

C8, E8 and F6 presented low reactivity against
oral streptococci strains (data not shown). Only
the antibodies produced by 56G and 24A showed
reactivity against heart antigens, skeletal and car-
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diac myosins. Graphs 1 and 2 show the reactivity
of MoAb 24A and 56G to the different species of
streptococci and to the auto-antigens.

Graph 1 shows that the reactivity levels of MoAb
24A to S. mutans, S. salivarius and S. pyogenes
T23 were significantly higher when compared
to that of the irrelevant MoAb 17C (p = 0.0190,
p = 0.0095, p = 0.0095, respectively), but no sig-
nificant difference was found for S. pyogenes CCT
1500 (p = 0.9143). No differences in the reactiv-
ity of MoAb 24A to the different species of strep-
tococci were found. Regarding the reactivity of
S56G, significant levels were observed against all
the tested species (p = 0.0095 in all cases). The
values were compared to verify if the antibody
might discriminate S. mutans among the tested
species, and statistically significant difference was
observed only between S. mutans and S. pyogenes
T23 (p < 0.001).

Regarding cross reactivity, Graph 2 shows
that the level of significance in the case of MoAb
24A was reached only with skeletal muscle my-
osin (p = 0.0381). Considering the heart anti-
gen and cardiac myosin, the reactivity of MoAb
24A was not statistically significant. The most
marked mean reactivity for the heart did not
present statistical significance; however, an el-
evated standard deviation was observed due to
the great variability among the results of the
analysed strains. It could be observed that MoAb
56G also reacted significantly with skeletal mus-
cle myosin (p = 0.0095), even though not mark-
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GRAPH 1 - Reactivity of the monoclonal antibodies
against: 1) S. mutans CCT 1910; 2) S. salivarius CCT
0365; 3) S. pyogenes CCT 1500; 4) S. pyogenes T23.
(Control: irrelevant MoAb 17C).
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edly. The values obtained for the reactions with
heart and cardiac myosin were not statistically
significant.

DISCUSSION

The MoAb obtained (56G, 24A, C8, E8 and
F6) presented reactivity in ELISA with whole
cells of three species of streptococci (S. mutans,
S. salivarius and S. pyogenes). These results are
in accordance with those of the study of Krisher,
Cunningham?® (1985) that produced a MoAb for S.
pyogenes with cross reactivity to S. mutans and
myosin of skeletal muscle. Adsorption of the ascite
with M protein of S. pyogenes resulted in loss of
this cross reactivity. The same occurred when the
antibody was adsorbed with S. mutans, indicat-
ing the existence of homologous epitopes between
these species.

MoAb 56G and 24A exhibited another particu-
larity when compared with C8, E8 and F6. Both
were reactive, even with low intensity, with self-com-
ponents. In previous studies we demonstrated that
mice immunized with CAg of S. mutans synthesized
antibodies that were reactive to myosin of skeletal
and cardiac muscles.!® van de Rijn et al.’® (1976)
also noticed this phenomenon in rabbits immunized
with antigens from several S. mutans strains that
produced polyclonal antibodies that presented cross
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GRAPH 2 - Reactivity of monoclonal antibodies against:
1) Heart (100 pg/ml); 2) skeletal muscle myosin (5 ug/
ml); 3) cardiac myosin (5 ug/ml). (Control: Irrelevant
MoAb 17C).
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reactivity with cardiac tissue and skeletal muscle.
Also, they observed that the adsorption of rabbit
serum with sarcolemma extracts, S. mutans and A
group B-haemolyticus streptococci removed com-
pletely the reactivity with mammalian tissues.

Since then, several studies demonstrated in a
convincing way that antibodies with cross reactiv-
ity were present in the sera of immunized animals
and in supernatants of unique clones, in the case
of hybridomas, always associated to immunization
with streptococci and infection by these microorgan-
isms.>71314 [n all the studies found in literature, the
possibility that these reactions may be induced by
rheumatoid factors (anti-immunoglobulin antibod-
ies) was questioned. In fact, in the first attempts of
hybridisation, ten antibodies reactive to streptococci
were obtained. However, in all these cases no reac-
tivity was detected by Western Blot. At least half of
these antibodies presented activity of rheumatoid
factor (data not shown). Russel’® (1987), after hi-
perimmunization of rabbits with whole cells of S.
mutans, S. sobrinus, S. rattus and S. mitis, observed
that the cross reactivity of serum auto-antibodies
was not always associated to antigen I/II, the main
S. mutans surface antigen. This author concluded,
with the aid of a combined ELISA technique and
gel diffusion, that the antibodies reactive to cardiac
tissue did not bind to antigen I/Il. Then, there were
clearly two distinct populations of antibodies with
different specificities. The author also observed an
elevated level of IgM rheumatoid factor that might
be responsible for the reactivity to cardiac tissue
observed in previous studies.

In our results, anti-heart reactivity of the test-
ed MoAb could not be confirmed by the statistical
tests. The reactivity of these antibodies were of low
intensity (as in 24A) or highly specific for S. mutans
(56G). Also, both of them were IgG,, isotypes. This
result was expected as Leao et al.!° (2000) previ-
ously demonstrated an increase of this subclass
and also of IgG,, after immunization of mice with
S. mutans cytoplasmatic antigen.
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