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Prevaccination with SRL172 (heat-killed Mycobacterium wvaccae) inhibits

experimental periodontal disease in Wistar rats
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SUMMARY

Periodontal disease is a bacterial dental plaque-induced destructive inflammatory condition of the tooth-
supporting tissues, which is thought to be mediated by T lymphocytes secreting T helper 2 (Th2)
cytokines, resulting in recruitment of high numbers of antibody-producing B lymphocytes/plasma cells
as well as polymorphonuclear leucocytes (PMN) secreting tissue-destructive components, such at matrix
metalloproteinases and reactive oxygen metabolites into the gingival connective tissues. One treatment
strategy may be to down-regulate the Th2 response to those dental plaque microorganisms which induce
the destructive inflammatory response. In this study we have examined the effects of a potent down-
regulator of Th2 responses on ligature-induced periodontal disease in an experimental rat model. A
single s.c. injection into Wistar rats of 0-1 or 1 mg of SRL172, a preparation of heat-killed
Mpycobacterium vaccae (NCTC 11659), 13 days before application of the ligature, significantly reduced
the subsequent destruction of the tooth-supporting tissues, as measured by loss of periodontal attachment
fibres (P < 0-001) and bone (P < 0-002). This protective effect occurred not only on the experimental
(ligatured) side but also on the control unligatured side. SRL172 has undergone extensive toxicological
studies and safety assessments in humans, and it is suggested that it may provide a safe and novel

therapeutic approach to periodontal disease.
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INTRODUCTION

Oral microorganisms colonizing tooth surfaces (dental plaque) in
close contact with the gingival margin trigger inflammatory
processes in the gums. These responses may be non-destructive
(gingivitis) or destructive (periodontitis or periodontal disease).
Periodontal disease results in various degrees of breakdown of the
tooth-supporting tissues (the periodontium). This includes
destruction of periodontal attachment fibres and resorption of
the alveolar bone, which may progress to periodontal pocket
formation, increased tooth mobility and tooth loss [1].

The tissue destruction is associated with a shift from a Thl
cytokine secretion profile in gingivitis to a ThO/Th2-dominated
cytokine secretion profile in periodontal disease [2,3]. Moreover,
with the development of periodontal disease there is a shift in the
dental plaque microflora from a largely aerobic Gram-positive
flora associated with gingivitis to a complex and more specific
anaerobic subgingival Gram-negative flora [4]. Severe and
progressive periodontal disease may be associated with some of
these anaerobic species, which are termed periodentopathogens

[4].
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Risk factors for periodontal disease include genetic back-
ground [5] but also depression [6—8], increasing age [9], smoking
[10,11], and uncontrolled diabetes mellitus of long duration
[12,13]. We have emphasized [14] that all these periodontal
disease risk factors, including depressive mood states [15,16],
lipopolysaccharides (LPS) from Gram-negative bacteria [17],
nicotine [18], increasing age [19,20], and insulin deficiency
induce sustained hypothalamo—pituitary—adrenal (HPA) axis
activity and thereby increase secretion of glucocorticoids, which
are known to suppress Thl and favour Th2 responses [21], partly
by suppressing IL-12 and enhancing IL-10 production by antigen-
presenting cells (APC) [22,23].

Recruitment of phagocytic polymorphonuclear leucocytes
(PMN) during the local Th2 response is typical of active
periodontal disease, and PMN degranulation is one of the major
pathogenic mechanisms [24]. Thus, treatment strategies aimed at
reducing Th2 and favouring Th1l responses may be useful in this
condition.

The concept of preventing periodontitis by immunization has
been suggested previously [25], but has been difficult to pursue
because of the complexity of the periodontal microflora and
multiplicity of species involved. Recent studies in primates have
suggested that it is possible to reduce the gingival colonization of
some putative pathogens by immunization [26,27]. So far however
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minimal or no effect has been reported on the progression of
periodontal disease [28].

An alternative strategy to that of immunization against a
specific microorganism is to use potent immunomodulators that
have long-lasting systemic effects on the nature of the immune
response to unrelated antigens. Effects of this type have been
induced with a mycobacterial preparation which down-regulated
the Th2 response to ovalbumin even in mice that had been
preimmunized with this potently Th2-inducing antigen [29]. Such
a strategy would be expected to reduce the influx of PMN,
releasing tissue-destructive components in response to the load of
anaerobic pathogens.

The purpose of this study was to examine whether SRL172, a
preparation of heat-killed Mycobacterium vaccae, which potently
down-regulates Th2 responses [29], can reduce the tissue destruc-
tion in a well-established experimental model of periodontal
disease in Wistar rats.

MATERIALS AND METHODS

Animals

Twenty-five female Wistar rats, weighing 200-230 g, were
obtained from Mollegaard Breeding Centre (Ejby, Denmark),
and used after 2 weeks of acclimatization to their housing
conditions. At that time the average weight was 227 g [25].
During the experiment all rats gained weight to reach an average
of 257 g [28]. Standard rat chow pellets and tap water were
available ad libitum. The animals were maintained in individual
cages under a 12-24 h light/dark cycle (light on 7-00 am to 7-00
pm) with temperature and humidity at 22°C and 40-60%,
respectively.

SRL172 and immunization of rats

SRL172 was provided by SR Pharma (London, UK) at a
concentration of 10 mg/ml in borate buffered (pH 8:0) saline and
stored at 4°C. SRL172 was administrated as 0-1 or 1-0 mg in
100 w1 saline given subcutaneously in the neck skin 13 days before
periodontal disease induction. On the same day controls received
saline only. Local inflammation in the SRL172 injection sites had
resolved before the ligatures were put in place. There were eight
rats in each of the vaccinated groups and nine control animals.

Experimental periodontitis model

Twenty-five animals (eight vaccinated with 0-1 mg, eight with
1-0 mg, and nine controls) were anaesthetized by subcutaneous
injection in the neck with Hypnorm-Dormicum (fenatyl/fluani-
zone, medazolam), 0-2 ml/100 g body weight. A sterile silk
ligature (Ethicon Perma-hand seide, Norderstedt, Germany) was
tied around the neck of the maxillary right 2nd molar tooth in the
gingival sulcus. The ligatures were left in the same position for the
period of 8 weeks and served as a retention device for oral
microorganisms. The left 2nd molar served as non-ligated internal
control. At the end of the experiment all animals were killed by
decapitation. The maxillae were excised and fixed in 4%
formaldehyde.

Radiographic examination

The specimens were stabilized with dental wax on a Trophy
digital x-ray sensor, orientated with the axis of the teeth parallel to
the sensor surface by using x4 magnification loop glasses (Zeiss,
Aalen, Germany). The distances between the cemento—enamel

junction (CEJ) and bone (B) on mesial and distal surfaces of the
2nd molars were displayed digitally. The examiner was unaware
of whether the specimens came from experimental or control
animals. Reliability was assessed by reading the x-rays twice with
an interval of >1 month. The standard error of the mean
difference between readings was 0-163.

Histological examination

After the radiographic examinations the specimens were decalci-
fied in 10% EDTA for approximately 2 weeks, until complete
decalcification could be confirmed radiographically. The speci-
mens were dehydrated in graded alcohol, carefully orientated and
embedded in paraffin with the axis of the teeth parallel to the
cutting direction. The blocks were cut in serial sections of 5 um
thickness in a mesio-distal direction. The most central section
from each tooth, i.e. the one that comprised the centre of the
dental pulp, was selected for analysis, stained with haematoxylin
and eosin and mounted.

The sections were placed in a Nikon microscope with a
camera and a TV monitor (Sony, Barcelona, Spain). Sections
from experimental sites were magnified x 120 in order to
measure CEJ to periodontal attachment fibres (F) and CEJ-B
distance reliably on drawings made from the monitor screen.
Reliability was assessed by reading 10 randomly selected
specimens twice with an interval of > 1 month. The standard
error of the mean difference between the two was 0-003 and
0-005 for CEJ-F and CEJ-B, respectively.

RESULTS

All results are shown in Table 1, and illustrated in the
photomicrograph (Fig. 1) of representative teeth.

Radiographically the bone loss, measured as the distance from
the cemento—enamel junction to the most coronal bone (CEJ-B)
in the experimental sites in Wistar rats vaccinated with 0-1 mg of
SRL172 in 100 w1 saline given 13 days before disease induction,
was 0-725 £ 0-095 mm (mean =*s.d.). In the other vaccinated
group, where SRL172 was administered as 1-0 mg in 100 wl
saline, also given 13 days before disease induction, the CEJ-B
was 0-70 = 0-141 mm. In the control animals given saline only,
the CEJ-B distance was 1-07 = 0-12 mm. The bone loss was
significantly reduced (P < 0-001) in both vaccinated groups
relative to that seen in the non-vaccinated controls.

The reduction in bone loss in the vaccinated groups, when
compared with controls, was also highly significant when
measured histometrically (P = 0-002 and P = 0-001 for the
recipients of 0-1 mg and 1-0 mg SRL172, respectively).

The periodontal fibre loss measured histometrically as the
distance between the cemento—enamel junction and the perio-
dontal attachment fibres (CEJ-F) was 0-465 * 0-082 mm in the
vaccinated group given 0-1 mg SRL172, and 0-472 £ 0-135 mm
in the group that had received 1-0 mg SRL172. The equivalent
distance was 0-790 = 0-171 mm in the non-vaccinated control
group given saline only. The fibre loss was significantly reduced
(P < 0-001) in both vaccinated groups relative to that seen in the
non-vaccinated controls.

The measurement of the CEJ-F distance was also applied to
the non-ligatured left 2nd molar. As anticipated, the disease was
much milder on this side, but nevertheless the CEJ-F was
strikingly reduced in both vaccinated groups (P = 0-006 and
0-004 for the 0-1-mg and 1-0-mg doses, respectively).
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Table 1. Periodontal tissue destruction
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Ligatured side

Bone loss Control side
X-ray Histometry Fibre loss Fibre loss

SRL172, 0-1 mg 0-73 = 0-095 078 = 0-120 0-465 = 0-082 0-042 = 0-020
SRL172, 1-0 mg 0-70 £ 0-141 076 = 0-137 0472 = 0-135 0-028 = 0-039
Saline control 1-07 = 0122 0-99 £ 0-124 0-790 £ 0-171 0-105 = 0-058
P values (z-test)

0-1 mg/control < 0-001 0-002 < 0-001 0-006

1-0 mg/control < 0-001 0-001 < 0-001 0-004

For all of the measurements the two vaccine doses were
equally efficient, with no significant differences between the
groups that had received 0-1 or 1-0 mg of SRL172.

DISCUSSION

Ligature-induced periodontal disease in rats is a predictable model

system to study the breakdown of tooth-supporting tissues induced
by oral subgingival anaerobic microorganisms [30]. The ligature
causes abundant bacterial plaque, induction of a subgingival
pocket and a subsequent shift from a largely aerobic to the more
anaerobic microflora typical of periodontal disease. The advan-
tage of this model is that we do not have to introduce exogenous
antigens or pathogens, but merely change the environment to

Fig. 1. Photomicrographs showing histological sections of an experimental tooth in a control Wistar rat injected with 100 w1 saline (right),
and in a rat prevaccinated with 0-1 mg of SRL172 in 100 w1 saline (left). A difference in loss of periodontal attachment fibres (AF) and bone
(B) can be observed. CEJ, Cemento—enamel junction; AF, the most coronal attachment fibres; B, alveolar bone crest.
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allow growth of a pathogenic microflora, much as in human
periodontal disease.

This study was designed to determine whether a single
injection of a material which down-regulates Th2 responses can
alter disease progression in this model [29]. Recruitment of PMN
into inflamed tissues is much higher in active periodontal disease
where Th2 dominates and the Thl cytokine profile is down-
regulated [3], compared with gingival inflammation without tissue
destruction [31,32]. PMN recruitment during periodontitis may
represent a compensatory mechanism to combat invading
pathogens during a weak Thl response where the macrophage
phagocytosis may be down-regulated [14]. However, most of the
soft tissue destruction in periodontal disease is attributable to
matrix metalloproteinases (MMPs), released from PMN [33],
together with reactive oxygen and nitrogen intermediates [30,34].
Bone resorption by osteoclasts is regulated by inflammatory
cytokines such as IL-1, tumour necrosis factor-alpha and IL-6, as
well as NO [35].

We have demonstrated that in spite of the high challenge of
anaerobic microorganisms in the gingival sulci of the experi-
mental rats in this model, SRL172 significantly inhibited the
breakdown of the tooth-supporting tissues as measured by
periodontal attachment fibre and bone loss. This effect is likely
to be due mainly to the ability of SRL172 to down-regulate Th2
responses non-specifically [29], recently confirmed in small
studies in hay fever [36] and asthma [37] patients. However,
SRL172 may also contribute directly to immunity to the
pathogens by driving Thl responses [38] to shared antigens such
as heat shock proteins, which are known to be highly conserved,
and important targets of the immune system [39].

The use of potent immunomodulators such as SRL172, with
long-lasting systemic effects on the immune response, may
represent a new strategy for prevention or treatment of periodontal
disease. The availability of data in man suggesting that SRL172
has an acceptable safety profile indicates that this agent should be
tested as an immunotherapeutic for periodontal disease.
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