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Manipulations in Maternal Environment Reverse Periodontitis in
Genetically Predisposed Rats
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The predisposition to develop periodontitis is partly genetically determined in humans as well as in animals.
Here we demonstrate, however, that early manipulations in the maternal environment of an animal (rat) model
of periodontitis can fully reverse the genetic predisposition to develop periodontitis at adult age.

Periodontitis is a disease of the tooth-supporting tissues that,
in the most severe cases, leads to the loss of teeth. The starting
point is an abundant growth of naturally occurring gram-neg-
ative anaerobic bacteria. Most of the tissue destruction, how-
ever, seems to be caused by components released by immune
cells in response to the overgrowth of these microorganisms
(13). Hence, the bacteria trigger the disease, but immune re-
actions seem to be responsible for the tissue damage and the
outcome and progression of the disease. Studies with humans
(14) and animals (1, 2) have demonstrated that individuals
differ considerably in their predisposition to periodontitis and
that this variation is partly genetic.

However, as in many inflammatory diseases, environmental
factors also play an important role. Smoking and diabetes are
clear examples of this, as are old age and negative life events,
all of which increase the individual’s sensitivity. Yet we know of
no studies that have examined the effects of early life experi-
ences on susceptibility to periodontitis. To investigate this, we
manipulated the maternal environment of newborn rats and
looked at the development of periodontitis of the same rats at
adult age. We used two genetically distinct rat lines that were
originally selected for high and low susceptibility to apomor-
phine (abbreviated APO-SUS and APO-UNSUS, respectively;
for more details, see reference 6). These lines also differ in
many other (neuro)physiological aspects (7), one of them be-
ing their immunological profile and their predisposition to
develop periodontitis. Thus, APO-SUS males generate a stron-
ger, Th2-dependent, immunoglobulin E response than do
APO-UNSUS rats after injection with the nematode
Trichinella spiralis. By contrast, APO-UNSUS males are more
susceptible to Th1-mediated experimental autoimmune en-
cephalomyelitis (11). In line with these results is the finding
that the ratio of mRNA expression for gamma interferon
(Th1) and interleukin 4 (Th2) is significantly higher in APO-
UNSUS than in APO-SUS rats (11). APO-SUS rats are also
more susceptible to periodontitis than are APO-UNSUS rats
(1), which is not surprising, as there are strong indications that
Th1-dominated responses tend to protect against periodontal

breakdown, whereas Th2-dominated responses tend to in-
crease periodontitis (15, 18).

In the first experiment we fostered APO-SUS litters to
APO-UNSUS mothers (crossfostering). Besides a normal con-
trol group that was left undisturbed at birth, an extra group was
added in which APO-SUS litters were moved to other but also
APO-SUS mothers (infostering). So these animals were reared
by mothers other than their biological mothers but of the same
genotype. Hence, while the comparison between control and
infostered groups gives information about the fostering effect
per se, the comparison between infostered and crossfostered
animals is informative about the effect of the maternal envi-
ronment (APO-SUS versus APO-UNSUS). For a detailed de-
scription of the crossfostering procedure, see reference 5.
Adoption took place approximately 24 h after parturition. In
the second experiment APO-UNSUS litters were taken away
from their mother for 24 h at day 9 of age (maternal depriva-
tion). Previous experiments have shown that maternal depri-
vation on this day produces the strongest effects in the Nijme-
gen Wistar population, from which APO-SUS and APO-
UNSUS rats were selected (9). Twenty-four hours later they
were put back. Litters were kept in their home cage at room
temperature (22 � 2°C). This two-sided procedure (crossfos-
tering in one line, maternal deprivation in the other) has been
shown to influence the original selection criterion in these
lines, i.e., the susceptibility to apomorphine. APO-SUS rats are
sensitive to crossfostering but not to maternal deprivation.
Conversely, APO-UNSUS animals are sensitive to maternal
deprivation but not to crossfostering (10). This sensitivity to
maternal deprivation is also reflected in a marked increase in
the severity of experimental autoimmune encephalomyelitis
and an alteration of macrophage reactivity (17).

Periodontitis was experimentally induced by tying a silk lig-
ature around the neck of the maxillary right second molar
teeth and measured as the extent of bone loss. This method has
been used extensively in different species and accelerates but
does not affect the natural development of periodontitis (12,
16), After 7 weeks animals were sacrificed, and the severity of
the disease was measured as the extent of bone loss. The exact
procedure has been extensively described in a previous study
on periodontitis in these rats (1). Data were analyzed using a
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two-way analysis of variance with gender and treatment as the
main factors.

Figure 1 displays the amount of bone loss for control and
manipulated APO-SUS and APO-UNSUS rats. Males and fe-
males are shown pooled, as no gender differences were ob-
served, either as a main effect or in interaction. Both manip-
ulations appear to affect the susceptibility to periodontitis.
While infostered animals did not differ from control animals,
susceptible animals raised by unsusceptible mothers showed
less bone loss than those raised by susceptible mothers (cross-
fostered versus infostered: F1,21 � 5.6, P � 0.027). Also, ma-
ternal deprivation increased the extent of bone loss in unsus-
ceptible animals (F1,21 � 9.8, P � 0.005). In fact, both
manipulations completely overruled the genetic predisposition
to minor or major periodontitis. Post hoc analysis using the
Duncan multiple-range test supported a distinction between
two different subsets of animals (see also Fig. 1; P � 0.05).
First, there are the APO-SUS control and infostered groups
and the maternally deprived APO-UNSUS animals, which all
readily develop periodontitis. Second, there are the (control)
APO-UNSUS and crossfostered APO-SUS animals, which de-
velop periodontitis to a lesser extent.

Given the underlying brain-immune system interactions (3,
4), we suspect that these findings are not limited to periodon-
titis alone. The early maternal environment may affect other
inflammatory disorders, as well as more complex diseases (8).
More important, perhaps, is that these results indicate that the

Damoclean sword of genetically predisposed diseases can be
fully shielded by environmental manipulations.
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FIG. 1. Bone loss in breakdown in millimeters (mean � standard
error of the mean) of control and manipulated susceptible (APO-SUS,
left panel) and unsusceptible rat lines (APO-UNSUS, right panel). ctrl,
control; inf, infostered; cf, crossfostered; and md, maternal depriva-
tion. Males and females were pooled; each group contained at least
five litters; 10 to 15 animals per group.
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