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bone of the homozygous mice (Fig. 5c, d). Electron-
microscopic observation of the interface between the
PDLs and the alveolar bones showed that the Sharpey’s
fibers ran in a similar direction in the alveolar bone of the
WT mice (Fig. 5e), but they were aligned irregularly in the
homozygous mice (Fig. 5h). Next, the collagen fiber
bundles that were not embedded in the bone or cementum
but comprising the PDLs were observed with transmission
and polarizing light microscopy (Fig. 5f, g, 1, j). Compared
with the packed and well-organized collagen fiber bundles
in the WT mice (Fig. 5f, g), the homozygous mice showed
multi-oriented and disorganized collagen fiber bundles
with a thinner appearance (Fig. 51, j). These observations
indicate that the less visible Sharpey’s fibers in homozygous
mgR mice (Fig. 5d) are most likely due to the disorganized
and multi-oriented collagen fiber bundles in PDLs (Fig. 5j).

In situ hybridization was performed using 2-week-old
mice (Figs. 6, 7 and 8). Type I collagen was expressed in

Fig. 7 In situ hybridization of
type XII collagen in WT (a,b),
heterozygous (c,d), and homo-
zygous (e,f) mice at 2 weeks of
age. Higher magnifications of
the boxed areas in (a,c,e) are
shown in (b,d, f), respectively.
Expression was noted in cells of
the PDLs and odontoblastic cells
aligning on the dentin (*). A
lower expression was seen in the
PDL-cells of the homozygous
mice (e,f) than in those of the
other two types of mice (a—d).
AB Alveolar bone, BM bone
marrow, D dentin, P dental pulp,
PDL periodontal ligament.
Magnification x10 (a,c,e), x40
(b,d,f). Bars 200 um (a,c,e),

40 pum (b,d,f)

cells of the PDLs, and odontoblastic cells aligning on
dentin (Fig. 6a, c, €). There were no apparent differences in
expression among the three genotypes (Fig. 6). Type XII
collagen was expressed in PDL-cells and odontoblastic
cells on the dentin surface in mice of the three genotypes
(Fig. 7). However, in the homozygous mice, only a faint
staining was observed in the cells comprising the PDLs
(Fig. 7f). The expression of periostin was clearly seen in
PDL-cells of the WT mice (Fig. 8a, b). A somewhat lower
expression was seen in the PDLs of the heterozygous mice
(Fig. 8c, d), and its apparent down-regulation was noted in
the PDLs of the homozygous mice (Fig. 8e, f).

Discussion

It has been reported that homozygous mgR mice show a
72% reduction in fibrillin-1 expression compared with WT
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mice as examined by Northern blot analysis using skin
samples (Pereira et al. 1999). By measuring Resorcin-
fuchsin stained fibers, we observed a similar reduction
(76.1%) in the amount of elastic system fibers in homozygous
mgR mice as compared with WT mice (Table 2). In situ
hybridization of the PDLs also showed the lower expression
of fibrillin-1 in homozygous mgR mice than in WT mice
(Fig. 2g, h). Interestingly, in contrast to the WT mice, dilated
capillaries were seen in the PDLs of homozygous mice
(Fig. 1; Table 1). Well-organized, packed collagen fiber
bundles were seen in WT mice, but multi-oriented and
disorganized collagen fiber bundles were noted in
homozygous mgR mice (Fig. 5). All these observations
indicate that fibrillin-1 is indispensable for the normal
tissue development of PDLs.

In this study, the fibrillin-1 function was examined in
the development of PDLs. To do this, maxillary first
molars of 2- to 8-week-old mice were used. The timing

Fig. 8 In situ hybridization
of periostin in WT (a,b),
heterozygous (c,d), and
homozygous (e,f) mice at

2 weeks of age. Higher
magnifications of the boxed
areas in (a,c,e) are shown

in (b,d, f), respectively.
Expression was noted in

the PDL-cells of the WT
mice (a,b). A slightly lower
expression was seen in the
PDLs of the heterozygous
mice (c,d), and apparent
down-regulation was noted
in those of the homozygous
mice (e,f). AB Alveolar bone,
BM bone marrow, D dentin,
P dental pulp, PDL periodontal
ligament. Magnification x10
(a,c,e), x40 (b,d,f). Bars

200 pum (a,c,e), 40 um (b,d,f)
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of tooth eruption in the maxillary first molars reportedly
occurs on the postnatal day 11.60 in the same C57BL/6
strain as mgR mice (Yoda et al. 2004). As shown in
Fig. 1, the maxillary first molars erupted at 2 weeks of age
in mice of the three genotypes. In this study, the PDLs
were examined during this early stage, as well as in 6- and
8-week-old mice showing the completion of root and PDL
development.

The function of elastic system fibers has been well
characterized in the aorta (Shadwick 1999). Elastin and
microfibrils are present in the medial layer of the aorta,
resisting flow-induced pressure due to their physical
elasticity (Clark and Glagov 1985). Studies have demon-
strated the importance of fibrillin-1 in regulating aorta
morphogenesis and maintaining its diameter and func-
tion during embryonic and postnatal periods (Pereira et
al. 1997; Arteaga-Solis et al. 2000; Carta et al. 2006). A
genetic disorder MFS1, caused by the gene mutation of
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FBNI, is frequently associated with aortic dilation and
dissection (Pyeritz 2000). Similar to MFS1, aneurysmal
dilation of the aorta has been observed in 8-week-old
homozygous mgR mice (Pereira et al. 1999). In addition
to the aorta, we observed dilated capillaries in the PDLs
of homozygous mgR mice (Fig. 1). PDLs are well-
vascularized tissues, which reflects the high levels of
cellular and extracellular constituents (Nanci 2007).
Unlike the aorta, capillaries in the PDLs were surrounded
by basement membranes and lacked medial layers (Figs. 2
and 4). It is known that basement membranes are thin
sheets of specialized extracellular matrices separating
endothelial cells from the underlying the stroma (Florey
1966; Stratman et al. 2009). Basement membranes
include many molecules, such as type IV collagen
(Kefalides 1973), laminin (Timpl et al. 1979), nidogen
(Timpl et al. 1983), perlecan (Noonan et al. 1991),
fibulins (Pan et al. 1993), and fibronectin (Bray 1978).
Among basement membrane proteins, perlecan and
fibronectin can interact with fibrillin-1 (Ritty et al.
2003; Tiedemann et al. 2001; Sabatier et al. 2009). It is
reported that perlecan binds with high affinity to fibrillin-
1 and anchor microfibrils to basement membranes
(Tiedemann et al. 2005). Since microfibrils were seen
close to the capillaries in PDLs (Fig. 2a—c), it is likely
that dilated or enlarged capillaries in the PDLs of the
homozygous mgR mice was a result of less fibrillin-1
anchored to the basement membranes. The cause of
severe periodontitis in MFS1 is not known (De Coster et
al. 2002). It would be interesting to examine the structure
of capillaries in the PDLs of MFS1 patients.

Interestingly, destructed or degenerated cells were seen
around dilated capillaries in the PDLs of the homozygous
mice (Fig. 4c). This observation was supported by the
increased number of TUNEL-positive cells around the
capillaries in homozygous mgR mice compared with WT
mice (Fig. 3; Table 3). It is difficult to clarify whether these
dilated capillaries were a cause or effect of the degenerative
cells around them. However, these cells were never seen in
the PDLs of the WT mice, suggesting a relationship
between the dilated capillaries and the degenerated cells
in the mgR mutant mice.

Type XII collagen is known as a modulator of the
biomechanical properties of tissues linking the interstitial
fibrils to other matrix components (Nishiyama et al. 1994;
Veit et al. 2006). The precise function of type XII collagen in
the PDLs is not clear, but it is suggested to play an important
role in the extracellular matrix architecture (Reichenberger et
al. 2000). Interestingly, the expression of type XII collagen
was decreased in the PDLs of homozygous mgR mice
(Fig. 7). Further studies are essential to clarify the exact
function of type XII collagen and its gene regulation by
fibrillin-1.
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Disorganized collagen architecture was clearly seen in the
homozygous mgR mice underexpressing fibrillin-1 (Fig. 5).
Since there is no evidence demonstrating a direct interaction
between collagen and fibrillin-1, the disorganized collagen
fiber architecture can be explained by an indirect effect
caused by fibrillin-1 underexpression. As shown in Fig. 8
and in other studies, periostin is strongly expressed in PDLs
(Wilde et al. 2003; Suzuki et al. 2004; Afanador et al. 2005;
Kii et al. 2006; Kashima et al. 2009). The expression in the
PDL-cells was markedly reduced in homozygous mgR mice
compared with WT mice (Fig. 8). This is the first study
reporting the effect of reduced level of fibrillin-1 on periostin
expression. The mechanism of the decreased periostin
expression in homozygous mgR mice is not known. It is
required to examine the gene regulation of periostin by
fibrillin-1, and the interaction between fibrillin-1 and
reported factors regulating periostin expression, such as
BMP-2 and -4, VEGF, vitamin K and interleukins (Norris
et al. 2009). Moreover, the exact reason for the abnormal
collagen architecture in the homozygous mice is unknown;
however, it is interesting to speculate that the architecture is
related to the suppressed periostin expression in the PDLs.
Collagen fibrillogenesis is a complex, multistep process
involving the biosynthesis of procollagen, crosslinking of
procollagen molecule, excretion, and fusion of collagen
fibrils (Kadler et al. 1996). Periostin co-localizes and
shows a specific protein-protein interaction with type I
collagen, and periostin null mice have shown a reduction
in collagen crosslinking and fibrillogenesis (Norris et al.
2007). Considering these findings, it is likely that the
suppressed periostin expression in the homozygous mgR
mice may relate to the pathogenesis of the disorganized
collagen fiber architecture.
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1. 75— 2lAs . = | 1) 75— 27 BEmklpas ' +2
Plaque-induced gingivitis ¥ Gingivitis induced by dental plaque only 3
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. Gingivitis modified by systemlc condltmns t
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' Gingivitis modified by malnutntlon 3
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2) REBBRRZE :
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. HRABE
Gingival abscess ¥
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Periodontal abscess ¥
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V. HEPSB#E. Gingival recession
VI BA#5HE Occlusal trauma ¥

1, —REREHENE
Primary occlusal trauma ¥
2, ZRUEmEESNE

Secondary occlusal trauma ¥

Tz, Wb RRE (localized), LA (generalized) ic#¥ 1} 513
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® ’E@ﬁﬁ@ﬁ%ﬁﬁb’ﬁﬁﬁ‘f%ﬁﬁﬁé Others
3) PRMEEEBAL " Gingivitis modified by malnutrltlon
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Gmglval lesxons mduced by other mfectlons

*(D ﬁﬁ&ﬂﬁﬁ% k36D, Gingival lesions of specific bacterial ongm
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2) MBRERE - "Mucocutaneous’ dlsorders
O RPER - " Lichen planus -
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@) FIhE—TA Lupus erythematosus
® zonft R " Others = -
3) PUA¥—RIE - " Allergic reactions -
4) SHEERE Traumatic lesions of gingiva
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. @ BEBRIE/ %ﬁ)ﬁ
@AIDS
® BREFHRAIIE
® Zofth .
2) BUERREIERE L
3) ZOBDIVRI 7277 % izfﬁﬁﬁ‘?‘%ﬁ}ﬁﬁ

Periodontitis associated with systemlc diseases
Leukemia . '
Diabetes

Osteoporosis/osteopenia

Acquired immunodeficiency syndrome (ATDS)
Acquired neutropema

Others

Periodontitis associated with sraoking
Periodontitis associatéd with other risk factors

%£5 WRAXEMHTIERERR

1) FEtERBMEF PRI
2) Down fERE . .
3) AIMFREEETSIERRE
4 ) Papillon-Lefévre fEfREF
5) Chédiak-Higashi fEH
6) MBFRERRE
" 7)) ANRBEHERERRE
8) 7V ao—4RHEKE
9) Cohen FEMRHF
10) Ehlers-Danlos fEf##f (1N - VIEY)
11) E7 VA VB R 7 7 ¥ —Y i
12) Z0ft

Familial and cyclic neutropenia

Down syndrome

Leukocyte adhesion deﬁclency syndrome
Papillon-Lefévre syndrome
Chédiak-Higashi syndrome -
Histiocytosis syndrome ) -
Infantile genetic agranulocytosis

Glycogen storage disease

 Cohen syndrome

Ehlers-Danlos syndrome (Type I and Vlll)
Hypophosphatasia -

" Others .
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