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1µÈÔÏfiÁÔ˜, √‰ÔÓÙ›·ÙÚÔ˜, ÀÔ„ËÊ›· ¢È‰¿ÎÙˆÚ, ∆ÔÌ¤·˜ µÈÔÏÔÁ›·˜ ∫˘ÙÙ¿ÚÔ˘ Î·È µÈÔÊ˘ÛÈÎ‹˜, ∆Ì‹Ì· µÈÔÏÔÁ›·˜, ∂ıÓÈÎfi Î·È 
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3∞Ó·ÏËÚˆÙ‹˜ ∫·ıËÁËÙ‹˜ ∞Ó·Ù˘ÍÈ·Î‹˜ µÈÔÏÔÁ›·˜, ∆ÔÌ¤·˜ µÈÔÏÔÁ›·˜ ∫˘ÙÙ¿ÚÔ˘ Î·È µÈÔÊ˘ÛÈÎ‹˜, ∆Ì‹Ì· µÈÔÏÔÁ›·˜, 
∂ıÓÈÎfi Î·È ∫·Ô‰ÈÛÙÚÈ·Îfi ¶·ÓÂÈÛÙ‹ÌÈÔ ∞ıËÓÒÓ.

AAnnttii--BBMMPP44 mmoonnoocclloonnaall aannttiibbooddyy ddeellaayyss mmaannddiibbuullaarr oosstteeooggeenneessiiss aanndd
aaffffeeccttss ooddoonnttoobbllaasstt ddiiffffeerreennttiiaattiioonn

DDeessppiinnaa SS.. KKoouussssoouullaakkoouu,,11 LLoouukkaass HH.. MMaarrggaarriittiiss,,22 SSttaauurrooss LL.. KKoouussssoouullaakkooss33

1Biologist, Dentist, Doctorate degree candidate, Department of Cell Biology and Biophysics, Faculty of Biology, National and
Kapodistrian University of Athens, Athens, Greece.
2Professor of Cellular Biology, Department of Cell Biology and Biophysics, Faculty of Biology, National and Kapodistrian 
University of Athens, Athens, Greece.
3Associate Professor of Developmental Biology, Department of Cell Biology and Biophysics, Faculty of Biology, National and
Kapodistrian University of Athens, Athens, Greece.

SSTTRRUUCCTTUURREEDD AABBSSTTRRAACCTT
AIM: To assess the effect of BMP4 morphogenetic fac-
tor on alveolar osteogenesis and odontoblast differ-
entiation, aiming at future clinical implementation of
results.
STUDY DESIGN: Static Group.
TIME AND PLACE OF STUDY: This study is part of the
doctoral thesis of the first author at the Department
of Cell Biology and Biophysics, Faculty of Biology,
National and Kapodistrian University of Athens,
Athens, Greece. Research involves injection of anti-
BMP4 in pregnant mice and study of effects in new-
born subjects.
MATERIAL AND METHODS: Each experimental group
comprised 20 subjects. The experimental group of
pregnant white mice (Mus musculus), was subjected
to the effect of monoclonal antibody anti-BMP4 dur-
ing the 9th gestational day. Results were evaluated,
(a) macroscopically, (b) stereoscopically, following
double histochemical staining of cartilage/osseous tis-
sue, and with photon microscopy following (c) histo-
logical staining (Domagk) of paraffin sections, and (d)
immunohistochemistry.
RESULTS: In vivo administration of a certain quantity
of monoclonal anti-BMP4 antibody does not seem to
affect the general development of the mature organ-

¢¢√√ªª∏∏ªª∂∂¡¡∏∏ ¶¶∂∂ƒƒππ§§∏∏ææ∏∏
™∫√¶√™: ¡· ÂÎÙÈÌËıÂ› Ë Â›‰Ú·ÛË ÙÔ˘ ÌÔÚÊÔÁÂÓÂÙÈ-
ÎÔ‡ ·Ú¿ÁÔÓÙ· BMP4 ÛÙËÓ ÔÛÙÂÔÁ¤ÓÂÛË ÙˆÓ Ê·ÙÓ›ˆÓ
Î·È ÛÙË ‰È·ÊÔÚÔÔ›ËÛË ÙˆÓ Ô‰ÔÓÙÈÓÔ‚Ï·ÛÙÒÓ, ÌÂ
ÚÔÔÙÈÎ‹ ÌÂÏÏÔÓÙÈÎ‹˜ ÂÊ·ÚÌÔÁ‹˜ ÙˆÓ ·ÔÙÂÏÂÛÌ¿-
ÙˆÓ ÛÂ ÎÏÈÓÈÎfi Â›Â‰Ô.
™Ã∂¢π∞™ª√™ ª∂§∂∆∏™: ™Ù·ÙÈÎ‹˜ ÔÌ¿‰Ô˜.
Ãƒ√¡√™ ∫∞π ∆√¶√™ ¢ƒ∞™∏™: ∏ ÂÚÁ·Û›· ·˘Ù‹ ·ÔÙÂ-
ÏÂ› ÙÌ‹Ì· ÙË˜ ‰È‰·ÎÙÔÚÈÎ‹˜ ‰È·ÙÚÈ‚‹˜ Ô˘ ÂÎÔÓÂ› Ë
ÚÒÙË ÙˆÓ Û˘ÁÁÚ·Ê¤ˆÓ ÛÙÔÓ ∆ÔÌ¤· µÈÔÏÔÁ›·˜ ∫˘ÙÙ¿-
ÚÔ˘ Î·È µÈÔÊ˘ÛÈÎ‹˜ ÙÔ˘ ∆Ì‹Ì·ÙÔ˜ µÈÔÏÔÁ›·˜ ÙÔ˘
∂ıÓÈÎÔ‡ Î·È ∫·Ô‰ÈÛÙÚÈ·ÎÔ‡ ¶·ÓÂÈÛÙËÌ›Ô˘ ∞ıËÓÒÓ.
∏ ÚÔÛ¤ÁÁÈÛË ÛÙÔÓ ÛÙfi¯Ô ÂÈÙ˘Á¯¿ÓÂÙ·È ÌÂ ¤ÓÂÛË ·ÓÙÈ-
BMP4 ÛÂ ¤ÁÎ˘· ÔÓÙ›ÎÈ· Î·È ÌÂÏ¤ÙË ÙˆÓ ÂÈÙÒÛÂˆÓ
ÛÙ· ÓÂÔÁ¤ÓÓËÙ· ¿ÙÔÌ·.
À§π∫∞ ∫∞π ª∂£√¢√π: ∫¿ıÂ ÔÌ¿‰· ÂÈÚ·Ì·ÙÔ˙ÒˆÓ
ÂÚÈÂÏ¿Ì‚·ÓÂ 20 ¿ÙÔÌ·. ∏ ÂÈÚ·Ì·ÙÈÎ‹ ÔÌ¿‰· ÂÁÎ‡ˆÓ,
ÏÂ˘ÎÒÓ ÔÓÙÈÎÒÓ (Mus musculus) ˘¤ÛÙË Â›‰Ú·ÛË
ÌÔÓÔÎÏˆÓÈÎÔ‡ ·ÓÙÈ-BMP4 ·ÓÙÈÛÒÌ·ÙÔ˜ Î·Ù¿ ÙËÓ 9Ë
ËÌ¤Ú· ÂÁÎ˘ÌÔÛ‡ÓË˜. ∆· ·ÔÙÂÏ¤ÛÌ·Ù· ÂÎÙÈÌÒÓÙ·È, (·)
Ì·ÎÚÔÛÎÔÈÎ¿, (‚) ÛÂ ÛÙÂÚÂÔÛÎfiÈÔ, ‡ÛÙÂÚ· ·fi
‰ÈÏ‹ ÈÛÙÔ¯ËÌÈÎ‹ ¯ÚÒÛË ¯fiÓ‰ÚÔ˘/ÔÛÙ›ÙË ÈÛÙÔ‡, Î·È ÌÂ
ÊˆÙÔÓÈÎ‹ ÌÈÎÚÔÛÎÔ›· ‡ÛÙÂÚ· ·fi (Á) ÈÛÙÔÏÔÁÈÎ‹
¯ÚÒÛË (Domagk) ÙÔÌÒÓ ·Ú·Ê›ÓË˜, Î·È (‰) ·ÓÔÛÔ˚ÛÙÔ-
¯ËÌÂ›·.
∞¶√∆∂§∂™ª∞∆∞: ∏ in vivo ¯ÔÚ‹ÁËÛË ÔÚÈÛÌ¤ÓË˜
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Organogenesis of jaws and teeth is regulated by many
intrinsic factors, especially of the TGF-‚ superfamily
(transforming growth factors) (Koussoulakou et al.,
2001; ten Berge et al., 2001). Occasionally, the complex-
ity of mechanisms controlling and regulating odontoge-
nesis entails aberration of the developmental course and
occurrence of gnathic and dental dysplasias. These dys-
plasias usually result in lack of correct dental occlusion,
which has both cosmetic and pathological consequences
for the bearer, so much so that orthodontics or/and
orthognathic surgery become necessary (Georgiakaki et
al., 2003). Often, the cause of the malocclusion is
absence of symmetry and, consequently, absence of
maxillomandibular intercuspation (Mossey, 1999).
The TGF-‚ superfamily includes many morphoge-
netic/growth factors active during fetal development.
Osteomorphogenetic proteins (BMPs, bone morpho-
genetic proteins) belong to this superfamily. To date, 16
BMP isotypes have become known; these isotypes,
although initially traced from osteoinductive activities,
have been shown to play a major role throughout fetal
development and organogenesis (Tziafas et al., 2001;
Trimmer et al., 2002; Koussoulakos, 2004). BMP activities
during embryogenesis are revealed through gene target-
ing of certain sequences. In most embryonic models,
BMP action is regulated by various factors, as well as by
specific types of BMP antagonists (Grotenwold and
Ruther, 2002; Wang et al., 2004); interactions with BMP4
inhibitors play a decisive role in mandibular formation
(Stottmann et al., 2001; Wang et al., 2004). Furthermore,
BMP4 plays an important role in the differentiation of
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∏ ÔÚÁ·ÓÔÁ¤ÓÂÛË ÙˆÓ ÁÓ¿ıˆÓ Î·È ÙˆÓ Ô‰fiÓÙˆÓ Ú˘ıÌ›˙ÂÙ·È
·fi ÔÏÏÔ‡˜ ÂÓ‰ÔÁÂÓÂ›˜ ·Ú¿ÁÔÓÙÂ˜, È‰›ˆ˜ ÙË˜ ˘ÂÚÔÈÎÔ-
Á¤ÓÂÈ·˜ TGF-‚ (transforming growth factor – ·˘ÍËÙÈÎfi˜
·Ú¿ÁˆÓ ÌÂÙ·Û¯ËÌ·ÙÈÛÌÔ‡) (Koussoulakou Î·È Û˘Ó.,
2001; ten Berge Î·È Û˘Ó., 2001). ∏ ÔÏ˘ÏÔÎfiÙËÙ· ÙˆÓ
ÌË¯·ÓÈÛÌÒÓ Ô˘ ÂÏ¤Á¯Ô˘Ó Î·È Ú˘ıÌ›˙Ô˘Ó ÙËÓ Ô‰ÔÓÙÔÁ¤-
ÓÂÛË Û˘ÓÂ¿ÁÂÙ·È ÔÚÈÛÌ¤ÓÂ˜ ÊÔÚ¤˜ ÙÔÓ ·ÔÛ˘ÓÙÔÓÈÛÌfi
ÙË˜ ·Ó·Ù˘ÍÈ·Î‹˜ ÔÚÂ›·˜ Î·È ÙËÓ ÂÌÊ¿ÓÈÛË ÁÓ·ıÈÎÒÓ Î·È
Ô‰ÔÓÙÈÎÒÓ ‰˘ÛÏ·ÛÈÒÓ. √È ‰˘ÛÏ·Û›Â˜ ·˘Ù¤˜ ¤¯Ô˘Ó ˆ˜
Û‡ÓËıÂ˜ ·ÔÙ¤ÏÂÛÌ· ÙËÓ ·Ô˘Û›· ÔÚı‹˜ Û‡ÁÎÏÈÛË˜ ÙˆÓ
Ô‰fiÓÙˆÓ, ÁÂÁÔÓfi˜ Ô˘ ÂÈÊ¤ÚÂÈ Ù¤ÙÔÈÂ˜ ÎÔÛÌÈÙÈÎ¤˜ Î·È
·ıÔÏÔÁÈÎ¤˜ ÂÈÙÒÛÂÈ˜ ÛÙÔÓ Ê¤ÚÔÓÙ· ÔÚÁ·ÓÈÛÌfi ÒÛÙÂ Ó·
Â›Ó·È ··Ú·›ÙËÙË Ë ÔÚıÔ‰ÔÓÙÈÎ‹ ‹/Î·È Ë ÁÓ·ıÔ¯ÂÈÚÔ˘ÚÁÈ-
Î‹ Â¤Ì‚·ÛË (Georgiakaki Î·È Û˘Ó., 2003). ∞ÚÎÂÙ¤˜
ÊÔÚ¤˜, ÙÔ ·›ÙÈÔ ÙË˜ ·Ô˘Û›·˜ Ô‰ÔÓÙÈÎ‹˜ Û‡ÁÎÏÈÛË˜ Â›Ó·È Ë
·Ô˘Û›· Û˘ÌÌÂÙÚ›·˜ Î·È Û˘ÓÂÒ˜ Î·È Û˘Ó·ÚÌÔÁ‹˜ ÌÂÙ·Í‡
¿Óˆ Î·È Î¿Ùˆ ÁÓ¿ıˆÓ (Mossey, 1999). 
∏ ˘ÂÚÔÈÎÔÁ¤ÓÂÈ· TGF-‚ Û˘ÌÂÚÈÏ·Ì‚¿ÓÂÈ ÏËıÒÚ· ÌÔÚ-
ÊÔÁÂÓÂÙÈÎÒÓ/·˘ÍËÙÈÎÒÓ ·Ú·ÁfiÓÙˆÓ Ô˘ ‰ÚÔ˘Ó Î·Ù¿ ÙËÓ
ÂÌ‚Ú˘˚Î‹ ·Ó¿Ù˘ÍË. ª¤ÏË ÙË˜ ˘ÂÚÔÈÎÔÁ¤ÓÂÈ·˜ ·˘Ù‹˜
Â›Ó·È Î·È ÔÈ ÔÛÙÂÔÌÔÚÊÔÁÂÓÂÙÈÎ¤˜ ÚˆÙÂ˝ÓÂ˜ (BMPs, bone
morphogenetic proteins). ª¤¯ÚÈ Û‹ÌÂÚ· Â›Ó·È ÁÓˆÛÙÔ› 16
ÈÛfiÙ˘ÔÈ BMPs, ÔÈ ÔÔ›ÔÈ, ·Ó Î·È ·Ú¯ÈÎ¿ ·ÓÈ¯ÓÂ‡ıËÎ·Ó
·fi ÔÛÙÂÔÂ·ÁˆÁÈÎ¤˜ ‰Ú·ÛÙËÚÈfiÙËÙÂ˜, ·Â‰Â›¯ıË fiÙÈ ‰È·-
‰Ú·Ì·Ù›˙Ô˘Ó ÚˆÙÂ‡ÔÓÙÂ˜ ÚfiÏÔ˘˜ Î·ı fiÏË ÙËÓ ÂÌ‚Ú˘˚Î‹
·Ó¿Ù˘ÍË ÙˆÓ ÔÚÁ·ÓÈÛÌÒÓ Î·È ÙËÓ ÔÓÙÔÁ¤ÓÂÛË ÔÏÏÒÓ

ism. However, at the dental level, there is transitory
interference with the normal course of odontoblast
differentiation and the production of pre-dentin,
whereas delay in ossification also includes the alveoli.
CONCLUSIONS: Controlled, experimental anti-BMP4
administration seems to be both safe for the organism
and promising for intended, guided odontoblast dif-
ferentiation

KKeeyy wwoorrddss:: Enamel, BMP4, odontoblasts, odontogen-
esis, alveoli
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ÔÛfiÙËÙ·˜ ÌÔÓÔÎÏˆÓÈÎÔ‡, ·ÓÙÈ-BMP4 ·ÓÙÈÛÒÌ·ÙÔ˜
Ê·›ÓÂÙ·È Ó· ÌËÓ ÂËÚÂ¿˙ÂÈ ÙËÓ ÂÓ Á¤ÓÂÈ ·Ó·Ù˘ÍÈ·Î‹
ÔÚÂ›· ÛÙÔ Â›Â‰Ô ÙÔ˘ ÒÚÈÌÔ˘ ÔÚÁ·ÓÈÛÌÔ‡. øÛÙfiÛÔ,
ÛÙÔ Â›Â‰Ô ÙˆÓ Ô‰fiÓÙˆÓ ‰È·ÈÛÙÒÓÂÙ·È ·ÚÔ‰ÈÎ‹
·Ú¤Ì‚·ÛË ÛÙË Ê˘ÛÈÔÏÔÁÈÎ‹ ÔÚÂ›· ‰È·ÊÔÚÔÔ›ËÛË˜
ÙˆÓ Ô‰ÔÓÙÈÓÔ‚Ï·ÛÙÒÓ Î·È ÛÙËÓ ·Ú·ÁˆÁ‹ ÚÔÔ‰ÔÓÙ›-
ÓË˜, ÂÓÒ Ë Î·ı˘ÛÙ¤ÚËÛË ÙË˜ ÔÛÙÂÔÔ›ËÛË˜ Û˘ÌÂÚÈ-
Ï·Ì‚¿ÓÂÈ Î·È Ù· Ê·ÙÓ›·. 
™Àª¶∂ƒ∞™ª∞∆∞: ∏ ÂÏÂÁ¯fiÌÂÓË, ÂÈÚ·Ì·ÙÈÎ‹ ¯ÔÚ‹ÁË-
ÛË ÙÔ˘ ·ÓÙÈ-BMP4 Ê·›ÓÂÙ·È Ó· Â›Ó·È ·ÛÊ·Ï‹˜ ÁÈ· ÙÔÓ
ÔÚÁ·ÓÈÛÌfi, ·ÏÏ¿ Î·È ÂÏÈ‰ÔÊfiÚÔ˜ ÚÔ˜ ÛÎÔÔ‡ÌÂÓË,
Î·ÙÂ˘ı˘ÓfiÌÂÓË ‰È·ÊÔÚÔÔ›ËÛË ÙˆÓ Ô‰ÔÓÙÈÓÔ‚Ï·-
ÛÙÒÓ. 

§§¤¤ÍÍÂÂÈÈ˜̃ ÎÎÏÏÂÂÈÈ‰‰ÈÈ¿¿:: ∞‰·Ì·ÓÙ›ÓË, BMP4, Ô‰ÔÓÙÈÓÔ‚Ï¿ÛÙÂ˜,
Ô‰ÔÓÙÔÁ¤ÓÂÛË, Ê·ÙÓ›·
∂ÏÏ √ÚıÔ‰ ∂Èı 2006;9:35-45.
¶·ÚÂÏ‹ÊıË: 26.06.2005 – ŒÁÈÓÂ ‰ÂÎÙ‹: 13.10.2005
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both odontoblasts and ameloblasts during fetal devel-
opment (Tabata et al., 2002; Wang et al., 2004), while it
induces odontoblast formation from mesenchymal cells
of the dental pulp, a finding that may be clinically useful
in pulpal treatment (Tucker et al., 1998; Iohara et al.,
2004; Goldberg and Smith, 2004).
Mature odontoblasts are arranged in a single-cell layer
on the borders of the pulp cavity. Functionally active
odontoblasts are longitudinal, cylindrical, polarized cells
whose one end is turned to the pre-dentin and has a lon-
gitudinal ending “confined” within the dentinal tubule,
which crosses the pre-dentinal zone and mineralized
dentin (Linde and Goldberg, 1993). The major role of
odontoblasts is synthesis and secretion of collagenous
and non-collagenous proteins and signal molecules (Cas-
sidy et al., 1997). Following completion of primary
dentin synthesis, odontoblasts come to a rest state; how-
ever, they continue to synthesize secondary dentin,
although at a much lower rate. Nevertheless, it has been
found that under specific conditions, e.g. caries, perfora-
tion, trauma etc., resting odontoblasts increase once
more their synthesizing activity and secrete tertiary
dentin for pulp protection (Ten Cate, 1994).
The major protective dental layer is the external enamel,
which, however, decays under the influence of various
factors. Enamel decay is the second most frequent
pathological human condition after the common cold.
Gradual dental destruction may be interrupted or signif-
icantly slowed down by dental fillings, which, however,
are often painful, while several of the pharmaceutical,
vaso-constrictive agents (e.g. adrenaline) used are not
always safe. Recent studies further support the impor-
tant observation that odontoblasts are capable of
expressing even amelogenin-producing genes (Papager-
akis et al., 2003; Nagano et al., 2003; Wang et al., 2004).
Since ameloblasts undergo apoptosis before tooth erup-
tion, enamel regeneration is considered impossible.
Today, the evolution of molecular biology offers the pos-
sibility to hope for odontoblast-guided enamel synthesis
in the future (a rather distant goal, for the time being)
and proper enamel deposition over the existing dentin.
The possibilities for clinical applications of a preventive
and therapeutic nature are largely based on fully illumi-
nating all developmental procedures and identifying all
factors involved in jaw morphogenesis and odontogene-
sis (Mao and Nah, 2004). The aim of this study was to
analyze the action of a BMP4 inhibitor on mandibular

ÔÚÁ¿ÓˆÓ (Tziafas Î·È Û˘Ó., 2001; Trimmer Î·È Û˘Ó., 2002;
Koussoulakos, 2004). √È ‰Ú·ÛÙËÚÈfiÙËÙÂ˜ ÙˆÓ BMPs Î·Ù¿
ÙËÓ ÂÌ‚Ú˘ÔÁ¤ÓÂÛË ·Ó·‰ÂÈÎÓ‡ÔÓÙ·È ÌÂ ÁÔÓÈ‰È·Î‹ ÛÙfi¯Â˘ÛË
(knock out ‹ gene targeting) ÂÈ‰ÈÎÒÓ ·ÏÏËÏÔ˘¯ÈÒÓ. ™Ù·
ÂÚÈÛÛfiÙÂÚ· ÂÌ‚Ú˘˚Î¿ ÌÔÓÙ¤Ï· Ë ‰Ú¿ÛË ÙˆÓ ‰È·ÊfiÚˆÓ
BMPs Ú˘ıÌ›˙ÂÙ·È ·fi ÔÈÎ›ÏÔ˘˜ ·Ú¿ÁÔÓÙÂ˜ Î·ıÒ˜ Î·È
·fi Û˘ÁÎÂÎÚÈÌ¤ÓÔ˘˜ Ù‡Ô˘˜ ·ÓÙ·ÁˆÓÈÛÙÒÓ ÙÔ˘˜
(Grotenwold Î·È Ruther, 2002; Wang Î·È Û˘Ó., 2004) ÂÓÒ
ÔÈ ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ÌÂ ·Ó·ÛÙÔÏÂ›˜ ÙË˜ BMP4 Â›Ó·È Î·ıÔ-
ÚÈÛÙÈÎ¤˜ ÁÈ· ÙÔÓ Û¯ËÌ·ÙÈÛÌfi ÙË˜ Î¿Ùˆ ÁÓ¿ıÔ˘ (Stottmann
Î·È Û˘Ó., 2001; Wang Î·È Û˘Ó., 2004). ∞ÎfiÌË, Ë µªƒ4
‰È·‰Ú·Ì·Ù›˙ÂÈ ÛËÌ·ÓÙÈÎfi ÚfiÏÔ ÛÙË ‰È·ÊÔÚÔÔ›ËÛË ÙfiÛÔ
ÙˆÓ Ô‰ÔÓÙÈÓÔ‚Ï·ÛÙÒÓ fiÛÔ Î·È ÙˆÓ ·‰·Ì·ÓÙÈÓÔ‚Ï·ÛÙÒÓ
Î·Ù¿ ÙËÓ ÂÌ‚Ú˘˚Î‹ ·Ó¿Ù˘ÍË (Tabata Î·È Û˘Ó., 2002;
Wang Î·È Û˘Ó., 2004), ÂÓÒ Â¿ÁÂÈ ÙË ‰ËÌÈÔ˘ÚÁ›· Ô‰ÔÓÙÈ-
ÓÔ‚Ï·ÛÙÒÓ ·fi ÌÂÛÂÁ¯˘Ì·ÙÈÎ¿ Î‡ÙÙ·Ú· ÙÔ˘ Ô‰ÔÓÙÈÎÔ‡
ÔÏÊÔ‡, ÁÂÁÔÓfi˜ Ô˘ ÌÔÚÂ› Ó· Ù‡¯ÂÈ ÎÏÈÓÈÎ‹˜ ÂÊ·ÚÌÔ-
Á‹˜ ÛÂ ıÂÚ·Â˘ÙÈÎ‹ ·ÁˆÁ‹ ÙÔ˘ ÔÏÊÔ‡ (Tucker Î·È Û˘Ó.
1998; Iohara Î·È Û˘Ó., 2004; Goldberg Î·È Smith, 2004).
√È ÒÚÈÌÔÈ Ô‰ÔÓÙÈÓÔ‚Ï¿ÛÙÂ˜ Â˘Ú›ÛÎÔÓÙ·È ‰È·ÙÂÙ·ÁÌ¤ÓÔÈ ÛÂ
ÌÈ· ÌÔÓoÎ˘ÙÙ¿ÚÈ· ÛÙÈ‚¿‰· ÛÙ· fiÚÈ· ÙË˜ ÔÏÊÈÎ‹˜ ÎÔÈÏfi-
ÙËÙ·˜. √È ÏÂÈÙÔ˘ÚÁÈÎÒ˜ ‰Ú·ÛÙ‹ÚÈÔÈ Ô‰ÔÓÙÈÓÔ‚Ï¿ÛÙÂ˜ Â›Ó·È
ÂÈÌ‹ÎË, Î˘ÏÈÓ‰ÚÈÎ¿, ÔÏˆÌ¤Ó· Î‡ÙÙ·Ú·, ÙˆÓ ÔÔ›ˆÓ ÙÔ
¤Ó· ¿ÎÚÔ Â›Ó·È ÛÙÚ·ÌÌ¤ÓÔ ÚÔ˜ ÙËÓ ÚÔ-Ô‰ÔÓÙ›ÓË Î·È ‰È·-
ı¤ÙÂÈ ÂÈÌ‹ÎË ·ÔÊ˘¿‰· Ô˘ «ÂÁÎÏÂ›ÂÙ·È» ÂÓÙfi˜ ÙÔ˘ Ô‰Ô-
ÓÙÈÓÈÎÔ‡ ÛˆÏËÓ›ÛÎÔ˘ Î·È Ë ÔÔ›· ‰È·Û¯›˙ÂÈ ÙËÓ ÚÔ-Ô‰Ô-
ÓÙÈÓÈÎ‹ ˙ÒÓË Î·È ÙËÓ ÂÊ·Ï·ÙˆÌ¤ÓË Ô‰ÔÓÙ›ÓË (Linde Î·È
Goldberg, 1993). ∫‡ÚÈÔ˜ ÚfiÏÔ˜ ÙˆÓ Ô‰ÔÓÙÈÓÔ‚Ï·ÛÙÒÓ
Â›Ó·È Ë Û‡ÓıÂÛË Î·È ¤ÎÎÚÈÛË ÎÔÏÏ·ÁÔÓÔ‡¯ˆÓ Î·È ÌË,
ÚˆÙÂ˚ÓÒÓ Î·È ÏËÚÔÊÔÚÈ·ÎÒÓ ÌÔÚ›ˆÓ (Cassidy Î·È Û˘Ó.,
1997). ªÂÙ¿ ÙÔ ¤Ú·˜ ÙË˜ Û‡ÓıÂÛË˜ ÙË˜ ÚˆÙÔÁÂÓÔ‡˜
Ô‰ÔÓÙ›ÓË˜, ÔÈ Ô‰ÔÓÙÈÓÔ‚Ï¿ÛÙÂ˜ ÌÂÙ·›ÙÔ˘Ó ÛÂ ÂÊËÛ˘¯¿-
˙Ô˘Û· Î·Ù¿ÛÙ·ÛË, fiÌˆ˜ ÂÍ·ÎÔÏÔ˘ıÔ‡Ó Ó· Û˘Óı¤ÙÔ˘Ó
‰Â˘ÙÂÚÔÁÂÓ‹ Ô‰ÔÓÙ›ÓË, ·ÏÏ¿ ÌÂ ÔÏ‡ ‚Ú·‰‡ÙÂÚÔ Ú˘ıÌfi.
øÛÙfiÛÔ, ¤¯ÂÈ ‰È·ÈÛÙˆıÂ› fiÙÈ ˘fi Û˘ÁÎÂÎÚÈÌ¤ÓÂ˜ Û˘Óı‹-
ÎÂ˜, .¯. ÙÂÚË‰fiÓ·, ‰È¿ÙÚËÛË, ÙÚ·‡Ì· Î.Ï., ÔÈ ÂÊËÛ˘¯¿-
˙ÔÓÙÂ˜ Ô‰ÔÓÙÈÓÔ‚Ï¿ÛÙÂ˜ ·˘Í¿ÓÔ˘Ó ÂÎ Ó¤Ô˘ ÙË Û˘ÓıÂÙÈÎ‹
ÈÎ·ÓfiÙËÙ¿ ÙÔ˘˜ Î·È ÂÎÎÚ›ÓÔ˘Ó ÙÚÈÙÔÁÂÓ‹ Ô‰ÔÓÙ›ÓË ÚÔ˜
ÚÔÛÙ·Û›· ÙÔ˘ ÔÏÊÔ‡ (Ten Cate, 1994).
∆Ô Î·Ù ÂÍÔ¯‹Ó ÚÔÛÙ·ÙÂ˘ÙÈÎfi ÛÙÚÒÌ· ÙÔ˘ Ô‰fiÓÙÔ˜ Â›Ó·È Ë
ÂÍˆÙÂÚÈÎ‹ ·‰·Ì·ÓÙ›ÓË, Ë ÔÔ›· fiÌˆ˜ ÊıÂ›ÚÂÙ·È ˘fi ÙËÓ
Â›‰Ú·ÛË ÔÈÎ›ÏˆÓ ·Ú·ÁfiÓÙˆÓ, Ë ‰Â ÊıÔÚ¿ ÙË˜ ·‰·Ì·-
ÓÙ›ÓË˜ Â›Ó·È Ë ‰Â‡ÙÂÚË ÛÂ Û˘¯ÓfiÙËÙ· ·ıÔÏÔÁÈÎ‹ Î·Ù¿-
ÛÙ·ÛË ÙÔ˘ ·ÓıÚÒÔ˘ ÌÂÙ¿ ÙÔ ÎÔÈÓfi ÎÚ˘ÔÏfiÁËÌ·. ∏ ÚÔ-
Ô‰Â˘ÙÈÎ‹ Î·Ù·ÛÙÚÔÊ‹ ÂÓfi˜ Ô‰fiÓÙÔ˜ ÌÔÚÂ› Ó· ‰È·ÎÔÂ› ‹
Ó· ÂÈ‚Ú·‰˘ÓıÂ› ÛËÌ·ÓÙÈÎ¿ ÌÂ ¤ÌÊÚ·ÍË, Ë ÔÔ›· fiÌˆ˜
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osteogenesis and tooth organogenesis in mammal ani-
mal models. 

MMAATTEERRIIAALLSS AANNDD MMEETTHHOODDSS

A static group experimental design was preferred. Four
equal groups (i, ii, iii and iv, of approximately similar ani-
mal age and weight) of white, female mice were used
(species Mus musculus, strain Balb/c, provided by the
Greek Pasteur Institute), all of them being at the 9th ges-
tational day [developmental stage TS13, (Theiler, 1989)].
For validity purposes, 20 subjects of each group were stud-
ied. Every animal in groups (i), (ii) and (iii) was given an
intra-ventral injection of a 50 Ìg anti-BMP4 monoclonal
antibody solution (mouse monoclonal antibody, clone
3H2, Novocastra); group (iv) was injected with 100 Ìl of
solvent (normal saline). All procedures were performed
according to the guidelines of Federal Animal Welfare
Regulations. Immediately after birth, group (i) newborns
remained with their mother until all their teeth had erupt-
ed. Group (ii) and (iii) newborns were anesthetized imme-
diately and specimens were fixed: group (ii) in 95% alco-
hol and group (iii) in 5% aqueous formaldehyde solution.
Similar procedures were also followed for group (iv) new-
borns. Results were analyzed with, (a) macroscopic exam-
ination, in order to investigate external, morphogenetic
anomalies (group i, ii and iii off-spring), (b) double, histo-
chemical staining (Alcian blue for cartilage, Alizarin red S
for osseous tissue, Gavaia et al., 2000) of intact embryos
and clearing (in glycerine) in order to reveal craniofacial
skeletal elements (group ii off-spring), (c) Domagk histo-
logical staining (Romeis, 1948) of paraffin sections (group
iii off-spring) and (d) immunohistochemical DAB staining
(group iii off-spring).

RREESSUULLTTSS

DDeennttaall ddeevveellooppmmeenntt

Murine teeth are symmetrically positioned in both jaws,
following the same pattern per quadrant, that is, one
central, anterior incisor and three molars (1I-diastema-
3M). Incisors (I) always have open roots (hypsodonts,
they grow throughout life) and enamel is found on their
anterior surface only. Molars (M) do not keep developing
(brachydonts). Mice do not possess lateral incisors,
canines and premolars. Thus, an edentulous area called

Û˘¯Ó¿ Â›Ó·È ÂÒ‰˘ÓË, ÂÓÒ ÔÚÈÛÌ¤Ó· ·fi Ù· ¯ÚËÛÈÌÔÔÈ-
Ô‡ÌÂÓ· Ê·ÚÌ·ÎÂ˘ÙÈÎ¿, ·ÁÁÂÈÔÛ˘ÛÙ·ÏÙÈÎ¿ ÛÎÂ˘¿ÛÌ·Ù·
(.¯. ·‰ÚÂÓ·Ï›ÓË) ‰ÂÓ Â›Ó·È ¿ÓÙ· ·Î›Ó‰˘Ó·. ¶ÚfiÛÊ·ÙÂ˜
ÌÂÏ¤ÙÂ˜ ÂÓÈÛ¯‡Ô˘Ó ÙË ÛËÌ·ÓÙÈÎ‹ ·Ú·Ù‹ÚËÛË fiÙÈ, ÔÈ Ô‰Ô-
ÓÙÈÓÔ‚Ï¿ÛÙÂ˜ Â›Ó·È ÛÂ ı¤ÛË Ó· ÂÎÊÚ¿ÛÔ˘Ó ·ÎfiÌË Î·È ÁÔÓ›-
‰È· ·Ú·ÁˆÁ‹˜ ·ÌÂÏÔÁÂÓ›ÓË˜ (Papagerakis Î·È Û˘Ó.,
2003; Nagano Î·È Û˘Ó., 2003; Wang Î·È Û˘Ó., 2004).
∞ÊÔ‡ ÔÈ ·‰·Ì·ÓÙÈÓÔ‚Ï¿ÛÙÂ˜ ˘Ê›ÛÙ·ÓÙ·È ·fiÙˆÛË ÚÈÓ
·fi ÙËÓ ¤ÎÊ˘ÛË ÙÔ˘ Ô‰fiÓÙÔ˜ ıÂˆÚÂ›Ù·È ·‰‡Ó·ÙË Ë Â·-
Ó·‰ËÌÈÔ˘ÚÁ›· ÙË˜ ·‰·Ì·ÓÙ›ÓË˜. ™‹ÌÂÚ·, Ë ÚfiÔ‰Ô˜ ÙË˜
ÌÔÚÈ·Î‹˜ ‚ÈÔÏÔÁ›·˜ Ì·˜ ÂÈÙÚ¤ÂÈ Ó· ÂÏ›˙Ô˘ÌÂ ÛÂ ¤Ó·Ó
(ÚÔ˜ ÙÔ ·ÚfiÓ ·ÚÎÂÙ¿ Ì·ÎÚÈÓfi) ÛÙfi¯Ô, ‰ËÏ·‰‹ ÛÙËÓ
Î·ÙÂ˘ı˘ÓfiÌÂÓË Û‡ÓıÂÛË ·‰·Ì·ÓÙ›ÓË˜ ·fi ÙÔ˘˜ Ô‰ÔÓÙÈÓÔ-
‚Ï¿ÛÙÂ˜ Î·È ÛÙË ÛˆÛÙ‹ ÙÔÔı¤ÙËÛË ·˘Ù‹˜ Â› ÙË˜ ˘¿Ú-
¯Ô˘Û·˜ Ô‰ÔÓÙ›ÓË˜. √È Èı·ÓfiÙËÙÂ˜ ÁÈ· ÎÏÈÓÈÎ¤˜ ÂÊ·ÚÌÔÁ¤˜
ÙË˜ ÚfiÏË„Ë˜ Î·È ÙË˜ ıÂÚ·Â›·˜ ‚·Û›˙ÔÓÙ·È ÂÓ ÔÏÏÔ›˜
ÛÙËÓ Ï‹ÚË ‰È·ÊÒÙÈÛË ÙˆÓ ·Ó·Ù˘ÍÈ·ÎÒÓ ‰È·‰ÈÎ·ÛÈÒÓ
Î·È ÛÙËÓ Ù·˘ÙÔÔ›ËÛË ÙˆÓ ·Ú·ÁfiÓÙˆÓ Ô˘ ÂÌÏ¤ÎÔÓÙ·È
ÛÙË ÌÔÚÊÔÁ¤ÓÂÛË ÙˆÓ ÁÓ¿ıˆÓ Î·È ÛÙËÓ Ô‰ÔÓÙÔÁ¤ÓÂÛË
(Mao Î·È Nah, 2004). √ ÂÁÁ‡ÙÂÚÔ˜ ÛÙfi¯Ô˜ ÙË˜ ·ÚÔ‡ÛË˜
ÂÚÂ˘ÓËÙÈÎ‹˜ ÂÚÁ·Û›·˜ ‹Ù·Ó Ë ·Ó¿Ï˘ÛË ÙË˜ ‰Ú¿ÛË˜ ·Ó·-
ÛÙÔÏ¤ˆ˜ ÙË˜ BMP4 Â› ÙË˜ ÔÛÙÂÔÁ¤ÓÂÛË˜ ÙË˜ Î¿Ùˆ ÁÓ¿ıÔ˘
Î·È ÙË˜ ÔÚÁ·ÓÔÁ¤ÓÂÛË˜ ÙˆÓ Ô‰fiÓÙˆÓ, ÛÂ ˙ˆÈÎ¿ ÌÔÓÙ¤Ï·
ıËÏ·ÛÙÈÎÒÓ.

ÀÀ§§ππ∫∫∞∞ ∫∫∞∞ππ ªª∂∂££√√¢¢√√ππ

¶ÚÔ˜ Â›ÙÂ˘ÍË ÙÔ˘ ÛÙfi¯Ô˘, ÚÔÙÈÌ‹ıËÎÂ Ë ÂÈÚ·Ì·ÙÈÎ‹
Û¯Â‰›·ÛË ÛÙ·ÙÈÎ‹˜ ÔÌ¿‰·˜. ÃÚËÛÈÌÔÔÈ‹ıËÎ·Ó Ù¤ÛÛÂÚÈ˜
ÈÛfiÙÈÌÂ˜ ÔÌ¿‰Â˜ (i, ii, iii Î·È iv, ÂÚ›Ô˘ ›‰È· ËÏÈÎ›· Î·È
‚¿ÚÔ˜ ˙ÒˆÓ) ÏÂ˘ÎÒÓ, ıËÏ˘ÎÒÓ ÔÓÙÈÎÒÓ (Â›‰Ô˜ Mus
musculus, ÛÙ¤ÏÂ¯Ô˜ Balb/c, ÚÔÌ‹ıÂÈ· ·fi ÙÔ ∂ÏÏËÓÈÎfi
πÓÛÙÈÙÔ‡ÙÔ ¶·ÛÙ¤Ú) ÔÈ ÔÔ›ÔÈ Â˘Ú›ÛÎÔÓÙo ÂÚ›Ô˘ ÛÙËÓ 9Ë
ËÌ¤Ú· ÂÁÎ˘ÌÔÛ‡ÓË˜ [·Ó·Ù˘ÍÈ·Îfi ÛÙ¿‰ÈÔ TS13, (Theiler,
1989)]. °È· ÏfiÁÔ˘˜ ·ÍÈÔÈÛÙ›·˜, ÌÂÏÂÙ‹ıËÎ·Ó 20 ¿ÙÔÌ·
·fi Î¿ıÂ ÔÌ¿‰·. ™Â Î¿ıÂ ˙ÒÔ ÙˆÓ ÔÌ¿‰ˆÓ (i), (ii) Î·È (iii)
ÂÓ¤ıËÎÂ ÂÓ‰ÔÎÔÈÏÈ·Î¿ ‰È¿Ï˘Ì· 50 Ìg ÌÔÓÔÎÏˆÓÈÎÔ‡
·ÓÙÈÛÒÌ·ÙÔ˜ ·ÓÙÈ-BMP4 (mouse monoclonal antibody,
ÎÏÒÓÔ˜ 3∏2, Novocastra), ÛÙË ‰Â ÔÌ¿‰· (iv) ÂÓ›ÔÓÙ·È 100
Ìl ÙÔ˘ ‰È·Ï‡ÙÔ˘ (Ê˘ÛÈÔÏÔÁÈÎfi˜ ÔÚfi˜). ŸÏÂ˜ ÔÈ ÂÂÌ‚¿ÛÂÈ˜
Ú·ÁÌ·ÙÔÔÈ‹ıËÎ·Ó Û‡ÌÊˆÓ· ÌÂ ÙÈ˜ Ô‰ËÁ›Â˜ ÙˆÓ Federal
Animal Welfare Regulations. ∞Ì¤Ûˆ˜ ÌÂÙ¿ ÙË Á¤ÓÓËÛ‹
ÙÔ˘˜ Ù· ÓÂÔÁÓ¿ ÙË˜ ÔÌ¿‰·˜ (i) ·Ú·Ì¤ÓÔ˘Ó ÌÂ ÙË ÌËÙ¤Ú·
ÙÔ˘˜ Ì¤¯ÚÈ Ó· ÂÚ·ÙˆıÂ› Ë ¤ÎÊ˘ÛË fiÏˆÓ ÙˆÓ Ô‰fiÓÙˆÓ. ∆·
ÓÂÔÁÓ¿ ÙˆÓ ÔÌ¿‰ˆÓ (ii) Î·È (iii) Ó·ÚÎÒÓÔÓÙ·È ·Ì¤Ûˆ˜ Î·È
ÌÔÓÈÌÔÔÈÔ‡ÓÙ·È, Ù· ÌÂÓ (ii) ÂÓÙfi˜ ·ÏÎÔfiÏË˜ 95%, Ù· ‰Â
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(iii) ÂÓÙfi˜ ˘‰·ÙÈÎÔ‡ ‰È·Ï‡Ì·ÙÔ˜ ÊÔÚÌ·Ï‰Â˛‰Ë˜ 5%. ™¯ÂÙÈ-
Î¤˜ ‰È·‰ÈÎ·Û›Â˜ ·ÎÔÏÔ˘ı‹ıËÎ·Ó Î·È ÁÈ· ÓÂÔÁÓ¿ ÙË˜ ÔÌ¿-
‰·˜ (iv). ∆· ·ÔÙÂÏ¤ÛÌ·Ù· ·Ó·Ï‡ıËÎ·Ó ÌÂ, (·) Ì·ÎÚÔÛÎÔ-
ÈÎ‹ ÂÍ¤Ù·ÛË, ÚÔ˜ ‰È·ÎÚ›‚ˆÛË ÂÍˆÙÂÚÈÎÒÓ, ÌÔÚÊÔÁÂÓÂÙÈ-
ÎÒÓ ·ÓˆÌ·ÏÈÒÓ (·fiÁÔÓÔÈ ÔÌ¿‰ˆÓ i, ii Î·È iii), (‚) ‰ÈÏ‹,
ÈÛÙÔ¯ËÌÈÎ‹ ¯ÚÒÛË (Alcian blue ÁÈ· ÙÔÓ ¯fiÓ‰ÚÔ, Alizarin
red S, ÁÈ· ÙÔÓ ÔÛÙ›ÙË ÈÛÙfi, Gavaia Î·È Û˘Ó., 2000) ÔÏÔÎÏ‹-
ÚˆÓ ÂÌ‚Ú‡ˆÓ Î·È ‰È·Ê·ÓÔÔ›ËÛË (ÛÂ ÁÏ˘ÎÂÚ›ÓË) ÚÔ˜
·ÔÎ¿Ï˘„Ë ÙˆÓ ÎÚ·ÓÈÔÚÔÛˆÈÎÒÓ ÛÎÂÏÂÙÈÎÒÓ ÛÙÔÈ¯Â›-
ˆÓ (·fiÁÔÓÔÈ ÔÌ¿‰Ô˜ ii), (Á) ÈÛÙÔÏÔÁÈÎ‹ ¯ÚÒÛË Domagk
(Romeis, 1948) ÙÔÌÒÓ ·Ú·Ê›ÓË˜ (·fiÁÔÓÔÈ ÔÌ¿‰Ô˜ iii) Î·È
(‰) ·ÓÔÛÔ˚ÛÙÔ¯ËÌÈÎ‹ ¯ÚÒÛË DAB (·fiÁÔÓÔÈ ÔÌ¿‰Ô˜ iii). 

∞∞¶¶√√∆∆∂∂§§∂∂™™ªª∞∞∆∆∞∞ 

∞∞ÓÓ¿¿ÙÙ˘̆ÍÍËË ÔÔ‰‰fifiÓÓÙÙˆ̂ÓÓ

√È Ô‰fiÓÙÂ˜ ÙˆÓ ÔÓÙÈÎÒÓ Â‰Ú¿˙ÔÓÙ·È Û˘ÌÌÂÙÚÈÎ¿ ÛÙËÓ ¿Óˆ
Î·È ÛÙËÓ Î¿Ùˆ ÁÓ¿ıÔ, ÌÂ ›‰ÈÔ ÚfiÙ˘Ô ÙÂÙ·ÚÙËÌÔÚ›Ô˘, ¤Ó·Ó
ÎÂÓÙÚÈÎfi, ÚfiÛıÈÔ ÙÔÌ¤· Î·È ÙÚÂÈ˜ ÁÔÌÊ›Ô˘˜ (1I-‰È¿ÛÙËÌ·-
3ª). √È ÙÔÌÂ›˜ (π) Â›Ó·È ¿ÓÙ· ·ÓÔÈÎÙÔ› ÛÙË Ú›˙· (˘„fi‰ÔÓÙÂ˜,
·˘Í¿ÓÔ˘Ó Û˘ÓÂ¯Ò˜ Î·ı fiÏË ÙË ‰È¿ÚÎÂÈ· ÙË˜ ˙ˆ‹˜), ¤¯Ô˘Ó
‰Â ·‰·Ì·ÓÙ›ÓË ÌfiÓÔ ÛÙËÓ ÚfiÛıÈ· ÂÈÊ¿ÓÂÈ·. √È ÁÔÌÊ›ÔÈ
(M) ‰ÂÓ ·Ó·Ù‡ÛÛÔÓÙ·È Û˘ÓÂ¯Ò˜ (‚Ú·¯‡‰ÔÓÙÂ˜). ∂ÂÈ‰‹ ÛÙ·
ÔÓÙ›ÎÈ· ‰ÂÓ ˘¿Ú¯Ô˘Ó ÏÂ˘ÚÈÎÔ› ÙÔÌÂ›˜, Î˘Ófi‰ÔÓÙÂ˜ Î·È
ÚÔÁfiÌÊÈÔÈ, ÌÂÙ·Í‡ ÙÔÌ¤ˆÓ Î·È ÁÔÌÊ›ˆÓ ˘¿Ú¯ÂÈ Óˆ‰fi˜
¯ÒÚÔ˜ Ô ÔÔ›Ô˜ Î·ÏÂ›Ù·È ‰È¿ÛÙËÌ·.
√È ÁÓ¿ıÔÈ ÚÔ¤Ú¯ÔÓÙ·È ·fi ÙÔ ÚÒÙÔ ‚Ú·Á¯È·Îfi ÙfiÍÔ, ÙÔ
ÔÔ›Ô, ÛÙÔ ÔÓÙ›ÎÈ ‰ËÌÈÔ˘ÚÁÂ› Î·Ù¿ ÙËÓ 8Ë ËÌ¤Ú· Î‡ËÛË˜
(TS 12) ÙÔ ÚÔÛˆÔÚÈÓÈÎfi ¤·ÚÌ·, ÙÈ˜ Û˘˙˘ÁÂ›˜ ¿Óˆ ÁÓ·-
ıÈÎ¤˜ ÚÔÂÍÔ¯¤˜ Î·È ÙÈ˜ Û˘˙˘ÁÂ›˜ Î¿Ùˆ ÁÓ·ıÈÎ¤˜ ÚÔÂÍÔ-
¯¤˜. √È ÚÔÂÍÔ¯¤˜ ·˘Ù¤˜ Û˘ÓÙ‹ÎÔÓÙ·È, ÌÂ ÚÒÙÂ˜ ÙÈ˜ Î¿Ùˆ
ÁÓ·ıÈÎ¤˜, Î·È ¤ÙÛÈ Û¯ËÌ·Ù›˙ÂÙ·È Ë Î¿Ùˆ ÁÓ¿ıÔ˜. ∏ Î¿Ùˆ
ÁÓ¿ıÔ˜ ·Ó‹ÎÂÈ ÛÙÔ ÛÏ·¯ÓÔÎÚ·Ó›Ô π Î·È ‰ËÌÈÔ˘ÚÁÂ›Ù·È ÌÂ
¯ÔÓ‰ÚÔÁÂÓ‹ ÔÛÙÂÔÁ¤ÓÂÛË ·fi Î‡ÙÙ·Ú· ÙË˜ ÓÂ˘ÚÈÎ‹˜
·ÎÚÔÏÔÊ›·˜. ™ÙËÓ ·Ó¿Ù˘ÍË ÙË˜ Î¿Ùˆ ÁÓ¿ıÔ˘ ‰È·‰Ú·Ì·-
Ù›˙ÂÈ ÛËÌ·ÓÙÈÎfi ÚfiÏÔ Ô ¯fiÓ‰ÚÔ˜ Meckel Î·È ˘ÌÂÓÔÁÂÓ‹
ÔÛÙ¿ Ô˘ ‰ËÌÈÔ˘ÚÁÔ‡ÓÙ·È Á‡Úˆ ÙÔ˘ (Lee Î·È Û˘Ó., 2001)
(∂ÈÎ. 1).

ªª··ÎÎÚÚÔÔÛÛÎÎÔÔÈÈÎÎ¿¿ ÂÂ˘̆ÚÚ‹‹ÌÌ··ÙÙ··

∂ÍˆÙÂÚÈÎ‹ ÂÍ¤Ù·ÛË ÙˆÓ ·Ó·ÙÔÌÈÎÒÓ ÛÙÔÈ¯Â›ˆÓ Î·È ÙË˜
Û˘ÌÂÚÈÊÔÚ¿˜ ÙˆÓ ·ÔÁfiÓˆÓ ÙË˜ ÔÌ¿‰·˜ (i) (¤ÓÂÛË ·ÓÙÈ-
BMP4, ÂÎÙÚ¤ÊÔÓÙ·È Ì¤¯ÚÈ˜ Ï‹ÚÔ˘˜ ¤ÎÊ˘ÛË˜ ÙˆÓ Ô‰fi-
ÓÙˆÓ) ‰ÂÓ ·ÔÎ¿Ï˘„Â ‰È·ÊÔÚ¤˜ ÛÂ Û‡ÁÎÚÈÛË ÌÂ Ì¿ÚÙ˘-

diastema exists between incisors and molars. 
In mice, jaws derive from the first brachial arch which,
during the 8th gestational day (TS 12), forms the nasofa-
cial eminence and the bilateral maxillary and mandibular
gnathic processes. These processes are fused, beginning
with the mandibular ones, thus forming the mandible.
The mandible belongs to viscerocranium I and is formed
through cartilagenous osteogenesis from neural crest
cells. Meckel’s cartilage and membranous bones formed
around it, also play an important role in mandibular
development (Lee et al., 2001) (Fig. 1).

MMaaccrroossccooppiicc ffiinnddiinnggss

External examination of the anatomical elements and
behavior of group (i) off-spring (anti-BMP4 injection,
bred until full tooth eruption) did not show any differ-
ences compared to controls. Form and distribution of the
dental cusps of mandibular molars were studied more
extensively and no deviation from the normal pattern
was noticed (Lyngstadaas et al., 1998).

CClleeaarriinngg ooff eemmbbrryyooss

Certain members of group (ii) [fixed in 95% alcohol]
undergo detailed stereoscopic study of their external
features, as well as inspection of the internal anatomy of
the most apparent organic systems. Double staining of
osseous tissue and cartilage reveals that the blue color
prevails in more anatomical sites as compared to the con-
trol group (group iv), a fact, which suggests ossification
delay. Chondrogenesis of the alveoli is prolonged, espe-
cially in the mandible (Fig. 2).

HHiissttoollooggiiccaall ssttaaiinniinngg

Paraffin section staining using the Domagk method shows
that anti-BMP4 antibody injection in a female mouse dur-
ing the 9th gestational day delays (at least until labor day)
the differentiation and stratification of pre-odontoblasts
and the secretion of pre-dentin (Fig. 3B); pre-dentin, on
the other hand, is well formed by the already differentiat-
ed odontoblasts in normal subjects (Fig. 3A).

IImmmmuunnoohhiissttoocchheemmiissttrryy

Expression and distribution of BMP4 protein to anatomi-
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cal elements of our choice (dental arch, jaws, dental
buds) follows a specific pattern at the border between
epithelium and mesoderm/mesenchyme (Fig. 4). The
apparent absence of BMP4 immunohistochemical stain-
ing in figures 4B and 4¢ may be due to limitations of
method sensitivity, since normal morphogenesis requires
the presence of BMP4.

DDIISSCCUUSSSSIIOONN

DDeennttaall ddeevveellooppmmeenntt

Dental organogenesis begins with a series of successive,
alternate interactions between oral epithelium and
ectomesenchymal cells that have migrated from the
neural crest and are located “under” the oral epithelium
(Koussoulakou et al., 2001). The primary information for
tooth formation is most probably transmitted through
signals (e.g. FGF8) sent by the epithelium to the underly-
ing ectomesenchyme (Grigoriou et al., 1998). Moreover,
proteins BMP4 and SHH (sonic hedgehog) are also
expressed at the epithelium. It seems that Fgf8 gene
expression at the epithelium induces the expression of
Pax9 at the ectomesenchyme. Consequently, simultane-
ous action of proteins FGF8 and BMP4 limits the expres-
sion of Pax9 only to mesenchymal areas where teeth will
be formed (Peters and Balling, 1999). In more advanced
developmental odontogenesis stages, ectomesenchymal
cells become differentiated as pre-odontoblasts. The lat-
ter, after several mitoses, undergo final differentiation
and are transformed into cylindrical, post-mitotic odon-
toblasts that synthesize pre-dentin; at the same time,
epithelial cells are differentiated to ameloblasts that are
responsible for enamel formation. These epithelial-mes-
enchymal interactions have been well investigated in
combination with regulatory mechanisms, growth fac-
tors, molecules of the extra-cellular matrix and cell adhe-
sion molecules (Thesleff and Sharpe, 1997; Colbourne,
1999) (Fig. 3).

MMaaccrroossccooppiicc ffiinnddiinnggss

The presence of appropriate BMP4 quantities in specific
fetal sites at the right time is considered absolutely nec-
essary for the normal course of development (Ohazama
et al., 2005). However, BMP4 action is also regulated by
numerous intrinsic antagonists (Stottmann et al., 2001).

ÚÂ˜. ∏ ÌÔÚÊ‹ Î·È Ë Î·Ù·ÓÔÌ‹ ÙˆÓ Ô‰ÔÓÙÈÎÒÓ Ê˘Ì¿ÙˆÓ
ÙˆÓ ÁÔÌÊ›ˆÓ ÙË˜ Î¿Ùˆ ÁÓ¿ıÔ˘ ÌÂÏÂÙ‹ıËÎÂ ÂÎÙÂÓ¤ÛÙÂÚ·
¯ˆÚ›˜ Ó· ÛËÌÂÈˆıÔ‡Ó ·ÔÎÏ›ÛÂÈ˜ ·fi ÙÔ Ê˘ÛÈÔÏÔÁÈÎfi
ÚfiÙ˘Ô (Lyngstadaas Î·È Û˘Ó., 1998). 

¢¢ÈÈ··ÊÊ··ÓÓÔÔÔÔ››ËËÛÛËË ÂÂÌÌ‚‚ÚÚ‡‡ˆ̂ÓÓ

√ÚÈÛÌ¤Ó· ÓÂÔÁÓ¿ ÙË˜ ÔÌ¿‰·˜ (ii) [ÌÔÓÈÌÔÔ›ËÛË ÂÓÙfi˜
95% ·ÏÎÔfiÏË˜] ˘Ê›ÛÙ·ÓÙ·È ÏÂÙÔÌÂÚ‹ ÛÙÂÚÂÔÛÎÔÈÎ‹
ÌÂÏ¤ÙË ÙˆÓ ÂÍˆÙÂÚÈÎÒÓ ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ÙÔ˘˜, Î·ıÒ˜ Î·È
ÂÈıÂÒÚËÛË ÙË˜ ÂÛˆÙÂÚÈÎ‹˜ ·Ó·ÙÔÌ›·˜ ÙˆÓ Ï¤ÔÓ ÂÌÊ·-
ÓÒÓ ÔÚÁ·ÓÈÎÒÓ Û˘ÛÙËÌ¿ÙˆÓ. ∏ ‰ÈÏ‹ ¯ÚÒÛË ÔÛÙ›ÙË ÈÛÙÔ‡
Î·È ¯fiÓ‰ÚÔ˘ ·ÔÎ·Ï‡ÙÂÈ ÂÈÎÚ¿ÙËÛË ÙË˜ Á·Ï¿˙È·˜ ·fi-
¯ÚˆÛË˜ ÛÂ ÂÚÈÛÛfiÙÂÚÂ˜ ·Ó·ÙÔÌÈÎ¤˜ ı¤ÛÂÈ˜ ÛÂ Û¯¤ÛË ÌÂ
ÙÔÓ Ì¿ÚÙ˘Ú· (ÔÌ¿‰· iv), Î·Ù¿ÛÙ·ÛË Ô˘ ˘Ô‰ËÏÒÓÂÈ
Î·ı˘ÛÙ¤ÚËÛË ÛÙËÓ ÔÛÙÂÔÔ›ËÛË. π‰›ˆ˜ ÛÙËÓ Î¿Ùˆ ÁÓ¿ıÔ,
ÂÎ‰ËÏÒÓÂÙ·È ·Ú¿Ù·ÛË ÙË˜ ¯ÔÓ‰ÚÔÁ¤ÓÂÛË˜ ÚÔ˜ Ù· Ê·Ù-
Ó›· (∂ÈÎ. 2). 

ππÛÛÙÙÔÔÏÏÔÔÁÁÈÈÎÎ‹‹ ¯̄ÚÚÒÒÛÛËË

ÃÚÒÛË ÈÛÙÔÏÔÁÈÎÒÓ ÙÔÌÒÓ ·Ú·Ê›ÓË˜ ÌÂ ÙË Ì¤ıÔ‰Ô
Domagk ‰Â›¯ÓÂÈ fiÙÈ, ¤ÓÂÛË ·ÓÙÈ-BMP4 ·ÓÙÈÛÒÌ·ÙÔ˜ ÛÂ
ıËÏ˘Îfi ÔÓÙ›ÎÈ Î·Ù¿ ÙËÓ 9Ë ËÌ¤Ú· ÂÁÎ˘ÌÔÛ‡ÓË˜ Î·ı˘-
ÛÙÂÚÂ› ÛÙ· ¤Ì‚Ú˘· (ÙÔ˘Ï¿¯ÈÛÙÔÓ Ì¤¯ÚÈ ÙËÓ ËÌ¤Ú· ÙÔÎÂÙÔ‡)
ÙË ‰È·ÊÔÚÔÔ›ËÛË Î·È ÛÙÚˆÌ¿ÙˆÛË ÙˆÓ ÚÔ-Ô‰ÔÓÙÈÓÔ-
‚Ï·ÛÙÒÓ Î·È ÙËÓ ¤ÎÎÚÈÛË ÚÔ-Ô‰ÔÓÙ›ÓË˜ (∂ÈÎ. 3µ), ÂÓÒ ÛÙÔ
›‰ÈÔ ¯ÚÔÓÈÎfi ‰È¿ÛÙËÌ· ÛÙÔ Ê˘ÛÈÔÏÔÁÈÎfi ¿ÙÔÌÔ Ë ÚÔ-
Ô‰ÔÓÙ›ÓË ¤¯ÂÈ Î·ÏÒ˜ Û¯ËÌ·ÙÈÛıÂ› ·fi ÙÔ˘˜ ‹‰Ë ‰È·ÊÔÚÔ-
ÔÈËÌ¤ÓÔ˘˜ Ô‰ÔÓÙÈÓÔ‚Ï¿ÛÙÂ˜ (∂ÈÎ. 3∞). 

∞∞ÓÓÔÔÛÛÔÔ˚̊ÛÛÙÙÔÔ¯̄ËËÌÌÂÂ››··

∏ ¤ÎÊÚ·ÛË Î·È Ë Î·Ù·ÓÔÌ‹ ÙË˜ ÚˆÙÂ˝ÓË˜ BMP4 ÛÂ ·Ó·ÙÔ-
ÌÈÎ¿ ÛÙÔÈ¯Â›· ÙË˜ ÂÈÏÔÁ‹˜ Ì·˜ (Ô‰ÔÓÙÈÎfi ¤Ù·ÏÔ, ÁÓ¿ıÔÈ,
Ô‰ÔÓÙÈÎ¿ ‚Ï·ÛÙ‹Ì·Ù·) ‰Â›¯ÓÂÈ Û˘ÁÎÂÎÚÈÌ¤ÓÔ ÚfiÙ˘Ô ÛÙÔ
fiÚÈÔ ÌÂÙ·Í‡ ÂÈıËÏ›Ô˘ Î·È ÌÂÛÔ‰¤ÚÌ·ÙÔ˜/ÌÂÛÂÁ¯‡Ì·ÙÔ˜
(∂ÈÎ. 4). ∏ Ê·ÈÓÔÌ¤ÓË ·Ô˘Û›· ·ÓÔÛÔ˚ÛÙÔ¯ËÌÈÎ‹˜ ¯ÚÒÛË˜
ÙË˜ BMP4 ·fi ÙÈ˜ ÂÈÎfiÓÂ˜ 4µ Î·È 4¢ ›Ûˆ˜ ÔÊÂ›ÏÂÙ·È ÛÂ ÂÚÈÔ-
ÚÈÛÌfi ÙË˜ Â˘·ÈÛıËÛ›·˜ ÙË˜ ÌÂıfi‰Ô˘, ·ÊÔ‡ Ë Ê˘ÛÈÔÏÔÁÈÎ‹
ÌÔÚÊÔÁ¤ÓÂÛË ÚÔ¸Ôı¤ÙÂÈ Î·È ÙËÓ ·ÚÔ˘Û›· µªP4.

™™ÀÀ∑∑∏∏∆∆∏∏™™∏∏

∞∞ÓÓ¿¿ÙÙ˘̆ÍÍËË ÔÔ‰‰fifiÓÓÙÙˆ̂ÓÓ
∏ ÔÚÁ·ÓÔÁ¤ÓÂÛË ÙˆÓ Ô‰fiÓÙˆÓ ÍÂÎÈÓ¿ ÌÂ ÌÈ· ÛÂÈÚ¿ ‰È·‰Ô-
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¯ÈÎÒÓ, ÂÓ·ÏÏ·ÛÛÔÌ¤ÓˆÓ ·ÏÏËÏÂÈ‰Ú¿ÛÂˆÓ ÌÂÙ·Í‡ ÙÔ˘
ÛÙÔÌ·ÙÈÎÔ‡ ÂÈıËÏ›Ô˘ Î·È ÙˆÓ ÂÎÙÔÌÂÛÂÁ¯˘Ì·ÙÈÎÒÓ Î˘Ù-
Ù¿ÚˆÓ, Ù· ÔÔ›· ¤¯Ô˘Ó ÌÂÙ·Ó·ÛÙÂ‡ÛÂÈ ·fi ÙË ÓÂ˘ÚÈÎ‹
·ÎÚÔÏÔÊ›· Î·È ÂÁÎ·Ù·ÛÙ·ıÂ› «Î¿Ùˆ» ·fi ÙÔ ÛÙÔÌ·ÙÈÎfi
ÂÈı‹ÏÈÔ (∫oussoulakou Î·È Û˘Ó., 2001). H ÚˆÙ·Ú¯ÈÎ‹
ÏËÚÔÊÔÚ›· ÁÈ· ÙË ‰ËÌÈÔ˘ÚÁ›· ÂÓfi˜ Ô‰fiÓÙÔ˜ ‰›‰ÂÙ·È
Èı·ÓfiÙ·Ù· ÌÂ Û‹Ì·Ù· (.¯., FGF8) Ù· ÔÔ›· ·ÔÛÙ¤ÏÏÂÈ ÙÔ
ÂÈı‹ÏÈÔ ÚÔ˜ ÙÔ ˘ÔÎÂ›ÌÂÓÔ ÂÎÙÔÌÂÛ¤Á¯˘Ì· (Grigoriou
Î·È Û˘Ó., 1998). ∞ÎfiÌË, ÛÙÔ ÂÈı‹ÏÈÔ ÂÎÊÚ¿˙ÔÓÙ·È Î·È ÔÈ
ÚˆÙÂ˝ÓÂ˜ BMP4 Î·È SHH (sonic hedgehog). º·›ÓÂÙ·È fiÙÈ Ë

In this study, an extrinsic BMP4 inhibitor/antagonist was
administered but macroscopic findings, at the level of
this study, did not reveal any changes of the normal phe-
notype. This may suggest that the specific quantity and
way of in vivo antibody administration does not entail
any risk for the newborns and may be considered safe.
The most probable explanation for this observation is
that normal phenotype may be due to the relative effi-
ciency of non-bound BMP4 (Liu et al., 2005), to BMP4
replacement (“degeneration”) by other BMP’s (e.g.

∂∂ÈÈÎÎfifiÓÓ·· 11.. ¶·Ú·-Ô‚ÂÏÈ·›· ÙÔÌ‹ ÛÙËÓ ÂÚÈÔ¯‹ ÙˆÓ «¯ÂÈÏ¤ˆÓ» ÓÂÔÁ¤Ó-
ÓËÙÔ˘ ÔÓÙÈÎÔ‡ [X40]. Œ¯ÂÈ ÂÈÏÂÁÂ› ı¤ÛË Ô˘ Û˘ÌÂÚÈÏ·Ì‚¿ÓÂÈ (ÁÈ·
ÏfiÁÔ˘˜ ·Ó·ÙÔÌÈÎ‹˜ ·Ó·ÁÓÒÚÈÛË˜) ÙÌ‹Ì· ÙˆÓ ÙÔÌ¤ˆÓ (π) ÙË˜ ¿Óˆ
(·.Á.) Î·È ÙË˜ Î¿Ùˆ (Î.Á.) ÁÓ¿ıÔ˘. ÁÏ = ÁÏÒÛÛ·. ™ÙÔ˘˜ ÙÔÌÂ›˜ ÙÔ˘
ÔÓÙÈÎÔ‡ ˘¿Ú¯ÂÈ ·‰·Ì·ÓÙ›ÓË ÌfiÓÔ ÛÙÔ ÚfiÛıÈÔ ÙÌ‹Ì· ÙË˜ Ì‡ÏË˜,
ÂÍ Ô˘ Î·È Ë ·ÚÔ˘Û›· (·) ÛÙÚÒÌ·ÙÔ˜ ·‰·Ì·ÓÙÈÓÔ‚Ï·ÛÙÒÓ. Ô = Ô‰Ô-
ÓÙÈÓÔ‚Ï¿ÛÙÂ˜. ¶ÚÔ ÙË˜ ¤ÎÊ˘ÛË˜ ÙˆÓ Ô‰fiÓÙˆÓ ÔÈ ·‰·Ì·ÓÙÈÓÔ‚Ï¿ÛÙÂ˜
·Ô›ÙÔ˘Ó. ∏ ÊıÔÚ¿ ÙË˜ ·‰·Ì·ÓÙ›ÓË˜ Â›Ó·È Ê˘ÛÈÔÏÔÁÈÎ¿ ·ÓÂ·-
ÓfiÚıˆÙË Î·È ÂÎı¤ÙÂÈ ÙÔ ‰fiÓÙÈ ÛÂ ‰È·‚ÚˆÙÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜. ∏ Ô‰Ô-
ÓÙÈÓÔ‚Ï·ÛÙÈÎ‹ ·ÔÊ˘¿‰· Î¿ıÂ Ô‰ÔÓÙÈÓÔ‚Ï¿ÛÙË˜ Êı¿ÓÂÈ Ì¤¯ÚÈ ÙÔ
fiÚÈÔ Ô‰ÔÓÙ›ÓË˜/·‰·Ì·ÓÙ›ÓË˜ (˘fiÏÂ˘ÎË ÛÙÚÒÛË ÌÂÙ·Í‡ Ô‰ÔÓÙÈÓÔ-
‚Ï·ÛÙÒÓ Î·È ·‰·Ì·ÓÙ›ÓË˜). ∏ Û‡Á¯ÚÔÓË ÌÔÚÈ·Î‹ ‚ÈÔÏÔÁ›· ·Ô‚Ï¤-
ÂÈ ÛÙË ‰Ú·ÛÙËÚÈÔÔ›ËÛË ÙÔ˘ ÛÙÚÒÌ·ÙÔ˜ ÙˆÓ Ô‰ÔÓÙÈÓÔ‚Ï·ÛÙÒÓ
ÚÔ˜ Û‡ÓıÂÛË, ÛˆÛÙ‹ ¤ÎÎÚÈÛË Î·È ÂÓ·fiıÂÛË ·‰·Ì·ÓÙ›ÓË˜ Â› ÙË˜
˘¿Ú¯Ô˘Û·˜ Ô‰ÔÓÙ›ÓË˜.

FFiigguurree 11.. Para-sagittal section at the “lip” area of newborn mouse
[X40]. The selected site includes (for purposes of anatomical
identification) part of the incisors (I) of the maxilla (·.Á.) and
mandible (Î.Á.). ÁÏ = tongue. In murine incisors, enamel is found
only at the anterior part of the crown, which explains the presence
of an ameloblast layer (·). o = odontoblasts. Before tooth eruption
ameloblasts undergo apoptosis. Enamel wear is irreversible
physiologically and subjects the tooth to corrosive factors. The
ending of each odontoblast reaches the dentin/enamel border
(whitish layer between odontoblasts and enamel). Modern
molecular biology aims at activating the odontoblast layer toward
synthesis, proper secretion and enamel deposition over the
existing dentin.

∂∂ÈÈÎÎfifiÓÓ·· 22.. (A) ¢È·Ê·ÓÔÔÈËÌ¤ÓÔ ÎÚ·Ó›Ô ÓÂÔÁ¤ÓËÙÔ˘ ÔÓÙÈÎÔ‡-Ì¿Ú-
Ù˘Ú·. ¶·Ú·ÙËÚÔ‡ÌÂ fiÙÈ Î·Ù¿ ÙË Á¤ÓÓËÛË ÙÔ ÎÚ·Ó›Ô (Î) Î·È ÔÈ ÁÓ¿ıÔÈ
(Á) Â›Ó·È Û¯Â‰fiÓ Ï‹Úˆ˜ ÔÛÙÂÔÔÈËÌ¤Ó· (ÎfiÎÎÈÓË ÈÛÙÔ¯ËÌÈÎ‹ ¯ÚÒÛË
Alizarin red S). (µ) ™ÙÔ ÂÈÚ·Ì·ÙÈÎfi ·˘Ùfi ˙ÒÔ Ê·›ÓÂÙ·È Ë Î·ı˘ÛÙ¤-
ÚËÛË ÛÙËÓ ÔÛÙÂÔÔ›ËÛË (Á·Ï¿˙È· ¯ÚÒÛË, Alcian blue), ÂÓÒ ›¯ÓË
ÂÓ·Û‚ÂÛÙ›ˆÛË˜ ÂÌÊ·Ó›˙ÔÓÙ·È ÛÙÈ˜ ÁÓ¿ıÔ˘˜. Û = ÛfiÓ‰˘ÏÔÈ, ¯ =
·˘ÙÔfi‰ÈÔ ÚÔÛı›Ô˘ ¿ÎÚÔ˘. 

FFiigguurree 22.. (A) Cleared cranium of newborn control mouse. We
observe that, at birth, the cranium (Î) and jaws(Á) are almost
totally ossified (red histochemical staining Alizarin red S). (B) Delay
in ossification is observed in this experimental animal (blue
staining, Alcian blue), whereas mineralization traces are found in
the jaws. Û = vertebrae, ¯ = forelimb autopodium.
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¤ÎÊÚ·ÛË ÙÔ˘ ÁÔÓÈ‰›Ô˘ Fgf8 ÛÙÔ ÂÈı‹ÏÈÔ Â¿ÁÂÈ ÙËÓ
¤ÎÊÚ·ÛË ÙÔ˘ ÁÔÓÈ‰›Ô˘ Pax9 ÛÙÔ ÂÎÙÔÌÂÛ¤Á¯˘Ì·, ÂÓÒ Ë
¤ÎÊÚ·ÛË ÙÔ˘ Bmp4 ÛÙÔ ÂÈı‹ÏÈÔ Î·Ù·ÛÙ¤ÏÏÂÈ ÙËÓ ¤ÎÊÚ·-
ÛË ÙÔ˘ Pax9 ÛÙÔ ÂÎÙÔÌÂÛ¤Á¯˘Ì·. ™˘ÓÂÒ˜, Ë Ù·˘Ùfi¯ÚÔÓË,
‰Ú¿ÛË ÙˆÓ ÚˆÙÂ˚ÓÒÓ FGF8 Î·È BMP4 ÂÚÈÔÚ›˙ÂÈ ÙËÓ
¤ÎÊÚ·ÛË ÙÔ˘ Pax9 ÌfiÓÔ ÛÂ ÂÚÈÔ¯¤˜ ÙÔ˘ ÌÂÛÂÁ¯‡Ì·ÙÔ˜
Ô˘ ı· ‰ËÌÈÔ˘ÚÁËıÔ‡Ó ‰fiÓÙÈ· (Peters Î·È Balling, 1999).
™Â Ï¤ÔÓ ÚÔ¯ˆÚËÌ¤Ó· ·Ó·Ù˘ÍÈ·Î¿ ÛÙ¿‰È· ÙË˜ Ô‰ÔÓÙÔ-
Á¤ÓÂÛË˜, ÂÎÙÔÌÂÛÂÁ¯˘Ì·ÙÈÎ¿ Î‡ÙÙ·Ú· ‰È·ÊÔÚÔÔÈÔ‡ÓÙ·È
ÚÔ˜ ÚÔ-Ô‰ÔÓÙÈÓÔ‚Ï¿ÛÙÂ˜. ∞˘ÙÔ›, ‡ÛÙÂÚ· ·fi ÔÚÈÛÌ¤ÓÂ˜
ÌÈÙˆÙÈÎ¤˜ ‰È·ÈÚ¤ÛÂÈ˜, ˘Ê›ÛÙ·ÓÙ·È ÙÂÏÈÎ‹ ‰È·ÊÔÚÔÔ›ËÛË
Î·È ÌÂÙ·ÙÚ¤ÔÓÙ·È ÛÂ Î˘ÏÈÓ‰ÚÈÎÔ‡˜, ÌÂÙ·ÌÈÙˆÙÈÎÔ‡˜ Ô‰Ô-
ÓÙÈÓÔ‚Ï¿ÛÙÂ˜ ÔÈ ÔÔ›ÔÈ Û˘Óı¤ÙÔ˘Ó ÙËÓ ÚÔ-Ô‰ÔÓÙ›ÓË, ÂÓÒ
Ù· ÂÈıËÏÈ·Î¿ Î‡ÙÙ·Ú· ‰È·ÊÔÚÔÔÈÔ‡ÓÙ·È ÚÔ˜ ·‰·Ì·ÓÙÈ-
ÓÔ‚Ï¿ÛÙÂ˜, ÔÈ ÔÔ›ÔÈ Â›Ó·È ˘Â‡ı˘ÓÔÈ ÁÈ· ÙÔÓ Û¯ËÌ·ÙÈÛÌfi
ÙË˜ ·‰·Ì·ÓÙ›ÓË˜. ∞˘Ù¤˜ ÔÈ ÂÈıËÏÈÔÌÂÛÂÁ¯˘Ì·ÙÈÎ¤˜ ·ÏÏË-
ÏÂÈ‰Ú¿ÛÂÈ˜ ¤¯Ô˘Ó ‰ÈÂÚÂ˘ÓËıÂ› ÈÎ·ÓÔÔÈËÙÈÎ¿ ÛÂ Û˘Ó‰˘·-
ÛÌfi ÌÂ Ú˘ıÌÈÛÙÈÎÔ‡˜ ÌË¯·ÓÈÛÌÔ‡˜, ·˘ÍËÙÈÎÔ‡˜ ·Ú¿ÁÔ-
ÓÙÂ˜, ÌfiÚÈ· ÙË˜ ÂÍˆÎ˘ÙÙ¿ÚÈ·˜ ıÂÌ¤ÏÈ·˜ Ô˘Û›·˜ Î·È ÌfiÚÈ·

BMP2, Dassule and McMahon, 1998), to the complexity
of the regulatory network (Wang et al., 2004), etc. Fur-
thermore, absence of any change in molar anatomy may
suggest that the pattern of proliferation and apoptosis
of enamel knot cells is not significantly affected (Jernvall
et al., 1998).

CClleeaarriinngg ooff eemmbbrryyooss

Delay in osteogenesis observed in this study is in full
agreement with the results of other studies (Bennet et
al., 1995) related to direct involvement of BMP4 and its
antagonists in the developmental processes of neurula-
tion, chondrogenesis and head formation (Meech et al.,
2005). Since a quantity of BMP4 antagonist is intro-
duced in the pregnant animal, limitation of BMP4
allows the expression of growth and survival factors
(e.g. FGF8), thus delaying the death of chondrocytes
and their replacement by osteoblasts (Suzuki et al.,
2005).

HHiissttoollooggiiccaall ssttaaiinniinngg

It is known that differentiation of pre-odontoblasts is
induced by the ameloblast layer (Thesleff and Vaah-
tokari, 1992), which, as shown in figure 3B, is well
formed. Furthermore, thickening of the basal mem-
brane separating pre-ameloblasts from pre-odonto-
blasts is essential. Consequently, in order to fully
understand the role of BMP4 in odontoblast differenti-
ation and apply this knowledge clinically, further stud-
ies on the temporospatial expression of BMP4 are nec-
essary. In this case too, lack of deviation from the nor-
mal pattern supports indications about the safety of
anti-BMP4 use.

IImmmmuunnoohhiissttoocchheemmiissttrryy

The apparent absence of colored sediment in the experi-
mental animals (Fig. 4B and 4¢) as opposed to its pres-
ence in the controls (Fig. 4A and 4°) could, at first glance,
be interpreted as absence of BMP4 protein. However,
since immunohistochemical staining, in general, is not a
very sensitive method and subjects develop a normal
phenotype, we are led to conclude that the residual
BMP4 quantity suffices for morphogenetic action, but is
inadequate for immunohistochemical tracing.

∂∂ÈÈÎÎfifiÓÓ·· 33.. µÏ·ÛÙ‹Ì·Ù· ÁÔÌÊ›ˆÓ ÓÂÔÁ¤ÓÓËÙˆÓ ÔÓÙÈÎÒÓ. (∞) ∞fi
Ì¿ÚÙ˘Ú· (‰ËÏ·‰‹, Ë ÌËÙ¤Ú· ÙÔ˘˜ ÂÓ¤ıËÎÂ ÌÂ Ê˘ÛÈÔÏÔÁÈÎfi ÔÚfi). ∆Ô
Ì·‡ÚÔ ‚¤ÏÔ˜ ‰Â›¯ÓÂÈ ÙË ÌÔÓfiÛÙÈ‚Ë ÛÙÚÒÛË ÙˆÓ Ô‰ÔÓÙÈÓÔ‚Ï·ÛÙÒÓ,
ÂÓÒ Ë ÚÔÔ‰ÔÓÙ›ÓË (Á·Ï¿˙ÈÔ ÛÙÚÒÌ·) Î·Ù·‰ÂÈÎÓ‡ÂÙ·È ·fi ÙÔ ÏÂ˘Îfi
‚¤ÏÔ˜. (B) ∂¿Ó ÛÂ ÔÓÙ›ÎÈ· ÂÓÂıÔ‡Ó Î·Ù¿ ÙËÓ 9Ë ËÌ¤Ú· ÂÁÎ˘ÌÔÛ‡ÓË˜
(¯ÚfiÓÔ˜ ÌÂÙ·Ó¿ÛÙÂ˘ÛË˜ Î˘ÙÙ¿ÚˆÓ ÓÂ˘ÚÈÎ‹˜ ·ÎÚÔÏÔÊ›·˜ – ÚfiÁÔÓÔÈ
Ô‰ÔÓÙÈÓÔ‚Ï·ÛÙÒÓ – Î·È Û¯ËÌ·ÙÈÛÌfi˜ 1Ô˘ Ê·Ú˘ÁÁÈÎÔ‡ ÙfiÍÔ˘) ÔÛfi-
ÙËÙ· ·ÓÙÈ-BMP4 ·ÓÙÈÛÒÌ·ÙÔ˜, ÙfiÙÂ Ë ‰È·ÊÔÚÔÔ›ËÛË ÙˆÓ Ô‰ÔÓÙÈÓÔ-
‚Ï·ÛÙÒÓ ÛÙ· ¤Ì‚Ú˘· Î·ı˘ÛÙÂÚÂ› ÛËÌ·ÓÙÈÎ¿ Î·È ‰ÂÓ ÂÌÊ·Ó›˙ÂÙ·È
ÚÔ-Ô‰ÔÓÙ›ÓË (ÙÔ˘Ï¿¯ÈÛÙÔÓ Ì¤¯ÚÈ ÙË Á¤ÓÓËÛË). 

FFiigguurree 33.. Molar buds in newborn mice. (A) From control mouse
(that is, the mother was injected with normal saline). The black
arrow shows the single-cell layer of odontoblasts and pre-dentin
(blue layer) is shown by the white arrow. (B) If a quantity of anti-
BMP4 antibody is injected in mice during the 9th gestational day
(time of neural crest cell migration – odontoblast predecessors –
formation of 1rst pharyngeal arch), then odontoblast
differentiation in embryos is significantly delayed and no pre-
dentin is observed (at least until birth).
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Î˘ÙÙ·ÚÈÎ‹˜ ÚfiÛÊ˘ÛË˜ (Thesleff Î·È Sharpe, 1997;

Colbourne, 1999) (∂ÈÎ. 3).

ªª··ÎÎÚÚÔÔÛÛÎÎÔÔÈÈÎÎ¿¿ ÂÂ˘̆ÚÚ‹‹ÌÌ··ÙÙ·· 

∏ ·ÚÔ˘Û›· Î·Ù·ÏÏ‹ÏˆÓ ÔÛÔÙ‹ÙˆÓ ÙË˜ BMP4 ÛÂ Û˘ÁÎÂ-

ÎÚÈÌ¤ÓÂ˜ ı¤ÛÂÈ˜ ÂÓfi˜ ÂÌ‚Ú‡Ô˘ Î·È ÛÙÔÓ Î·Ù¿ÏÏËÏÔ ¯ÚfiÓÔ

ıÂˆÚÂ›Ù·È ÂÓÙÂÏÒ˜ ··Ú·›ÙËÙË ÁÈ· ÙË Ê˘ÛÈÔÏÔÁÈÎ‹ ÔÚÂ›·

CCOONNCCLLUUSSIIOONNSS

Since the number of subjects in each group was more
than adequate (more than 20 subjects/experiment) and
results were identical, one may conclude rather reliably,
at this level of investigation, that (a) anti-BMP4 antibody
administration in pregnant mice is safe for the fetuses
and, (b) the presence of this antibody during the specific
period of fetal development affects the developmental
course of odontoblasts.
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ÓÂÔÁ¤ÓÓËÙ·, ÙˆÓ ÔÔ›ˆÓ Ë ÌËÙ¤Ú· Â‰¤¯ıË Î·Ù¿ ÙËÓ 9Ë ËÌ¤Ú·
Î·Ù¿ÏÏËÏË ÔÛfiÙËÙ· ·ÓÙÈ-BMP4 ·ÓÙÈÛÒÌ·ÙÔ˜ ‰ÂÓ ·Ú·ÙËÚÔ‡ÓÙ·È
ÛÎÔ˘Úfi¯ÚˆÌÂ˜ ·Ôı¤ÛÂÈ˜ Ô‡ÙÂ ÛÙÔ Ô‰ÔÓÙÈÎfi ¤Ï·ÛÌ· (µ) Ô‡ÙÂ ÛÙÔÓ
ª3 (¢), ÁÂÁÔÓfi˜ Ô˘ ›Ûˆ˜ ÛËÌ·›ÓÂÈ ·Ô˘Û›· ‹/Î·È ÌË ·ÓÈ¯ÓÂ‡ÛÈÌË
ÔÛfiÙËÙ· BMP4. øÛÙfiÛÔ, fiˆ˜ ÚÔÎ‡ÙÂÈ ·fi ÙËÓ ÂÍ¤Ù·ÛË ·ÓÙÈ-
ÛÙÔ›¯ˆÓ ÙÔ˘ (¢) ÔÓÙÈÎÒÓ, Ù· ‰fiÓÙÈ· ·Ó·Ù‡ÛÛÔÓÙ·È Ê˘ÛÈÔÏÔÁÈÎ¿.

FFiigguurree 44.. Para-sagittal mandibular sections [X400] of newborn
mice including epithelium and stroma (A and B) and third molar (°
and ¢). (A) In normal subjects (A, °), the presence and distribution
(black deposit) of BMP4 are prominent. The latter is revealed by
the special linking between anti-BMP4 antibody and DAB staining,
on the border between dental epithelium and mesenchyme (A), as
well as at the inner and outer enamel epithelia (°). In newborns
whose mother was injected with an appropriate quantity of anti-
BMP4 antibody during the 9th gestational day, no dark deposits
are observed either on the dental lamina (B) or on M3 (¢), a fact
possibly suggesting absence of or/and non-traceable BMP4
quantity. However, examination of the corresponding to (¢) mice
shows that teeth are developing normally.
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ÙÔ˘ ·Ó·Ù˘ÍÈ·ÎÔ‡ ÚÔÁÚ¿ÌÌ·ÙÔ˜ (Ohazama Î·È Û˘Ó.,
2005). øÛÙfiÛÔ, Ë ‰Ú¿ÛË ÙË˜ µªƒ4 Ú˘ıÌ›˙ÂÙ·È Î·È ·fi
ÔÏÏÔ‡˜ ÂÓ‰ÔÁÂÓÂ›˜ ·ÓÙ·ÁˆÓÈÛÙ¤˜ (Stottmann Î·È Û˘Ó.,
2001). ™ÙËÓ ·ÚÔ‡Û· ÂÚÁ·Û›· ¯ÔÚËÁ‹ıËÎÂ ÂÍˆÁÂÓ‹˜ ·Ó·-
ÛÙÔÏ¤·˜/·ÓÙ·ÁˆÓÈÛÙ‹˜ ÙË˜ µªƒ4, Ù· ‰Â Ì·ÎÚÔÛÎÔÈÎ¿
Â˘Ú‹Ì·Ù·, ÛÙÔ Â›Â‰Ô ÙË˜ ÌÂÏ¤ÙË˜, ‰ÂÓ ·ÔÎ¿Ï˘„·Ó
ÌÂÙ·‚ÔÏ¤˜ ÙÔ˘ Ê˘ÛÈÔÏÔÁÈÎÔ‡ Ê·ÈÓÔÙ‡Ô˘. ∞˘Ùfi ›Ûˆ˜
ÛËÌ·›ÓÂÈ fiÙÈ Ë Û˘ÁÎÂÎÚÈÌ¤ÓË ÔÛfiÙËÙ· Î·È ÙÚfiÔ˜ in vivo
¯ÔÚ‹ÁËÛË˜ ÙÔ˘ ·ÓÙÈÛÒÌ·ÙÔ˜ ‰ÂÓ ˘ÔÎÚ‡ÙÂÈ ÎÈÓ‰‡ÓÔ˘˜
ÁÈ· Ù· ÓÂÔÁÓ¿ Î·È ‰‡Ó·Ù·È Ó· ıÂˆÚËıÂ› ·ÛÊ·Ï‹˜. ∏ Èı·-
ÓfiÙÂÚË ÂÚÌËÓÂ›· ÙË˜ ·Ú·Ù‹ÚËÛË˜ Â›Ó·È fiÙÈ ›Ûˆ˜ fiÙÈ Ô
Ê˘ÛÈÔÏÔÁÈÎfi˜ Ê·ÈÓfiÙ˘Ô˜ Ó· ÔÊÂ›ÏÂÙ·È ÛÂ Û¯ÂÙÈÎ‹ Â¿Ú-
ÎÂÈ· ÙË˜ ÌË ‰ÂÛÌÂ˘Ì¤ÓË˜ BMP4 (Liu Î·È Û˘Ó., 2005), ÛÙËÓ
˘ÔÎ·Ù¿ÛÙ·Û‹ ÙË˜ BMP4 («ÂÎÊ˘ÏÈÛÌfi˜») ·fi ¿ÏÏÂ˜
BMPs, (.¯. BMP2, Dassule Î·È ªcMahon, 1998), ÛÙËÓ
ÔÏ˘ÏÔÎfiÙËÙ· ÙÔ˘ Ú˘ıÌÈÛÙÈÎÔ‡ ‰ÈÎÙ‡Ô˘ (Wang Î·È Û˘Ó.,
2004), Î.·. ∞ÎfiÌË, Ë ÌË ÌÂÙ·‚ÔÏ‹ ÙÔ˘ ·Ó·ÁÏ‡ÊÔ˘ ÙˆÓ
ÁÔÌÊ›ˆÓ ›Ûˆ˜ ˘Ô‰ËÏÒÓÂÈ fiÙÈ ‰ÂÓ ÂËÚÂ¿˙ÂÙ·È ÛËÌ·ÓÙÈÎ¿
ÙÔ ÚfiÙ˘Ô ÔÏÏ·Ï·ÛÈ·ÛÌÔ‡ Î·È ·fiÙˆÛË˜ ÙˆÓ Î˘ÙÙ¿-
ÚˆÓ ÙˆÓ ·‰·Ì·ÓÙÈÓÈÎÒÓ ÎfiÌ‚ˆÓ (Jernvall et al., 1998).

¢¢ÈÈ··ÊÊ··ÓÓÔÔÔÔ››ËËÛÛËË ÂÂÌÌ‚‚ÚÚ‡‡ˆ̂ÓÓ 

∏ Î·ı˘ÛÙ¤ÚËÛË ÛÙËÓ ÔÛÙÂÔÁ¤ÓÂÛË Ô˘ ‰È·ÈÛÙÒıËÎÂ
ÛÙËÓ ·ÚÔ‡Û· ÂÚÁ·Û›· Â˘Ú›ÛÎÂÙ·È ÛÂ Ï‹ÚË ·ÚÌÔÓ›· ÌÂ
·ÔÙÂÏ¤ÛÌ·Ù· ¿ÏÏˆÓ ÌÂÏÂÙÒÓ (Bennet et al., 1995) ÂÚ›
¿ÌÂÛË˜ ÂÌÏÔÎ‹˜ ÙË˜ BMP4 Î·È ÙˆÓ ·ÓÙ·ÁˆÓÈÛÙÒÓ ÙË˜
ÛÙÈ˜ ·Ó·Ù˘ÍÈ·Î¤˜ ‰ÈÂÚÁ·Û›Â˜ ÙË˜ ÓÂ˘ÚÈ‰›ˆÛË˜, ÙË˜ ¯ÔÓ-
‰ÚÔÁ¤ÓÂÛË˜ Î·È ÙÔ˘ Û¯ËÌ·ÙÈÛÌÔ‡ ÎÂÊ·Ï‹˜ (Meech Î·È
Û˘Ó., 2005). ∞ÊÔ‡ ÛÙÔ ¤ÁÎ˘Ô ˙ÒÔ ÂÈÛ¿ÁÂÙ·È ÔÛfiÙËÙ·
·ÓÙ·ÁˆÓÈÛÙÔ‡ ÙË˜ BMP4, ÙfiÙÂ, Ô ÂÚÈÔÚÈÛÌfi˜ ÙË˜ BMP4
ÂÈÙÚ¤ÂÈ ÙËÓ ¤ÎÊÚ·ÛË ·Ú·ÁfiÓÙˆÓ ·˘ÍËÙÈÎÒÓ Î·È ÂÈ-
‚›ˆÛË˜ (.¯. FGF8), ÔfiÙÂ Î·ı˘ÛÙÂÚÂ› Ô ı¿Ó·ÙÔ˜ ÙˆÓ ¯ÔÓ-
‰ÚÔÎ˘ÙÙ¿ÚˆÓ Î·È Ë ·ÓÙÈÎ·Ù¿ÛÙ·ÛË ·˘ÙÒÓ ·fi ÔÛÙÂÔ‚Ï¿-
ÛÙÂ˜ (Suzuki Î·È Û˘Ó., 2005).

ππÛÛÙÙÔÔÏÏÔÔÁÁÈÈÎÎ‹‹ ¯̄ÚÚÒÒÛÛËË 

∂›Ó·È ÁÓˆÛÙfi fiÙÈ Ë ‰È·ÊÔÚÔÔ›ËÛË ÙˆÓ ÚÔ-Ô‰ÔÓÙÈÓÔ‚Ï·-
ÛÙÒÓ Â¿ÁÂÙ·È ·fi ÙË ÛÙÚÒÛË ÙˆÓ ·‰·Ì·ÓÙÈÓÔ‚Ï·ÛÙÒÓ
(Thesleff Î·È Vaahtokari, 1992) Ë ÔÔ›·, fiˆ˜ Ê·›ÓÂÙ·È
Î·È ÛÙËÓ ÂÈÎfiÓ· 3µ, Â›Ó·È Î·ÏÒ˜ Û¯ËÌ·ÙÈÛÌ¤ÓË. ∞ÎfiÌË,
··Ú·›ÙËÙË Â›Ó·È Ë ¿¯˘ÓÛË ÙË˜ ‚·ÛÈÎ‹˜ ÌÂÌ‚Ú¿ÓË˜ Ô˘
‰È·¯ˆÚ›˙ÂÈ ÙÔ˘˜ ÚÔ-·‰·Ì·ÓÙÈÓÔ‚Ï¿ÛÙÂ˜ ·fi ÙÔ˘˜ ÚÔ-
Ô‰ÔÓÙÈÓÔ‚Ï¿ÛÙÂ˜. ™˘ÓÂÒ˜, ÚÔ˜ Ï‹ÚË Î·Ù·ÓfiËÛË ÙÔ˘
ÚfiÏÔ˘ ÙË˜ BMP4 ÛÙË ‰È·ÊÔÚÔÔ›ËÛË ÙˆÓ Ô‰ÔÓÙÈÓÔ‚Ï·-
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ÛÙÒÓ Î·È ÛÙËÓ ÂÊ·ÚÌÔÁ‹ ·˘Ù‹˜ ÙË˜ ÁÓÒÛË˜ ÛÂ ÎÏÈÓÈÎfi Â›-
Â‰Ô ··ÈÙÔ‡ÓÙ·È ÂÚ·ÈÙ¤Úˆ ÌÂÏ¤ÙÂ˜ Â› ÙË˜ ¯ˆÚÔ-¯ÚÔÓÈ-
Î‹˜ ¤ÎÊÚ·ÛË˜ ÙÔ˘ BMP4. ∫·È ÛÂ ·˘Ù‹ ÙËÓ ÂÚ›ÙˆÛË, Ë
·Ô˘Û›· ·ÔÎÏ›ÛÂˆÓ ÂÎ ÙÔ˘ Ê˘ÛÈÔÏÔÁÈÎÔ‡ ÚÔÙ‡Ô˘ ÂÓÈ-
Û¯‡ÂÈ ÙÈ˜ ÂÓ‰Â›ÍÂÈ˜ ÂÚ› ·ÛÊ·ÏÔ‡˜ ¯Ú‹ÛË˜ ÙÔ˘ ·ÓÙÈ-BMP4.

∞∞ÓÓÔÔÛÛÔÔ˚̊ÛÛÙÙÔÔ¯̄ËËÌÌÂÂ››··

∏ Ê·ÈÓÔÌ¤ÓË ·Ô˘Û›· ÙÔ˘ ÂÁ¯ÚÒÌÔ˘ È˙‹Ì·ÙÔ˜ ÛÙ· ÂÈÚ·-
Ì·ÙÈÎ¿ ˙Ò· (∂ÈÎ. 4µ Î·È 4¢) ·fi ÙÈ˜ ı¤ÛÂÈ˜ ·ÚÔ˘Û›·˜ ÙÔ˘
ÛÙÔ˘˜ Ì¿ÚÙ˘ÚÂ˜ (∂ÈÎ. 4∞ Î·È 4°) ı· ÌÔÚÔ‡ÛÂ ÛÂ ÌÈ·
ÚÒÙË ÂÎÙ›ÌËÛË Ó· ÂÎÏËÊıÂ› ˆ˜ ·Ô˘Û›· ÙË˜ ÚˆÙÂ˝ÓË˜
BMP4. øÛÙfiÛÔ, ÂÂÈ‰‹ Ë ·ÓÔÛÔ˚ÛÙÔ¯ËÌÈÎ‹ ¯ÚÒÛË ÂÓ Á¤ÓÂÈ
‰ÂÓ Â›Ó·È ÂÍ·ÈÚÂÙÈÎ¿ Â˘·›ÛıËÙË Ì¤ıÔ‰Ô˜, Ù· ‰Â ¿ÙÔÌ· ·Ó·-
Ù‡ÛÛÔ˘Ó Ê˘ÛÈÔÏÔÁÈÎfi Ê·ÈÓfiÙ˘Ô, ÔÊÂ›ÏÔ˘ÌÂ Ó· Û˘ÌÂ-
Ú¿ÓÔ˘ÌÂ fiÙÈ ·Ú·Ì¤ÓÂÈ ÔÛfiÙËÙ· BMP4 ÈÎ·Ó‹ ÚÔ˜ ÌÔÚ-
ÊÔÁÂÓÂÙÈÎ‹ ‰Ú¿ÛË, ·ÓÂ·ÚÎ‹˜ ‰Â ÚÔ˜ ·ÓÔÛÔ˚ÛÙÔ¯ËÌÈÎ‹
·Ó›¯ÓÂ˘ÛË.

™™ÀÀªª¶¶∂∂ƒƒ∞∞™™ªª∞∞∆∆∞∞

∂ÂÈ‰‹ Ô ·ÚÈıÌfi˜ ÙˆÓ ·ÙfiÌˆÓ Ô˘ ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó
·Ó¿ ÔÌ¿‰· ‹Ù·Ó Ï›·Ó Â·ÚÎ‹˜ (ÂÚÈÛÛfiÙÂÚ· ·fi 20
¿ÙÔÌ·/Â›Ú·Ì·), Ù· ‰Â ·ÔÙÂÏ¤ÛÌ·Ù· ‹Ù·Ó Ù·˘ÙfiÛËÌ·,
ÌÔÚÔ‡ÌÂ, ÛÂ ·˘Ùfi ÙÔ Â›Â‰Ô ‰ÈÂÚÂ‡ÓËÛË˜, Ó· Û˘ÌÂÚ¿-
ÓÔ˘ÌÂ ÌÂ ·ÚÎÂÙfi ‚·ıÌfi ·ÍÈÔÈÛÙ›·˜ fiÙÈ, (·) Ë ¯ÔÚ‹ÁËÛË
·ÓÙÈ-BMP4 ·ÓÙÈÛÒÌ·ÙÔ˜ ÛÂ ¤ÁÎ˘· ÔÓÙ›ÎÈ· Â›Ó·È ·ÛÊ·Ï‹˜
ÁÈ· Ù· ¤Ì‚Ú˘· Î·È, (‚) Ë ·ÚÔ˘Û›· ·˘ÙÔ‡ ÙÔ˘ ·ÓÙÈÛÒÌ·ÙÔ˜
Î·Ù¿ ÙË Û˘ÁÎÂÎÚÈÌ¤ÓË ÂÚ›Ô‰Ô ÂÌ‚Ú˘˚Î‹˜ ·Ó¿Ù˘ÍË˜ ÂË-
ÚÂ¿˙ÂÈ ÙËÓ ·Ó·Ù˘ÍÈ·Î‹ ÔÚÂ›· ÙˆÓ Ô‰ÔÓÙÈÓÔ‚Ï·ÛÙÒÓ.

∂∂ÀÀÃÃ∞∞ƒƒππ™™∆∆ππ∂∂™™
∏ ÂÚÁ·Û›· ·˘Ù‹ ¯ÚËÌ·ÙÔ‰ÔÙ‹ıËÎÂ ·fi ÙÔÓ ∂È‰ÈÎfi §ÔÁ·-
ÚÈ·ÛÌfi ∫ÔÓ‰˘Ï›ˆÓ ŒÚÂ˘Ó·˜ ÙÔ˘ ∂∫¶∞ (70/4/5709, ™.§.∫.)
Î·È ·fi ÙÔ ÿ‰Ú˘Ì· ∫Ú·ÙÈÎÒÓ ÀÔÙÚÔÊÈÒÓ (¢.™.∫.).
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