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ABSTRACT

Abnormal root formation in Nfic-deficient mice

Park, Min Ju
Advisor : Prof. Park, Joo-Cheol, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Nuclear factor I (NFI) genes play an importanteran development of the brain,
lung and roots of teeth. We had reported tiNfic-deficient mice form nomal
crowns, but abnormal roots of molar teetdowever, the mechanism by which the
disruption of Nfic gene causes abnormal root formation remainknown.

To understand this mechanism, the root formation Ninic-deficient mice was
examined and compared to that of wige mice by morphological,
immunohistochemical and in situ hybridization asaly.

Nfic-deficient mice formed normal Hertwig’'s epitheliabot sheath (HERS), but
severely disrupted odontoblast differentiation, dleg to the formation of aberrant
odontoblasts in the early stage of root formatidrhey became dissociated and
polygonal in shape, lost their orientation as wa#l polarity, and did not express
dentin  sialophosphoprotein. The abnormal roots aipat trapped aberrant
odontoblasts, thereby resembling osteodentin inradlvanorphology. No osteoclasts
were associated with abnormal roots. Further, thmoanal roots exhibited a

decreased number of cementoblasts and cementum formationthe root surface.



The loss of Nfic did not interfere with the formation of HERS, bdisrupted
odontoblast differentiation which resulted in thermhation of short and abnormal
roots, and decreased cementum. This finding alsggesis that root dentin is
required for normal cementum formatioNfic, therefore, may be a key regulator of

root odontoblast differentiation and root formation

KEY WORDS

NFI-C; odontoblast; abnormal dentin formation; ostetiderroot formation



INTRODUCTION

During tooth development, neural crdstived ectomesenchymal (EM) cells
proliferate and form dental papilla with the alyilito differentiate into odontoblasts
through epitheliamesenchymal interactiohs The inner enamel epithelial
cells/preameloblasts induce the differentiationdeital papilla cells into odontoblasts
during crown formation, while HERS cells induce ithedifferentiation into
odontoblasts during root formatibnOdontoblasts are responsible for the formation
of crown and root dentin that is the major strugtucomponent of the teeth.
However, the mechanism responsible for root deatmwl thus root formation is not
clearly understood.

The nuclear factor | family of transcription protei consists of 4 members,
NFI-A, NFI-B, NFFC and NHX. They are expressed from four highly conserved
genes Nfia, Nfib, Nfic and Nfix) in mammals. All of the NFI proteins bind to the
same DNA consensus sequence with similar apparféntties’. NFI proteins appear
to have unique cetipe specific transcriptional modulation propertiesupporting
unique functions for each gene in development. &mample, disruption of th&lfia
gene primarily causes brain development deféctavhile loss of Nfib interferes
with prenatal brain and lung development, indigaterucial roles in development of
the brain and luig. An additional example is related to the uniquée rof the
Nfic gene in root formation that is expressed primairily odontoblasts, but not in
preodontoblasts and EM céllsWhen we disrupted theNfic gene in mice by
removal of its second exon that encodes the -GIEITF DNAbinding and
dimerization domainNfic-deficient mice exhibited normal crown formation, but short
and abnormal root formatidh However, other tissues/organs in the body, irinyd
osteoblasts and ameloblasts that are responsiblebdme and enamel formation,
respectively, appear to be normal. In the presepbnt, we describe the mechanism
by which disturbance oNfic gene causes short and abnormal root formation. We

found that Nfic-deficient mice formed morphologically normal HERBuyt failed to



differentiate normal odontoblasts in the early stagf root formation, resulting in
This animal nhoderovides invaluable

processesponsible for root and

short and abnormal root formation.

information on understanding the molecular

osteodentin formation.



MATERIALS AND METHODS

Mice

The homozygoustic"' knockout Nfic-deficient) mice were created by removal of
its second exon, which encodes the FDNA-binding and dimerization domain as
previously describéd Knockout mice were backcrossed into th€57BL/6
background (The Jackson Laboratory, Bar Harbor, M&)d were bred and
maintained at the Laboratory Animal Facility of thHéhosun University. All the
animals were housed in sterile microisolators anarg water and autoclaved mouse

chow.

Light Microscopy

Postnatal wild type (WT) andNficdeficient mice (P7, 10, 14, 21 and 28 days)
were anesthetized by i.p. injection of ketaminedzyie and perfused with 4%
paraformaldehyde in phosphdteffered saline (PBS). The mandibles and maxillae
(P28 only) were removed, further fixed for 2oums in the same fixative,
demineralized in 0.1 M EDTA containing 1% parafolietyde, dehydrated and
processed for embedding in paraffinor Epon mixturé'. For light microscopy, 5
um thick paraffin or um thick Epon mestdistal or buccdingual sections of the
mesial roots were cut. Paraffin sections were sthiwith hematoxylin and eosin,
while Epon sections were stained with 1% toluidinlee in 0.1 M veronal acetate
buffer. Sections were photographed using an Axiodight microscope (Carl Zeiss,
Thornwood, NY).

Immunohistochemistry

HERS were localized by immunohistochemical idecdifion of keratin according to
the procedures of Park et 'alBriefly, 5pum thick paraffin sections were incubated
for 2 hours at room temperature with rabbit amiiman keratin polyclonal antibody
reacting with 56 and 64kDa keratins (DAKO Corporation, Carpintera, CA). tef



washing with PBS, keratin molecules were then laedl using an avidibiotin-

peroxidase complex kit (Vector Laboratory, Burlingg CA.)

In situ Hybridization

To investigate the differentiation of odontoblast®d cementoblasts during root
formation, the expression of dentin sialophosphtgino(DSPP) and bone sialoprotein
(BSP) mRNA was assessed by in situ hybridizatiomgusligoxigeninlabeled mouse
DSPP and BSP cRNA sense and -satise cRNA probes as we described
previously®. Briefly, sections were depaffinized, hydrated, teela for 20 minutes
with Proteinase K, washed with PBS and fixed witth paraformaldehyde. After
washing with PBS, they were incubated with 0.2 NIH@ 10 minutes to inhibit
endogenous alkaline phosphatase and acetylated bgubation in 0.1M
triethanolamine containing 0.25% acetic anhydriddybridization was performed
overnight at 55°C in hybridization solution (50%iatézed formamide, 10% dextran
sulfate, 1x Dehart solution, 4x SSC [1x SSC is 0MS5 NaCl plus 0.015 M
sodium citrate], 10 mM dithiothreitol, 1 mg of yeéalRNA/ml. 1 mg of salmon
sperm DNA/ml) containing the DHETPlabeled Dspp or Bsp cRNA sense or
antisense probes. The probes were synthesized tinhenplasmids containing 434 bp
Bsp and 543 bp Dspp sequences using the digoxidpgmahed RNA Labeling kit
(Boehringer Manhein, Manheim, Germany). After waghifor 30 minutes with 2x
SSC50% formamide and 10 minutes each in 2x SSC ana G3C at 50 min,
sections were incubated first with blocking solnotido remove nonspecific probe
binding and then with blocking solution containifg500 sheep anbIG-alkaline
phosphate Fab fragments. DSPP and BSP mRNAs wdestel@ by incubation of
the sections with substrates until color developedections were counterstained

with methyl green.

Measurement of Root Length

To measure root length, a total of sixteen P21 BB8 WT andNficdeficient mice



(eight each: four P21 and four P28 mice) were uséd. these ages, although they
were in different stages of tooth eruption, thenfation of the mesial roots of the
first mandibular molars was nearly or completelyighed in WT mice, thereby
demonstrating a comparable root length. One meawsiat that was cut through the
midline of the root was selected from each mouskotqggraphed, printed, and
measured on micrographs. Data were analyzed fotiststal significance using

studentt-test.



RESULTS

In order to understand the mechanism for aberrant formation in Nfic-deficient
mice, our study focused on HERS formation and omldast differentiation in the

early stage of root formation.

HERS Formation (P7)

It is well known that HERS induces the differentat of EM cells into
odontoblasts responsible for root dentin formatidm determine if the failure of
HERS formation in the early stage of root formatioaused the formation of short
and abnormal roots imNficdeficient mice, the formation and morphology of HER
were examined. Upon completion of crown formatidmgth WT and Nfic-deficient
mice exhibited normal HERS formation (Fig. la, b)t was composed of a bilayer
of inner and outer epithelial cells, and was clearlidentified after
immunohistochemical localization of keratin filanen(Fig. 1b, c). EM cells were

located along the pulp side of HERS (Fig. 1la).

Early (P1014) Stage of Abot Formation
Next, to investigate if Nfic gene disruption caused aberrant odontoblast
differentiation in Nfic-deficient mice, we examined odontoblast differdigra in the
early stage of root formation. At P10, both WT aNficdeficient mice revealed
short roots. The pulp side of a newly formed rodtao WT mouse was covered
with elongated and wetirganized odontoblasts and shorter preodontobl@sts 2a),
while that of anNficdeficient mouse was covered with polygonal, disoiged and
abnormal odontoblasts (Fig. 2b). Further, the amabrroot contained trapped cells
(Fig. 2b) However, both WT and\ficdeficient mice demonstrated the presence of
normal HERS at the apical end of the developingsrd&ig. 2a, b).

At P14, the root of a WT mouse was long and wellvetleped (Fig. 3a),



whereas that of arNficdeficient moue was short and abnormal (Fig. 3c).WiT
mice, the proximal portion of roots was coveredhwdlongated odontoblasts with a
highly polarized distribution of cellular organdle(Fig. 3a). They were attached
each other by terminal webs (Fig. 3b). The nucl@revlocated in the pulpal end
of the cell bodies, while the Golgi complexes weituated between the nuclei and
the dentin surface (Fig. 3b)lhe apical region of the developing root was codere
with short columnar preodontoblasts that were ommiis with polygonal EM cells
located along the HERS (Fig. 3bln contrast, the short and abnormal root of an
Nfic-deficient mouse was covered with polygonal aberragbntoblasts without any
cellular polarity (Fig. 3c) that were continuous tlwi polygonal EM cells in
association with HERS (Fig. 3c). Normal HERS reradimat the apical end of roots
of both WT and Nficdeficient mice, although the latter appeared toehdanger
HERS compared to that of WT (Figs. a, c). The magnificant finding was the
appearance of aberrant odontoblasts in the crowerevithe root began to form
(Fig. 3d). In this region, highly polarized odontmdis exhibited a reversed
orientation. Unlike normal odontoblasts, their muclvere located adjacent the dentin
surface, while the Golgi complexes were situatechyadrom the dentin surface (Fig.
3d). Uniquely, abnormal roots contained trapped celld #meir surface was covered
with polygonal cells (Fig. 3d). These changes thaturred during the early stage
of root formation inNfic-deficient mice led to the formation of short andnaimal
roots that resemble osteodentin.

Odontoblasts in both the crown and root of a WT anao$trongly expressed
DSPP mRNA, while both preodontoblasts and EM céeid not (Fig. 4a). On the
other hand, the odontoblasts in the crown of H#ficdeficient molar highly
expressed DSPP mRNA, but aberrant odontoblast @n abnormal root surface
failed to do so (Fig. 4b), suggesting that the alad roots of Nfic-deficient mice
may not contain DSPP.

In WT mice, the developing roots demonstrated thesgnce of numerous



cementoblasts expressing BSP mRNA (Fig. 5a) andllsmad ERs that were
positively stained for keratin along the root soea(Fig. 5¢). On the contrary, the
abnormal roots ofNfic-deficient mice revealed a few cementoblasts (Fig) &nd

largesized aggregated ERs adjacent their root surfawe @&é).

Fully Erupted Molars (P28)

The first maxillary molars of both WT andlificdeficient mice were fully erupted
and had normal crowns. HERS were absent in botimalsi (Figs. 6, 7a). In WT
mice, the molar had long and fully developed rodtmt were housed in the
alveolar bone, and the periodontal ligament betwg®nroot and alveolar bone (Fig.
6). Nficdeficient mice had fully erupted crowns, and shamd abnormal roots that
contain trapped cells. Noticeably, the abnormaltsdead the apical foramens with a
large diameter (Fig. 7a) and were covered with moomge polygonal cells of an
unknown origin (Fig. 7c). The roots were not asstd with odontoclasts (Fig. 7c),
suggesting that short roots dfficdeficient mice were not resulted from root
resorption by odontoclasts. The pulp contained mooee blood vessels (Figs. 7a, b).
No noticeable PDL was present between the abnoroats and the alveolar bone
(Fig. 7c).

Measurement of Root Length
Nfic-deficient mice had significantly shorter mesial tooaf the mandibular molars
(p<0.05) when compared to those of WT mice. Therape root length for WT

and Nfic-deficient mice was 0.83 and 0.Imm, respectively (Table 1).



Table 1.

Root length in WT and\fic-deficient mice

WT mice Nifc-deficient mice
(n=8) (n=8)
Root Lengtt
0.83 + 0.06 0.19 + 0.08

(mm, meanz+ SD)

" Statistically Significant (studerit test, p < 0.05).



DISCUSSION

Nfic-deficient mice developed normal crowns, but abnbérroats on the molar
teeth as a result of aberrant odontoblast diffeaganb during root formation. The
mechanism for this differential odontoblast diffetiation seen in the molar teeth is
unknown. It is well known that the crown is formeldiring the embryonic stage,
while the root is formed postnalal Thus, we speculate that the function Nfic in
postnatal stages of tooth development is respansilibr root odontoblast
differentiation and dentin formation during molaevélopment, and it does not have
a role in crown formation. However, we do not eg@uthe possible involvement of
other transcription factors or signaling pathwaysittmay define the differences in
gene activities between the crown and root

Tissue recombination studies have demonstrated tdeth develop through the
epitheliatmesenchymal interaction between the dental epitmeland cranial neural
EM'Y. Upon completion of crown formation, the inner andtes enamel epithelial
cells proliferate apidly and form HERS"'. It is generally agreed that HERS has
a key role in determining the shape of the root andthe induction of EM
differentiation into odontoblasts responsible faotr dentin formation. The formation
of morphologically normal HERS iNfic-deficient mice soon after crown formation
strongly suggests that the aberrant odontoblasterdiitiation observed inNfic-
deficient mice may not be the result of defectsHERS. However, we do not
rule out possible functional defects of HERS at aletular level due to the loss of
Nfic. This may include a failure in the production ofowth factors or signaling
molecules necessary for normal odontoblast diffeagan by HERS. However, our
working model is that the loss dffic gene is directly responsible for aberrant-cell
autonomous odontoblast differentiation hfic-deficient mice.

As EM cells differentiate into preodontoblasts amedentually odontoblasts,
they become elongated and highly polarized. Theyehthe nuclei at the base of

cells, the Golgi complex at the supranuclear regiod RER at the periphery of



cell bodies. As preodontoblasts differentiate irddontoblasts, they are joined and
attached at their apical end of cell bodies by -delleloped terminal webs of
cytoskeletal actins, and associated tight as wsll agherens junctioh§'™. This
junctional complex is responsible for alignment adontoblasts as a single layer of
cells functioning as a unit, maintaining a unifoymeven dentin surface, and
preventing their entrapment in the predehitf. Therefore, these junctional
complexes appear to play a crucial role in the #&irom and maintenance of
smoothsurfaced predentin and dentin. More importantly,liken osteocytes and
chondrocytes, odontoblasts are not trapped in mlzed tissue (osteodentin) and
are always located on the pulpal surface of thetilledhe present study revealed
that Nficdeficient mice have aberrant odontoblasts that wslygonal in shape. In
addition, they lost their cellular polarity, oriatibon and arrangement as a sheet of
cells, and thus are very much disorganized. Furtttery were trapped in dentike
mineralized tissue that was formed by these abemdontoblasts. One of the most
striking morphological changes observed in thesdls cavas the absence of
intercellular junction complexes known as the temhiweb. On the basis of these
morphological observations, we speculate that pigsn of the Nfic gene may cause
dissociation of odontoblasts by interfering with ethformation of intercellular
junctions that contribute to aberrant odontoblagterbntiation and abnormal dentin.
Indeed, the first sign of loss of intercellular gions between aberrant odontoblasts
in Nficdeficient mice was observed in the junction betwdbe crown and the
newly forming root. Here, some of highly polarizedlontoblasts revealed the loss
of their cellular orientation, although the HERS: dormed and present at the apical
end of the crown. Unlike the WT odontoblasts, thewe their nuclei close to and
Golgi complex away from the predentin. As the fation of roots began, EM
cells lost their orientation, polarity, and attadmticonnection with neighboring cells.
Consequently, they were dissociated and some oh tivere trapped in an abnormal

mineralized tissue that was formed by these abewralts.



As EM cells differentiate into preodontoblasts, ytheynthesize and secrete type
| and Il collagen, osteopontin and dentin matrixotpin1®. Further, when
preodontoblasts differentiate into odontoblastsythactively synthesize and deposit
DSPP, the odontoblast/dentin marker prdteinwith the deposition of dentin matrix
the odontoblast cell bodies move away from the ¢méd/dentin, leaving the
odontoblastic processes embedded within dentinbulés in the predentin/dentin.
Odontoblasts are responsible for formation and temance of the predentin and
dentin. The inability of aberrant odontoblasts to expressPPSindicates that EM
cells failed to differentiate into odontoblasts eaftdisruption ofNfic gene. On the
basis of these findings, we postulate that SFlranscriptional factor may be the
key regulator for root odontoblast differentiatiamd root formation.

Nfic-deficient mice appear to offer an invaluable animabdel to determine
the mechanism for osteodentin formation during identepair. When the
odontoblastic layer has been destroyed by deems;adells in the underlying pulp
migrate to this site and differentiate into odomasbike cell’ and form
osteodentin that shares morphological similarities the abnormal roots found in
Nfic-deficient mice. These cells had no odontoblastiocgsses, and failed to form
intercellular junctions and associated terminal sveb The lack of intercellular
junctions resulted in dissociation of the round eobtasiike cells, loss of their
cellular polarity and orientation, and their orgation as a sheet of cells. As a
result, these cells were trapped in the mineraligssues, resembling osteocytes. As
a result, these cells deposited an irregular arsbrganized dentilike mineralized
tissue in which cells become trapped and the malmoks dentinal tubulesWe
postulate that osteodentin formation during dentpair may be the result of the
involvement of pulp cells which have sileNfic gene during dentin repair.

We previously proposed that during normal root fation, chemoattractant
substances that may be derived from the newly fdrmpeedentin/dentin of roots

may cause directed cell migration of dental faodliclcells towards the



predentin/dentin surface to form cementum As these cells migrate, they
differentiate into precementoblasts, and activelwade and push away into the
epithelial sheet. The dissociated cells of the BERmMain as epithelial rests in the
PDL. Upon arrival of precementoblasts on the daemsurface, they differentiate into
cementoblasts and form acellular cementum on thet dentin surfacé. In the
present study, we found the presence of large graefpcells of the HRS and a
small number of cementoblasts on the short and ratmioroots in Nfic" mice.
These findings support the notion that normal derformation is required for the
formation of normal acellular cementum, epitheliebts and PDL.

Shortroot anomaly generally in incisors and premolars he&en report@fﬂ%.
The prevalence in Finnish healthy young adults &hdopean children (no older
than 14 years) was 1.3%and 2.42.79%“°, respectively. Interestingly, individuals
without recognized syndromes revealed short rocoinmirfg'go, and some appear to
be inherited in an autosomal dominant transmissioiCurrently, the etiology of
short root anomaly remains unknown. It is of grederest to examine if short root
anomaly particularly in those without any syndromiss caused by the defect or
functional loss ofNfic gene as seen iNficdeficient mice.

In conclusion, theNfic gene may be the key regulator for root odontoblast
differentiation and root formation. Further, tiNficdeficient mice are an invaluable
and unique experimental animal model that allows tasdetermine the apparent
central role of NFIC in odontoblast differentiation particularly duginpostnatal root

dentin and osteodentin formation.
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FIGURE LEGENDS

Figure 1. Light micrographs showing the early stage of finsandibular molar root
formation and HERS in P7 WT (b) anNficdeficient mice (a, c). (a) Note the
presence of a newly formed, short and normal rd®)f, @nd HERS at the apical
end of the root from arNficdeficient mouse. HERS in both WT (b) ardfic-

deficient (c) mice demonstrate normal morphologyd deratin expression by IHC.
Ab, ameloblasts; AB, alveolar bone; D, dentin; Hamel, EM, ectomesenchymal

cells; Od, odontoblasts. (Original magnification88)

Figure 2. Light micrographs showing developing first manddrulmolar roots of
P10 WT (a) andNficdeficient (b) mice. At this stage, both WT (a) amitant (b)
mice have relatively short roots (R). (a) The pnoxi portion of the root is
covered with elongated and weliganized odontoblasts (Od), while the distal
portion is covered with shorter preodontoblasts djPoThe preodontoblasts are
continuous with ectomesenchymal (EM) cells in asdmn with HERS at the apical
end of the root. (b) The abnormal root of Bficdeficient mouse is covered with
polygonal, disorganized and aberrant odontobla€sd).( Further, the root contains
trapped cells (arrows). However, both WT (a) aNficdeficient (b) mice show
normal HERS that are associated with ectomesendhy{@d) cells. (Original

magnification x230). Ab, ameloblasts; D, dentin; dhamel

Figure 3. Low (a, c) and high (b, d) magnification light nagraphs showing the
developing first mandibular molar roots from P14 W4, b) andNfic-deficient (c
and d) mice. (a) The pulp side of the root from & Whouse is covered with
elongated odontoblasts (Od) and preodontoblastsl) (FBectomesenchymal (EM) cells
are closely located along HERS at the apical end tlé root. (Original
magnification x130). (b) Odontoblasts are highlylapized and well oriented. They

are connected each other via the terminal web (E#Vihe apical end, and contain



the nuclei (N) at the distal end and the Golgi clxgs (G) between them.
(Original magnification x450). (c) The root (R) @ih Nficdeficient mouse is short
and abnormal. It is covered with disorganized, gohal and aberrant odontoblasts
(arrows). HERS remain at the apical end of the.rg@Original magnification x130).

(d) The odontoblasts in the junction between thewar and root are elongated and
highly polarized, but some show a reversed celergation (black arrows). Note
the nuclei close to the dentin in these disorientetbntoblasts. The root contains
trapped cells (thick arrows) and is covered witHygonal cells (rectangular area).
(Original magnification x467). Ab, ameloblasts; ABlveolar bone; D, dentin; E,

enamel; PDL, periodontal ligament; R, root.

Figure 4. In situ hybridization analysis of DSPP mRNA expressin odontoblasts
in the developing first mandibular molar roots froRl4 WT (a) andNfic-deficient

(b) mice. (a) The odontoblasts (Od) in both thewer and root (R) of a WT
mouse show strong expression of DSPP mRNA, whileogwntoblasts (Pod) and
ectomesenchymal (EM) cells do not. (Original magatfon x230). (b) The
odontoblasts (Od) in the crown show strong expoessif DSPP mRNA, but not in
the aberrant odontoblasts on the abnormal rootaserf(R) of a mutant mouse.

(Original magnification x340)D, dentin; E, enamel; EM, ectomesencymal cells.

Figure 5. In situ hybridization analysis of BSP mMRNA exmies (a, b) in
cementoblasts and osteoblasts, and immunohistochenaicalization of keratin (c, d)
in epithelial rests and HERS in the developingtfilmandibular molar roots from
P14 WT (a, c) andNficdeficient (b, d) mice. (a) Note the presence of exous
cementoblasts (Cb) along the root surface (R) astgoblasts (Ob) on the alveolar
bone (AB) surface that express BSP mRNA. (Origimagnification x270). (b) Note
a few cementoblasts on the root (R) surface, bunhymasteoblasts (Ob) on the
alveolar bone (AB) surface that express BSP mRN3xiginal magnification x380).

(c) Note the presence of small groups of epithalegts (ER) along the root surface



and short HERS at the apical end of the developmg (R) from a WT mouse.
(Original magnification x260). (d) Note a large gpoof aggregated epithelial rests
(ER) on the root surface and longer HERS at the ehdhe developing root (R)
from a mutant mouse(Original magnification x300). Ab, ameloblasts; Bentin; E,

enamel.

Figure 6. Light micrograph of the first maxillary molar from P28 WT mouse.
Note the long and fully developed first maxillarpots that are anchored to the
alveolar bone (AB) through the periodontal ligamgRDL). (Original magnification

x45). AB, alveolar bone.

Figure 7. Light micrographs of the first maxillary molarom a P28Nfic-deficient
mouse. (a) The tooth has a normal crown, but ewhe short roots with widely
opened apical foramens (arrows) and many bloodel®eg%) in the pulp. (Original
magnification x45). (b) High magnification of ttewea marked with * in figure 7a.
Note the presence of numerous blood vessels (arrows) High magnification of
the rectangular area in Figure 7a. Note a shoot that contains trapped cells
(arrows) and dense connective tissue (*) betweeshat root and the alveolar bone
(AB), but no noticeable PDL is present. (Originahgnification x180. D, dentin;

E, enamel; JE, junctional epithelium
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