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Biomarker expressions of the calcitriol and enamel matrix
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Introduction

Calcidiol is hydroxylated in the kidneys and converted to an active steroid hormone vitamin D, (Vit.D,). Vit.D,
can stimulate and promote osteogenic related activities by stimulating alkaline phosphatase (ALP) activity, up-
regulating Core-binding factor subunit alpha-1/ runt-related transcription factor 2 (Cbfa1/ RUNX2) mRNA and bone
matrix proteins such as osteopontin (OPN), osteocalcin (OCN), Collagen-I (Col-1)."* Intracellularly, Vit.D,/vitamin D
receptor (VDR)/retinoid X receptors (RXR) complex can bind to vitamin D target genes to regulate subsequent
activities of Vit.D, responsive elements.”* Besides, Vit.D, was implied to antagonize inflammation in human
periodontal tissue by down-regulating pro-inflammatory cytokine interleukin-6 (IL-6) expression and reducing the
bioavailability of transforming growth factor-g1 (TGF-1).>°

Enamel matrix derivative (EMD), a group of purified extract of enamel matrix proteins, promotes periodontal
ligament (PDL) fibroblast proliferation and growth to contribute to periodontal regeneration and cementum formation.”
EMD stimulates PDL multipotent stromal cells to release autocrine growth factors, such as TGF-$1, platelet-derived
growth factor AB (PDGF-AB) and IL-6 to promote periodontal healing and regeneration by mimicking natural root
development; it also stimulates osteoprotegerin (OPG) to trigger osteoblast proliferation and indirectly inhibiting both
osteoclastogenesis and osteoclastic function, both of which are imperative for desired alveolar bone regeneration. *°

Limited studies compared Vit.D, to EMD on cemento-induction related mRNAs in human periodontal ligament
derived cells (hPDCs). The objectives of present study were to examine the effects of various concentrations EMD
and Vit.D,on cemento-inductive and osteoinductive molecules at the mRNA, protein and extracellular mineralization
levelsin hPDCs.

Material and methods

The hPDCs were obtained and cultured from healthy individuals who were undergoing premolar extractions for
orthodontic treatment or for third molar malposition extraction. These cells were isolated and cultured using a
standard protocol, and then cells were treated with varying concentrations of Vit.D, and EMD. Five groups,
categorized as control, 10°°M (10 nM) Vit.D,, 107M (100 nM) Vit.D,, 50ug/mlI EMD and 100 pg/ml EMD were tested.
The mRNA expressions of core-binding factor subunit alpha-1 (Cbfa1), collagen1 a1 (Col-I), alkaline phosphatase
(ALP), osteopontin (OPN), bone sialoprotein (BSP), osteocalcin (OCN), vitamin D receptor (VDR), cementum protein
1 (CEMP1), cementum attachment protein (CAP), interleukin 6 (IL-6), transforming growth factor-1 (TGF-B1) and
osteoprotegerin (OPG) were examined by quantitative real-time polymerase chain reaction and the fold-changes
were assessed at 1° and 2" week after treatment. In addition, the hPDCs were assessed for ALP activity, Von Kossa
stain, Alizarin red assay and immunofluorescence staining to examine the quantity of osteogenesis and
cementogenesis. The differences were compared and analyzed by Wilcoxon test at a significance level of P<0.05.
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It showed that 10™°M Vit.D, significantly enhanced greater expressions
of Cbfa1, Col-1, ALP, OPN, BSP, OCN, VDR, CEMP-1, IL-6 and TGF-31
mRNAs than control and EMD. Compared to the controls, the two tested _
concentrations of EMD increased greater Col-1 and CAP mRNAs fold- 1 | o s T _‘ L
changes at both weeks. In addition, EMD stimulated greater CAP and OPG - PP m T e
mRNA fold-changes in comparison with 107°M Vit.D,. (Figure1 and Table1) 3 E o ‘ o
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The 107°M Vit.D, at both weeks presented the most significant up-
regulation among the groups in ALP activity. (Figure 2)

As to the von Kossa test (Figure 3) and Alizarin Red assay (Figure 4),
10"°M Vit.D, group responded consistently and significantly at fourth and fifth
week.
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Figure 1: Comparisons of the
mineralization related RNAs
adjusted by Vit.D, and EMD.

Additionally, 100pug/ml EMD exhibited a more significant reaction than
50ug/ml EMD, especially at fifth week. and In the immunofluorescence
expression, EMD treated cells revealed a significant CEMP-1 (Figure 5) and
CAP (Figure 6) at fourth and fifth weeks, especially for the 100 pg/ml EMD
group. =
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Figure 2: ALP enzyme
activity analyses.

Figure 3: Von Kossa stain.
Upper panels showed 4th week's von Kossa stain
and lower panels demonstrated 5th week' stain.

Table 1: Fold-changes of
mineralization related RNAs
regulated by Vit.D, and EMD.
Wilcoxon test: *p<0.05, **p<0.01

Figure 5: CEMP-1

Figure 4: Alizarin Red examination. Figure 6: CAP Immunofluorescence

Upper panels showed 4th week's
Alizarin Red stain and lower panels
demonstrated 5th week' stain.

Immunofluorescence assay.
Upper panels showed 4th week's
CEMP-1 expression and lower
panels demonstrated 5th week's
expression.

assay.

Upper panels showed 4th week's
CAP expression and lower panels
demonstrated 5th week's
expression.
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L Discussion

Vit.D,significantly up-regulated all the tested biomarkers except for CAP mRNA in this study. Increased
expression of other tested parameters in this trial demonstrated a significant enhancement on cementoblastic
differentiation. These positive results of Vit.D, enhancement suggested that Vit.D, was not only critical for
osteoinduction but also essential in cementogenesis. Additionally, Vit.D, promoted mild CEMP-1
immunofluorescence expression that implied Vit.D, could be cemento-inductive as well.

On the other hand, EMD significantly enhanced Cbfa1, Col-1, ALP, VDR and CAP mRNA expressions. Since
CAP is mostly related to cementogenesis instead of osteogenesis, the finding denoted that EMD is more involved in
regulating the formation of cementum.

Von Kossa stain was applied to quantify mineralization in vitro; however, Alizarin Red reacts with calcium cation
to form a chelate and was therefore employed to confirm the existence of calcium." The significant intensifications of
ALP enzyme activity, Alizarin Red expression and Von Kossa stain supported that 10°M Vit.D, would be
osteoinductive. EMDs responded to von Kossa stain mild-moderately; whereas, insignificant Alizarin Red expression
decreased the possible association of EMD and osteoinduction.

Conclusion

Vit.D,’s up-regulation of Cbfa1, Col-1, ALP, OPN, BSP, OCN, VDR, CEMP-1, IL-6, TGF-B81, OPG mRNAs, ALP
enzyme activity, CEMP-1 immunofluorescence manifestation, Alizarin Red expression, and von Kossa stain
supported that Vit.D, were osteoinductive and cemento-inductive potentially. EMDs promoted mineralization
expression of Cbfa1, Col-1, ALP, VDR and CAP mRNAs but down-regulated OPN, OCN, IL-6 mRNAs expression and
ALP enzyme activity. Compared to EMD, Vit.D,’s greater impact on osteoinductive parameters implies that Vit.D, and
EMD could facilitate periodontal regeneration via diverse stimulations.
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Calcidiol is hydroxylated in the kidneys and converted to an active steroid hormone vitamin D, (Vit.D,). Vit.D; can stimulate and
promate osteogenic related activities by stimulating alkaline phosphatase (ALP) activity, up-regulating Core-binding factor subunit
alpha-1/ runt-related transcription factor 2 {Chfal/ RUNX2) mRNA and bone matrix proteins such as asteopontin (OPN), osteocalcin
(OCN), Collagen-| (Col-1). Intracellularly, Vit.D,/vitamin D receptor (VDR|)/retinoid X receptors (RXR) complex can bind to vitamin D
target genes to regulate subsequent activities of Vit.Dy-responsive elements.’® Besides, Vit.D, was implied to antagonize
inflammation in human periodontal tissue by down-regulating pro-inflammatory cytokine interleukin-6 (IL-6) expression and

reducing the bicavailability of transforming growth factor-B1 (TGF-B1).%®

Enamel matrix derivative (EMD), a group of purified extract of enamel matrix proteins, promotes periodontal ligament (PDL)
fon and ¢

ym formation.” EMD stimulates

fibroblast proliferation and growth to contribute to peri

PDL multipotent stromal cells to release autocrine growth factors, such as TGF-p1, platelet-derived growth factar AB (PDGF-AB) and
IL-6 to promote periodontal healing and regeneration by mimicking natural root development; it also stimulates osteoprotegerin
(OPG) to trigger osteoblast proliferation and indirectly inhibiting both osteoclastogenesis and osteoclastic function, both of which

are imperative for desired alveolar bone regeneration. 89

Limited studies compared Vit.D; to EMD on cemento-induction related mRNAs in human periodontal ligament derived cells (WPDCs),
The objectives of present study were to examine the effects of various concentrations EMD and Vit.D, on cemento-inductive and
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ostecinductive molecules at the mRNA, protein and extracellular mineralization levels in hPDCs. | related RNAs adjusted by Vit.D, and EMD.

The hPDCs were obtalned and cultured from healthy individuals
who were undergoing premolar extractions for orthedontic
treatment or for third molar malposition extraction. These cells
were isolated and cultured using a standard protocol, and then
cells were treated with varying concentrations of Vit.D; and EMD.
Five groups, categorized as control, 10°*M (10 nM) Vit.D,, 10-°M
(100 nM) Vit.D, 50ug/ml EMD and 100 pg/ml EMD were tested.
The mRNA expressions of core-binding factor subunit alpha-1
(Cbfal), collagenl al (Col-l), alkaline phosphatase (ALP),
osteopontin (OPN), bone sialoprotein (BSP), osteocalcin [OCN),
vitamin D receptor (VDR), cementum protein 1 (CEMP1),
cementum attachment protein (CAP), interleukin & (IL-6),
transforming growth factor-p1 (TGF-P1) and osteoprotegerin (OPG)
were examined by quantitative realtime polymerase chain
reaction and the fold-changes were assessed at 1% and 2'¥ week
after treatment. In addition, the hPDCs were assessed for ALP
activity, Von Kossa stain, Alizarin  red assay and
immunofluorescence  stalning m examine the ‘quantity of
C is and cementc . The differences were compared
and anaiyzed by Wilcoxon test at a significance level of P<0.05.

(Figure 2}

groug.

Figure 3: Von Kossa stain,
Upper pariels showad 4 waek's von Kossa staln
and Jower: panels demonstrated 5™ week® stain.

Figure 2: ALP enzyme ‘ stain and (Gwer panals

It showed that 10*M Vit.D, significantly enhanced greater
expressions of Cbfal, Cal-1, ALP, OPN, BSP, OCN, VDR, CEMP-
1, IL-6 and TGF-B1 mRNAs than contral and EMD. Compared -
to the controls, the two tested concentrations of EMD
increased greater Col-1 and CAP mRNAs fold-changes at both | = B
weeks. In addition, EMD stimulated greater CAP and OPG " s - =
mRNA fold-changes in comparison with 10®M Vit.Dy |- == z = - =

(Figurel and Tablel) :
The 10¥M Vit.D, at both weeks presented the most
significant up-regulation among the groups in ALP activity.

As to the von Kossa test (Figure 3) and Alizarin Red assay
(Figure 4), 107%M Vit.D, group responded consistently and -
significantly at fourth and fifth week. T a -
Additionally, 100ug/ml EMD exhibited a more significant | = == x = s
reaction than 50yg/ml EMD, especially at fifth week, and In |
the immunofluorescence expression, EMD treated cells
revealed a significant CEMP-1 (Figure 5)and CAP (Figure 6) at
fourth and fifth weeks, especially for the 100 pg/ml EMD

| Figure 4: Alizarin Red examination
Upper itnels showed 4t weal's Altzarin fied
5 woek”

' Table 1: Fold-changes of mineralization refated
RNAs regulated by VIt.D, and EMD.
Wiicoxon test: * p<h05, ** p<0.01

Figure 5: CEMP-1 Immunofiucrescence Figure 6: CAP Immunafluorescenca nssay.
assay. Upper panels showed 49 week's CEMP- | | Upper panels shuwed 4 week's CAP

stain.

activity analyses.

i and lower panals and lower panels demonstrated 57
5" k' i | week's

Vit.D, significantly up-regulated all the tested biomarkers except for CAP mRNA in this study. Increased expression of other tested parameters in this trial demonstrated a
significant enhancement on cementoblastic differentiation. These positive results of Vit.D, enhancement suggested that Vit.D, was nat only critical for osteoinduction but also

essential in cementogenesis. Additionally, Vit.D, p d mild CEMP-1 iry

escence expi

that implied Vit.D, could be cemento-inductive as well,

On the ather hand, EMD significantly enhanced Cbfal, Col-1, ALP, VDR and CAP mRNA expressions. Since CAP |s mostly related to cementogenesis instead of osteogenesis, the

finding denoted that EMD is more involved in regulating the formation of cementum,

Von Kossa stain was applied to quantify mineralization in vitro; hawever, Alizarin Red reacts with calcium cation to form a chelate and was therefore employed to confirm the
existence of calcium.” The significant intensifications of ALP enzyme activity, Alizarin Red expression and Von Kossa stain supported that 10°*M Vit.D; would be osteoinductive.
EMDs responded to von Kossa stain mild-moderately; whereas, insignificant Alizarin Red expression decreased the possible association of EMD and osteoinduction.

Conclusion

Vit.Dy’s up-regulation of Cbfal, Col-1, ALF, OPN, BSF, OCN, VDR, CEMP-1, IL-6, TGF-B1, OPG mRNAs, ALP enzyme activity, CEMP-1 immunofiuorescence manifestation, Alizarin Red
expression, and von Kossa stain supperted that Vit.D, were osteoinductive and cemento-inductive potentially, EMDs promoted mineralization expression of Cbfal, Col-1, ALP, VDR
and CAP mRNAs but down-regulated OPN, OCN, IL-6 mRNAs expression and ALP enzyme activity. Compared to EMD, Vit.Dy's greatér impact on osteoinductive parameters implies

that Vit.D, and EMD could facilitate periodontal regeneration via diverse stimulations.
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Classification of immediate implant placement
Viable Expected cesults Indication for
implant
| Class Buccal bane techniqua Implant placoment ___ implant placement
Class 1 Intact with thick limmadiate without Optimal Yey
gingival biotype tlap reflection
Chss2 Ttact with thin Immediate with Good Yos
gingival blotype CTG of staged CTG
Chss 3 Deficrent but Implant Simuttaneows. Acceptabile Limited
temaining alveolat housing  and €T o followed
Class 4 Deficient and Delayed Unacceptable o
Inplant may deviite Fig 1 Class | sagttsl mot Fig 2 Class o saghs root  Fig 3 Cims 0l sagttal mot  Fig & Cises 1V ssgittal sot
v Momalveslachousing S ovtan powton vosian puston
(B1) (E2)

BfEBuserfI N B IR’ (ER)E S HEAREABHNEEHEEE - KRR mmBIERI S
BE®gingiva biotype & 17BI1E F Mindication - M/WR1 mmHERABZIRT BEF4~8
B FRABREAEBMETFN - RECBCTHMRABERIEABENTENEL  RBETK
RImmWBERIEMEQAMMWEESRE(ESL - 5) BREISBERLTESGT , BEEEERE
BNR1Imm  ERFENSBEERBENEESRU(7.5mm)  BEREFERRUWE - MK Z
WEBENRAM(EET FME - JLURHEGBRIFEZLHAMEAM Hprimary closure - #HEMGIH
NBUEXZMEZBMAPF - EETLBREMRCTGRITIEEHY) -

AREGRBEMELE  FIREFEEXRFMERLIBSUNRE  HARHANBSI®EMHprimary
stability - BERZEEBNUE L -
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Table 2, Selection criteria and surgical aspects of each treatment option

Terminology Immediate Implant Early implant pk Early Implant pl Late Implant pl

placement with soft tissue healing  with partial bone heallng

Classification Typel Typell Type 1Tl Type IV with prior socket Type IV without socket

grafting for ridge grafting for ridge
presevation preservation

Healing period prior to  None 4-B weeks 12-16 weeks 6 months or longer 8 months or longer

implant placement (often years)

Selection criteria Intact facial bone wall with Thin or damaged facial  Large periaplcal bone lesion  Adolescent patients too Extended delay In implant
thick wall phenotype bane wall which does notallow type  young for implant therapy placement post-extraction
> 1 mm), Sufficlent bone volume 1 or Il placement (age < 20 years). for patient or site-related

Thick soft tissue biotype apically to stablize the Extended bone lesions reasons
No acute infection inthe  implant in a correct 3D apical and palatal to the root.
socket. position Ankylosed root in apical
Sufficient bone volume positian without bone
apically to stabilize the valume apically to the root
implant in a correct
3D position
Surgical aspects Flapless approach Open flap procedure Open flap procedure Open fap procedure If sufficient bone volume,
whenever possible Contour augmentation Contour sugmentation Contour augmentation with open flap procedure end
Internal augmentation ‘with guided boae with guided bone guided bone reg i ) on
regeneration regeneration with guided bone
regeneration,

If insufficlent bane
volume, staged bone
augmentation.

Subsequent implant
placement most often
further grafting for
contour i

Difficulty level Complex (Cat. C} Advanced (Cat. A) Advanced (Car. A) Advanced (Cat. A) Complex (Cat. C)

(E3)

Destanne

Chartertstic bane sesarption partesns. (A) A thin-wall phenotype showed i fcial bone wall thickuess of = | mm and revealed a progressive
bane resorprion pattemm after § whs of bealing: (B) A thick-wall phenotype, with a facial booe wall thickness of = | mm, exhibited A fess-
protobneed bode cesorplion pattern sfter & whs of besling.

(E4)
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Restorative Proximity  Vertical soft tissue

Class environment limitations limitations

1 Tooth-tooth 1.0mm 5.0mm

2 Tooth-pontic N/A 6.5 mm

3 Pontic-pontic N/A 6.0mm

4 Tooth-implant 1.5mm 4.5 mm

5 Implant-pontic N/A 55mm

6 Implant-implant 3.0mm 3.5mm
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