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PENILAIAN DAN RESPON SEL-SEL STEM SELEPAS PROSEDUR PELAPIKAN

PULPA MENGGUNAKAN Ca(OH); DAN GIC ATAU PROSEDUR RESTORASI

MENGGUNAKAN GIC UNTUK GIGL MOLAR DESIDUS

ABSTRAK

Pemeriksaan biologi untuk kecederaan pulpa, memperbaiki kerosakan dan respon sel-sel
stem pulpa gigi terhadap bahan-bahan yang digunakan untuk restorasi adalah amat penting bukan
hanya ketika memahami perkembangan gigi selepas pembedahan tetapi juga ketika menjalankan
aktiviti-aktiviti pembaikan untuk menyempurnakan rawatan restorasi. Struktur gigi selalunya
terdedah kepada bahan-bahan pergigian yang berbeza dan gigi desidus, seperti yang diketahui
adalah sumber yang kaya dengap sel-sel stem. Oleh itu adalah ar‘nat penting untuk menilai respon
sel-sel stem pulpa gigi‘.~ desidus terhadap bahan-ba}lan pergigian _yang biasa digunakan pag‘g
pesakit pergigian pediatrik. Bahan-bahan yang biasa digunakan ialah simen ionomer Kaca
(GIC) dan simen Pelapik Kalsium Hidroksida Ca(OH),. Tujuan kajian ini dijalankan adalah
untuk memastikan kewujudan sel-sel stem pada gigi susu yang telah dicabut, dengan
menggunakan kaedah imunositokimia, dan juga untuk menilai aktiviti pembiakan sel-sel stem
serta respon sel-sel ini dengan membandingkan pembentukan Ketebalan Dentin Tersier (TDT)
selepas prosedur restorasi gigi dilakukan. Pesakit-pesakit pergigian pediatrik yang sihat yang
datang ke klinik pergigian pediatrik untuk rawatan gigi di Pusat Pengajian Sains Pergigian,
Kampus Kesihatan, Universiti Sains Malaysia, berumur antara 9 hingga 11 tahun serta
mempunyai karies pada gigi molar desidus pulpanya tidak terdedah telah dipilih sebagai
responden. Para responden telah dibahagikan kepada dua kumpulan: untuk Kumpulan 1, gigi

pesakit telah ditampal ‘dengan hanya simen lonomer Kaca (kapsul Fuji IXGP, GC, Jepun) dan
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untuk Kumpulan 2, gigi pesakit telah dilapik dengan simen Kalsium Hidroksida (Dycal ®,

Dentsply, Jerman) dan kemudiannya ditampal dengan simen lonomer Kaca (kapsul Fuji IXGP,

GC; jepum—Gigi-gigrtersebut-telah dikaji selama 6 bulan sebelum dicabut menggunakan kriteria

yang telah ditentukan dan juga mengikut prosedur piawai. Kewujudan sel-sel stem pada gigi susu
telah dipastikan oleh imunositokimia dengan menggunakan petunjuk permukaan antigen CD 105
dan CD 166. Reagen proliferasi kolometrik alamarBlue™ telah digunakan untuk menilai aktiviti
pembiakan untuk responden Kumpulan 1 dan Kumpulan 2. Respon sel-sel stem pulpa gigi
selepas prosedur restorasi telah dinilai menggunakan pewarna H&E untuk bahagian histologi
yang kemudiannya dilihat di bawah mikroskop -dengan menggunakan sofwer ‘image pro’ (Media
cypemetics. Inc., USA). SHED telah didapati positif untuk CD 105 dan CD 166. Aktiviti
proliferasi untuk kedua-dua kumpulan 1 dan 2 menunjukkan sedikit perbezaan tetapi secara
. srausiiknya i~ signifikan. “Walau baghimanapun, kawasan ketebalan dentin tersies dari
kumpulan 2 adalah lebih signifikan dari kumpulan 1. Pulpa gigi desidus mengandungi populasi
sel stem dan selepas prosedur penutupan pulpa menggunakan simen Kalsium Hidroksida (Dycal
®, Dentsply, J erman) dan simen lonomer Kaca (kapsul Fuji IXGP, GC, Jepun) dilakukan, sel-sel
tersebut menunjukkan respon yang baik serta dapat mengekalkan aktiviti proliferasi mercka.
Walau bagaimanapun, bahan-bahan ini mew;ljudkan respon SHED yang berbeza pada
pcmhentukan dentin tersicr dan pembentukan dentin reaksioner pula adalah lebih pada
pemulihan aigi vang dilapik Kalsium Hidroksida Ca(OH),. Oleh itu, untuk melindungi pulpa,
simen kalsium hidroksida mempunyai kredibiliti yang lebih Laik ketika merawat pesalit yang

mempunyai karies dengan kaviti dalam pada gigi desidus.
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EVALUATION AND RESPONSE OF DENTAL PULP STEM CELLS FOLLOWING

PULP CAPPING PROCEDURE USING CALCIUM HYDROXIDE CEMENT AND GIC

— ORRESTORATIVEPROCEDUREUSING GICIN PRIMARY MOLARS

ABSTRACT
The biological examination of pulp injury, repair events and the response of dental pulp
stem cells to dental restorative mat.erials is of paramount importance for understanding the post
operative development and the use of these repair activities to accomplish restorative treatment.
The structure of the tooth is almost always exposed to different dental materials and the
deciduous teeth are known to be a rich source of stem cells. Thergfore, it is important to evaluate

the response of dental pulp stem cells to the commonly used dental materials in pediatric

- - dentistry such.as Glass Ionomer Cement {GIC) and Caicium hydroxide Ca(OH); lining cement. -

The aims of this study were to confirm the presence of stem cells in deciduous extracted teeth by
immunocytochemistry, and evaluate the stem cells proliferative activity and their response by
comparing the Tertiary Dentin Thickness (TDT) formation following restorative procedures on
the teeth. Healthy pediatric dental patients aged between 9 to 11 years old with caries teeth on
primary molars without pulpal exposure who attended the pediatric dental clinic for dental
treatment in School of Dental Sciences, Health Campus, Universiti Sains Malaysia, were
sclected. The teeth were divided into two groups: for Group I the tecth were filled with GIC
(Fuji IXGP capsule, GC, Japan) alonc and in Group 2, the teeth were lined with Ca(OH), cement
(Dycal ®, Dentsply, Germany) and filled with GIC (Fuji IXGP capsule, GC, Japan). The teeth
were reviewed for up to 6 months before being extracted according to the selected criteria and

under standardized normal procedures. The presence of stem cells in deciduous teeth was
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confirmed by immunocytochemistry using surface antigenic markers CD105 and CD166.

—— - Colorimetric_proliferation reagent alamarBlue™ was used to evaluate the proliferative activity

for Group I and Group 2. The dental pulp Sten cells tesponsefoHowing-resterative-procedures—

was evaluated using Haematoxyline and Eosin (H&E) staining for histological section under a
microscope using image pro software (Media cypemetics. Inc., USA). Stem cells from human
extracted deciduous teeth were found positive for CD105 and CD166. The proliferative activity
for both Group I and Group 2 showed slight difference, but it was not statistically significant.
However, the TDT areas in Group 2 were significantly more than Group I. The pulp of
deciduous teeth contains stem cell population and following pulp capping procedure using
Ca(OH); cement (Dycal®, Dentsply, Germany) and GIC (Fuji IXGP capsule, GC, Japan),
responded well and maintained their proliferative activity. However, these materials create

Aiff = respon” . of STILD it~ dentin d~-ition where~he veactionary dentin deposition

appeared to be more under restorations lined with Ca(OH),. Thus Ca(OH), cement has high

credibility to be used in deep cavities for pulp protection.
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Technical Report: MATERIALS AND METHODS

Study design: This is a combined clinical and experimental study; the study was carried

out at Pediatric Dental Clinic and in the Craniofacial Science Laboratory, School of

Dental Sciences, Health Campus, Universiti Sains Malaysia.

Sampling frame: The sampling frame consisted of 50 patients who received treatment in
10 months duration from January 2007 to October 2007 at the Pediatric Dental Clinic,

School of Dental Sciences, Health Campus, Universiti Sains Malaysia.

Patient inclusion and exclusion criteria: Healthy patients aged between nine to eleven
years old, with mixed dentition stage were included in the study. However, patients with
medical history (hearing, speech, congenital cardiac disease, poor healing potential) that

contraindicate the treatment procedure were excluded from the study.

" -Teeth ificlusion and 2xciusion criteria for restorative treatment: Primary molar teeth- . - =

with minor class I cavities or caries with no pulp exposure were included in the study.
Patients with dental history (acute odontogenic infection, tenderness to percussion,

mobile tooth) that contraindicate the treatment were excluded from the study.

Teeth inclusion and exclusion criteria for extraction procedure: Teeth with
restoration continuous with existing anatomical form, no explorer catch, no visual
evidence of marginal discoloration, no recurrent caries and surface texture similar to
polished enamel and showing signs of exfoliation were included for extraction procedure.
However, teeth with spontaneous or continuous pain, soft tissue swelling and sinus

formation were cxcluded from the study.

Ethical consideration: The study was approved by Human Ethical Committee of
Universiti Sains Malaysia Health campus Ref: USM/ PPSP®/ Ethics Com. /2006
182.3(3), FWA Reg. No: 00007718, IRB Reg. No: 00004494, dated 11™ January 2007.
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Consent form: Prior to the treatment, the parent/guardian was informed about the study

and the consent form data sheet in Bahasa Malaysia and English version was filled and

;i_gncd by the p_arcrﬁguaﬁia_n.— _ ' -

Data collection

Restorative procedure: The tooth was isolated before restoration placement; the
isolation was achieved by placing rubber dam, cotton wool rolls and saliva ejector (Fig.
1). Class I occlusal cavity was accessed by round diamond bur in high speed rotational
drill with water coolant. Then the caries was removed by using round stainless steel bur
in slow speed rotational drill with water coolant (Fig. 2). All carious dentine was
removed until a layer of sound, non-carious dentine remained. Then the cavity was
washed using water spray and dried by dry tips or gently air dried (Murray et al., 2002h).
GC cavity conditioner (GC Corporation, Tokyo, Japan) was applied for ten seconds and
then washed out by water spray. Later, gently dried by dry. tips or air dried. Then the

prepared cavities were divided into two groups.

Fig. 1: Rubber dam isolation Fig. 2: Caries removal using round
stainless steel bur

For Group 1, prepared cavity was filled with glass ionomer cement (Fuji IXGP
capsule. GC. Japan). The capsule was activated and mixed for 10 seconds. Then it was
dispensed dircctly inio the caviny wihin 10 seconds. Condenser was used to adapt tii
material to the cavity walls and after 6 minutes from the mixing time, the morphology of
the restoration was adjuste d with sharp hand instrument, or by abrasive stones in a slow
hand piece under water spray. The occlusion was checked by articulating paper and high
spots were removed and excessive material was finished by polishing using abrasive

stone in a slow hand piece under water spray. After occlusion and articulation were
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checked, GC Fuji COAT LC was applied and light cured for 10 seconds (GC Fuji IXGP
Application Technique) (Fig. 3).

Fig. 3: Final Fuji IXGP restoration

However, in Group 2, the floor of prepared cavity as mentioned above was lined
with a thin layer of Ca(OH); (Dycal ®, Dentsply, Germany) (Fig. 4). Then the GIC
capsule (Fuji IXGP capsule, GC, Japan) was activated and mixed for 10 seconds. Then it
was dispensed directly into the cavity within 10 seconds. Condenser was used to adapt
the material to the cavity walls and after 6 minutes from the mixing time, the morphology
of the restoration was adjusted with sharp hand instrument, or by abrasive stones in a

... :slow hand piece under water spray. The cc~lusion was-checked by-articulating paper and
high spots were removed and excessive material was finished by polishing using abrasive
stone in a slow hand piece under water spray. After occlusion and articulation were
checked, GC Fuji COAT LC was applied and light cured for 10 seconds (GC Fuji IXGP
Application Technique) (Fig. 5).

e b o

Fig. 5: Final restoration

Follow up: Patients were reviewed by the same operator once every month for providing
oral hygiene care, checking and maintenance of the restorations. If treatment failed,
clinical reasons were documented in the data form sheet and each case was treated

according to the clinical situation.
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Extraction procedure: Topical anesthesia gel was applied which contain benzocaine

18%, tetracaine hydrochloride 2% (ZAPTM, Germiphene, China). After that, local

“anesthesia Xylocaine 2% (ASTRA™ Astra, UK) was deposited at extraction site. Then,

atraumatic extraction procedure was used to extract the tooth by the standard pediatric
molar forceps (MEDESYTM, Italy). Post operative instructions and analgesics
(paracetamol) were given to the patients. Extracted teeth were cleaned and washed
immediately with normal saline and divided into two groups according to the objectives

of the study.

Isolation and culture of SHED: After washing the extracted tooth with normal saline, it
was transferred into a container with 20 ml of transport medium containing Hank’s
Balance Salt Solution (HBSS) (Gibco™, Invitrogen, USA), supplemented with 1%
Pemcxllm Streptomycin (Gibco™, Invitrogen, USA) and 5% Fetal Bovine Serum (FBS)
(GleO , Invitrogen, USA). The gingival and periodontal t1ssue was scraped off from
the tooth surface. The tooth surface was cleaned with iodine and 70% ethanol, after
‘which it Was Washed iive tinws win phospaac-vuffered salint. (PBS): Huid tissue -
material cutter (Exakt 300, Exakt Apparatebau GMBH & Co. KG, Germany) was used to
cut around enamel-cementum junction to separate enamel and root to expose the pulp

tissue in the pulp chamber (Fig. 6).

Fig. 6: Cutling around enamel-cementum junction

‘ ot was then briefly immersed i1 70% ethancl (Merek, Germany)
followed by Dulbecco’s Phosphate Bufifered Saline (DPBS) (GleOT . Invitrogen, USA).
Then the sterile tooth was placed in a beaker containing fresh DPBS (GibcoTM,
Invitrogen, USA), and the extraction of the dental pulp was done in a class II safety
niocabinet (Delta Ceries, Lahconco, USA) The pulp tissue was picked up with sterile

tissue forceps and small or medium size barb roach and minced.
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The minced pulp tissue was then digested using digestion solution containing

3mg/ml of Collagenase Type 1 (Gibco™, Invitrogen, Germany) and 4mg/ml of Dispase

(Gibco'™, Invitrogen, Germany) and this process was performed in a CO, incubator

(Thermo Forma, USA) at 37° C with 5% (CO:) for one hour.

After digestion, 5 ml of culture medium containing alpha Modified Eagle’s Medium
(e MEM) (BioWhittaker™, Cambrex, USA) supplemented with 10% fetal calf serum
(FCS) (Gibeo), 100 pM L-ascorbic acid 2-phosphate (Stem cell Technologies, Canada), 2
mM L-glutamine (Gibco™, Invitrogen, Japan) and penicillin (100 U/ml), and
streptomycin (100 mg/ml) (Gibco™, Invitrogen, Germany) was added and later it was
centrifuged (Hettichzentrifugen, Germany) at 1200 rpm for 10 minutes. The cell pellet
was suspended in culture medium and the cells were passed through a 70-pm pore size
strainer to obtain single cell suspension.

Then the cells were seeded into T- 25 culture flask (Nunc, Denmark) with 5 ml of
culture medium (Fig. 7) and incubated in CO, incubator (Thermo Forma, USA)at37°C
with 5% COa,. Aﬁcr 24 hours, non-adherent cells were removed. The adherent cells were
" washéd vigotously twice with PBS and were shaken to Témove adherént debris and Fresh
complete medium was then added. The observation of cells was made every day to check
the culture condition. The medium was changed every 3 days until the fibroblast like

cells in the flask reached confluence (Liu et al., 2006).

Fig. 7: Cells seeded into T- 25 culture flask
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Characterization of SHED using immunocytochemistry: Immunostaining was

performed by biotin-strepavidin-horscradish peroxidase (HRP) complexed antibodies to

_ detect_primary_antibody.-SHED,-HMSCs-which-served-as—positivecontrol -and-breast

aAc nagatizs

slides (Nunc, Denmark) with density of 4 x 10* cells per well. After two days, the cells
were fixed in absolute cold methanol (Merck, Germany) and incubated at 4° C for 20
minutes. Blocking reagent was then added for 5 minutes and then the cells were
incubated with one primary antibodies in each four-well chamber slides either with
primary antibodies of monoclonal mouse anti-human endoglin (CD105) (Chemicon,
USA) with dilution 1:25 or with primary antibodies of monoclonal mouse anti human
(CD166) (DakoCytomation, Denmark) with dilution 1:50, over night. Primary antibodies
were then detected using Chemicon IHC Select™ secondary detection system
(Chemicon, USA), in which the samples were subsequently incubated with purified
mouse secondary antibodies and strepavidin for 10 minutes, respectively according to

manufacturer’s protocol.

Proliferation asséssment of SHED: After SHED were grown until confluence,
approximately 30,000 cells from each study group were subcultured in 24-well plate with
2 ml of culture medium. The cells were attached to the 24-well plate after 24 hours. Then
the culture medium in the 24-well plate was changed and incubated in CO, incubator
(Thermo Forma, USA) at 37° C with 5% CO; for 4 hours. After that, 10% of metabolic
indicator dye, alamarBlue (Biosource International, Inc, USA) was added to each wel]
with cells as well as to medium culture without cells which served as the ncgative
control. 100 ul of solution from each well plate was then taken and added to 96- wel]
plate and absorbance of the media was measured spectrophotometrically using ELLISA
Jeader (s oo DRS) ata wasGen t of 570nim and 60Unm at 0 minute, 60 minutes,
120 minutes and 180 minutes. Subsequently, the medium was changed every day for 7
days. The processes of alamarBlue staining and absorbance readings were repeated as
done before, every day. In monitoring alamarBlue reduction spectrophotometrically,
reduction is expressed as a pereentage Yo Reduced) at A1 = 570 nm and A2 = 600 nm by

the following formula (adapted from BioSource, USA).
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Histological sections: After the tooth was extracted from the patient, it was immediately

_— washed with normal saline and transferred into a container with 20 ml of neutral buffered

formalin 10% solution for 24 hours. Then the tooth was demineralized in a sodium
formic acid solution (3.4 % sodium formiate HCOONa in 15% formic acid) (Merck,
Germany) for 21 days until fully decalcified and then processed through a series of
graded alcohol and xylene. Finally, the tooth was embedded in paraffin wax for

histological examination (Fig. 8).

Fig. 8: Tooth embedded in paraffin wax for sectioning _

' Seciivns were cut at 6pm thick usingA a microtome (i\‘ﬂCROM, Germany) and
stained with Hematoxylin and eosin (Murray et al., 2003a) (Fig. 9). Tertiary dentin
deposition at the pulp site related to the cavity floor (Duque ef al., 2006) and remaining
dentin thickness between the base of the prepared tooth and the odontoblastic surface
(Murray et al., 2000b) were analyzed using light microscope (Zeiss, Germany) fitted with
a video camera (Cybemnetics, USA). The video images at 10x magnification were loaded
into a computer in which the tertiary dentin thickness area and remaining dentin thickness
were measured in each slide using Image Pro Express software (Media cypemnetics. Inc.,

USA).

Fig. 9: Hematoxylin and eosin stained slide
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ABSTRACT

Stem cells are undifferentiated cells that have the capacity for self- renewal, which have been
discovered in many adult tissues, including teeth. The objective was to compare the
proliferative activity of stem cells between teetl filled with glass ionomer cement (GIC, Fuji
fl i i :
by using colorimetric cell proliferation reagent, alamarBlue (AB). Healthy patients aged
between 9 to 11 years with carious primary molars without pulp exposure were selected.
Patients were divided into Group I, who had their teeth restored with Glass lonomer Cement
(GIC) and Group 2, who had their teeth, lined using Dycal® and restored with GIC. Their
teeth were reviewed for up to 180 days before being extracted. Laboratory procedures were
carried out according to standardized protocol for dental pulp stem cells’ isolation and
cultured. Immunocytochemistry confirmation was done using mesenchymal stem cell (MSC)
markers, CD105 and CDI166. The proliferative activity of the Stem cells from Human
Extracted Deciduous Teeth (SHED) from the two groups were determined using
alamarBlue™ assay. The results showed that SHED was found positive for the two markers,
CD105 and CD166. Proliferative activity of SHED showed no difference between Group I
and Group 2. Hence, it can be concluded that the use of calcium hydroxide or GIC as a lining
maw ::a: an indirecs p-urp capping procedure hes the same eff-ci on SHED winen have

responded favourably to the restorative treatments.




~ INTRODUCTION

The goals of restorative therapy are to restore teeth to a state of health, function,

—————gstheticappearance and 10 prevent the recuirence of caries (1], The management of thechild—
TOT prit pel Ttion.

This is because the primary dentition is important for stimulating the development of the
dental arches; maintaining normal occlusion relationship and play a role in speech
development [2]. The requirements for a restorative material in the primary dentition are
different from those in the permanent dentition and a material which is ideal for one may not
be ideal for the other. Primary teeth in terms of human life span are only temporary having a
maximum normal life of 8-9 years. Consequently, restorations will last for a limited time in
function in the oral environment [3,4]. It is well documented that the use of adhesive
materials in children allows a less destructive cavity preparation and smaller restoration. This
subsequently reduces treatment time and may limit the use of local analgesia. The advantages
of using adhesive restorative materials such as glass ionomer cement (GIC), resin modified
GICs and polyacid modified composite resins lie in some of their properties, like liberation of
long term fluoride release and the ability to be recharged by exposure to fluoride solutions
-~and-gels [5); simplicity and-a good cost éffectiveness rait?b"‘f[6';7]. Besides, there is nd- - T e
formation of initial or recurrent carious lesions in cavity walls restored with GIC adhesive
materials [8]. This might be attributed to fluoride released by these materials, which is
incorporated by the enamel and dentine, increasing their resistance to demineralization from
bacterial attack [9]. Moreover, guidelines on pulp therapy for primary and young permanent
teeth suggested in some cases such as deep cavities is that a protective base material must be
placed on the pulpal surface of the cavity preparation in order to cover exposed dentin tubules
and act as a protective barrier between the restorative material or lining cement and the pulp
of the tooth [10].

Commoﬁly used protective bases are calcium hydroxide [Ca(OH).] and GICs, which
possess suitable physical and biological properties [10]. Calcium hydroxide liners are often
placed in deep cavities under restorative materials to protect the pulpal tissues from chemical
insults. Calcium hydroxide has been used for many years as a dental base or pulp capping
material due to its ability to stimulate dentinal bridge formation with direct pulp contact and
serve as protective barrier for pulp tissue not only by blocking patent dentinal tubules, but
also by neutralizing the attack of inorganic acids and leached products from certain cements.

This, leads to the widely use of this material in dental practice [11].



Tissue-engineering therapies offer exciting treatment possibilities in restorative

dentistry and one of these new therapies is using stem cell, which offers tremendous potential

—  ——— for-addressing-human-diseases,-that-to-date_have-been-difficult_or impossible_to_be treated

e..P"'i"e!y. Among-the conditions cited are Alzheimer’s_disease _cancer _lack of saliva for

chewing and speaking, diabetes and many others [12]. Furthermore, stem cells have been
identified in the pulp of human primary teeth. These cells have been designated as SHED
(Stem Cells from Human Exfoliated Deciduous teeth), and have been found to divide
continuously and differentiate into a variety of other cells types, including nerves, fat, and
tooth-generating cells [13]. In addition, deciduous teeth may provide an ideal source of stem
cells, which can proliferate and differentiate into dentin-forming odontoblasts [14,15].
Damaged odontoblasts can be replaced by newly generated populations of odontoblasts
derived from stem cells from pulp. Following physiological stimulation or injury, such as
caries and operative procedures, stem cells in pulp may be mobilized to proliferate and
differentiate into odontoblasts by morphogens released from the surrounding dentin matrix
[16]). Tissue engineering with the triad of dental pulp progenitof/stern cells, morphogens, and
scaffolds may provide a useful alternative method for pulp-capping and root canal treatment
_rv73 v s necossary 2 evaluate the biological ¢a-~=s, which taks place in teeth such as tooth,
pulp reactions to the restorative procedure as well as tooth pulp reactions to restorative
materials in order to optimize current treatment and stimulate regenerative processes to
accomplish the therapy by tissue engineering [18]. However, to our knowledge, there is
limited data currently available regarding the biological response of stem cells to various
dental restorative materials such as GIC and lining materials such as Ca(OH),. Therefore, this
study is directed towards confirming the presence of stem cells in extracted deciduous teeth
by using surface antigenic markers and to compare the response of SHED by measuring its
proliferative activity in relation to the placement of dental material that have direct contact

with the floor of the prepared cavity.

MATERIALS AND METHODS
Selection of patients

Fifty healthy patients aged between 9 to 11 years, with primary molar teeth having
minor class I cavities or caries with no pulp exposure were included in the study. Prior to the
treatment, the parent/guardian was informed about the study and the consent form data sheel

was filled and signed by the parent/guardian.
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Resrorative procedure

Briefly, the restorative procedure was performed after isolation of tooth using rubber
dam, cotton wool rolls and saliva ejector. Class I occlusal cavity was assessed by round
diamond bur in high speed rotational drill with water coolant. Then, the caries was removed
by using round stainless steel bur in slow speed rotational drill with water coolant. All carious
dentine was removed until a layer of sound, non carious dentine remained. Then the cavity
was washed using water spray and dried. GC cavity conditioner (GC Corporation, Tokyo,
Japan) was applied for ten seconds and then washed out by water spray and dried. The
prepared cavities were divided into two groups. For Group 1, the prepared cavity was filled
with GIC (Fuji IXGP capsule, GC, Japan) following the manufacturer instructions (GC Fuji
IXGP Application Technique). However, in Group 2, the floor of prepared cavity was lined
with a thin layer of Ca(OH); (Dycal ®, Dentsply, Germany), and filled with GIC (Fuji IXGP

- capsule, G€, Japan) following the manufacturer instructibns. Patients wére reviewed bythe™ =~ 7'~

same operator once every month for providing oral hygiene care, checking and maintenance
of the restorations. If the treatment failed, clinical reasons were documented in the data sheet
and each case was treated according to the clinical situation. Extraction procedure was made
under local anesthesia and performed only for teeth with alpha scale restoration according to
U.S Health Public Service’s (USPHS) that exhibited mobility and signs of exfoliation after six

months of time lapse.

Isolation and culture

After wéshing the extracted tooth with normal saline, it was transferred into a
container with 20 ml of transport medium containing Hank’s Balanced Salt Solution (HBSS)
(Gibco™, TInvitrogen, USA), supplemented with 1% Penicillin-Streptomycin (Gibco™,
Invitrogen, USA) and 5% Fetal Bovine Serum (FBS) (Gibco™, Invitrogen, USA). The
gingival and periodontal tissue was scraped off from the tooth surface. The tooth surface was
cleaned with iodine and 70% ethanol, and then was washed five times with phosphate-
buffered saline (PBS). Hard tissue material cutter (Exakt 300, Exakt Apparatebau GMBH &
Co. KG, Germany) was used to cut around enamel-cementum junction to separate enamel and

root to expose the pulp tissue in the pulp chamber. The sectioned tooth was then briefly



immersed in 70% ethanol (Merck, Germany) followed by immersion in Dulbecco’s Phosphate
Buffered Saline (DPBS) (GibcoTM, Invitrogen, USA). Then the sterile tooth was placed in a

beaker containing fresh DPBS (GibcoTM, Invitrogen, USA), and the extraction of the dental

_pulp was done in a class II safety biocabinet (Delta Series, Labconco, USA). The pulp tissue

was picked up with sterile tissue forceps and small or medium size barb roach and minced.
The minced pulp tissue was then digested using digestion solution containing 3mg/ml of
Collagenase Type 1 (GibcoTM, Invitrogen, Germany) and 4mg/ml of Dispase (GibcoTM,
Invitrogen, Germany) and this process was performed in a CO; incubator (Thermo Forma,
USA) at 37° C with 5% (COg) for one hour. After digestion, 5 ml of culture medium
containing alpha Modified Eagle’s Medium (o MEM) (BioWhittakerTM, Cambrex, USA)
supplemented with 10% fetal calf serum (FCS) (Gibco), 100 uM L-ascorbic acid 2-phosphate
(Stem cell Technologies, Canada), 2 mM L-glutamine (GibcoTM, Invitrogen, Japan) and
penicillin (160 U/ml), and streptomycin (100 mg/ml) (GibcoTM, Invitrogen, Germany) was
added and later was centrifuged (Hettichzentrifugen, Germany) at 1200 rpm for 10 minutes.
The cell pellet was suspended in culture medium and the cells ‘were passed through a 70-pm
pore size strainer to obtain single cell suspension. Then, the cells were seeded into T- 25
culture il...... (Nunc, Denmaik) with £ mi of cuiture msd:um and incubated in CO, jncubaior .
(Thermo Forma, USA) at 37° C with 5% CO,. After 24 hours, non-adherent celis were
removed. The adherent cells were washed vigorously twice with PBS and were shaken to
remove adherent debris and fresh complete medium was then added. The cells were observed
every day to check for the culture condition and the medium was changed every 3 days until

the fibroblast like cells in the flask reached confluence.

Characterization of SHED using immunocytochemistry

Immunostaining was performed using biotin-strepavidin-horseradish peroxidase
(HRP) complexed antibodies to detect the primary antibody. SHED and HMSCs (positive
control) and breast capcer cells (neyntive control). were sub-cultured into two four-chamber
slides (Nunc, Denmark) with density of 4 x 10 cells per well. Afier two days, the cells were
fixed in absolute cold methanol (Merck, Germany) and incubated at 4°C for 20 minutes.
Blocking reagent was then added for 5 minutes and then the cells were incubated with one
primary antibody in each four-well chamber slides either with primary antibodies of
monoclonal mouse anti-human endoglin (CD105) (Chemicon, USA) with dilution 1:25 or
with primary antibodies of monoclonal mouse anti human (CD166) (DakoCytomation,

Denmark) with ditution 1:50, over night.



Primary antibodies were then detected using Chemicon IHC Select™ secondary

detection system (Chemicon, USA), in which the samples were subsequently incubated with

— - ——purified-mouse-seeondary-antibodies-and-strepavidin-for-10-minutes; respectively;according
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Proliferation assessment of SHED

After SHED was grown until confluence, they were sub-cultured in 24-well plate with
2 ml of culture medium. The cells were found to be attached to the 24-well plate after 24
hours. Then, the culture medium in the 24-well plate was changed and incubated in a CO,
incubator (Thermo Forma, USA) at 37° C with 5% CO, for 4 hours. After that, 10% of
metabolic indicator dye, alamarBlue (Biosource Intemmational, Inc, USA) was added to each
well containing cells as well as to the wells containing only medium without cells (negative
control). 100 pl of solution from each well plate was then taken and added to 96- well plate
and the absorbance of the media was measured spectrophotom_elrically using ELISA reader
(Tecan, DKSH, Germany) at a wavelength of 570nm and 600nm at 0 minute, 60, 120 and 180
minutes. Subsequently, the medium was changed every day for 7 days. The processes of
. alamarBlue- staining and-absorbance readings were repeated ‘as: done “before, every day. In
monitoring alamarBlue reduction spectrophotometrically, reduction is expressed as a

percentage (% Reduced) at 570 nm and 600 nm (BioSource, USA).

RESULTS AND DISCUSSION

The presence of SHED was confirmed using immunocytochemistry procedure for the
cultured stem cells that had been removed from the dental pulp of extracted deciduous tooth.
The characterization of SHED, HMSCs, which were used as positive control and breast
cancer cells which were used as negative control, were done using mouse anti-human CD166
monoclonal antibody and mouse anti-human CD105 monoclonal antibody. Then, goat anti-
mouse and anti-rabbit Immunoglobulin G (IgG) as a secondary antibody (Chemicon, USA)
were added and the expression of the cell surface markers were then detected by using
Immunoperoxidase DAB secondary detection system (Chemicon, USA).

The results showed the presence of brownish colour which indicated positive
reactivity for CD105 (Fig. 1) and CD166 (Fig. 2) primary antibodies on SHED and HMSCs.
However, there was no colour expression on the breast cancer cells. Here, in the present
study, the characterization of SHED was demonstrated by immunocytochemistry staining as

this procedure has many advantages over other biochemical tests, such as stability of the



staining, sensitivity and the clear cytomorphological details that can be obtained. Also, it is
easy to use, cost effective and needs low technology [19]. To characterize cell surface marker,

the Cluster of Differentiation prefix CD was used to identify specific cell membrane molecule

that are expressed on cells. Antigenic surface marker of the SHED in this study has been

detected by immunocytochemistry using CD105 and CD166.

CD105 is also known as Human Endoglin (ancillary TGF-beta receptor). Endoglin is a
transmembrane glycoprotein expressed by vascular endothelial cells and also expressed by
activated macrophages. Endoglin expression is up regulated on activated endothelium in
tissues undergoing angiogenesis, such as in tumors, or in cases of wound healing or dermal
inflammation [20,21]. Meanwhile, CD166 (Activated Leukocyte Cell Adhesion Molecule
(ALCAM)), is a member of the Ig superfamily and is expressed primarily in the spleen,
placenta, and liver (weakly) and on activated T-cells, B-cells, and other cells including thymic
epithelial cells, fibroblasts, keratinocytes and neurons. CD166 is preferentially expressed in
highly metastatic melanoma cell lines [22].

In this study, SHED was found to be positive for both antibodies against human
antigens CD105 and CD166, and displayed mesenchymal stem cell phenotypic profile due to
their exsression of the markers CD105 and CD166. Similar results have been obtained from
many researchers in the same field, where MSCs isolated from placenta/umbilical cord cells
population were also positive for CD54, CD29, CD73, CD13, CD44, CDI0S and CD166.
These results suggested that immunophenotypical and morphological profiles of these cells
are the same as those of MSCs isolated from bone marrow [23,24,25]. Moreover, CD13,
CD29, CD44, CD73 and CD105 were expressed in human Dental Pulp Stem Cells (DPSCs),
when compared to HMSCs [26,27]. It was also found that CD29, CD44, CD105, CD106 and
CD166 were positive surface marker antigens for Periodontal Ligament Stem Cells (PDLSCs)
[28,29]).

Assessment of proliferation is a fundamental measurement that can be made with cells
in culture. Determination of proliferative activity enables researchers to optimize cell culture
conditions, quanutate e weuvity of cell growth fic.urs including cytokines, facilitate the
discovery of new therapeutic agents, assess the efficacy of therapeutic agents, assess the
toxicity of environmental pollutants, assess cell mediated toxicity and quantitate apoptosis
(alamarBlue™, Biosource, USA). In this study, proliferation assessment offer demonstration
of the efficacy of dental materials that have been used. Several methods are available for
proliferation assessment; by measuring DNA synthesis such as quantitation of *H-thymidine

incorporation, quantitation of 5-bromodeoxyuridine (BrdU) incorporation and monitoring



DNA quantity with the fluorescent dye, Hoechst 33258 or by monitoring the quantitation

reduction of tetrazolium salt reduction or quantitation of alamarBlue reduction

(atamarBlue™, Biosource, USA) in the culture environment.

Colorimetric alamarBlue assay is designed to measure the proliferation of various
human and animal cell lines, bacteria and fungi. This assay is simple to perform, since it is
water soluble, thus eliminating the washing/fixing and extraction steps required in other
commonly used cell proliferation assays. Moreover, it is stable in culture medium, non-toxic
and does not alter the viability of cells cultured for various times as monitored by Trypan
Blue exclusion [30). Therefore, the cells under study can be returned to the culture or used for
other purposes. It has also been found that the cultured cells activity such as hybridoma cells
to secrete antibody cells does not interfere with alamarBlue as well as cell growth and
doubling found to be similar as non-alamarBlue exposed cells [30].

In stem cell research, there is no standard method for investigating the proliferation
activity. Though, several methods are available, they are limited by complexity of the tests
and expensive reagents or equipments, such as bromodeoxyuridine which are used to measure

the proliferative ac’uvnty of SHED [31], and WST-1 colorxmetnc cell prohferatnon reagent

RN

which has been used'to demonstrite the proliferation actlvny of dental pulp stem cells and “
PDLSCs [29]. Recently, alamarBlue has been used to assess the proliferative activity of the
SHED [32]. Indirect pulp capping procedure was adopted in order to compare the
proliferative activity of dental pulp stem cells between the materials that have been used in
this study. The statistical analysis of the alamarBlue reduction percentage between SHED
without restorative material (control), SHED obtained from teeth restored with GIC alone
(Group 1) and SHED obtained from teeth lined with Ca(OH), cement and restored with GIC
(Group 2) were not significant (Table 1).  Strong evidence suggests the presence of resting
progenitor or stem cells in dental pulp [13,31]. In restorative dentistry, dentinal repair occurs
through the activi.ty of specialized cells called odontoblasts. Shallow or mild injury to the pulp
stimulates the secretory activity of the odontoblasts to elahorate reactionary dentin, while in
deep cavities or severe injury to the pulp, may lead to partial or total destruction of the
odontoblasts layer. These conditions attract cells to injury site and differentiate into
odontoblast-like cells that can replace the necrotic odontoblasts and secrete a reparative dentin
matrix [33]. Moreover, in the case of exposed cavities, a reparative dentinogenesis response
was observed, while in non exposed cavities, a reactionary dentinogenesis response was

stimulated [34].



Study of pulpal injury and dentin repair activity with regard to the variables of cavity
cuiting, restoration materials and patients, showed that the cavity remaining dentin thickness

RDD)-isconsidered-the- most-important-variable to-influence pulp activity and plays a central

pulp to cavity preparation injury and the possible cytotoxicity of dental materials. However,
maximizing the RDT could have beneficial effect to limit pulp tissue destruction with
buffering properties of dentin which could modify the possible cytotoxic properties of dental
materials [35]. In very deep cavities, RDT between 0.25-0.01 mm or in pulp exposure
cavities, dental pulp stem cells proliferate, migrate to the site of injury and differentiate to
form odontoblastoid cells. These odontoblastoid cells replace the severely damaged
odontoblasts that have been reduced 100% and secrete reparative dentin, which is considered
to be the most visible repair response to pulp injury [18].

From the histological samples that have been used in this study, the mean RDT were
0.3mm in Group 1 and 0.31mm in Group 2, in which reactionary dentin formation takes place
due to survival of odontoblasts and the buffering activity of the remaining dentin protects the
pulp tissues from the injuries that may be associated with the cavity preparation procedure
and chemical *—#*~=t of restora¢—e materialy that have been psed in this study

Stem cells are thought to reside in a specific area of each tissue where they may
remain quiescent until they are activated by disease or tissue injury [36). Proliferation,
migration and differentiation activities of the dental pulp stem cells seems to be inactive,
when the there is no pulp exposure or there is no severe loss of odontoblast cells related to
increased dentin loss and decrease the cavity preparation RDT [18]. This theory was
approved by a study which was directed to investigate the activation and migration of stem
cells in response to pulpal injury. It has been found that proliferation, migration and
differentiation of dental pulp stem cells take place when there is pulpal injury and not dentin
injury [37]).

The indiy »ct pulp capping that have been used with RDT were preserved to avaid pulp
exposure and to protect the pulp tissues from chemical and mechanical irritants [38,39].
Guidelines have been followed to make sure the cavity preparation procedure was atraumatic
to the underlying tissues [40.41). The restorative materials that have been used on the pulp-
dentin complex tissues have good biocompatibility and physical properties {42,43]. These
could be the reasons that reflect the similanity between these materials in proliferation

activity, in which signals for induction of proliferation, migration and differentiation of the



new generation of odontoblast-like cells were prohibited, since the injury was at dentinal level

and did not reach the pulpal level.

Limitatians. nfll'm S’l‘d}’

Radiograph assessment was not provided during this study due to ethical
considerations. However, to overcome the lack of this valuable tool for the purpose of
diagnosis, follow up at 1, 3 and 6 months were useful to detect any early postoperative
complications by evaluation of the patient, mobility and restoration material condition in
clinical sitting.

It was not possible to distinguish whether the presence of tertiary dentin that was
secreted in response to variety of stimuli in this study was either reactionary or reparative in
nature. The tertiary dentin (reactionary dentin) was seen in the present study, which is in

agreement with the previous studies [37,44].
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Table 1: The percentage of alamarBlue® reduction between the control and tested
groups
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Variable Groups N Median (IQR) (i p value®
alamarBlue® Control 7 44 (24) 1.26

eduction % Group I 7 38 (19) @) 0.532
' ° Group 2 7 41 (19)

A Kruskal-wallis test
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Figure 1: Characterization of SHED by immunocytochemistry staining using CD105
antihody viewed at 100x. The CD105 expressions on SHED (A) and HMSC (B) - Positive
controls. No expression detected on breast cancer cells (C) - Negative control.

C

Figure 2: Characterization of SHED by immunocytochemistry staining using CD166
antibody viewed at 100x. The CD166 expressions on SHED (A) and HMSC (B) -
Positive controls. No expression detected on breast cancer cells (C) - negative control.
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SHED Proliferation Following Restorative Procedures N

Siti Noor Fazliah Mohd Noor, Thirumulu Ponnuraj Kannan, Alaa Nassier Lutfi
School of Dental Sciences, Universiti Sains Malaysia Health Campus, 16150 Kubang Kerian, Kelantan, Malaysia
fazliah@kck.usm.my

PURPOSE: To assess the p}éiiferalive activity of stem cells from human extracted deciduous teeth following pulp

capping and restorative procedures.

METHODS: It is a clinical and experimental study. Healthy patients aged 8-10 years old with carious teeth on primary
molars without pulpal exposure were selected. The teeth were divided into two groups: for Group 1 the teeth were
restored with Glass Ionomer Cement (GIC) and for Group 2 the teeth were restored using Calcium Hydroxide
(Dycal®) as cavity liner and followed with GIC in a clinical setting. The teeth were reviewed for up to 90 days before
being extracted according to the selected criteria and under standardized procedures. Within 24 hours, the tooth was
cut at the cemento-enamel junction using hard material cutter. The sectioned tooth was briefly immersed in 759
ethanol, soaked in Phosphate Buffer Saline. The pulp was separated from the crown and then digested in a solution of
3 mg/ml collagenase type I (Worthington Biochem, Freehold, NJ) and 4 mg/ml dispase (Boehringer Mannheim) for 1
h at 37°C. Single-cell suspensions were obtained by passing the cells through a 70-um strainer (Falcon) and cultured
with alpha modification of Eagle’s medium supplemented with 20% Fetal Bovine Serum, 100 uM L-ascorbic acid 2.
phosphate, 2 mM L-glutamine, 100 units/m! penicillin, 100 xg/ml streptomycin). The cells were incubated at 37°C ip
5% CO2. The culture was observed daily under microscope. Immunohistochemistry confirmation was done using
CD105 and CD166. The proliferative activity of the stem cells from human extracted deciduous teeth from the twq
groups were determined using alamarBlue™ kit.

RESULTS: The cells changed its shape from rounded to fibroblastic-like. Tooth pulp-derived progenitor cells were
found positive for CD 105 and CD 166 (mesenchymal lineage markers), which were consistent with the finding for
Human Meserchvmal Stem J2liz (HMSC) Proliferative activity of SHED was higher for Grop 2 as compared ter
Group 1.

CONCLUSION: A clonogenic cell population was isolated from dental pulp tissues and has high proliferate activity.”
SHED have responded favourably to restorative treatment and are able to withstand the changes following restorauve
procedures thus making them a possible source for tissue engineering in the future,

This study was supported by the Universiti Sains Malaysia Grant (304/PPSG/6131527)
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Dental Materials Effect on SHED Following Pulp Capping

A. N. LUTFIL, S.N.F MOHD NOOR, S. JAAFAR, T.P. KANNAN
School of Dental Sciences. Universiti Sains Malaysia Health Campus. Kelantan.

Objective: To assess Stem cells from Human Extracted Deciduous teeth (SHED) proliferative activity

following indirect pulp capping (IPC) procedure. Method: Healthy patients aged between 9-11 years old
with carious primary molars without pulp exposure were selected. Fourteen teeth were divided into two
groups: Group I seven teeth were restored with Glass Ionomer Cement (GIC) and for Group 2 seven teeth
were lined by Dycal® and restored with GIC. The teeth were reviewed up to 180 days before being extracted.
Laboratory procedures were carried out according to standardized protocol for dental pulp stem cell isolation.
The cell cultures were observed daily under microscope. Immunocytochemistry confirmation was done using
mesenchymal stem cell markers CD105 and CD166. The proliferative activity of the SHED from the two
groups were determined using alamarBlue™ assay. Results: Stem cells were found positive for CD105 and
CD166. Proliferative activity of SHED was higher in Group 2 (alamarBlue reduction 72%) as compared to
Group 1 (alamarBlue reduction 66%). Conclusion: Using calcium hydroxide cements liner such as Dycal®
is beneficial in IPC procedure for deep cavities since the stem cell activity is maintained. This approach
can be used in tissue engineering to aid healing and stimulate pulp-dentin regeneration.

This study was supported by the Universiti Sains Malaysia Grant (304/PPSG/6131527).

Occlusal Features of 13-17 years old Iragi Adolescents

OoP2

N.M. ABDULLAH
Faculty of Dentistry, Universiti Teknologi Mara

Objective: This study was conducted to assess the occlusal features among Iraqi adolescents. Methods:
The study included 600 adolescents in three age groups, 13 years, 15 years, and 17 years. The asscssment
was by an intra-oral examination to assess the occlusal features. The instruments used in the intra-oral
examination were: Vernier with depth gauge, Dental Vernier. Metal feeler gauges. The following occlusal
features were registered over jet, aver bite, open bite, molar occlusion,, crowding. spacing and medial
diastema. Results: The results showed that the over jet mean value was 3.17 mm, over bite mean value was
3 «2mm. while the oper Lo wa o cted in 4.5 of the + iple. Class 1 molar occlucion was in 74%: of
the sample. Spacing was mainly in the upper posterior segmictii (537 of sample); while crowding was mainly
in the lower anterior segment (37% of sample). Maxillary medial diastema was detected in 14% of the
sample. Conclusions: This assessme.nt indicates a reductlpn in over j<?t, over bite, and open bite with age.
Iraqi adolescents showed lower over jet m?an Yaluej and higher over‘bn'e mean value compared with studies
in other pdpulations. Class I molar relation in this sample was higher when compared with studies on

European population.
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Extracted Deciduous teeth (SHED) following indirect pulp ¢ capping (IPC) procedure
Healthy patients aged between 9-11 years old with carious primary molars without sulp
exposure were selected. The teeth were divided into two groups: Groun 1 the teaih
were restored with Glass lenomer Cament {GIC} and for Croup 2 the teeth were toaee
by Dycal® and restored with GIC. The teeth were reviewed up to 180 days befare being
extracted. Laboratory procedures were carried out according to standardized protocol
for dental pulp stem celi-isolation. The cell cultures were observed daily under
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is beneficial in IPC procedure for deep cavities since the stem activity is maintained.
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We look forward to seeing you in June 2008.

Yours sincerely,

-

2

//
Secretariat of WCTB 08



4@ SEP. 2007(WED) 11:41 DENTAL Usw

609 7642026 PAGE. 11

. P2g49

PUSAT: PENGAJIAN SAINS PERGIGIAN
- SCHOOL OF DENTAL, SCIENCES

et i)

" - . : T Oy ..../pA &{3\
— 4 September 2007 : _ : = 5 4
' Kepada:

" Yg. Berbhg. Dato’ Profesor Muhammad Idtis Salleh
Timbalan Naib Canselor (Penyelidikan dan Inovasn)
Universiti Sains Malaysia .

e 11800 Univarmh Sains Malayma., Mmden

Yg. 'Bérbhg‘ Dato’,

Permohonan Kelulusan Pombehzm Alatan Di bawah Vot 35000 bagi ’Elipar
Freelight 11 230v G37

‘ t::%uk er< ’-"‘v*'-” -4 o respon el stem pergimian dalam Hen pulpa selep:xs '

c_“,;.;m. ‘,,..,r_l —-v}‘ ,i-&.ﬂﬂl\ o ladid Jdaa oY ui».a j_.uu....u{u..x Ta2inds »[

' menggmmkanGICbagigiﬁmolBrplmaﬁ. .
- -No akaun: 364/PPSG/6131527 : R

' Dengan segala hormataya saya metu]uk kepada perkara di atas, Surat saya berlankh
© 9 0Ogos 2007 adalah dibatalkan.

Sukavita dekiveakem bahawa kaed-irgiv wemohon keluhsan Yg Berpsaha Datty’
Prof untuk membeli peralatan seperti yang dmyatakan di bawah kerana alat inf amat .
: Pentmg bagi kegunaan penyehdlkan Alat ini dianggarkan bemnilai RM 5000.60 sahaja.

etﬁmbangan daripada Yg. Berusaba Daty’ Prof amat diperlukan dan saya d;ahului T
dengan ucapan terima kasih.

Semoga mendapag perhatian dan kexzman p,u-;ak Yg. Berusaha Dato’ Prof.

Sekjaﬁ, tetima kasih.

. / { . . '
&:g\\‘ Or Sié éoon Fazliah Mohd Noor)
Ketua Pm]ek :

S, k Encik Zulklﬂl Mohamed
Timbalan Bendahari

Jabatan Bendahari é 7 4]
_ Kampus Kesihatan USM | Jé
TKAMPUS RESIHATAN h  HEALTH CAMPUBATO' PROF. MUHAMMAD IDIRKS SALEH
Unlversitl Sains Malaysla, 16150 Kubang Kerlan, Kelantan. Timbalan Naib Qanselor

Tel: 609 766 3000 / 766 3500 ext.3700: Fax:609 762 7076 Wahelta . cunanan PBANRIDIKADE Inovast)

{§ wWe

b




