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* Corresponding author at: Tecnologica Research Institute[18_TD$DIFF], Street Enrico Fermi, 88900 [19_TD$DIFF]Crotone, Italy. Tel./fax: +39 0962930414.
E-mail: marco.tatullo@tecnologicasrl.com (M. Tatullo).

KEYWORDS
Regenerative [22_TD$DIFF]medicine;
Stem cells;
Osteogenesis;
Human [23_TD$DIFF]periapical cyst-
MSCs;
Translational [24_TD$DIFF]research.

Abstract

Aim: Our research investigated the use of human serum (HS) as a safe and clinical-grade culture
medium, using a new cell-model: hPCy-MSCs. This article is aimed to concretely applicate the
concept of ‘‘waste-based regenerative dentistry’’ to translate it in future endo-periodontal
applications.
Methodology: HPCy-MSCs were cultured in 2 different mediums, both containing a-MEM: the 1 [20_TD$DIFF]st
with 10% FBS (Control group), and the 2 [21_TD$DIFF]nd with 10% human serum (Test group).
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Cell proliferation and stemness assays, gene expression, immunophenotypic analysis and
osteogenic differentiation were performed to verify our hypothesis. cDNA samples were ampli-
fied with qPCR.

Experiments were performed in triplicate and analysed with statistical software.
Results: The hPCy-MSCs cultivated in a medium with HS were morphologically similar to those
cultivated with FBS, and showed a significantly higher proliferation rate. Von Kossa’s staining
revealed that osteoblasts from hPCy-MSCs in HS implemented with osteogenic induction factors,
showed a better osteogenic activity, also confirmed by a significant upregulation of osteopotin
(OPN) and matrix extracellular phosphoglycoprotein (MEPE).
Conclusions: HPCy-MSCs cultivated in HS showed phenotypic stability and a clear regenerative
binding, thus, suggesting these two components as a clinically-grade construct for future endo-
periodontal therapies.
� 2018 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Riassunto

Obiettivi: La nostra ricerca ha analizzato l’utilizzo del siero umano (HS) come mezzo di coltura
sicuro e ‘‘clinical-grade’’, per uso clinico, utilizzando un nuovo modello cellulare: le hPC-MSCs.
Questo articolo ha lo scopo di applicare concretamente il concetto di ‘‘odontoiatria rigenerativa
basata sui rifiuti biologici’’, al fine di tradurlo in future applicazioni endo-periodontali.
Materiali e metodi: Le HPCy-MSCs sono state coltivate in 2 mezzi di coltura diversi, entrambi
contenenti a-MEM: il primo con 10% di FBS (gruppo di controllo) e il secondo con il 10% di siero
umano (gruppo di test).

Sono stati eseguiti saggi di proliferazione cellulare e di staminalità, espressione genica, analisi
immunofenotipica e differenziamento osteogenico per verificare la nostra ipotesi di partenza.
Campioni di cDNA sono stati amplificati con qPCR.

Gli esperimenti sono stati eseguiti in triplicato e analizzati con software statistici.
Risultati: Le hPC-MSC coltivate in un terreno con HS erano morfologicamente simili a quelle
coltivate con FBS e mostravano un tasso di proliferazione significativamente più alto. La
colorazione di Von Kossa ha rivelato che gli osteoblasti da hPC-MSC coltivate in HS implementato
con fattori di induzione osteogenica hanno mostrato una migliore attività osteogenica, confer-
mata anche da una significativa up-regolazione di osteopotina (OPN) e fosfoglicoproteina della
matrice extracellulare (MEPE).
Conclusioni: Le HPCy-MSC coltivate in HS hanno mostrato stabilità fenotipica e un chiaro
atteggiamento rigenerativo, suggerendo quindi questo protocollo come un approccio clinica-
mente valido per le future terapie endo-periodontali.
� 2018 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Cet article est
publié en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-
nd/4.0/)
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Introduction

The discovery of human periapical cysts-mesenchymal stem
cells (hPCy-MSCs) has, for the first time, introduced dentistry
in the concept of ‘‘regenerative waste medicine’’, the regen-
erative medicine obtainable from the reuse of biological
waste to exploit it the clinical potential. HPCy-MSCs showed
excellent ability to differentiate between osteogenic phe-
notypes and surprisingly toward the nervous tissue [28_TD$DIFF].1—3 [17_TD$DIFF]

Stem cell regeneration is, however, limited in clinical
practice for the use of fetal bovine serum (FBS), used as a
nutritional supplement in culture media. In fact, its xeno-
genic origin does not make FBS secure in patients applica-
tions. Despite several MSCs from different sources,4 and a
number of scaffold5—12 have been already described and
investigated in the literature, the main limitation to clinical
Please cite this article in press as: Tatullo M, et al. Human periapical cyst
a ‘‘clinical-grade’’ construct alternative to bovine fetal serum and in
Italiano di Endodonzia (2018), https://doi.org/10.1016/j.gien.2018.03
applications seems to be the standardization of clinical-grade
procedures, to overcome immunological and biological con-
cernings.

In the light of the studies in the literature,13—16 our
research analyzed for the first time human serum (HS) as a
safe and ‘‘clinical-grade’’ alternative in regenerative med-
icine, using a new cellular model: hPCy-MSCs, opening inno-
vative scenarios on the concept of ‘‘waste regenerative
dentistry’’ in future endo-periodontal applications.

Materials and methods

HPCy-MSCs were obtained as described in literature1,3 and
cultured in a medium containing a-MEM with 10% FBS (Gibco)
in the Control group, and with 10% human serum (HS, Sigma)
in the test group. The HS used in this study (AB plasma) is used
as by the supplier protocol.
s-mesenchymal stem cells cultured with allogenic human serum are
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.003

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.gien.2018.03.003


+ Modello

GIE-135; No. of Pages 6

Figure 1 Proliferation, vitality, and expression of stem molecular markers in hPCy-MSCs grown in HS or FBS. [1_TD$DIFF](A) Characteristic
morphology of hPCy-MSCs cultivated in 10% HS or 10% FBS ([2_TD$DIFF]days 1—13). (B) Cell growth assay of hPCy-MSCs cultured in 10% HS or 10% FBS.
*[3_TD$DIFF]P < 0.05. (C) Cell viability of hPCy-MSCs cultured in 10% HS or 10% FBS. [4_TD$DIFF](D) Expression of mRNA for the genetic indications of
staminality: Klf4, OCT4, Sox-2, Nanog, c-myc and the CD146 pericitary marker in hPCy-MSCs cultured in 10% HS or 10% FBS analyzed by
qRT-PCR. * [5_TD$DIFF]P < 0.05, **P < 0.01, ***P < 0.001, N.S., not significant. FBS, [6_TD$DIFF]fetal bovine serum; HS, human serum.
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Cell proliferation tests, stem cell assays, gene expression,
immunophenotypic analysis and osteogenic differentiation
tests were performed with quantitative analysis to verify our
hypothesis. CDNA samples were amplified with qPCR using
sequences of primers.

Experiments were performed in triplicate, and data eval-
uated with GraphPad Prism software (statistically significant
differences with: *[30_TD$DIFF]P < 0.05; **P < 0.01; P < 0.001; N.S. = not
significant [31_TD$DIFF]).
Please cite this article in press as: Tatullo M, et al. Human periapical cyst
a ‘‘clinical-grade’’ construct alternative to bovine fetal serum and in
Italiano di Endodonzia (2018), https://doi.org/10.1016/j.gien.2018.03
Results

The hPCy-MSCs cultivated in a medium with HS were mor-
phologically similar to those cultivated with FBS (Fig. 1 [32_TD$DIFF]A);
however, hPCy-MSCs showed a significantly higher prolifera-
tion rate, from day 6 (Fig. 1[33_TD$DIFF]B). Under both culturing condi-
tions, the amount of vital hPCy-MSCs was about the same
[34_TD$DIFF](>95%, Fig. 1C). The expression of the main stemness genes
has been verified (Fig. 1[35_TD$DIFF]D).
s-mesenchymal stem cells cultured with allogenic human serum are
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Figure 2 Expression of surface stem markers in hPCy-MSCs cultivated in HS or FBS. [1_TD$DIFF](A) Expression of surface stem markers: CD13,
CD29, CD44, CD73, CD90, CD105, CD146 and CD45 in hPCy-MSCs cultivated in 10% HS compared with those grown in 10% FBS. The control
of the isotype is indicated by the empty histogram, whereas the coloring of the antibodies is indicated by a solid histogram. [7_TD$DIFF](B)
Percentage data of surface stemmarkers in hPCy-MSCs cultivated in 10% HS compared with those grown in 10% FBS. [8_TD$DIFF](C) Geometric mean
fluorescence intensity of surface stem markers in hPCy-MSCs cultivated in 10% HS compared with those grown in 10% FBS. FBS, [6_TD$DIFF]fetal
bovine serum; HS, human serum.
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Flow cytometry of phenotypic markers of hPCy-MSCs cul-
tivated in HS and FBS (Fig. 2[36_TD$DIFF]A) did not show statistically
significant differences (Fig. 2 [33_TD$DIFF]B).

Von Kossa’s staining revealed that hPCy-MSCs induced
towards the osteogenic phenotype in HS, showed a greater
differentiation than those cultivated in FBS (Fig. 3[37_TD$DIFF]A and B).
These observations were confirmed by a significant upregula-
tion of osteopotin (OPN) and matrix extracellular phospho-
Please cite this article in press as: Tatullo M, et al. Human periapical cyst
a ‘‘clinical-grade’’ construct alternative to bovine fetal serum and in
Italiano di Endodonzia (2018), https://doi.org/10.1016/j.gien.2018.03
glycoprotein (MEPE) in hPCy-MSCs cultivated in osteogenic
and basal media containing HS (Fig. 3[38_TD$DIFF]C).

Discussion

Patients treated with FBS-grown cells are exposed to a
concrete risk of immunogenicity and the risk of transmission
s-mesenchymal stem cells cultured with allogenic human serum are
dicated in the regeneration of endo-periodontal tissues. Giornale
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Figure 3 Osteogenic differentiation potential of hPCy-MSCs cultivated in HS or FBS. [9_TD$DIFF](A) Osteogenic differentiation of hPCy-MSCs,
grown in HS, and compared with those grown in FBS, colored with red Alizarin. [10_TD$DIFF](B) Quantification by red blood alizarine test for the
production of mineralized matrix in hPCy-MSCs cultivated in HS compared with those grown in FBS. * [3_TD$DIFF]P < 0.05. (C) Expression of
osteogenic markers mRNA: OSP and MEPE in hPCy-MSCs cultivated in HS compared to those cultured in FBS after 21 days of
differentiation (OS). FBS, [6_TD$DIFF]fetal bovine serum; HS, human serum; CTR, control; OS, [11_TD$DIFF]osteogenic differentiation. * [12_TD$DIFF]P < 0.05,
***P < 0.001, N.S., not significant.
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of prion, bacterial or viral pathologies, making FBS dangerous
for advanced cell therapy.13 [29_TD$DIFF]

For more than [39_TD$DIFF]30 years the scientific community has
requested the use of alternative supplements to FBS14

and in 2011 the European Commission, with the technical
note EMA/410/01, suggested that animal medicines be
avoided.

Recently, some authors have studied HS as an alternative
to FBS on stem cell models of dental origin that are alter-
native to our15,16 [40_TD$DIFF]; however, the plasticity of hPCy-MSCs
makes them ideal for regeneration to bone-like and neu-
ron-like tissues.
Please cite this article in press as: Tatullo M, et al. Human periapical cyst
a ‘‘clinical-grade’’ construct alternative to bovine fetal serum and in
Italiano di Endodonzia (2018), https://doi.org/10.1016/j.gien.2018.03
Conclusions

HPCy-MSCs cultivated in HS showed excellent skills towards
bone regeneration, also avoiding the risks derived from the use
of FBS, thus, suggesting these two components as a clinically-
grade construct for future endo-periodontal therapies.

Clinical relevance

Human [41_TD$DIFF]periapical cysts-mesenchymal stem cells cultured
with allogenic human serum are clinically usable, without
s-mesenchymal stem cells cultured with allogenic human serum are
dicated in the regeneration of endo-periodontal tissues. Giornale
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to use alternative xenogeneic serum. This ‘‘clinical-grade’’
procedure, together with the great plasticity of hPCy-MSCs
and the recent experimental results reporting their ability to
differentiate towards both bone-like, tooth-like and neuron-
like tissues, makes the construct made from such a new MSCs
and the ‘‘safe’’ culture medium an implantable biological
device greatly indicated in the regeneration of endo-period-
ontal tissues.
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References

1. Marrelli M, Paduano F, Tatullo M. Cells isolated from human
periapical cysts express mesenchymal stem cell-like properties.
Int J Biol Sci 2013;9:1070—8.

2. Tatullo M, Falisi G, Amantea M, Rastelli C, Paduano F, Marrelli M.
Dental pulp stem cells and human periapical cyst mesenchymal
stem cells in bone tissue regeneration: comparison of basal and
osteogenic differentiated gene expression of a newly discovered
mesenchymal stem cell lineage. J Biol Regul Homeost Agents
2015;29:713—8.

3. Marrelli M, Paduano F, Tatullo M. Human periapical cyst-
mesenchymal stem cells differentiate into neuronal cells. J Dent
Res 2015;94:843—52.

4. Paduano F, Marrelli M, AmanteaM, Rengo C, Rengo S, Goldberg M,
et al. Adipose tissue as a strategic source of mesenchymal
stem cells in bone regeneration: a topical review on the most
promising craniomaxillofacial applications. Int J Mol Sci
2017;18.

5. Paduano F, Marrelli M, Alom N, Amer M, White LJ, Shakesheff KM,
et al. Decellularized bone extracellularmatrix and human dental
pulp stem cells as a construct for bone regeneration. J Biomater
Sci Polym Ed 2017;28:730—48.
Please cite this article in press as: Tatullo M, et al. Human periapical cyst
a ‘‘clinical-grade’’ construct alternative to bovine fetal serum and in
Italiano di Endodonzia (2018), https://doi.org/10.1016/j.gien.2018.03
6. Paduano F, Marrelli M, Palmieri F, Tatullo M. CD146 expression
influences periapical cyst mesenchymal stem cell properties.
Stem Cell Rev 2016;12:592—603.

7. Paduano F, Marrelli M, White LJ, Shakesheff KM, Tatullo M.
Odontogenic differentiation of human dental pulp stem cells on
hydrogel scaffolds derived from decellularized bone extracellular
matrix and collagen type I. PLOS ONE 2016;11:e0148225.

8. Marrelli M, Falisi G, Apicella A, Apicella D, Amantea M, Cielo A,
et al. Behaviour of dental pulp stem cells on different types of
innovative mesoporous and nanoporous silicon scaffolds with
different functionalizations of the surfaces. J Biol Regul Home-
ost Agents 2015;29:991—7.

9. Perniconi B, Coletti D, Aulino P, Costa A, Aprile P, Santacroce L,
et al. Muscle acellular scaffold as a biomaterial: effects on C2C12
cell differentiation and interaction with the murine host envir-
onment. Front Physiol 2014;5:354.

10. Aulino P, Costa A, Chiaravalloti E, Perniconi B, Adamo S, Coletti
D, et al. Muscle extracellular matrix scaffold is a multipotent
environment. Int J Med Sci 2015;12:336—40.

11. Marrelli M, Pujia A, Palmieri F, Gatto R, Falisi G, Gargari M, et al.
Innovative approach for the in vitro research on biomedical
scaffolds designed and customized with CAD-CAM technology.
Int J Immunopathol Pharmacol 2016;29:778—83.

12. Marrelli M, Maletta C, Inchingolo F, Alfano M, Tatullo M. Three-
point bending tests of zirconia core/veneer ceramics for dental
restorations. Int J Dent 2013;2013:831976.

13. Aldahmash A, Haack-Sørensen M, Al-Nbaheen M, Harkness L,
Abdallah BM, KassemM. Human serum is as efficient as fetal bovine
serum in supporting proliferation and differentiation of human
multipotent stromal (mesenchymal) stem cells in vitro and in vivo.
Stem Cell Rev 2011;7:860—8.

14. Tekkatte C, Gunasingh GP, Cherian KM, Sankaranarayanan K.
‘‘Humanized’’ stem cell culture techniques: the animal serum
controversy. Stem Cells Int 2011;2011:504723.

15. Jayme DW, Epstein DA, Conrad DR. Fetal bovine serum alter-
natives. Nature 1988;334:547—8.

16. Pisciotta A, Riccio M, Carnevale G, Beretti F, Gibellini L,
Maraldi T, et al. Human serum promotes osteogenic differentia-
tion of human dental pulp stem cells in vitro and in vivo. PLoS
ONE 2012;7:e50542.
s-mesenchymal stem cells cultured with allogenic human serum are
dicated in the regeneration of endo-periodontal tissues. Giornale
.003

http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0085
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0085
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0085
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0090
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0090
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0090
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0090
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0090
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0090
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0095
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0095
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0095
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0100
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0100
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0100
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0100
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0100
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0105
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0105
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0105
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0105
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0110
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0110
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0110
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0115
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0115
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0115
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0115
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0120
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0120
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0120
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0120
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0120
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0125
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0125
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0125
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0125
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0130
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0130
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0130
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0135
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0135
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0135
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0135
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0140
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0140
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0140
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0145
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0145
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0145
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0145
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0145
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0150
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0150
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0150
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0155
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0155
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0160
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0160
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0160
http://refhub.elsevier.com/S1121-4171(18)30003-7/sbref0160
https://doi.org/10.1016/j.gien.2018.03.003

	Le human periapical cysts-mesenchymal stem cells coltivate con siero umano allogenico costituiscono un costrutto ‘‘clinical-grade’’ alternativo al siero fetale bovino ed indicato nella rigenerazione dei tessuti endo-parodontali
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Clinical relevance
	Conflict of interest
	References


