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продължително култивиране in vitro
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Summary
Purpose: The current topic in the field of regenerative medicine is the potential application of 

mesenchymal stem cells (MSCs) in the clinical practice. Some of the most commonly investigated 
MSCs are those of dental origin, due to the relatively easy access and non-invasive isolation proto-
col. However, there are reports in the literature revealing cell aging and senescence in MSC, after 
long-term in vitro cultivation. It is not clear whether these cells are going towards differentiation or 
degeneration, nor whether their regenerative potential is decreasing. 

Materials and methods: We investigated cell senescence in human periodontal ligament (PDL) 
MSC after long term cultivation and managed to compare the stem cell properties of cells from ear-
ly and late passages. For this purpose the cells were cultivated for a period of 1 week to 3 months. 

Results: When compared the stem cell properties in early and late passages PDL cells, no signif-
icant differences in their properties were found. All cell groups studied showed similar proliferation 
rate, markers expression and differentiation ability.

Conclusion: We revealed no significant signs of aging and senescence in early and late passages 
PDL MSC. 

Key words: periodontal ligament, mesenchymal stem cells, long-term cultivation, aging, senescence.

Резюме: Денталната медицина става все по – сложна, което изисква прецизни двигател-
ни умения и зрителна острота. През последните десетилетия тя търпи развитие както в 
клинично направление, но също така хистологичните аспекти играят важна роля в разра-
ботването на нови материали и оценка на лечебните процедури. В днешно време използва-
нето на увеличителни системи е популярна практика в денталната медицина. Това прави 
задължително опознаването на принципите на работа и физиката зад тези инструменти. 
Оперативният микроскоп е използван най-напред в офталмологията. Неговите ползи об-
хващат всички области на денталната медицина, включително оперативно зъболечение 
и ендодонтия, пародонтология, протетика, детска дентална медицина и имплантология.  
Изключвайки недостатъците като цена и маневреността на оборудването, увеличението 
се превръща във важен аспект на съвременната дентална медицина поради множество-
то предимства, които предлага. Този обзор отразява различните системи за увеличение, 
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принципите им и прилагането им в различни 
области на денталната медицина.

Ключови думи: увеличение, лупи, дента-
лен микроскоп

Introduction
Mesenchymal	 Stem	 Cells	 (MSC)	 are	 a	

multipotent	 cell	 population	 characterized	 by	
colony	 forming	 ability,	 expression	 of	 specif-
ic	 surface	markers,	 and	 in vitro differentiation 
ability	 into	 various	 cell	 types	 -	 adipocytes,	
chondrocytes,	osteoblasts	[1].	They	are	expect-
ed	to	differentiate	toward	the	cell	type,	identical	
to	 their	 tissue	 of	 origin.	However,	 it	 has	 been	
reported	 that	MSCs	 can	 also	 differentiate	 into	
cardiomyocytes,	 nerve	 cells,	 hepatocytes,	 etc.	
[2,3].	The	in vitro	cell	culture	environment	sig-
nificantly	affects	stem	cell	faith.	

A	 few	 types	 of	 dental	 MSCs	 have	 been	
isolated	 and	 investigated	 [4].	 These	 are	 stem	
cells	from	dental	pulp	of	permanent	teeth	(DP-
SCs),	 stem	 cells	 from	 dental	 pulp	 of	 decidu-
ous	 teeth	 (SHED),	 periodontal	 ligament	 stem	
cells	 (PDLSC),	 stem	 cells	 from	 apical	 papilla	
(SCAP),	and	dentate	follicle	stem	cells	(DFSC).	
Although,	 the	 long	 term	 cultivation	 ability	 of	
stem	cells	is	known,	the	issue	with	the	cell	"im-
mortality"	and	the	length	of	life	of	MSC	remains	
controversial	and	broadly	discussed	in	the	liter-
ature.	Cellular	 aging	 is	 defined	 as	 progressive	
loss	 of	 cell	 resistance	 to	 stress,	 a	 gradual	 loss	
of	 cellular	 functions,	 cellular	 damage	 occur-
rence	and	eventually,	resulting	in	cell	death	[5].	
Normal	somatic	cells	do	not	have	unlimited	po-
tential	for	division	and	multiplication.	They	are	
characterized	by	the	short	replicative	life,	end-
ing	with	cell	arrest	and/or	death.	Cultivated	ag-
ing	cells	are	unable	of	long-term	DNA	synthesis	
even	in	optimal	conditions.	

Cell	 aging	 is	 associated	 with	 a	 number	 of	
changes	observed	during	the	cell	cycle	phases.	
Some	 types	 of	 cells	 experience	 aging	 mainly	
during	 culturing	 under	 specific	 conditions	 [6].	
This	 allows	 for	 two	 types	of	 cell	 aging:	 spon-
taneously	 (due	 to	normal	cell	 cycle	and	 short-

ening	 of	 telomeres)	 and	 premature	 (initiated	
by	 different	 environmental	 conditions).	 Wide	
range	 of	 factors	 can	 trigger	 premature	 aging	
of	 cells.	These	 include	 a	 large	 number	 of	mi-
togens	 (growth	 factors,	 cytokines),	oncogenes,	
oxidative	stress,	cytostatic	agents,	toxic	agents,	
DNA	damage,	and	 inadequate	 in vitro	 cultiva-
tion	[7,8].	Most	of	these	factors	can	also	cause	
apoptosis	in	cell	cultures,	mostly	depending	on	
their	concentration	and	time	of	cell	exposure.	

It	is	believed	that	MSC,	like	normal	somatic	
cells,	have	a	limited	life	span	[9].	After	a	certain	
number	 of	 cell	 divisions,	MSC	 enters	 the	 cell	
aging	phase.	Typical	for	this	phase	are	morpho-
logical	changes	in	cells	such	as	increased	size,	
irregular	shape	and	limited	proliferative	capac-
ity.	 These	 phenomena	 were	 first	 described	 in	
1965	 by	Leonard	Hayflick	 [9].	Recent	 reports	
reveal	 that	 the	 long-term	 in vitro	 reduces	 the	
MSC	differentiation	potential	[10,11].	

Nowadays,	 the	 molecular	 mechanisms	 un-
derlying	 cellular	 aging	 are	 poorly	 understood.	
Two	major	hypotheses	concerning	stem	cell	ag-
ing	are	proposed:	the	first	refers	to	a	genetically	
determined	duration	of	replicative	life,	and	the	
second	–	 to	specific	events	within	 the	cell	and	
the	influence	of	external	factors	[12].	

On	 the	other	hand,	unlimited	cell	prolifera-
tion	 and	 immortality	 of	 undifferentiated	 cells	
increases	 the	 risk	 of	malignant	 transformation	
in vitro and in vivo	[13].	Tumors	are	known	to	
have	 cells	 with	 increased	 replicative	 potential	
[14].	In	this	sense,	cell	aging	should	be	consid-
ered	as	a	protective	mechanism	against	the	initi-
ation	of	neoplasm	development.	

Many	 pathologies	 in	 the	 oral	 cavity	 are	
thought	to	be	associated	with	cell	aging	and	se-
nescence,	including	periodontitis.	Chronic	gen-
eralized	periodontitis	is	an	inflammatory-degen-
erative	disease	that	affects	the	tooth-supporting	
apparatus.	 All	 periodontal	 structures	 -	 perio-
dontal	 ligament	 (PDL),	 alveolar	 bone,	 cemen-
tum	and	gingiva	are	involved.	The	incidence	of	
chronic	periodontitis	increases	with	the	age.	Up	
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to	85-90%	of	the	adult	population	suffers	from	
periodontal	diseases.	Most	of	them	have	a	mild	
to	moderate	form,	and	nearly	15%	are	affected	
by	an	advanced	form	of	the	disease	[15].	

Investigation	 of	 aging	 and	 senescence	 in	
periodontal	MSCs	would	contribute	to	a	better	
understanding	of	the	diagnosis	and	treatment	of	
one	 of	 the	most	 common	 age-related	 diseases	
in	dentistry	–	chronic	generalized	periodontitis.	
The	 purpose	 of	 the	 current	 article	 is	 to	 reveal	
the	 effect	 of	 long-term	 in vitro	 cultivation	 on	
cell	 proliferation,	markers	 expression	 and	 dif-
ferentiation	ability	in	human	PDL	MSC.	Early	
and	 late	stem	cell	passages	were	analyzed	and	
compared.	

Materials and methods
1.Cell	isolation	and	cultivation
Cells	were	obtained	from	PDL	of	intact	sur-

gically	extracted	 third	molars	(n=5)	of	healthy	
patients	(n=5)	between	18	and	40	years	old,	af-
ter	signing	informed	and	written	consent.	PDL	
was	scraped	from	the	middle	third	of	the	roots	
with	 sterile	 scalpel	 blade	 and	washed	 3	 times	
with	 Phosphate-buffered	 saline	 (PBS)	 (Lonza,	
Verviers,	Belgium).	Tissue	explants	were	sliced	
into	 small	 pieces	 and	 enzymatically	 digest-
ed	in	a	solution	of	3mg/mL	collagenase	type	I	
and	4mg/mL	dispase	(Sigma-Aldrich,	St.	Lou-
is,	MO,	USA)	for	15-30	min	at	37oC	and	then	
transferred	to	2	cm2	culture	dishes	with	Dulbec-
co’s	modified	Eagle’s	medium	(DMEM)	(Invit-
rogen,	Eugene,	OR,	USA),	supplemented	with	
1%	antibiotic-antimycotic	(Invitrogen)	and	10%	
heat	inactivated	fetal	bovine	serum	(FBS)	(Sig-
ma-Aldrich).	 Cell	 cultures	 were	 incubated	 at	
37oC	in	humidified	atmosphere	of	5%	CO2	and	
95%	air	for	a	long-term	cultivation.	The	medi-
um	was	replaced	every	2nd or 3rd	day	thereafter	
until	migrating	cells	colonies	were	established.	
Cell	 growth	 was	monitored	 by	 phase	 contrast	
microscopy	 (Leica	 DMRE,	 Leica	 Microsys-
tems	GmbH,	Germany).	The	explants	were	then	
moved	 to	 new	culture	 dishes	 and	 the	 colonies	

of	 migrated	 pericoronal	 DFSC	 were	 detached	
with	0,05%	trypsin/EDTA	(Lonza,	Basel,	Swit-
zerland)	for	15	min.	Then	cells	were	transferred	
to	 25cm2	 or	 75cm2	 tissue	 culture	 flasks	 (TPP,	
Trasadingen,	Switzerland)	for	further	culturing.	
Cells	were	passaged	when	they	reached	70-80%	
confluence.	 Experiments	were	 conducted	with	
cells	between	1st	and	10th	to	allow	us	to	compare	
the	 properties	 of	 early	 and	 late	 cells	 passages	
and	to	find	out	the	effects	of	aging	due	to	long-
term	cultivation	 in vitro.	Two	 to	 three	months	
was	 the	 time	needed	for	 the	cells	 to	reach	late	
passages.	 Each	 experiment	 was	 carried	 out	 at	
least	3	times.

2.Cell	proliferation	rate
When	 reaching	 sub	 confluence,	 PDL	 stem	

cells	were	detached	from	the	bottom	of	cell	cul-
ture	flask	 and	 counted.	Hemocytometer	 proto-
col	was	used	to	obtain	a	viable	cell	count	from	
suspension.	 In	 the	 experiment,	 10μL	 cell	 sus-
pension	was	 placed	 between	 the	Hemocytom-
eter	and	coverslip.	One	μL	Trypan	blue	(Sigma	
Aldrich)	was	added	to	stain	the	apoptotic	cells.	
Cells	were	counted	under	phase	contrast	micros-
copy.	The	Population	Doubling	level	(PDL)	was	
calculated	with	the	following	formula:	3.32(log	
(total	viable	cells	at	harvest/total	viable	cells	at	
seed)).

3.Characterization	of	cell	cultures	
PDL	cells	were	characterized	for	expression	

of	surface	and	intracellular	markers	expression	
via	 immunocytochemistry.	 All	 experiments	
were	carried	out	3	times.

Antibodies	used
Cells	 were	 incubated	 with	 the	 following	

non-conjugated	 antibodies:	 mouse	 anti-human	
alkaline	 phosphatase	 (ALP)	 (SigmaAldrich,	
USA),	 mouse	 anti-human	 vimentin,	 nestin,	
CD44H,	DSPP	(all	Santa	Cruz,	Santa	Cruz,	CA,	
USA),	mouse	anti-human	cytokeratine	(CK)10	
(AbCam,	Cambridge,	United	Kingdom),	rabbit	
anti-human	CK19	(both	AbCam).	CFL488-con-
jugated	goat	anti-mouse	and	CFL555-conjugat-
ed	 goat	 anti-mouse,	 CFL488-conjugated	 goat	
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anti-rabbit	 and	CFL555-conjugated	mouse	 an-
ti-rabbit	 (all	 SantaCruz)	were	 used	 as	 second-
ary	 antibodies	 (1:1000).	Cells	were	 also	 incu-
bated	with	FITS-conjugated	mouse	anti-human	
CD146	 (Beckman	 Coulter	 International	 SA,	
Brea,	CA,	USA),	at	dilutions	1:1000.

Immunofluorescence
Five	 thousand	cells/cm2	were	seeded	 in	96-

well	plates	(TPP).	After	reaching	sub-confluence	
cells	were	fixed	with	4%	paraformaldehyde	for	
30	min,	washed	3	times	with	PBS	and	incubated	
with	1%	BSA	for	another	30	min.	For	intracel-
lular	markers	staining		cells	were	permeabilized	
with	 0,05%	 Tween20	 (ICN	 Biomedicals	 Inc,	
Aurora,	OH,	USA)	for	10	min	and	with	0,05%	
Triton	Х-100	(Calbiochem	-	Merck,	Darmstadt,	
Germany)	 for	 30	 min,	 right	 after	 the	 fixation	
step.	After	incubation	with	antibodies	and	wash-
ing	with	PBS	 three	 times,	 cultures	were	 incu-
bated	 with	 DAPI	 (4,6-diamidino-2-phenylin-
dole)	(Invitrogen)	for	15	min	to	stain	the	nuclei.	
Cell	cultures	were	observed	with	two	different	
instruments:	the	first	one	is	a	confocal	scanning	
laser	fluorescence	microscope	(Leica	Microsys-
tems	GmbH)	and	the	second	one	is	IN	Cell	Ana-
lyzer	 6000	 imaging	 system-laser	 confocal	 slit	
system	(GE	Healthcare,	Pittsburgh,	РА,	USA).

4.	In vitro differentiation 
In vitro	cell	differentiation	of	DF	cell	cultures	

was	induced	previously	described	methods	[16]	
using	osteogenic,	 chondrogenic	 and	 adipogen-
ic	cell	culture	media.	Cells	were	 incubated	for	
a	period	of	3	weeks	and	the	cell	culture	media	
were	changed	every	2nd or 3rd	day.	We	used	the	
following	 induction	 cell	 culture	 media:	 Oste-
ogenic	 medium	 consists	 of	 10mM	 β-glycero-
phosphate,	 100nM	 dexamethasone	 and	 50μM	
ascorbic	 acid;	 Chondrogenic	 medium	 consists	
of	100nM	dexamethasone,	100μM	ascorbic	acid	
and	5ng/mL	transforming	growth	factor	(TGF)	
-β1;	Adipogenic	medium	consists	of	50μM	dex-
amethasone,	 500nM	 isobutyl	 methyl	 xanthine	
and	1μg/mL	insulin.	After	21	days	of	differen-
tiation,	the	cells	were	fixed	with	4%	Formalin.	

Fixed	 cells	were	 incubated	with	 2	 g/mL	Aliz-
arin	 Red	 S	 (AppliChem	 GmbH,	 Darmstadt,	
Germany)	with	pH	4,2	to	determine	osteogenic	
differentiation,	Alcian	blue	(Sigma	Aldrich)	for	
chondrogenic	differentiation,	Oil	Red-O	(Sigma	
Aldrich)	for	adipogenic	differentiation.

Results
Cell	count
After	reaching	85-90%	confluence,	the	cells	

were	counted	in	order	to	reveal	the	cell	prolif-
eration	 rate	 in	 human	 PDL	MSC	 culture.	The	
population	doubling	time	was	calculated	in	or-
der	 to	 precisely	 reveal	 the	 distribution	 of	 the	
cell	number	in	the	different	passages.	The	cells	
were	cultivated	 for	a	period	of	2	 to	3	months.	
This	time	was	needed	to	obtain	cells	from	10th 
passage.	After	long	term	cultivation	(from	1st to 
10th	 passage)	we	 found	 no	 statistically	 signifi-
cant	decrease	 in	 the	cell	count	 (Fig.1).	Trypan	
blue	staining	did	not	reveal	significant	number	
of	apoptotic	cells.	No	more	than	6	to	8	apoptotic	
cells	were	identified	in	each	new	passage.	

Fig.1 Population doubling level of 
PDLMSCs; the following formula was applied: 
population doubling level=3.32(log(total 
viable cells harvest/total viable cells at seed))

Markers	expression
We	 compared	 the	 expression	 of	 stem	 cell	

and	differentiation	markers	in	periodontal	MSC	
from	early	passages	(1st to 3rd)	and	late	passages	
(9th	and	10th).	When	identifying	the	results	from	
immunofluorescence	staining,	we	found	no	dif-

Passage

PD
L
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ference	in	the	expression	intensity	between	the	
groups	 of	 cells	 according	 to	 the	 culture	 time	
(Fig.2).	 No	 signs	 of	 aging	 or	 cell	 senescence	
were	revealed.

In vitro cell differentiation
Late	 passages	 PDL	MSC	 were	 cultivat-

ed in vitro	 for	 3	 weeks,	 in	 culture	 media	
supplemented	 by	 specific	 pre-defined	 pro-

tocols	for	stimulating	adipogenic,	chondro-
genic	 and	 osteoblastic	 cell	 differentiation.	
We	 found	 strong	 Alizarin	 red	 and	 Alcyan	
blue	 staining,	 revealing	 the	 cell	 ability	 of	
osteogenic	 and	 chondrogenic	 differentia-
tion,	respectively.	Oil	red-O	staining	for	li-
pid	droplets	was	also	found,	but	it	was	more	
limited.	

Fig.2 Fluorescent marker expression characterisation of early passages (A) and late passages 
(B) of PDLSCs. (x20, Blue - DAPI).
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Discussion 
Aging	 is	 a	 physiological	 course	 of	 all	 liv-

ing	 species,	 organs	 and	 cells.	Multiple	 chron-
ic	 diseases,	 characterized	 by	 impaired	 organ`s	
function	related	to	senescence	are	observed.	Im-
paired	functions	are	associated	with	cell	aging,	
followed	by	irreversible	loss	of	self-renewal	po-
tential,	differentiation	and	proliferation	ability.	
However,	 little	 is	 known	about	 the	 cell	 senes-
cence	in	human	MSC.	

Aging	 is	 thought	 to	 be	 associated	with	 ad-
vanced	and	severe	clinical	presentation	of	per-
iodontitis	 in	 adults.	 However,	 the	 underlying	
mechanisms	 remain	 unknown.	Age-dependent	
alterations	 in	 the	 immune	 system,	 as	 well	 as	
abnormal	 inflammatory	 status	 of	 the	 host	 are	
thought	to	be	dependent	on	aging	[17].	Reduc-
tion	 of	 the	 viable	 stem	 cell	 number	 in	 human	
PDL	may	 significantly	 affect	 the	 outcomes	 of	
the	cell	regenerative	therapy.	

Wide	 range	 of	 studies	 report	 MSCs`	 abili-
ty	of	 long-term	cultivation	and	proliferation	 in 
vitro	 without	 any	 alteration	 in	 their	 stem	 cell	
phenotype.	Although,	studies	revealing	the	PDL	
stem	 cell	 properties,	 in	 particular,	 commonly	
review	 the	 discrepancies	 between	 cell	 popula-
tions,	delivered	from	young	and	elderly	donors.	
According	to	Zhang	et	al.	[18],	the	proliferative	
and	migratory	potential,	and	the	differentiation	
capacity	of	PDL	stem	cells	decrease	with	age.	
They	 concluded	 that	 these	 cells	 could	 be	 suc-
cessfully	 delivered	 from	 donors	 of	 different	
ages,	 but	 the	 age-related	 changes	 of	 the	MSC	
properties	should	be	taken	into	account	whenev-
er	they	are	intended	for	the	purpose	of	research	
and	especially	if	in vivo	application	is	planned.	

To	 the	best	of	our	knowledge,	 there	 is	 lack	of	
concise	 reports	 about	 the	 effects	 of	 long-term	
cultivation	 on	 various	 stem	 cell	 properties	 in	
human	PDL	MSC,	referring	to	population	dou-
bling,	multiple	markers	expression	and	multilin-
eage	differentiation.	

In	 a	 study	 by	Zheng	 et	 al.	 [19]	 is	 reported	
that	PDL	MSC	obtained	from	aged	donors	ex-
hibit	 decreased	proliferation	 rate	 and	differen-
tiation	 potency	when	 compared	 to	 those	 from	
young	 donors.	Although,	 in	 a	 conclusion	 they	
stated	that	young	stem	cell-conditioned	medium	
may	enhance	 the	 stem	cell	 properties	of	MSC	
obtained	from	aged	donors.	Further	research	is	
needed	to	clarify	the	stem	cell	properties.

In	the	current	study	we	aimed	to	investigate	
the	 effects	of	 long-term	cultivation	on	various	
cell	 processes	 in	 human	PDL	MSC.	Prolifera-
tion	and	apoptosis	are	the	chief	functions,	main-
taining	 the	 different	 cell	 functions.	 Therefore,	
we	 compared	 the	 cell	 proliferation	 rate	 (cell	
count,	respectively)	and	apoptosis	rate	in	early	
and	late	PDL	cell	passages.	We	found	a	decrease	
in	the	cell	proliferation	rate	but	without	any	sta-
tistical	significance.	No	difference	was	detected	
in	cell	apoptosis,	as	we	did	not	manage	to	find	
an	increase	in	the	number	of	apoptotic	cells	af-
ter	long-term	cultivation.

In	another	experiment	we	 identified	 the	ex-
pression	 of	 various	 markers	 in	 early	 and	 late	
stem	cell	passages.	We	investigated	the	expres-
sion	of	stem	cell	markers	(CD44,	CD146,	nestin	
and	vimentin),	and	differentiation	markers	asso-
ciated	with	mineral	tissues	(DSPP,	ALP)	and	ep-
ithelial	phenotype	(CK10,	CK19).	All	markers	
were	equally	expressed	in	both	cell	groups.	No	

Fig.3 Differentiation of normal PDLSCs cultures.(x5).
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decreased	 or	 reduced	markers	 expression	 was	
identified.	 The	 results	 confirmed	 the	 co-exist-
ence	of	undifferentiated	stem	cells	together	with	
cells	of	 ectodermal	and	mesodermal	origin,	 as	
the	 investigated	 cell	 culture	 is	 heterogeneous.	
However,	the	major	number	of	cells	had	a	mes-
enchymal	stem	cell	phenotype.	

In	addition	to	the	effect	of	the	passage	num-
ber	on	PDL	MSC	number,	apoptosis	and	mark-
ers	expression,	we	investigated	its	effects	on	cell	
functionality.	Scarce	adipogenic	cell	differenti-
ation	was	found	in	elderly	cell	populations;	al-
though,	the	late	passage	cells	demonstrate	high	
osteo-	and	chondrogenic	differentiation	ability.	

Our	 study	 shows	 no	 significant	 alteration	
in	 the	 stem	cell	properties	of	human	PDL	cell	
culture	 after	 long-term	 cultivation.	 However,	
further	research	is	needed	in	order	to	deeply	in-
vestigate	the	effects	of	various	active	substances	
on	 early	 and	 late	 cell	 passages,	 as	well	 as	 the	
effects	of	cryopreservation	when	cells	are	pre-
pared	for	in vivo	application.

Conclusion	
Long	 term	 cultivation	 related	 changes	 are	

usually	 taken	 into	 account	 whenever	 they	 are	
intended	for	use	in	research	or	in	stem	cell	ther-
apy.	However,	no	statistically	significant	differ-
ence	is	found	in	the	proliferative	properties	and	
differentiation	 ability	 of	 PDLSCs	 from	 early	
and	late	passages.
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