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Simultaneous	transplantation	of	cultured	mesen-
chymal	stem	cells	(МSСs)	and	hemopoietic	stem	cells	
(HSCs)	is	one	of	the	methods	of	choice	for	reduction	
of	 period of hemopoiesis reconstitution after HSCsperiod of hemopoiesis reconstitution after HSCs	 of	 hemopoiesis	 reconstitution	 after	 HSCs	
autotransplantation	[1–3].

The	main	source	of	МSСs	is	human	bone	marrow	
(BM)	which	contains	just	1–2	МSСs	per	104	nuclear	
cells	[4–6].	In	the	culture	these	are	fibroblast-like	cells,	
from	morphological	point	of	view,	which	give	origin	to	
colony	forming	units-fibroblasts	(CFU-F).	МSСs	pos-
sess	appreciable	proliferative	potential	and	are	able	
to	provide	24–40	divisions	while	 isolated	from	bone	
marrow	of	young	people.	In	that	case	the	total	amount	
of	cells	may	be	multiplied	up	to1	million	times.	The	in-
formation	on	proliferative	potential	of	MSCs	taken	from	
bone	marrow	of	older	donors	is	less	clear	[6–8].	The	
studies	 of	 phenotypic	 characteristics	 have	 revealed	
that	these	cells	are	negative	for	surface	hemopoietic	
markers	CD34,	CD45,	CD14,	CD31,	CD133	and	posi-

tive	for	CD44,	СD105 (SH2), CD166, CD�3 (SH3), CDСD105 (SH2), CD166, CD�3 (SH3), CDD105	(SH2),	CD166,	CD�3	(SH3),	CD	
140	[1,	6].	Human	MSCs	cultivated	in vitro	are	able	to	
differentiate	 into	 bone,	 cartilage,	 muscle,	 fat	 tissue	
and	 stroma	 of	 bone	 marrow	 under	 control	 of	 local	
regulating	 factors	 and	 microenvironment	 at	 the	 site	
of	implantation	[6,	9–11].

MSCs	give	origin	to	the	subpopulation	of	stromal	
cells	in	bone	marrow,	supporting	hemopoiesis	by	pro-
duction	of	cytokines,	such	as	interleukins	(IL6,	IL�,	IL8,	
IL11,	IL12,	IL14),	Flt-3,	ligand	SCF,	which	exert	regu-
latory	effects	on	the	proliferation	and	differentiation	
of	HSCs	[1,	5,	12].	MSCs	increase	megakaryocytes	
and	 platelets	 production	 in vitro.	 The	 feasibility	 of	
clinical	implementation	of	co-transplantation	of	MSCs	
together	with	HSCs	for	quick	hemopoiesis	reconstitu-
tion	and	maintaining	after	autologous	transplantation	
of	 HSCs	 have	 been	 demonstrated	 by	 O.N.	 Koc	 in	
patients	with	breast	cancer	[1].

Therefore,	it	is	of	clinical	significance	to	study	fea-
sibility	of	MSCs	to	expand,	being	derived	from	bone	
marrow	of	children	with	IV	stage	of	oncohematological	
diseases,	who	are	candidates	for	HSCs	transplantation	
after	 high	 dose	 chemotherapy.	 We	 investigated	 the	
ability	of	cultured	MSCs	to	support	the	self-renewal	
process	 and	 proliferation	 for	 further	 expansion	 and	
their	 implementation	 as	 a	 co-transplant,	 together	
with	HSCs.

Materials and Methods
Materials.	Bone	marrow	samples	from	20	patients	

with	 IV	 stage	 of	 non-Hodgkin	 lymphoma,	 Hodgkin	
disease,	Ewing	sarcoma	were	under	study.	Protocol	
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of	treatment	of	these	patients	may	include	autologous	
transplantation	 of	 HSCs.	 Comparative	 analysis	 was	
performed	by	evaluation	of	bone	marrow	samples	of	
children-donors	 of	 HSCs	 for	 allogenic	 transplanta-
tion.

Culture of MSCs. Mononuclear	cells	(MNCs)	were	
isolated	by	centrifugation	on	a	Ficoll-Hypaque	gradient	
(density	1.0��	g/ml)	(Sigma,	USA)	at	400	g	for	25	min	
and	 washed	 twice	 in	 Hanks	 Balanced	 Salt	 Solution	
(HBSS)	(Sigma,	USA).	Cells	were	resuspended	in	Is-
cove	Modified	Dulbecco	Medium	(IMDM)	with	10%	fe-
tal	bovine	serum	(FBS)	(Sigma,	USA)	at	concentration	
of	1	х	106/ml	and	were	transferred	to	tissue	culture	plate	
or	flask	(Sarstedt,	Germany)	at	density	0.5	х	106/cm2.	
Cells	were	cultured	at	3�	oC	with	5%	CO2	in	humidified	
atmosphere.	 After	 48	 h	 medium	 with	 suspension	 of	
inadherent	cells	was	removed	and	the	fresh	medium	
was	added.	Further	the	medium	was	replaced	every	
3	days.	When	cultures	achieved	80–90%	confluence,	
the	adherent	layer	was	washed	with	HBSS	to	remove	
residual	FBS	and	was	detached	with	0.25%	trypsin-
EDTA	(Sigma,	USA).	Then	MSCs	were	washed	twice	
in	IMDS	with	10%	fetal	bovine	serum	and	0.6–2	х	105	
cells	were	replaced	in	a	new	25	см2	flask	(I	passage).	
When	~	90%	confluent	layer	was	produced,	the	ma-
nipulation	was	repeated.	MSCs	were	identified	by	flow	
cytometry	by	the	evaluation	of	surface	expression	of	
CD105,	 CD140	 and	 absence	 of	 hematopoietic	 cells	
markers	of	CD34,	CD45,	CD14.	Total	MSCs	number	
was	calculated	at	every	passage.

Analysis of CFU-GM. This	 analysis	 describing	
amount	of	committed	precursors	of	granulocytes	and	
macrophages	in	a	future	graft	was	carried	out	by	us-
ing	methylcellulose	medium	(StemGell	Technologies,	
Canada)	with	addition	of	growth	factors:	20	ng/ml	stem	
cell	factor	(SCF),	10	ng/ml	interleukin-3	(IL-3),	3	U/ml	
erythropoietin,	 20	 ng/ml	 granulocyte-macrophage	
colony-stimulating	 factor	 (GM-CSF)	 (Sigma,	 USA).	
MNCs	of	Ficolled	bone	marrow	were	plated	at	a	final	
cell	concentration	of	1х105	in	methylcellulose	medium	
in	24-well	tissue	culture	plate	(Sarstedt,	Germany)	in	
0.6	ml	of	suspension	per	well.	Cells	were	placed	into	
at	3�o	С	humidified	incubator	with	5%	CO2	for	14	days.	
CFU-GM	colonies	were	calculated	microscopically.

Analysis of CFU-F. CFU-F	assay	 is	original	 test	
for	mesenchymal	cells,	allowing	evaluation	of	MSCs	
number	in	the	bone	marrow	and	their	proliferative	abili-
ties.	Mononuclear	cells	of	bone	marrow	were	obtained	
as	described	above,	transferred	to	the	complete	me-
dium	consisting	of	IMDM	with	15%	FBS,	L-glutamine,	
2-mercaptoethanol,	10-6	М/l	hydrocortisone	(Sigma,	
USA).	Suspension	of	cells	was	transferred	to	60-mm	
Petri	dish	and	cultivated	at	3�	°C	in	humidified	incubator	
with	5%	CO2	for	14	days.	Then	cells	were	washed	twice	
using	 PBS	 and	 fixed	 by	 methanol.	 Giemsa	 staining	
solution	was	added	to	culture	for	5	min.	The	CFU-F	
colonies	were	calculated	microscopically.

Degree of proliferation. Yield	of	cells	at	each	pas-
sage	was	counted	and	population	doubling	(PD)	was	

determined	based	on	initial	quantity	of	planted	cells	
for	given	passage.	The	next	formula	was	used:	

PD	 =	 log	 (Cell	 number	 on	 out	 (exit)/cell	 number	
initial)/log	2.

terminal restriction Fragments (trF). DNA	
samples	 were	 extracted	 by	 the	 salting-out	 method.	
After	protein	denaturation	and	disruption	of	the	DNA-
protein	complexes	proteins	were	precipitated	by	highly	
concentrated	salt	solution.	Following	isopropanol	and	
ethanol	precipitation	DNA	was	dried-out	and	dissolved	
in	TE	buffer.	DNA	concentration	was	calculated	using	
UV/V	 spectrometer	 Lambda	 Bio	 10	 (Perkin	 Elmer,	
USA).

Southern	 blotting	 for	 the	 estimation	 of	 the	 telo-
mere	 length	 was	 conducted	 according	 to	 the	 pro-
tocol	 described	 in	 the	 Telomere	 Length	 Assay	 kit	
(BD	Pharmingen,	USA).	DNA	transfer	was	performed	
using	VacuGene	XL	(Amersham	Pharmacia	Biotech,	
Sweden).	For	the	chemiluminiscent	signal	detection	
film	 Hyperfilm	 ECL	 (Amersham	 Pharmacia	 Biotech,	
Sweden)	was	used.

Statistical analysis. Statistical	 analysis	 was	
performed	with	 the	statistical	package	STATISTICA,	
Version	6.0	(Stat	Soft,	Inc.	USA).	Mann	Whitney	U-test	
was	used	to	evaluate	significant	differences	between	
samples	of	patients	and	donors.	Correlation	coefficient	
of	 Spearman	 was	 used	 to	 test	 correlation	 between	
numbers	of	CFU-F	and	CFU-GM.

results
Pattern of MSCs growth in culture. The	bone	

marrow	of	patients	was	not	affected	by	the	disease,	
but	all	patients	underwent	several	courses	of	intensive	
polychemotherapy	 or	 high-dose	 radiation	 therapy.	
CFU-F	assay	was	performed	in	20	samples	of	patients’	
bone	marrow	as	described	above.	We	determined	the	
initial	quantity	of	mesenchymal	cells	able	to	prolife-
rate	 in	culture.	 In	addition,	we	used	BM	samples	of	
healthy	people	who	were	donors	for	related	allogenic	
transplantation	 as	 a	 group	 for	 comparative	 studies.	
Table	 1	 illustrates	 that	 the	 number	 of	 MSCs	 able	 to	
form	 colonies	 in vitro	 was	 reduced	 significantly	 in	
bone	 marrow	 of	 sick	 children,	 compared	 to	 healthy	
controls:	 5.0	(0.6–9.0)	 vs.	 1�.8	 (3.�–52)	 accord-
ingly,	P	=	0.0003.	In	parallel,	we	analyzed	the	ability	
of	HSCs	to	form	colonies	 in	all	BM	samples	of	both	
patients	and	donors.	Quantity	of	CFU-GM	per	105	of	
BM	 mononuclear	 cells	 was	 39.0	 (9.0–130.0)	 in	 pa-
tients	 compared	 to	 95.0	 (31–205)	 in	 donors.	 These	
data	confirmed	the	significant	decrease	in	prolifera-
tive	activity	of	precursors	of	myelopoiesis	in	patients.	
We	revealed	the	correlation	between	the	numbers	of	
CFU-F	and	CFU-GM	obtained	from	BM	of	patients	(r	=	
0.63;	p	<	0.003)	as	well	as	of	healthy	children	(r	=	0.84;	
P	<	0.002)	(Fig.	1).
Table 1. The proliferative capacity of mesenchymal (CFU-F) and 
hemopoietic (CFU-GM) stem cells

Analyzed 
groups n CFU-F number 

(per 105 cells) P CFU-GM number 
(per 105 cells) P

Patients 20 5.0 (0.6–9.0) 0.0003 39.0 (9.0–130.0) 0.0075
Healthy donors 12 17.8 (3.7–52) 95.0 (31–205)
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fig. 1. Analysis	of	correlation	between	the	number	of	mesen-
chymal	and	hemopoietic	precursors	of	BM	of	the	patients	with	
oncohematological	disease.	Each	circle	represents	an	individual	
patient

 the ability of MSCs to self-renewal in culture.	
We	determined	the	cumulative	population	doubling	in	
order	to	study	the	capacity	for	self-renewal	and	expan-
sion	in	culture	for	patient’s	bone	marrow	MSCs	after	
intensive	chemotherapy	and	irradiation.

We	cultured	MSCs	for	expansion	according	to	the	
description	given	above	in	“Materials	and	Methods”.	
In	order	to	investigate	the	dynamics	of	expansion	of	
MSCs	in	primary	culture	we	placed	1	х	106		MNCs	from	
BM	of	each	out	of	3	patients	and	3	healthy	donors	into	
the	well	of	24-well	tissue	culture	plate	with	complete	
medium	(18	wells	in	total,	for	each	sample).	The	cells	
were	incubated	at	3�	оC	in	5%	СО2.

The	calculation	of	cells	in	the	wells	was	not	pos-
sible	during	first	5	days.	There	were	single	spindle-
shaped	cells	adherent	to	the	bottom	of	flack	and	small	
colonies	of	these	cells	seen	under	the	microscope.	
Starting	 from	 6	 day	 cells	 were	 detached	 and	 cal-
culated	in	2	duplicates	in	each	sample.	The	growth	
curve	of	MSCs	in	primary	culture	is	shown	in	Fig.	2,	
a.	Cultivation	period	required	for	producing	80–90%	
confluent	layer	was	14	days.	Within	this	period	of	time	
the	 number	 of	 MSCs	 from	 patient’s	 BM	 multiplied	
900	times,	from	50.�	±	3.9	to	4.5	±	0.14	х	104	cells	
in	average	while	the	number	of	MSCs	from	healthy	
donor’s	BM	multiplied	1860	times,	from	198.�	±	60	
to	3�	±	2.2	х	104	cells	in	average.	The	initial	number	
of	MSCs	per	1	х	106	MNCs	considered	the	average	
number	 of	 colonies	 obtained	 from	 CFU-F	 analysis	
out	of	3	samples	of	patients	and	3	samples	of	healthy	
donors’	 BM.	 After	 considering	 the	 growth	 dynam-
ics	of	MSCs	we	found	that	the	fastest	expansion	of	
cells	 from	 BM	 of	 patients	 with	 oncohematological	
diseases	 took	 place	 in	 primary	 culture	 before	 6th	
day	(from	50.�	±	3.9	to	2	±	0.34	х	103	cells),	and	the	
increase	in	cell	amount	was	39	times.	The	amount	of	
cells	 increased	31	times	from	6th	to	14th	day,	from	
2	±	0.34	х	103	tо	6.2	±	0.6	х	104	in	average.	For	com-
parison,	 the	 number	 of	 MSCs	 increased	 50	 times	
before	6th	day	(from	198.�	±	60	tо	1,0	±	0.09	х	104),	
then	—	3�	times	from	6th	to	14th	day	(from	1.0	±	0.09	
tо	3�	±	2.2	х	104)	in	healthy	donors.

In	order	to	perform	the	analysis	of	MSCs	expan-
sion	dynamics	 in	subculture	we	 investigated	MSCs	

pattern	 growth	 after	 I	 passage	 in	 20	 children	 with	
malignant	tumors	and	in	3	healthy	donors.	The	cells	
of	primary	culture	detached	by	trypsin	on	14th	day	
were	 plated	 in	 IMDM	 medium	 (0.6–2	 х	 105	 cells	

in	25	cm2	flask)	 till	 the	 ~	 90%	 confluent	 layer	 was	
obtained.	 There	 were	 performed	 6	 passages	 with	
�-day	intervals	for	samples	from	healthy	donors	and	
10-day	in	average	intervals	in	average	for	MSCs	from	
patients.	 The	 Fig.	 2,	 b	 illustrates	 of	 MSCs	 growth	
dynamics	in	subculture.	The	quantity	of	cells	from	I	
to	VI	passage	increased	approximately	by	1�	times	in	
patients	(from	0.6	±	0.06	х	105		to	10.8	±	2.3	х	105)	in	
comparison	to	42	times	(from	3.�	±	0.9	х	105		to	15�	±	
48	х	105)	in	healthy	donors.

fig. 2. Growth	curves	of	MSCs	from	BM	of	patients	and	donors.	
(A)	primary	culture.	(B)	subculture.	Results	were	expressed	as	
mean	±	SEM

We	 calculated	 the	 population	 doubling	 for	 each	
passage	and	the	cumulative	PD	(Fig.	3).	The	average	
cumulative	 PD	 was	 14.3	 in	 VI	 passage	 (61	 day	 in	
average)	in	cultured	MSCs	from	BM	of	children	with	
oncohematological	diseases.	In	primary	culture	there	
PD	was	10.3,	and	 in	subculture	—	only	4.3.	PD	was	
decreasing	from	passage	to	passage.	The	average	cu-
mulative	PD	was	1�	in	VI	passage	(42	days	in	average)	
in	cultured	MSCs	from	healthy	donors.	There	were	in	
average	 11	 population	 doublings	 during	 the	 growth	
in	primary	culture	during	14	days	(before	I	passage).	
Starting	 from	 IV	 passage,	 the	 slowing	 of	 expansion	
degree	was	observed,	and	within	the	period	of	cells	
growth	in	subculture	(28	days)	the	MSCs	underwent	
only	6	cumulative	population	doublings.
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fig. 3. Population	 doubling	 potential	 of	 MSCs.	 Cumulative	
PD	were	calculated	from	the	initial	number	of	developing	MSC	
colonies,	 scored	 in	 CFU-F	 assay,	 and	 the	 number	 of	 MSCs	
harvested	 at	 each	 passage.	 Results	 are	 presented	 as	 mean	
cumulative	PD	of	MSCs

The	morphology	of	cells	did	not	change	from	I	to	
IV	passage,	they	were	spindle-shaped.	Starting	from	
IV	passage	more	and	more	cells	became	larger	and	
obtained	the	spread-eagle	shape.	Only	6	samples	of	
20	 BM	 samples	 retained	 the	 possibility	 to	 continue	
expansion	of	MSCs	after	IV	passage	till	80–90%	con-
fluent	cell	layers	obtained,	in	other	14	samples	the	cell	
division	stopped.

The	 population	 of	 MSCs	 after	 the	 last	 passage	
revealed	a	high	expression	of	CD105	and	CD140	an-
tigens	and	the	lack	of	CD45,	CD34	and	CD14	antigens	
expression	(data	not	shown).

Telomere	length	seems	to	be	one	of	the	features	
connected	with	replicative	potential	of	dividing	cells	
and	thus	the	decrease	of	telomeres	length	can	be	a	
sign	of	cellular	aging.	Analysis	of	telomere	length	was	
performed	in	3	patients	during	passages	1–4.	As	it	is	
shown	in	Fig.	4,	telomere	length	constantly	decreased	
during	MSCs	cultivation.

fig. 4. Analysis	of	 telomere	 length.	Representative	 Southern	
blotting	 for	 estimation	 of	 telomere	 length.	 C	—	 control	 with	
mean	telomere	length	of	11.3	kb.	M	—	molecular	weight	marker.	
Decrease	of	telomere	length	of	patient	P	during	passages	1–4	
is	shown

discussion
The	 evaluation	 of	 MSCs	 potential	 is	 important	

for	creation	of	treatment	strategies	in	the	context	of	

cellular	 therapy.	 However,	 although	 the	 biological	

characteristics	of	MSCs	were	the	subject	of	 intense	
investigation	over	the	past	few	years,	still	there	is	no	
universally	accepted	techniques	of	isolation	and			ex-
pansion	of	this	type	of	stem	cell.	Despite	the	lack	of	the	

definition,	BM-derived	MSCs	have	already	been	used	
in	various	clinical	studies	[1,	3,	13–15].	However,	the	
use	of	adult	BM-derived	mesenchymal	cells	for	auto-
transplantation	during	therapy	of	neoplasm	might	not	
always	be	sufficient	in	MSCs	number	and	proliferative	
capacity.	Some investigators demonstrated that BMSome	investigators	demonstrated	that	BM	
microenvironment	 had	 been	 significantly	 damaged	
upon	 chemotherapy	 and	 radiation	 with	 impairment	
of	 their	 ability	 to	 suppose	 hemopoiesis	 [4,	 16,	 1�].	
Our	data	also	confirmed	this	conclusion.	We	used	the	
CFU-F	assay	to	evaluate	the	marrow	compartment	of	
stromal	 cells	 and	 ability	 of	 MSCs	 to	 proliferate	 and	
to	 support	 hemopoiesis.	 Results revealed 3–4-fold	 revealed	 3–4-fold	
reduction	of	the	mean	incidence	of	CFU-F derived out	derived	out	
of	BM	of	treated	children	with oncological and hema-with oncological and hema-	oncological and hema-oncological and hema-	and hema-and hema-	hema-hema-
tological malignancies compared to healthy donors.	malignancies compared to healthy donors.malignancies compared to healthy donors.	compared	to healthy donors.	healthy donors.	donors.	
In vitro	culture	of	hemopoietic	cells	(CFU-GM	assay)	
revealed	significant	damage	of	hemopoietic	progeni-
tor	cell	compartments	after	treatment.	Compared	to	
healthy	controls,	patients	showed	a	statistically	sig-
nificant	reduction	of	the	mean	number	of	CFU-GM.	InIn	
our	investigation	we	observed the correlation betweenobserved	the	correlation	between	
CFU-F	and	CFU-GM	numbers	in	in vitro cultures	of	cells	
from	both	patients	and	donors.	This	is	evidence	of	de-
fect	in	compartment	of	stromal	cells	and	their	inability	
to	provide	myeloid	differentiation	of	HSCs.

In	studies	of	in vitro vitrovitro	autologous	MSCs	expansion	
for	 co-transplantation	 in	 breast	 cancer	 patients	 the	
authors	have	shown	that	the	amount	of	MSCs	effec-
tive	for	the	reduction of posttransplantation period ofreduction	of	posttransplantation	period	of	
neutropenia	varied	from	51 to 1�4 х 1051	to	1�4	х	106	and this doseand	this	dose	
of	MSCs	could	be	expanded	during	3�	days.	Moreover,,	
a mean of 1.4 ± 0.� х 10	mean of 1.4 ± 0.� х 10mean of 1.4 ± 0.� х 10	of 1.4 ± 0.� х 10of 1.4 ± 0.� х 10	1.4	±	0.�	х	105	MSCs was obtained fromMSCs was obtained from	was obtained fromwas obtained from	obtained fromobtained from	fromfrom	
1	х	106	of	bone	marrow	MNCs	in	primary	cultures	in	
13	days	[1].

In the present work we demonstrated that autolo-	the present work we demonstrated that autolo-the present work we demonstrated that autolo-	present work we demonstrated that autolo-present work we demonstrated that autolo-	work we demonstrated that autolo-work we demonstrated that autolo-	we demonstrated that autolo-we demonstrated that autolo-	demonstrated that autolo-demonstrated that autolo-	that autolo-that autolo-	autolo-autolo-
gous MSCs can be isolated and expanded	MSCs can be isolated and expandedMSCs can be isolated and expanded	can be isolated and expandedcan be isolated and expanded	be isolated and expandedbe isolated and expanded	isolated and expandedisolated and expanded	and expandedand expanded	expandedexpanded	in vitrovitro	from	
BM	of	sick	children	with oncological and hematologicalwith oncological and hematological	oncological and hematologicaloncological and hematological	and hematologicaland hematological	hematologicalhematological	
malignancies	in	numbers	suitable	for	consequent co-	co-
transplantation	with	autologous HSCs. MSCs were ini-autologous HSCs. MSCs were ini-	HSCs.	MSCs	were	ini-
tiated	as	primary	cultures	of	fibroblast-like	cells	which	
are	isolated	from	marrow	mononuclear	cell	suspension	
by	selective	attachment	to	tissue	culture	plastic.

Despite	 the	 very	 low	 content	 of	 MSCs	 derived	
from	BM	of	cancer	patients	after therapy, these cellsafter	therapy, these cells	these	cells	
possessed	 high	 potential	 for	 self-renewal	 and	 their	
number	may	increase	by	900-fold	in	primary	cultures	
in	first	14	days	and	1�-fold	—	in	subculture	in	~	60	days.	
However,	it	is	significantly	lower	than	the	growth	dy-
namics	of	the	primary	culture	and	subcultures	of	MSCs	
derived	from	BM	of	healthy	donors.

Our	observations	have	also	indicated	that	primary	
MSCs	culture	and	early	subcultures	of	patients	and	
donors	 were	 homogeneous,	 consisting	 of	 spindle-
shaped	cells	population.	However,	after	4–5	passages	
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the	morphology	of	the	cells	becomes	heterogeneous	
with	 the	 spread-eagle	 wide	 cells	 and	 the	 spindle-
shaped	cells.	The	appearance	of	spread-eagle	cells	
is	a	sign	of	MSCs	population	ageing.	Similar	observa-
tions	were	made	by	Ohno	T	[18]	and	Mets	and	Verdonk	
[19]	in	their	study	of	 in vitro	aging	characteristics	of	
human	BM	stromal	cells.	Some	authors	investigated	

bone	marrow	abnormalities	in	long-term	survivors	after	
chemotherapy	and	showed	that	after	4-	to	5-wk	long-
term	culturing	BM	stromal	cells	produced	a	confluent	
marrow	stroma	only	in	20%	of	cases,	compared	to	80%	
of	normal	controls	[20].

	Our	investigation	of	MSCs	growth	kinetics	showed	
that	the	cells	derived	from	BM	of	oncological	patients	
underwent	chemotherapy	are	“aging” faster (already“aging”	faster	(alreadyalready	
after	3–4	passages),	then	cells	derived	from	donors’	
BM	(5	passages)	and	possess	significantly	reduced	
proliferative	 capacity.	 The	 analysis	 of	cumulative	
population	doublings	in	both	groups	demonstrated	the	
slowing	of	cell	proliferation	from	passage	to	passage.	
As	a	result,	only	30%	of	patients’	MSCs	could	divide	
after	IV	passage	(approximately	12.5	cumulative	PD).	
The	equal	number	of	MSCs	was	capable	to	generate	
a	confluent	stromal	 layer	1.5	 times	slower	 (patients	
vs	control).

It	is	very	important	to	note	that	bone	marrow	MSCs	
did	not	demonstrate	any	chromosomal	abnormality.	
Telomeres	 became	 shorter	 in	 somatic	 human	 cells	
upon	 aging	 or	 upon	 elevated	 cell	 turnover.	 This	
shortening	 potentially	 can	 limit	 replicative	 potential	
of	transplanted	cells	and	influence	tissue	reconstitu-
tion	[21].	In	order	to	check	telomere	status	in	MSCs,	
telomere	 length	 was	 measured	 during	 consecutive	
passages	[22].	Our	analysis	showed	the	slow	decrease	
of	telomere	length	upon	cultivation.	This	fact	points	on	
the	“senescence”	of	MSCs	during	cultivation	and	 is	
confirmed	by	the	data	on	the	absence	of	telomerase	
activity	in	the	studied	samples	(data	not	shown).

In	 summary,	 autologous	 MSCs	 derived	 from	
BM	 of	 children	 with malignancies after high-dose	 malignancies	 after	 high-dose	
chemotherapy	or	radiation	therapy	can	be	expanded	
for	further	co-transplantation	with	autologous HSCs.autologous HSCs.	HSCs.HSCs..	
The	number	of	MSCs can be increased by ~ 1.5 x 10	can	be increased by ~ 1.5 x 10	increased	by	~	1.5	x	104	

fold	in	2	months	period.	However, in contrast to MSCsHowever,	in	contrast	to	MSCs	
derived	from	BM	of	healthy	donors	which number can	number	can	
be increased by ~ 8 x 10	increased	by	~	8	x	104	fold	in	1.5	months	period,	the	
larger	volume	of	bone	marrow	cells	has	to	be	collected	
and	longer	period	of	their	cultivation	is	required	in	or-
der	to obtain the sufficient number of cells capable toto	obtain	the	sufficient	number	of cells capable toof	cells	capable	to	
reduce	posttransplantation	period	of	neutropenia.

references
1. Koc ON, Gerson SL, Coo�er BW, Dyho�se SM, Haynes�

worth SE, Ca�lan AI, Lazar�s HM. Rapid  hematopoietic 
recovery after coinfusion of autologous-blood stem cells and 
culture-expanded marrow mesenchymal stem cells in advanced 
breast cancer patients receiving high-dose chemotherapy. Clin 
Oncol 2000; 18: 307–16.

2. Bacigal��o A, Valle M, Podesta M, Pitto A, Zocchi E, 
De Flora A, Pozzi S, L�chetti S, Frassoni F, Van Lint MT, 
Piaggio G. T-cell suppression mediated by mesenchymal stem 

cells is deficient in patients with severe aplastic anemia. Exp 
Hematol 2005; 33: 819–27.

3. Le Blanc K, C Gotherstrom, C Tammik, O Ringden. HLA 
expression and immunologic properties of differentiated and 
undifferentiated adult and fetal mesenchymal stem cells. Bone 
Marrow Transplant 2003; 31: S244–5.

4. Galotto M, Berisso G, Delfino L, Podesta M, Ottaggio L, 
Dallorso S, D�fo�r C, Ferrara GB, Abbondandolo A, Dini G, 
Bacigal��o A, Cancedda R, Q�arto R. Stromal damage as con-
sequence of high-dose chemo/radiotherapy in bone marrow 
transplant recipients. Exp Hematol 1999; 27: 1460–6.

5. Maj�mdar MK, Thiede MA, Haynesworth SE, Br�der SP, 
Gerson SL. Human marrow-derived mesenchymal stem cells 
(MSCs) express hematopoietic cytokines and support long-term 
hematopoiesis when differentiated toward stromal and osteo-
genic lineages. J Hematother Stem Cell Res 2000; 9: 841–8.

6. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, 
Do�glas R, Mosca JD, Moorman MA., Simonetti DW, 
Craig S, Marshak DR. Multilineage potential of adult human 
mesenchymal stem cells. Science 1999; 284: 143–7.

7. M�raglia A, Cancedda R, Q�arto R. Clonal  mesen-
chymal  progenitors  from  human  bone  marrow  differentiate 
in vitro according  to a hierarchical model.  J Cell Sci 2000; 
113: 1161–6.

8. Sottile V, Halle�� C, Bassilana F, Keller H, Se�wen K. 
Stem  cell  characteristics  of  human  trabecular  bone-derived 
cells. Bone 2002; 30: 699–704.

9. Bittira B, K�ang JQ, Al�Khaldi A, Sh�m�Tim D, Chi� RC. 
In vitro preprogramming of marrow stromal cells for myocardial 
regeneration. Ann Thorac Surg 2002; 74: 1154–60.

10. Br�der SP, Jaiswal N, Haynesworth SE. Growth kinetics, 
self-renewal, and the osteogenic potential of purified human 
mesenchymal  stem cells during extensive  subcultivation and 
following cryopreservation. J Cell Biochem 1997; 64: 278–94.

11. Verfaillie CM. Soluble factors produced by human bone 
marrow stroma  increase cytokine-induced proliferation and 
maturation of primitive hematopoietic progenitors while prevent-
ing their terminal differentiation. Blood 1993; 82: 2045–53.

12. Tavassoli M, Friedenstein A. Hematopoietic  stromal 
microenvironment. Am J Hematol 1983; 15: 195–203.

13. Le Blanc K, Rasm�sson I, S�ndberg B, Gotherstrom C, 
Hassan M, Uz�nel M, Ringden O. Treatment of severe acute 
graft-versus-host disease third party haploidentical mesenchy-
mal stem cells. Lancet 2004; 363:1411–2.

14. Lazar�s H. Human bone marrow — derived mesenchy-
mal stem cells in clinical hematopoietic stem cell transplanta-
tion. Bone Marrow Transplant 2001; 27: 235–9.

15. Lazar�s HM, Koc ON, Devine SM, C�rtin P, 
Maziarz RT, Holland HK, Sh�all EJ, McCarthy P, Atkinson K, 
Coo�er BW, Gerson SL, La�ghlin MJ, Loberiza FR Jr, 
Moseley AB, Bacigal��o A. Cotransplantation of HLA-iden-
tical  sibling  culture-expanded  mesenchymal  stem  cells  and 
hematopoietic stem cells in hematologic malignancy patients. 
Biol Blood Marrow Transplant 2005; 11: 389–98.

16. O’Flaherty E, S�arrow R, Szer J. Bone marrow stromal 
function  from  patients  after  bone  marrow  transplantation. 
Bone Marrow Transplant 1995; 15: 207–12.

17. Migliaccio G, Johnson G, Adamson JW, Torok�Storb B. 
Comparative analysis of hematopoietic growth factors released 
by stromal cells from normal donors or transplanted patients. 
Blood 1990; 75: 305–12.

18. Ohno T. Change of responsiveness to growth stimula-
tion of normal cells during aging. Adv Exp Med Biol 1980; 
129: 25–9.

19. Mets T, Verdonk G. In vitro aging of human bone mar-
row-derived stromal cells. Mech Ageing Dev 1981; 16: 81–9.



Experimental	Oncology	28, 146–151, 2006 (June) 15128,	146–151,	2006	(June) 151June) 151) 151	 151

20. Ta�chmanovà L, Serio Bl, Del P�ente A, Risitano AM, 
Es�osito A, De Rosa G, Lombardi G, Colao A, Rotoli B, 
Selleri C. Long-lasting bone damage detected by dual-ener-
gy  X-ray  absorptiometry,  phalangeal  osteosonogrammetry, 
and  in vitro growth of marrow stromal cells after allogeneic 
stem  cell  transplantation.  J  Clin  Endocrinol  Metab  2002; 
87: 5058–65.

21. Piacibello W, Gammaitoni L, Pignochino Y. Proliferative 
senescence in hematopoietic stem cells during ex-vivo expan-
sion. Fol Histochem Cytobiol 2005; 43: 197–202.

22.  K�stanovich AM, Savitskaya TV, Pota�nev MP. 
Telomerase activity and telomerase length in malignant cells 
of  children  with  acute  lymphoblastic  leukemia.  Exp  Oncol 
2003; 25: 69–73.

КИНЕТИКА РОСТА И СПОСОБНОСТЬ К САМОПОддЕРжАНИЮ 
МЕЗЕНХИМАЛЬНЫХ СТВОЛОВЫХ КЛЕТОК ИЗ КОСТНОГО 

МОЗГА дЕТЕЙ С ОНКОГЕМАТОЛОГИЧЕСКИМИ 
ЗАБОЛЕВАНИЯМИ ПРИ ИХ РОСТЕ in vitro

Цель: исследовали пролиферативный потенциал и способность к самовоспроизведению мезенхимальных стволовых клеток 
(МСК) из костного мозга детей с онкогематологическими заболеваниями после высокодозовой лучевой и химиотерапии для 
дальнейшего их наращивания и применения как трансплантата для ко�трансплантации с аутологичными гемопоэтическими 
стволовыми клетками (ГСК). Материалы и методы:  использованы пробы костного мозга 20 детей со злокачественными 
новообразованиями и детей�доноров для родственной аллогенной трансплантации ГСК. Для оценки пролиферативной 
способности МСК и ГСК был применен тест на колониеобразование. Для изучения способности к самовоспроизведению 
основную культуру МСК получали из 1 х 106 мононуклеаров (МНК) костного мозга путем культивирования в полной среде в 
течение 14 дней. В дальнейшем популяцию клеток субкультивировали на протяжении 6 пассажей. Рассчитано популяционное 
удвоение (ПУ) для каждого пассажа и совокупное ПУ. Результаты: выявлено снижение в 3–4 раза среднего содержания 
колониеобразующих единиц фибробластов (КОЕ�Ф) у пациентов после лечения по сравнению с донорами. Количество 
колониеобразующих единиц гранулоцитов и макрофагов (КОЕ�ГМ) у пациентов оказалось также значительно ниже 
(39,0; 9,0–130,0 против 95,0; 31–205). Отмечали корреляцию между количеством КОЕ�Ф и КОЕ�ГМ, как у пациентов 
(r = 0,63; � < 0,003), так и у доноров. МСК из костного мозга пациентов характеризовались значительным потенциалом 
к самовоспроизведению. В основной культуре их число увеличилось в 900 раз за 14 дней, а в субкультуре — в 17 раз за 
~ 60 дней. Анализ совокупного ПУ выявил замедление клеточной пролиферации и сокращение длины теломер от пассажа к 
пассажу. Выводы: несмотря на сниженное содержание МСК в костном мозге детей с онкогематологическими заболеваниями 
после лечения, эти клетки обладают достаточным потенциалом для самовоспроизведения. При культивировании количество 
МСК может быть увеличено за ~ 2 месяца в ~ 1.5 � 104 раза.
Ключевые слова: мезенхимальные стволовые клетки, колониеобразующие единицы фибробластов, популяционное удвоение, 
ко�трансплантация.
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