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Aim. The classic detachment techniques lead to changes in cells properties. We offer a simple method of

cultivating the population of cells that avoided an influence on the surface structures. Methods. Mesenchymal

stem cells (MSC) from human umbilical cord matrix were obtained and cultivated in standard conditions. While

substituting the culture media by a fresh portion, the conditioned culture medium, where the cells were

maintained for three days, was transferred to other culture flacks with addition of serum and growth factors.

Results. In the flacks, one day after medium transfer, we observed attached cells with typical MSC morphology.

The cultures originated from these cells had the same rate of surface markers expression and clonogenic

potential as those replated by standard methods. Conclusions. MSC culture, derived by preserving the cells with

reduced attachment ability, actually has the properties of «parent» passage. Using this method with accepted

techniques of cells reseeding would allow maintaining the cells that avoided an impact on the cell surface

proteins.
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Introduction. Mesenchymal stem cells (MSC) are

considered to be one of the most promising instruments

of cell therapy. However, their cultivation is related to

some difficulties, which have not been overcome to a

full degree. Therefore, the methods of isolating MSC

from tissues, their cultivation, passaging, and facili-

tating the retention of multipotency are actively ela-

borated and improved [1–3].

In the tissues of organism MSC are located in the

complex three-dimensional system, where their surface

apparatus is adjusted to receive and process the signals

from outside. The extracellular matrix and surrounding

cells create unique physical and chemical conditions,

determining MSC behavior [4, 5]. During the cultiva-

tion in the monolayer the cells get accustomed to spe-

cific conditions and released from centralized regula-

tion by the neuroimmune and humoral factors [6].

While passaging the culture the cells are forced to de-

tach from the “parent” substrate. This is achieved using

the solutions, containing proteolytic enzymes, enzyme-

free solutions and special mechanical technologies [2].

The most wide-spread and rather efficient enzymatic

methods of detaching the cells from the substrate are

deemed to be the solutions of trypsin (0.25 %) and

versene (0.02 %) [2]. However, during this procedure

the proteins and glycoproteins on the cell surface are

inevitably damaged. The use of proteolytic enzymes

and the effect of mechanical manipulations during the

replating procedure compels the cells to lose relevant

homing receptors and attachment molecules. It has a

proven negative effect on the stem potential of MSC

[3–8]. Passage by passage the cells change their pro-

perties, lower the degree of multipotency and homing

ability [9]. Therefore, various variants of cultivating

MSC without any obligatory detachment are suggested,

for instance, the application of culture flasks of a spe-
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cial form, which can stretch and increase the surface

area with the enlargement of cell mass [10, 11], or the

cultivation in three-dimensional conditions on different

carriers [12]. These methods are efficient, however they

require additional technical possibilities, complicating

the work and rather expensive.

The current work was aimed at the optimization of

MSC cultivation conditions to preserve the cells with

undamaged surface apparatus and, therefore, more re-

levant by their properties to the cells of the first passa-

ges than the cells after numerous replating procedures.

Materials and Methods. Cell isolation. Umbilical

cords, collected after normal vaginal delivery, were

provided by the Kyiv maternity clinic No. 5. The cells

were isolated using the combined method [13]. The

umbilical cords were kept in the solutions of antibiotics

(the mixture of 1 mg/ml penicillin (Arterium, Ukraine)

and 1 mg/ml streptomycin (Arterium)) for 20 min and

washed in PBS. Then they were cut in fragments. To

avoid the potential contamination of MSC population

by endothelial cells, the vessels were removed. The ob-

tained fragments were washed, minced and incubated

in the solution of enzymes (collagenase type I (Sigma,

USA), 200 units/ml, hyaluronidase type IV (Sigma),

400 units/ml) at 37 °C for 20–60 min depending on the

matrix density. After the incubation the tissue frag-

ments were transferred into the flasks with the cultural

medium (DMEM with low glucose content (PAA,

Austria), and with penicillin (Arterium) and streptomy-

cin (Arterium) 100 µg/ml each, 2 mM L-glutamine

(Sigma), 10 nM FGF2 (Refibrol, PharmBiotek, Uk-

raine) and 10 % solution of fetal bovine serum (PAA)).

The solution of enzymes was collected and centri-

fuged for 7 min at 1,000 rpm. The precipitate obtained

was added PBS with subsequent centrifugation in the

same mode. The precipitate obtained was introduced

into flasks with the abovementioned cultural medium.

The attached fibroblast-like cells – single or clones

of 2–6 cells – could be observed on the bottom of the

culture flasks 1–3 days later. Two days after the cell

registration the medium was replaced by the fresh

portion.

Cultivation. The cultivation was conducted in CO2-

incubator (37°C, 5 % CO2). MSC were cultivated in the

above described medium in plastic flasks with the area

of 25 and 75 square cm (PAA). At all the passages the

medium was changed every 3 days.

When the monolayer confluence reached ~70 %,

the cells were passed using the mixture of trypsin

(0.25%) (PAA) and versene (0.02 %) (1:1).

Cultivation optimization. While replacing the

cultural medium with the fresh portion the conditioned

medium was collected, transferred into a new flask with

the addition of fetal bovine serum (1 ml per 10 ml of the

obtained medium) and FGF2 (per 0.0025 µg/ml).

Microscopy. Cell morphology was examined with

light microscopy using the Leica DMIL inverted

microscope and imaged with Canon PowerShot 640A

camera.

Results and Discussion. It is known that during a

specific phase of the cell cycle, for instance, prior to the

division, the degree of cell attachment to the substrate

decreases [14].

MSC culture (during routine cultivation) is asyn-

chronous. Therefore, cells not do not proceed through

the stages of cell cycle simultaneously, which presup-

poses the risk of losing some cells at standard replating,

when the medium, where the cells were maintained, is

removed from the culture flask. According to the sug-

gested method, the conditioned medium, in which the

culture has been growing for some time, is transferred

to another culture flask (for instance, during medium

changing). This medium is added a portion of serum

and growth factors.

On the following day there is evident attachment of

the cells, which might have been in less adhesive state.

To reach the higher concentration of cells the obtained

medium may also be centrifuged, thus precipitating the

cells and immediately placing the obtained precipitate

into the flask with the medium.

Taking into account the individual features of

cultures, obtained from different donors, one can note

10–20 “attachment places” on average on the bottom of

the culture flask containing 1–10 cells. These clones are

viable and actively proliferating. In seven–ten days the

number of cells increases three-fold on average.

Approximately two weeks after the first detection of the

cells, the clones acquire size and confluence sufficient

to be passed using standard methods.

The morphology of the cells, obtained by the me-

thod of preserving the conditioned medium, is typical
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for MSC. Taking into account the discrepancies in the

number of cells, obtained by the above described me-

thod, and the cells, replated by standard methods using

the solutions of trypsin (0.25 %) and versene (0.02 %) it

is possible to state that generally the cells of the derived

culture preserve the morphology, typical for the cells of

the initial culture (Fig.). The degree of surface markers

expression is similar to the one in cultures, replated by

the standard method (over 75 % population are CD105,

CD73, CD90 markers positive).

The expression of the surface marker proteins was

determined by staining with fluorescent-labeled anti-

bodies (United States Biological, USA) on BD FACS

Aria cell sorter (State Institute of Genetic and Regene-

rative Medicine, NAMS Ukraine) (data not shown).

The damaging effect of the multiple obligatory de-

tachment of cells from the substrate during the culture

passaging is described in detail in the works [7–9, 15].

The method of using the conditioned medium, sug-

gested by us, helps to preserve an additional amount of

cells and to reduce the degree of negative effect on

MSC culture.

Conclusions. The main advantage of the suggested

approach is the fact that the culture, obtained via uphol-

ding the cells, spontaneously detached during the repla-

cement of the cultural medium, actually preserves the

properties of the initial passage cells. As only a part of

the population is remarkable for decreased attachment

level, the described method would be a reasonable ad-

dition to the standard method. It would provide perma-

nent support to the cell population, which evaded the

impact of the standard procedure of passaging on

proteins and glycoproteins of the surface apparatus.

Í. Ñ. Øóâàëîâà, Î. À. Ìàñëîâà, Å. Ì. Ñóõîðàäà, Î. Ã. Äåðÿáèíà,

Â. À. Êîðäþì

Âîçìîæíîñòü ïîääåðæàíèÿ êóëüòóðû ìåçåíõèìàëüíûõ ñòâîëî-

âûõ êëåòîê çà ñ÷åò êëåòîê ñî ñíèæåííîé ñòåïåíüþ àäãåçèè

Èíñòèòóò ìîëåêóëÿðíîé áèîëîãèè è ãåíåòèêè ÍÀÍ Óêðàèíû

Óë. Àêàäåìèêà Çàáîëîòíîãî, 150, Êèåâ, Óêðàèíà, 03680

Ðåçþìå

Öåëü. Èñïîëüçîâàíèå êëàññè÷åñêèõ ìåòîäèê äëÿ îòêðåïëåíèÿ ìå-

çåíõèìàëüíûõ ñòâîëîâûõ êëåòîê (ÌÑÊ) îò ñóáñòðàòà ïðèâîäèò

ê èçìåíåíèþ èõ ñâîéñòâ. Â äàííîì ñîîáùåíèè ïðåäëîæåí ïðî-

ñòîé è äîñòóïíûé ñïîñîá ñîõðàíåíèÿ ïîïóëÿöèè êëåòîê, èçáå-

æàâøèõ âëèÿíèÿ íà ïîâåðõíîñòíûé àïïàðàò. Ìàòåðèàëû è

ìåòîäû. ÌÑÊ èç ìàòðèêñà ïóïî÷íîãî êàíàòèêà ÷åëîâåêà ïîëó÷à-

ëè è êóëüòèâèðîâàëè ïî ñòàíäàðòíîé ìåòîäèêå. Ïðè çàìåíå êóëü-

òóðàëüíîé ñðåäû íà ñâåæóþ ïîðöèþ êîíäèöèîíèðîâàííóþ ñðåäó,

â êîòîðîé êóëüòóðà íàõîäèëàñü â òå÷åíèå òðåõ äíåé, ïðåäïîëî-

æèòåëüíî ñîäåðæàùóþ ñïîíòàííî îòêðåïèâøèåñÿ êëåòêè, ïå-

ðåíîñèëè â äðóãîé êóëüòóðàëüíûé ñîñóä, äîáàâëÿÿ ñûâîðîòêó è

ðîñòîâûå ôàêòîðû. Ðåçóëüòàòû. ×åðåç ñóòêè ïîñëå ïåðåíîñà

êîíäèöèîíèðîâàííîé ñðåäû íà äíå ñîñóäà ìîæíî áûëî îáíàðó-

æèòü ïðèêðåïëåííûå êëåòêè òèïè÷íîé äëÿ ÌÑÊ ìîðôîëîãèè,

èìåþùèå ñòåïåíü ýêñïðåññèè ïîâåðõíîñòíûõ ìàðêåðîâ è êëîíî-
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Comparison of the morphology of cell cultures (48 hours) and the cells that have passed the standard procedure passaging, 2nd passage b cells

obtained by transferring the medium where they were cultivated for 3 days, in another culture vial 1st arcade. MSCs are alive, unstained; X100



ãåííûé ïîòåíöèàë, àíàëîãè÷íûå òàêèì êóëüòóð, ïåðåñåÿííûõ ïî

ñòàíäàðòíîé ìåòîäèêå. Âûâîäû. Äî÷åðíÿÿ êóëüòóðà, ïîëó÷åí-

íàÿ â ðåçóëüòàòå ñîõðàíåíèÿ êëåòîê, ñïîíòàííî îòêðåïèâøèõñÿ

â ïðîöåññå çàìåíû êóëüòóðàëüíîé ñðåäû, ôàêòè÷åñêè, ñîõðàíÿåò

ñâîéñòâà êëåòîê èñõîäíîãî ïàññàæà. Ìåòîä öåëåñîîáðàçíî ïðè-

ìåíÿòü äîïîëíèòåëüíî ê ñòàíäàðòíîé ìåòîäèêå ïàññèðîâàíèÿ.

Ýòî ïîçâîëèò ïîñòîÿííî èìåòü ïóë êëåòîê, èçáåæàâøèõ âëèÿíèÿ

êëàññè÷åñêîé ïðîöåäóðû ïàññèðîâàíèÿ íà áåëêè è ãëèêîïðîòåèíû

ïîâåðõíîñòè êëåòêè.

Êëþ÷åâûå ñëîâà: ÌÑÊ, êóëüòèâèðîâàíèå, êëåòêè ñî ñíèæåí-

íîé ñòåïåíüþ àäãåçèè.

Í. Ñ. Øóâàëîâà, Î. Î. Ìàñëîâà, Î. Ì. Ñóõîðàäà, Î. Ã. Äåðÿá³íà,

Â. À. Êîðäþì

Ìîæëèâ³ñòü ï³äòðèìàííÿ êóëüòóðè ìåçåíõ³ìàëüíèõ ñòîâáóðîâèõ

êë³òèí çà ðàõóíîê êë³òèí ç³ çíèæåíèì ñòóïåíåì àäãåç³¿

Ðåçþìå

Ìåòà. Çàñòîñóâàííÿ êëàñè÷íèõ ìåòîäèê äëÿ â³äêð³ïëåííÿ ìå-

çåíõ³ìàëüíèõ ñòîâáóðîâèõ êë³òèí (ÌÑÊ) â³ä ñóáñòðàòó ïðèçâî-

äèòü äî çì³í ¿õí³õ âëàñòèâîñòåé. Ó äàíîìó ïîâ³äîìëåíí³ çàïðîïî-

íîâàíî ïðîñòèé ³ äîñòóïíèé ñïîñ³á çáåðåæåííÿ ïîïóëÿö³¿ êë³òèí,

ùî óíèêëè âïëèâ³â íà ïîâåðõíåâèé àïàðàò. Ìàòåð³àëè ³ ìåòîäè.

ÌÑÊ ç ìàòðèêñó ïóïêîâîãî êàíàòèêà ëþäèíè îòðèìóâàëè ³ êóëü-

òèâóâàëè çà ñòàíäàðòíîþ ìåòîäèêîþ. Ïðè çàì³í³ êóëüòóðàëüíî-

ãî ñåðåäîâèùà íà ñâ³æó ïîðö³þ êîíäèö³îíîâàíå ñåðåäîâèùå, ó ÿêî-

ìó êóëüòóðè çíàõîäèëèñÿ âïðîäîâæ òðüîõ äí³â ³ ÿêå ïîòåíö³éíî

ì³ñòèëî ñïîíòàííî â³äêð³ïëåí³ êë³òèíè, ïåðåíîñèëè â ³íøèé êóëü-

òóðàëüíèé ïîñóä, äîäàþ÷è ñèðîâàòêó òà ðîñòîâ³ ôàêòîðè. Ðå-

çóëüòàòè. ×åðåç äîáó ï³ñëÿ ïåðåíåñåííÿ ñåðåäîâèùà íà äí³ êóëü-

òóðàëüíîãî ïîñóäó ìîæíà áóëî ñïîñòåð³ãàòè ïðèêð³ïëåí³ êë³òè-

íè òèïîâî¿ äëÿ ÌÑÊ ìîðôîëîã³¿, ÿê³ ìàëè ñòóï³íü åêñïðåñ³¿ ïîâåðõ-

íåâèõ ìàðêåð³â òà êëîíîãåííèé ïîòåíö³àë, àíàëîã³÷í³ òàêèì ó

êóëüòóð, ïàñîâàíèõ çà ñòàíäàðòíîþ ìåòîäèêîþ. Âèñíîâêè. Äî-

÷³ðíÿ êóëüòóðà, îòðèìàíà âíàñë³äîê çáåðåæåííÿ êë³òèí, ÿê³ ñïîí-

òàííî â³äêð³ïèëèñü ó ïðîöåñ³ çàì³íè êóëüòóðàëüíîãî ñåðåäîâèùà,

ôàêòè÷íî, çáåð³ãàº âëàñòèâîñò³ êë³òèí âèõ³äíîãî ïàñàæó. Çàïðî-

ïîíîâàíèé ìåòîä äîö³ëüíî çàñòîñîâóâàòè äîäàòêîâî äî ñòàí-

äàðòíî¿ ìåòîäèêè ïàñóâàííÿ. Öå äîçâîëèòü ïîñò³éíî ìàòè ïóë

êë³òèí, ÿê³ óíèêëè ïîøêîäæóþ÷èõ âïëèâ³â íà á³ëêè ³ ãë³êîïðîòå¿íè

ïîâåðõí³ êë³òèíè.

Êëþ÷îâ³ ñëîâà: ÌÑÊ, êóëüòèâóâàííÿ, êë³òèíè ç³ çíèæåíèì ñòó-

ïåíåì àäãåç³¿.
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