
Environmental Research, Engineering and Management 2018/74/374

Cell-IQ Phase-contrast Microscopy 
for a Continuous Real-time 
Observation of Multipotent 
Mesenchymal Stromal Cell Culture

EREM 74/3
Journal of Environmental Research, 
Engineering and Management
Vol. 74 / No. 3 / 2018
pp. 74-79
DOI 10.5755/j01.erem.74.3.20548
© Kaunas University of Technology

Cell-IQ Phase-contrast Microscopy for a Continuous Real-time 
Observation of Multipotent Mesenchymal Stromal Cell Culture

Received  2018/04 Accepted after revision  2018/05

    http://dx.doi.org/10.5755/j01.erem.74.3.20548  

Corresponding author: lena.melashchenko17@mail.ru
E.S.Melashchenko, Immanuel Kant Baltic Federal University, Laboratory of Immunology and Cell Biotechnology, Russia

E.S. Melashchenko, V.V. Shupletsova, O.G. Khaziakhmatova, V.V. Malashchenko, 
K.A. Yurova, L.S. Litvinova
Immanuel Kant Baltic Federal University, Laboratory of Immunology and Cell Biotechnology, Kaliningrad, 236041, 
Russia

P.A. Golubinskaya, A.K. Zvyagina, Y.E. Burda
LLC “Innovative Center “Biruch – New Technologies” – “EFKO” Group of Companies, R&D Department, Alekseevka, 
309850, Belgorod region, Russia

L.A. Pokrovskaya 
Tomsk State University, Laboratory of Polymers and Composite Materials, Tomsk, 634050, Russia

I.A. Khlusov 
Immanuel Kant Baltic Federal University, Laboratory of Immunology and Cell Biotechnology, Kaliningrad, 236041, 
Russia

Continuous monitoring of multipotent mesenchymal stromal cells (MMSCs) is a promising tool that could 
be used in cellular biology, environmental research and biotechnology to study in vitro real-time morphol-
ogy and behavioural response of stem cells alone, as well at contacts with other cells and for controlling a 
sustainable production of scaffolds for tissue engineering. The in vitro processes of human adipose-derived 
MMSCs (hAMMSCs) morphology, motility, cell division, and secretion were studied by means of Cell-IQ v2 
MLF (CM Technologies Oy, Finland) integrated phase-contrast microscopic platform for a continuous real-time 
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surveillance imaging of living cells. 70 μL suspension (5×104 viable karyocytes) of the cells was applied into the 
centre of the wells of 12-well plastic plates, and cells were allowed to adhere in a moist chamber for 120 min. 
Non-adherent cells were washed, and the wells were carefully filled with 1.5 mL of a nutrient medium DMEM/
F12 (1 : 1) without osteogenic additions. Cells were cultured for 14 days at 100% humidity in a 5% carbon diox-
ide atmosphere at 37°C until a monolayer formation. Digital images of cell culture growth were captured every 
45 min. The cells were positively stained with alizarin red (osteoblasts), alcian blue (chondrocytes), or oil red 
(adipocytes). More than 95% of attached cells expressed CD73, CD90, and CD105 markers, mainly. Thus, the 
cells corresponded to the morphological criteria of MMSCs. The Cell-IQ system allowed establishing 182 μm/h 
linear velocity of free (until the cell contacts) motility of spindle or fibroblast-like cells. Maximum number of 
cells achieved 136 cells per field of view; 13–24% of cells divided each 1–3 h until a monolayer was formed. 
Chemokine cooperation between hAMMSCs and poor macrophages intermixture was proposed. Cell-IQ could 
be useful for in vitro real-time imaging of cell subpopulations and/or their response to biodegradable scaffolds 
and/or (micro)environmental factors. 
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Introduction
New approaches to an investigation of adhesion, pro-
liferation, migration, differentiation and maturation 
of stem cells in conditions of both two-dimensional 
(2D) and three-dimensional (3D) colonization of scaf-
folds are essential for effective tissue engineering. 
Various synthetic copolymers, such as PLGA (poly(-
lactic-co-glycolic acid) are environmentally and bio-
logically compatible, and promising material for bone 
tissue engineering, but its degradation products can 
lower the pH around the implant and can induce in-
flammatory reactions (Kzhyshkowska et al., 2015). 
In turn, bone fracture triggers an inflammation that 
drives expansion/recruitment of endothelial, neu-
ronal and mesenchymal stem/progenitor/precur-
sor cells, leading to formation of a vascularized and 
innervated fibrous granulation tissue (Batoon et al., 
2017). Bone and bone marrow contain multiple spe-
cialized resident macrophage subpopulations that 
contribute to bone biology and/or haematopoiesis 
(Kaur et al., 2017).

The interplay between macrophage inflammatory or 
regenerative subpopulations, stem and bone cells 
(Gu et al., 2017) and scaffolds is critical to physiologic 
and reparative bone tissue regeneration. Multipotent 
mesenchymal stromal cells (MMSCs) are able to mi-
grate into inflammation and regeneration foci (Lepik 
et al., 2016). Thus, continuous monitoring of MMSCs is 
a promising tool that could be used in cellular biology, 

(micro)environmental research and biotechnology to 
study in vitro real-time morphology and behavioural 
response of stem cells alone, as well at contacts with 
other cells and for controlling a sustainable produc-
tion of scaffolds for tissue engineering. However, few 
works have been devoted so far to modelling and de-
termining the behaviour of MMSCs in real time (Moniri 
et al., 2015). 

The aim of this work was to study human adipose-de-
rived MMSCs (hAMMSCs) culture in vitro (cell mor-
phology, motility, cell division, and secretory activity) 
using the Cell-IQ v2 MLF integrated phase-contrast 
microscopic platform for a continuous real-time sur-
veillance imaging of living cells.

Methods
MMSCs isolation

MMSCs were isolated from lipoaspirate of 5 healthy 
subjects (permission no. 4 of October 23, 2013; Local 
Ethics Committee, Innovation Park, Immanuel Kant 
Baltic Federal University) as described previously (Zuk 
et al., 2001). To determine the stem nature of human 
adipose-derived MMSCs (hAMMSCs), they were culti-
vated in the medium with a StemPro® Differentiation 
Kit (Thermo Fisher Scientific, United States) for 21 days 
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with medium exchange every 3–4 days. As we published 
previously (Litvinova et al., 2018), chondrogenic, osteo-
genic and adipogenic differentiations were detected by 
cell positive staining with alcian blue (Sigma-Aldrich, 
United States) and visualized proteoglycan synthesis 
by chondrocytes; alizarin red S (Sigma-Aldrich, United 
States) identified mineralization of intercellular sub-
stances in osteoblasts, and oil red (Sigma-Aldrich, 
United States) detected neutral triglycerides and lipids 
in adipocytes. This confirmed that obtained cells be-
longed to the pool of stem cells according to the mini-
mal morphological criteria of the International Society 
for Cellular Therapy (Dominici et al., 2006). 

hAMMSCs behaviour 

The morphology of the attached cells and monolayer 
formation were monitored in vitro with a Cell-IQR v2 
MLF device for continuous phase-contrast visualization 
of living cells in real time (CM Technologies Oy, Finland). 
A 70-μL cell suspension (5 × 104 viable cells, fifth pas-
sage) was placed in the well centre of sterile 12-well 
plastic plates (Orange Scientific, Belgium). The cells 
were allowed to adhere for 120 min in a moist cham-
ber. Unattached cells were washed out with a phos-
phate buffer. Then, 1.5 mL of the medium (90% DMEM/
F12 (1 : 1) (Gibco Life Technologies, United States), 
10% fetal bovine serum (Sigma-Aldrich, United States), 
50 mg/mL gentamicin (Invitrogen, United Kingdom), 
and 280 mg/mL L-glutamine (Sigma-Aldrich, United 
States) were carefully added. The cells were cultivat-
ed in the Cell-IQ system at 37°C, 100% humidity, and 
5% СО2 for 14 days (until monolayer formation). Micro-
scopic identification of cell morphology and cell motility 
is difficult in multilayer cultures.

In each well, four points were chosen for Cell-IQ 
phase-contrast microscopy around the initial drop of 
cell suspension. The points were located as follows: 
on the cell layer boundary (01), distantly from the cell 
layer and the same points on the opposite side of cell 
suspension. Cell culture images were captured every 
45 min, and 1308 images were obtained for each of the 
four points. Every tenth image was used for automat-
ic analysis with the Cell-IQ Imagen software. Several 
electronic libraries of digital images were created for 
effective cell identification. During manual processing 

of videos, we determined the linear velocity of free 
movement of cells before they formed cell-cell con-
tacts. The distance travelled by the cell was evaluated 
by the shift of the nucleus due to the variation in the 
shape and different sizes of migrating AMMSCs.

hAMMSCs immunophenotype

Before and after 14-day culturing, hAMMSCs cells 
were reattached with 0.05% trypsin (PanEco, Russia) 
in 0.53 mM EDTA (Sigma-Aldrich, United States) and 
washed twice with phosphate buffer. The analysis 
of the surface markers of the viable AMMSCs was 
performed with human MSC Phenotyping Kit (Cat. 
no. 130-095-198, Miltenyi Biotec, Germany), which 
allowed evaluating the expression of antigenic clus-
ters CD14, CD20,CD34, CD45, CD73, CD90, and CD105 
using a MACS Quant flow cytometry (Miltenyi Biotec, 
Germany) according to the protocol of the manufac-
turer and the KALUZA Analysis Software (Beckman 
Coulter, United States). The concentration and viabil-
ity of cells were determined with a CountessTM Au-
tomated Cell Counter (Invitrogen, United Kingdom) 
using 0.4% trypan blue solution (Invitrogen, United 
Kingdom).

Cytokines and chemokines secretion in 
hAMMSCs culture

Concentrations of cytokines and chemokines in the 
supernatants was assayed with monoclonal antibod-
ies  (Bio-Plex ProTM Human Cytokine 21-plex Assay, 
Bio-Rad, United States) and the flow cytometry ac-
cording to the manufacturer’s instructions using auto-
matic analyzer (Bio-Plex Protein Assay System, Bio-
Rad, United States). The concentration was expressed 
in pg/mL.

Statistics

The results were treated with the STATISTICA soft-
ware for Windows 10.0. Testing for normality was 
performed using the Kolmogorov-Smirnov criterion. 
Median (Me), 25% (Q1), and 75% (Q3) quartiles were 
calculated. The non-parametric Mann-Whitney U test 
was used to determine the statistical significance of 
differences. The differences were statistically signif-
icant at p < 0.05.
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Results and Discussion
More than 95% of fibroblast-like or spindle adher-
ent cells (Fig. 1) positively stained with alizarin red S 
(osteoblasts), alcian blue (chondrocytes), and oil red 
(adipocytes) expressed CD73, CD90, and CD105 mark-
ers and did not display CD45, CD34, CD20, and CD14 
markers (less 5%) (Litvinova et al., 2018). These find-
ings showed their correspondence to the morpholog-
ical criteria of MMSCs (Dominici et al., 2006; Bourin et 
al., 2013). 

The Cell-IQ system allowed us to establish 182 μm/h 
linear velocity of free (until the cell contacts) motility 
of spindle or fibroblast-like human AMMSCs (Table 1). 
Maximum number of cells achieved 136 cells per field 
of view; 13–24% of cells divided each 1–3 h until a 
monolayer was obtained. 

Low expression of CD14 determinant and secretion 
of pro-inflammatory (van den Broek et al., 2014) 
monokines into supernatants (Table 2) favoured to 
the poor macrophage intermixture of the hAMMSCs 

Fig. 1 
Phase-contrast Cell-IQ microscopy of unstained adipose-derived human 
MMSCs after 14 days of culturing. Scale bars are 200 μm. Ob. 40×
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Manual processing 

of Cell-IQ video images Software processing of Cell-IQ video images 

Linear velocity 
of free motion 
of cells, μm/h 

Number of cells per 
visualization point 

Number of cell 
divisions 

Time of observation, 
h 

182 (153–209) 
n = 20 93 (83–115) 17 (13–44) 48 (31–190) 

n = number of cells studied. Data are represented as median (Q1–Q3). 138 
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Monokines Other chemokines 

M-CSF IFNα2 IL-12p40 MIG (CXCL9) SDF-1α 
(CXCL12) MCP-3 (CCL7) MIF 

15.03 
(15.03–15.03) 

18.56 
(15.91–19.41) 

43.23 
(23.2–47.59) 

12.8 
(6.4–17.23) 

53.85 
(33.12–66.38) 

141.21 
(71.37–160.48) 

795.31 
(594.29–836.08) 

Low amount* Moderate amount* 
Data are represented as median (Q1–Q3). CCL = chemokine (C-C motif ) ligand; CXCL = chemokine (C-X-C motif ) ligand; 146 

M-CSF = macrophage colony-stimulating factor; IFNα2 = interferon alpha-2; IL-12p40 = interleukin-12 subunit beta; MIG = 147 
monokine induced by gamma interferon; SDF-1α = stromal cell-derived factor 1; MCP-3 = monocyte chemoattractant protein-3; 148 
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Table 1 
Motility and cell division of hAMMSCs before monolayer formation

Manual processing of Cell-IQ video images Software processing of Cell-IQ video images

1 2

Linear velocity of free motion of cells, 
μm/h

Number of cells per 
visualization point

Number of cell divisions Time of observation, h

182 (153–209)
n = 20

93 (83–115) 17 (13–44) 48 (31–190)

n = number of cells studied. Data are represented as median (Q1–Q3).

Table 2 
Certain chemokines (pg/mL) detected in the supernatants of hAMMSCs culture in 14 days of cultivation

Monokines Other chemokines

1 2

M-CSF IFNα2 IL-12p40 MIG (CXCL9) SDF-1α (CXCL12) MCP-3 (CCL7) MIF

15.03
(15.03–15.03)

18.56
(15.91–19.41)

43.23
(23.2–47.59)

12.8
(6.4–17.23)

53.85
(33.12–66.38)

141.21
(71.37–160.48)

795.31
(594.29–836.08)

Low amount* Moderate amount*

Data are represented as median (Q1–Q3). CCL = chemokine (C-C motif ) ligand; CXCL = chemokine (C-X-C motif ) ligand; M-CSF = macrophage colony-
stimulating factor; IFNα2 = interferon alpha-2; IL-12p40 = interleukin-12 subunit beta; MIG = monokine induced by gamma interferon; SDF-1α = stromal cell-
derived factor 1; MCP-3 = monocyte chemoattractant protein-3; MIF = macrophage migration inhibitory factor. (*) = according to van den Broek et al. (2014).

culture. In turn, chemokines influenced macrophages 
and expressed by them were revealed (Table 2). 

Thus, humoral interplay between hAMMSCs and mac-
rophages may control a migration and morphofunc-
tional reactions of cell subpopulations in vitro. 



Environmental Research, Engineering and Management 2018/74/378

Conclusions
The Cell-IQ phase-contrast microscopic platform al-
lowed obtaining the multiple data of the hAMMSCs  
culture morphofunctional state and behaviour. It could 
be a useful tool for in vitro real-time imaging of an 
interplay between cell subpopulations and/or their 
morphofunctional response to biodegradable scaf-
folds and/or (micro)environmental factors.  
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Daugelio potencialių mezenchiminių stromų ląstelių (MMSC) nuolatinė stebėsena yra perspektyvi prie-
monė, kuri gali būti naudojama ląstelių biologijoje, aplinkosaugos tyrimuose ir biotechnologijose, kad 
būtų galima ištirti realaus laiko morfologiją ir elgesio reakciją in vitro tik kamieninių ląstelių, taip pat 
kontaktų su kitomis ląstelėmis ir siekiant kontroliuoti tvarią pastolių gamybą audinių inžinerijos sri-
tyje. In vitro žmogaus kraujo serumo MMS serumo (hAMMSC) morfologijos, judrumo, ląstelių daliji-
mosi ir sekrecijos procesai buvo tiriami naudojant “Cell-IQ v2 MLF” (“CM Technologies Oy”, Suomija) 
integruotą fazės kontrasto mikroskopinę platformą, ilgalaikio stebėjimo vaizdavimas iš gyvų ląstelių. 
Ląstelių 70 μL suspensija (5 × 104 gyvybingų karyocitų) buvo įpilta į 12 šulinėlių plastikinių plokštelių 
šulinėlių centrą ir ląstelėms leidžiama laikytis drėgnoje kameroje 120 min. Nekondensuojamos ląs-
telės buvo plaunamos, o šulinėliai buvo atsargiai pripildyti 1,5 ml maistinės terpės DMEM / F12 (1: 1) 
be osteogeninių priedų. Ląstelės buvo kultivuotos 14 dienų, esant 100% drėgmei, 5% anglies dioksi-
do atmosferoje 37 ° C temperatūroje, kol susidarė viengubas. Skaitmeniniai ląstelių kultūros augimo 
vaizdai buvo užfiksuoti kas 45 min. Ląstelės buvo teigiamai dažytos alizarino raudonuoju (osteoblastų), 
alciano mėlynumo (chondrocytes) arba aliejaus raudonumo (adipocitų). Daugiau kaip 95% pririštų ląs-
telių daugiausia ekspresuoja CD73, CD90 ir CD105 žymenis. Taigi, ląstelės atitiko MMSC morfologinius 
kriterijus. “Cell-IQ” sistema leido nustatyti 182 μm / h linijinį laisvą (iki ląstelės kontaktų) veleno arba 
fibroblasto tipo ląstelių judrumą. Didžiausias ląstelių skaičius pasiekė 136 langelius viename lauke; 
13-24% ląstelių dalijami kas 1-3 valandas, kol susidaro monosluoksnis. Buvo pasiūlytas chemokinų 
bendradarbiavimas tarp aHAMMSC ir prastos makrofagų mišinys. Cell-IQ gali būti naudingas in vitro 
ląstelių subpopuliacijų vaizdavimui realiuoju laiku ir / arba jų reakcijai į biologiškai skaidius pastolius 
ir (arba) (mikro) aplinkos veiksnius.

Raktiniai žodžiai: ląstelių susiskaidymas, morfologija, judrumas, sekrecija, mikroaplinka.
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