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(100 IU/ml), streptomycin 100 mg/ml, β-merkaptoethanol 
(10 μg/ml) and 10% human autologous serum. Half of the 
medium was replaced on day three. 

(B) On the seventh day, the medium changed to the 
differentiating one, and the cells were further cultivated for 
another seven days. Differentiating medium consisted of 
RPMI 1640, EGF (10 ng/ml), HGF (20 ng/ml), penicillin 
(100 IU/ml) and streptomycin (100 mg/ml), nicotinamide 
(1 mg/ml), liraglutide (1 μg/ml) and human autologous se-
rum (10%). Half of the medium was replaced on day 10. 

Monocytes cultivated in the absence of growth factors
Cells were incubated only with RPMI and 10% au-

tologous serum for 14 days. Half of the medium changed 
every three days.

All materials were supplied from Sigma-Aldrich 
(Taufkirchen, Germany), except for RPMI 1640 (Invit-
rogen, Paisley, United Kingdom) and liraglutide (Novo 
Nordisk, Bagsvaerd, Denmark).

Serum preparation 
After ficoll centrifugation, the heparinized serum (five 

ml) was collected in a 15 ml falcon and centrifuged at 2000 
g for 15 minutes at 24 oC. The supernatant (serum) was 
filtered through Surfactant-Free Cellulose Acetate (SFCA) 
0.20 μm filter and examined in a Neubauer chamber. No 
cells were detected in the serum. The isolated cells from 
one blood donor were fed only with serum from the same 
donor. So the serum is considered “autologous”.

Microscopical analysis
Cell cultures were stained with May-Grünwald-

Giemsa according to the manufacturer’s instructions and 
examined under an Axio Observer inverted microscope 
(Carl Zeiss, Jena, Germany). Electron microscopy was 
performed as previously described18.

Flow Cytometry 
Flow cytometry was performed to collected cells on 

the first, seventh and 14th day and analysed for CD ex-
pression (Table 1). Cells were fully detached using a cell 
scraper and centrifuged at 400 g. The cell pellet was dis-
solved in two ml RPMI. Cell membrane receptors were 
detected in a Cytomics FC500 Flow Cytometer (Beck-
man Coulter, Milan, Italy). All CD antibodies were pur-
chased from Exbio (Prague, Czech Republic), except for 

CD209 (Biolegend, San Diego, USA). Flow cytometry 
was performed according to the manufacturer’s instruc-
tions and analysed with the freeware “Flowing Software” 
version 2.5.1 (Perttu Terho, Turku, Finland).

Insulin measurements 
Cell cultures were tested for insulin production on the 

first, seventh and 14th day. An aliquot of 50 μl from the 
supernatant was collected, when the culture medium had 
the initial glucose concentration of 100 mg/dl. The rest of 
the cultures’ supernatant was preserved and extra glucose 
was added (approximately 50 μl) to reach the final glu-
cose concentration of 250 mg/dl. After one-hour incuba-
tion at 250 mg/dl glucose, the supernatant was complete-
ly removed and stored in a deep freezer (-75 oC). Insulin 
levels were measured by the Human Insulin ELISA Kit 
KAQ1251 (Invitrogen, Paisley, United Kingdom) ac-
cording to the manufacturer’s instructions.

Statistical analysis 
The Statistical Package for the Social Sciences 

(SPSS) version 21 (IBM Corp., New York, USA) was 
used for sample analysis. Initially, the samples in each 
group were checked for normality. Since each group had 
a number of samples smaller than 50, the Shapiro-Wilk 
test was used. Group 3 was compared with non-paramet-
ric tests because it did nοt have a normal distribution (p 
=0.012). Other groups were compared with parametric 
tests because they had normal distributions. The level of 
statistical significance was set for p <0.05. 

Results
Flow cytometry

The most characteristic CD marker of each cell type is 
shown in Table 1. CD33 and CD34 correspond to mono-
cyte progenitor cells while CD16 and CD209 correspond 
to monocyte descendants. 

The percentage of monocytes in the culture gradually 
increased (Table 2). The mean percentage of monocytes 
(CD14 and CD45 positive) cells at the beginning of the 
cultures was 13.64 ± 4.04 % [mean ± standard devia-
tion (SD)]. The remaining cells were lymphocytes. On 
the seventh day, CD14 positive cells had risen to 78.69 ± 
11.69 %, because the floating lymphocytes were gradu-
ally discarded from the supernatant. Lymphocytes did not 
adhere to culture plastics, and they floated freely in the 
supernatant. So lymphocytes were reduced every time the 
supernatant was replaced. On the 14th day the percentage 
of CD14 positive cells was 66.08 ± 10.74 %.

The changes of the CD markers on the monocytes’ 
surface according to the culture duration are shown in Ta-
ble 2. Monocytes on the first day of the cultures already 
expressed both markers of maturity CD16 48.79 ± 13.46 
% and of immaturity CD34 7.27 ± 3.23 % (mean ± SD). 
When growth factors were present, on the seventh day the 
monocytes highly expressed CD209 88.77 ± 11.5 %, which 
corresponds to dendritic cells, and CD16 97.74 ± 2.74 %, 
which corresponds to macrophages. Also, they expressed 

Table 1: CD markers used in flow cytometry in the study.
Cluster of 

differentiation
Characteristic marker

CD45 Every white cell
CD14 Monocytes
CD16 Macrophages
CD33 Colony Forming Unit- Monocytes
CD34 Colony Forming Unit- Granulocytes 

and Monocytes
CD209 Dendritic cells

CD: Cluster of Differentiation.


