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composed of DMEM (Sigma-Aldrich) and DMEM/F12 
(Sigma-Aldrich) in ratio 1 : 1, supplemented with glu-
cose in a final concentration of 25 mM, 10% foetal calf 
serum (FCS) and 10 nM glucagon-like peptide (Sigma-
Aldrich).

Immunocytochemistry staining 
Fixation of cells that were cultured for 10 days in the 

pancreatic β-cell differentiation media in 2-well 
Permanox Chamber Slides Nunc (Sigma-Aldrich) was 
done in cold methanol for 15 min. After fixation, cell 
cultures were permeabilized with 0.1% Triton-X100 
(Sigma-Aldrich) in PBS. The samples were incubated 
with primary antibodies. Insulin rabbit monoclonal anti-
body (C27C9, Cell Signaling Technology, Danvers, 
Massachusetts, ♯3014) at 1 : 400 dilutions for 24 h and 
C-peptide rabbit polyclonal antibody (Cell Signaling 
Technology, ♯4593) at 1 : 100 dilutions for 24 h, both 
with human, mouse and rat species reactivity, were ap-
plied. After washing with Dulbecco’s phosphate buff-
ered saline containing Tween 20, cells were incubated 
with secondary antibodies for 45 min in the dark at room 
temperature. As secondary antibodies, donkey anti-rab-
bit conjugated with cyanine 3 (Cy3) (Jackson Immuno
Research, Europe Ltd, Newmarket, UK) were used. 
DAPI (0.1 mg/ml) was used for nuclei counterstaining. 
Samples were examined using a BX51 Olympus micro-
scope equipped with an Olympus DP71 digital camera 
(Tokyo, Japan).

Gene expression 
PDX1, HES1 and Glut2 gene expression analysis was 

performed by quantitative reverse transcription-poly-
merase chain reaction (qRT-PCR) in the 7500 HT Fast 
Real-Time PCR System (Thermo Fisher Scientific). RNA 
was isolated using the TRI reagent (Sigma-Aldrich). The 
isolated RNA was converted into cDNA via a High 
Capacity cDNA reverse transcription kit (Thermo Fisher 
Scientific). Ten ng of cDNA was loaded into each reac-
tion consisting of TaqMan Fast Universal PCR Master 
Mix and pre-designed Taq-Man Gene Expression Assay 
(Thermo Fisher Scientific). The following gene ex-
pression assays were used: Hs00236830_m1 for 
PDX1 (NCBI Reference Sequence: NM_000209.3), 
Hs00172878_m1 for HES1 (NCBI Reference Sequence: 
NM_005524.3), and Hs01096908_m1 for GLUT2 (NCBI 
Reference Sequence: NM_000340.1) (Thermo Fisher 
Scientific). The reactions were performed in duplicate. 
Data were normalized to the 18S (Thermo Fisher 
Scientific) housekeeping gene. The relative expression 
ratio was then calculated from Ct as previously de-
scribed (Hirsova et al., 2013). 

Results 

Characterization of hNDPSCs

During the long-term cultivation, we reached a total 
of 60.59/60.06 PD and the average DT was 55.96 +/– 
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tive cells was determined as a percentage of cells with 
higher fluorescence intensity than the upper 0.5 % of 
isotype immunoglobulin control. The following clas-
sification criteria to detect the various markers were: 
< 10 % no expression, 11–40 % low expression, 41–70 % 
moderate expression and > 71 % high expression. The 
phenotype analysis was performed in Cell Lab Quanta 
(Beckman Coulter), using the following antibodies: anti-
CD29 (Chemicon, clone: TDM29), anti-CD44 (Caltag, 
clone: MEM-85), anti-CD73 (BD Pharmingen, clone: 
AD2), anti-CD90 (Chemicon, clone: F15-42-1), anti-
CD105 (Caltag, clone: SN6), anti-OCT3-4 (eBiosciences, 
clone: EM92) and anti-CXCR4 (Caltag, clone: 12G5).

HNDPSCs obtained from the 3rd passage were frozen 
and stored. After the cells bypassed the Hayflick limit, 
the hNDPSCs’ ability to differentiate into osteoblast-
like cells, chondroblast-like cells and adipocytes was 
verified. All differentiation experiments were compared 
with a negative control.

The osteogenic induction medium was composed of 
the standard cultivation medium described above sup-
plemented with 10 mM glycerophosphate (Bieffe Medi
tal). For verification of osteogenic differentiation of 
hNDPSCs, hNDPSCs that were cultivated in the differ-
entiation media for 21 days were fixed with 4% para-
formaldehyde, embedded in paraffin and stained using 
the alizarin red technique to demonstrate the presence of 
osteogenic matrix and calcium deposits. 

The adipogenic induction of the hNDPSCs was in-
duced by using Adipogenic BulletKit (Lonza, Basel, 
Switzerland) according to the manufacturer’s recom-
mendation. The Oil Red O staining was performed to 
visualize the intracellular lipid droplets, which indicates 
successful adipogenic differentiation. Adipogenic dif-
ferentiated cells were fixed using 10% formalin for 1 h, 
washed with distilled water and finally immersed for 2 h 
in a solution of 0.18% Oil Red O. 

For chondrogenic differentiation, the cells were culti-
vated in micro mass cultures in non-adherent culture 
flasks. To induce the differentiation, cells were cultivated 
in the standard cultivation media enriched with 50 ng/ml 
TGF-β1 (R&D Systems, Minneapolis, MN) for 21 days. 
The chondrogenic pellets were fixed with 4% paraform-
aldehyde, embedded in paraffin and stained with Alcian 
blue to assess chondrogenic differentiation by visualiza-
tion of acid mucopolysaccharides, which are highly pre-
sented within the chondrogenic matrix. 

Protocol for MSCs differentiation into insulin-
producing cells 

For differentiation, the hNDPSCs obtained from the 
6th passage were used. The two-step differentiation pro-
tocol described by Thatava et al. (2006) was used. The 
first step took three days and the cells were cultivated in 
the medium composed of Dulbecco’s modified Eagle’s 
medium (DMEM) supplemented with 55 nM Tricho
statin-A (Sigma-Aldrich). The second step took addi-
tional seven days. The cells were cultivated in a medium 
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15.38 / 57.69 +/– 17.91 h (lineage 1/2). Viability was 
measured in the 2nd and 10th passages and the results 
showed high viability rate: 97.2 %, 92.0 % / 93.4 %, 
91.8% (lineage 1 – 2nd, 10th passages / lineage 2 – 2nd, 
10th passages). During the study, we did not observe any 
signs of spontaneous differentiation, and cultivation was 
terminated within the 15th passage. The cultivated cells 
kept their morphology during the entire study. The cells 
were spindle shaped, mostly with two processes (Fig. 
1A,C). 

Phenotypic analysis was performed in the 5th passage 
and showed high positivity for all tested stem cell sur-
face markers. The percentage of positive cells in lineage 
1 / 2 order were CD29 – 99.76 / 99.98, CD44 – 99.72 / 
99.98, CD73 – 99.72 / 99.95, CD90 – 99.87 / 99.99, 
CD105 – 99.95 / 99.98, OCT3-4 – 99.74 / 99.80, CXCR4 
– 99.02 / 98.57. 

Regarding the multipotent differentiation properties, 
cells were cultured in osteogenic medium for 21 days. 
hNDPSCs produced the extracellular matrix (Fig. 2A). 

Natal Cells Differentiate into Insulin-Producing Cells

Fig. 1. A) hNDPSCs cultivated in standard cultivation media for 2 days. B) hNDPSCs cultivated in pancreatic β-cell dif-
ferentiation media for 2 days. C) hNDPSCs cultivated in standard cultivation media for 11 days. All cells in figures 
A+B+C kept similar fibroblast-like morphology. D) hNDPSCs cultivated in pancreatic β-cell differentiation media for 11 
days. Cells became flattened and more square-shaped. Phase contrast microscopy, magnification 200×

Fig. 2. A) hNDPSCs cultivated in osteogenic medium after 21 days produced high amounts of extracellular matrix. B) 
Micro mass of hNDPSCs cultivated in osteogenic media after 21 days and stained by alizarin red, which stained the oste-
oid tissue. C) Micro mass of hNDPSCs exposed to chondrogenic media after Alcian blue staining to visualize acid muco-
polysaccharides and glycosaminoglycans. D) hNDPSCs cultivated for 4 weeks in adipogenic media after Oil Red O 
staining. Oil droplets can be seen as brown dots within the cells. Phase contrast microscopy, magnification 100×








