
s
o
u
r
c
e
:
 
h
t
t
p
s
:
/
/
d
o
i
.
o
r
g
/
1
0
.
4
8
3
5
0
/
1
9
6
8
0
9
 
|
 
d
o
w
n
l
o
a
d
e
d
:
 
1
8
.
9
.
2
0
2
4

Exploring a Novel Spheroid 3D Cell Culture System for Tie2+ Nucleus Pulposus Cells of the 
Intervertebral Disc 

 

Silvan Rü*mann1, Leon Schlagenhof1,2, Fabian Ille3, Benjamin Gantenbein1,4 

 

1. Department for BioMedical Research (DBMR), Bone & Joint Program, University of Bern, 
Bern, Switzerland 

2. Graduate School for Cellular and Biomedical Sciences (GCB), University of Bern, Bern, 
Switzerland 

3. School of Engineering and Architecture, InsLtute of Medical Engineering, Space Biology 
Group, Lucerne University of Applied Sciences and Arts, Hergiswil, Switzerland. 

4. Department of Orthopedic Surgery & Traumatology, Inselspital, University of Bern, Bern, 
Switzerland 

 

Introduc>on 
Low back pain (LBP) is a big problem in today's Western European society1. LBP impacts the pa>ent's 
quality of life and places an immense burden on the healthcare system worldwide2,3. Degenera>on of 
the intervertebral disc (IVD) is one of the common causes of LBP4. Recently, nucleus pulposus (NP) 
progenitor cells (NPPC) were discovered, which are posi>ve for Angiopoie>n-1 receptor (aka. 
Tie2/CD202b). These NPPCs are a promising cell source for IVD regenera>on5,6. NPPCs are rare (2-10% 
of all IVD cells) in human IVDs and diminish in number with increasing age6. It has been demonstrated 
that 3D culture is superior to classic 2D culture to maintain the pluripotent phenotype of the NPPCs7-

9. The goal of this research project is to test the expansion and culture of bovine NPPC in a novel 
spheroid plate. 
 
Methods 
NP >ssue was isolated from bovine tails (aged 10-14 months). NP cells were isolated by using a mild 
two-step diges>on protocol. Then, the primary NP cells were sorted by fluorescence ac>vated cell 
sor>ng (FACS). NP cells were expanded for two weeks under hypoxia (2% O2) and were supplemented 
with 2.5 ng/ml basic fibroblast growth factor 2(bFGF2) (fig. 1). Tie2+ and Tie2- cells were then seeded 
in the func>onalized and the 2D control wells of the Sphericalplate 5D (SP5D) of Kugelmeier, Ltd (fig. 
2). The cells were cultured for two weeks under hypoxia and with bFGF2. A colony forming unit-assay 
was performed on day 0. Cell ac>vity, DNA/GAG content and gene expression of selected genes were 
measured on day one, eight, and 15. 
 
Results 
Cell isola>on from NP >ssue yielded on average 15.7 million primary cells, of which ~10 k cells (0.063%) 
were posi>ve for Tie2. Assessing the colony-forming ability of expanded cells revealed no significant 
differences between Tie2+ and Tie2- cells. Cells in 2D plas>c control wells proliferated significantly more 
compared to the spheroids (p = 0.0002). Analyzing gene expression ager expansion revealed a five-
fold increase of KRT19 and a four-fold increase of SOX2 in Tie2+ cells in rela>on to Tie2- cells. Gene 
expression of KRT19 and SOX2 was found to be significantly downregulated in Tie2+ cells in spheroid 
and 2D culture ager 15 days (fig. 3). 
 
Discussion 
The results indicate that sorted NPPSs differen>ated during expansion, resul>ng in a low share of Tie2+ 
cells. Unexpectedly, successive culture in the SP5D revealed that such expanded Tie2+ cells could not 
be kept in a non-differen>ated stem-cell like state although such speriod-like cultures have been 
promising for many stem cells from various >ssues and also in Tie2+ cells7,8. The biological nature of 
the NPPCs are undeniably a promising approach for therapy of the degenerated IVDs. 
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