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Improved conditioning of cardiovascular
engineered tissues

R.A. Boerboom, M.P. Rubbens, C.V.C. Bouten and F.P.T. Baaijens
Biomechanics and Tissue Engineering, Materials Technology, r.a.boerboom@tue.nl

Introduction
In cardiovascular tissue engineering (TE) living autologous
grafts are cultured in vitro to ultimately overcome the draw-
backs of current treatments. TE of load bearing tissues has
been relatively successful [1], however, culture time and the
mechanical behaviour can still be improved. Improvement of
these mechanical properties requires a detailed study of the
collagen architecture and (mechanical) properties of mechan-
ically stimulated tissues. Ultimately, this will enable us to
control tissue properties and improve culture conditions.

Materials and Methods
Tissue constructs were cultured for 4 weeks (6 days un-
strained, 21 days strained) using a straining system (fig. 1).
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Fig. 1A: flexcell FX4000T straining system with tissue construct
(PGA/P4HB, myofibroblast cells and fibrin). 1B: tissue construct.

Five different conditions were applied: 0, 2 and 4% continu-
ous strain, 2% strain for 9 days followed by 8% for 12 days
(2-8) and an intermittent strain of 4% (4i, 3 hours interval).
Biochemical and mechanical properties of these constructs
(n = 6) were measured. Furthermore, the collagen organiza-
tion was visualized using a fluorescent collagen probe [2].
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Fig. 2A: μg HYP per μg DNA (collagen content) for the different load-
ing conditions. 2B: Number of HP crosslinks (HP) per collagen triple
helix (TH). ∗ = p < 0.05 and ∗ ∗ ∗ = p < 0.001.

Results
Continuous mechanical straining did not influence the
amount of collagen produced by the cells, however, inter-
mittent loading resulted in a significant increase in collagen
production per cell (4i, fig. 2A). In addition dynamic load-
ing increased the number of HP crosslinks (2, 4 and 2-8,
fig. 2B) and intermittent loading increased the amount of HP
crosslinks per triple helix (4i, fig. 2B) even more.

More α-SMA (blue)was observed in the strained conditions
(fig. 3), suggesting differentiation of the cells towards the
myofibroblast phenotype.
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Fig. 3: Immunofluorescence, Red = cell nuclei, Green = vimentin
and Blue = α-SMA. B: 0%, C: 2-8% and D: 4% intermittent.

Furthermore, a non-significant increase of the tangent stiff-
ness was observed for the intermittent loading protocol (fig.
4A). In addition, differences in collagen orientation were ob-
served (fig. 4B-D). The unstrained construct (fig. 4B) showed
a random collagen orientation (compared to fig. 4C and 4D)
and the intermittent strained construct showed more align-
ment compared to the continuously strained construct.
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Fig. 4A: Tangent Stiffness [MPa], B-D 2-photon images (Green = col-
lagen, Blue = cells), B: 0%, C: 2-8% and D: 4% intermittent.

Discussion
Intermittent loading showed to have a postive effect on the
collagen production and collagen orientation of the tissue
engineered constructs. Furthermore, a non-significant in-
crease in the mechanical properties can be observed for the
intermittent loading protocol. This suggests that intermittent
loading is needed to further improve the quality of the car-
diovascular tissue constructs.
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