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Conclusions
• We established a method suitable for the assessment of the mechanical stability of the murine aorta, opening
the way to test pharmacological substances for their potential to increase the mechanical stability of the
aorta with the goal to find a targeted therapy that lowers the risk for aortic ruptures.
• Using a mouse model for vEDS, our data show significant differences between wild-type and heterozygous
Col3a1 mice as well as between ascending and descending thoracic aorta.
• We confirm the previously described beneficial effect of doxycycline on the mechanicals stability of the
murine aorta using our hitherto unprecedented read-out system.
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Figure 1. Location of 1.5-mm-long
sections of the thoracic aorta (S1-S3)
used for measurements. S1 is located
in the ascending, S2 and S3 in the
descending part of the aorta.

Figure 2. Sections of the thoracic aorta (S1-S3, see Figure 1) of wild-type mice at different ages. Mechanical properties of
1.5-mm sections of mouse aortas were determined in a Tissue Puller setup. Section S1: aorta ascendens, sections S2
and S3: aorta descendens. Error bars indicate 95% confidence intervals. The mechanical integrity of the sections from the
descending part of the aorta was significantly lower compared to the ascending part in all three age groups (age of 4-5
weeks, n = 5; age of 6-7 and 9-11 weeks, n = 10).
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Figure 3. Effect of doxycycline in the
Col3a1 mouse model (Col3 alpha 1
delta). Rupture forces of ring sections
of the thoracic aorta (S1-S3, Figure
1) of 8-week-old untreated wild-type
(WT; n = 12, 6 males and 6 females)
and heterozygous (HET; n = 9, 2
males and 7 females) animals as well
as heterozygous mice treated with
doxycycline (HET + Doxy; n = 9, 2
males and 7 females). Note that in
the group treated with doxycycline
the rupture force of the aorta was
significantly higher compared to
untreated heterozygous mice and
comparable to the level of wild-type
mice. Error bars indicate 95%
confidence intervals.

*
*
*

Maximum force [mN]

Methods and Results: After explantation of the thoracic aorta,
from wild-type and heterozygous Col3a1 mice 1.5-mm-long
sections of the ascending and descending aorta (Fig. 1) were
mounted on two 200-μm-diameter stainless steel wires on a
Tissue Puller (Danish Myo Technology). The mounted vessels
were stretched uniaxial radially until tissue damage, thereby
recording the stretching force (in mN). Maximum force at tissue
damage was significantly lower in heterozygotes compared to
age- and gender-matched wild types in both the ascending and
descending parts of the aorta. For both genotypes, the
mechanical stability was decreasing with increasing distance
from the heart (Figs. 2 and 3). Treatment between 4 and 8
weeks of age with the matrix metalloproteinase inhibitor
doxycycline increased the rupture force of the thoracic aortic
wall to the level of wild types, confirming the beneficial effect of
this drug [J Pharmacol Exp Ther, 2014, 337:621-627] and
providing the proof of principle for our read-out system (Fig. 3).
Collagen distribution throughout the aortic wall and the
orientation of collagen structures were imaged by multiphoton
microscopy (Fig. 4). In the aortic samples of heterozygous mice,
analysis from the multiphoton microscopy images in the
unstretched configuration uncovered a smaller collagen amount
than in wild-type mice. Analyzing the images of the collagen
network during stretching revealed that in the tissue of wild-type
animals the collagen structures began reorientating and aligning
at the first stretching step (1.9 mm), whereas the tissue of
heterozygous mice showed little reorientation and alignment
until the last stretching step (3.2 mm) (Fig. 5). This might offer
an explanation for the reduced mechanical stability of the
arterial tissue of heterozygous mice. Reduced collagen content
and larger spaces among collagen structures of the aortic
sections of heterozygous animals were confirmed by electron
microscopy images (Fig. 6).
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Introduction: Vascular Ehlers-Danlos syndrome (vEDS) is a
rare connective tissue disorder (~2/100‘000) characterized by
translucent skin, easy bruising, and arterial, intestinal, and/or
uterine fragility. The most severe complication is the increased
risk for rupture of the aorta, leading to life-threatening internal
bleeding. vEDS is inherited in an autosomal-dominant manner
and caused by mutations in the COL3A1 gene, which encodes
the alpha 1 chain of type III collagen, a fibrillar collagen
expressed in walls of hollow organs. So far, no targeted therapy
is available. A mouse model has been described to possess true
haploinsufficiency of Col3a1 due to a spontaneous deletion
[Cardiovasc Res, 2011, 90:182-190]. In heterozygous mice, this
Col3a1 deletion leads to reduced mechanical integrity of the
aorta and, in ~30% of cases, to spontaneous rupture of the
aorta and thus to increased mortality similar to the phenotype of
human patients. We systematically characterized the
mechanical integrity of the thoracic aorta in this mouse model,
allowing us to test substances that will increase the mechanical
integrity of the aortic wall and therefore reduce mortality due to
aortic rupture.
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Figure 4. Collagen distribution through the aortic wall for
sections of wild-type (WT) and heterozygous (HET) mice
imaged by multiphoton microscopy. 3D images represent
the whole cross-section of the aortic wall thickness.
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Figure 5. Microstructure of aortic sections of wild-type (WT) and heterozygous (HET) animals at
unstretched configuration and stretches of 1.9 mm, 2.6 mm, and 3.2 mm. A 2D picture for collagen is
shown, imaged by multiphoton microscopy. The red arrows indicate stretched collagen fibres in the
tissue of wild-type animal. Stretching direction was horizontal in these images.
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Figure 6. Electron microscopy images of thoracic aorta and abdominal skin sections of 16-week-old wild-type (WT) and heterozygous (HET) animals. The red arrow
indicates longitudinal aligned collagen fibrils which are only displayed in tissue of WT. Microscope magnification: 24’500×.
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