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Abstract

Purpose: To investigate the ultrastructural characteristics and analysis of residual DNA in scaf-
fold models, produced with decellularized vena cava in an experimental model with rabbits.
Methods: Three groups were created for ultrastructural and residual DNA analysis: group
1- control, consisting of samples of vena cava in natura; group 2- SD, consisting of vein frag-
ments submitted to 2% sodium deoxycholate decellularization by shaking (160rpm- Shaker
News Brunswick Scientific’) for 1 hour at controlled temperature shaker at 37°C; group 3
- SDS, consisting of vein fragments submitted to 1% sodium dodecyl sulfate decellularization
under the same previous condition, for 2 hours.
Results: The ultrastructural matrix of the blood vessel maintained its vintegrity after either
decellularization models. The results of the two quantification methods demonstrated a sig-
nificant decrease in the DNA content of the decellularized vena cava samples as compared to
the control samples and, differed statistically from each other, p <0.05.
Conclusion: The 2% DS protocol for vein decellularization, in this experimental model, was
considered the best protocol because it presented less amount of residual DNA without caus-
ing substantial destruction of the extracellular matrix.
Key words: Tissue Scaffolds. Peripheral Arterial Disease. Blood Vessels. Tissue Engineering.
Rabbits.
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u Introduction

Cardiovascular diseases continue to
be the leader in mortality in western society
and its main etiology is atherosclerosis'. Some
patients have peripheral arterial disease
(PAD)?. There is, however, a set of patients
who develop critical ischemia of the lower
limbs, and for some of those endovascular or
conventional treatment will not be successful,
the remaining option being amputation of the
affected limb?.

Alternative treatments using tissue
engineering may find applicationsin those cases
in particular, with the purpose of producing
autologous vessels with specific biomaterials
and three-dimensional (3D) structure®*. The
initial challenge is to produce a biocompatible
scaffold that will provide a microenvironment
that imitates natural in vivo tissue architecture
for the seeded cells*®. Furthermore, the
scaffolds can accomplish many other functions,
including facilitating attachment, migration,
proliferation, and cell interaction’. They must
also have enough permeability to allow for
nutrients transportion and the elimination of
residues’.

Alternatives have been searched in
order to produce scaffolds, of them being the
use of decellularized tissue-derived scaffolds®®.
The advantages of this material are related
to the essential elements contained in the
organic extracellular matrix, such as collagen,
fibrinogen, hyaluronicacid, glycosaminoglycans
(GAGs), and hydroxyapatite (HA), which is more
conducive to cell adhesion and differentiation.
Previous experimental studies conducted by
this research group have demonstrated that
two protocols for decellularization of rabbit
vena cava were effective in cell removal
and maintenance of the biomechanical
characteristics of the 3D scaffold!'. They were
motivated by many articles that describe this
technique for other tissues®'?'3, For veins,
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in this model, the best results were obtained
using 1% SDS and 2% SD, under rapid method**.

The ultrastructural evaluation of the
scaffolds produced was carried out in order
to evaluate the integrity of the extracellular
matrix, besides quantifying the residual DNA
of the scaffold, in order to be aware of the
possibility of the induction of inflammatory
response.

n Methods

Animal housing conditions and tissue
harvesting

Fifteen non-pregnant female adult
rabbits (New Zealand) were used for all the
experiments. All procedures were conducted
respecting the Ethic Guidelines for Animal
Experimentation, after the approval by the
Brazilian College for Animal Experimentation
(CEEA 974/2012). Experiments followed the
US National Institutes of Health or European
Commission guidelines. Median age of the
animals was 4 months and average weight
2.5kg. All following procedures were conducted
under aseptic conditions, after euthanasia with
pentobarbital.

The infrarenal inferior vena cava were
surgically removed and stored at a sterile
HEPES (Sigma- Aldrich®) supplemented with
100 U/mL penicillin, 100 mg/mL streptomycin,
and 25 mg/mL amphotericin B (Invitrogen),
stored in a refrigerator at 4°C for 24 hours.

Scaffold decellularization

Three groups were created for
ultrastructural analysis: group 1 - control,
consisting of samples of vena cava in natura;
group 2 - SD, consisting of vein fragments
submitted to 2% sodium deoxycholate
decellularization by shaking (160rpm - Shaker
News Brunswick Scientific®) for 1 hour at
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controlled temperature shaker at 37°C; group
3 - SDS, consisting of vein fragments submitted
to 1% sodium dodecyl sulfate decellularization
under the same previous condition, for 2 hours.

All vein fragments were approximately
10mm in length, 2.5mm in diameter and 5
analysis were done. The scaffolds produced
were washed 5 times in PBS phosphate buffer
and kept in the refrigerator in sterile HEPES
(Sigma-Aldrich®) solution with antibiotic and
fungicide at 429C, for further analysis.

Transmission electron microscopy assay

The vein samples of the three groups
(n=3), as previously described, were submitted
to ultrastructural analysis. The samples
were fixed overnight by immersion in the
Karnovsky’s solution. After washing with the
same buffer, the samples were post fixed with
1% osmium tetroxide for 2h. The material was
dehydrated in an increasing acetone series,
embedded in Araldite resin (Polysciences,
Niles, USA) and 0.5um thick sections were
stained with toluidine blue and prepared for
light microscopy in order to choose specific
areas for the analysis by transmission electron
microscopy**. Ultrathin sections were obtained
with a diamond knife and contrasted with
2% uranyl acetate for 30 min, followed by 2%
lead citrate in 1 N sodium hydroxide solution
for 10 min. The samples were analyzed and
evaluated using a Tecnai Spirit transmission
electron microscope (Fei Company, Oregon,
USA), operating at 80 kV.

DNA assay

The vein samples of the three groups
(n=6), as previously described, were submitted
to residual DNA analysis (control; SD and SDS).
The DNA was extracted and eluted in 100puL
of ultrapure water using the DNeasy Blood &
Tissue Kit (Qiagen, USA) as recommended by
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the manufacturer. For quantification of residual
DNA two methods were used, the fluorometric
andthegelband densitometry. The fluorometric
quantification was performed using the Qubit®
dsDNA High Sensitivity kit (ThermoFisher, USA)
according to manufacturer recommendations
and with subsequent reading in the Qubit
Fluorometer (ThermoFisher, USA). For band
densitometry analysis 0.8% agarose gel loaded
with 4uL of each sample diluted with 3pL
loading buffer containing GelX 1X (Biotium,
USA) was prepared. In addition to the samples,
4 JUL of Low DNA Mass Ladder (ThermoFisher,
USA) was loaded into the gel under the same
conditions. Photo of the gel was captured in
grayscale and the DNA band quantified using
the ImagelJ software®. DNA quantification data
were normalized by vessel weight. We used the
Mann Whitney statistical test, and considered
statistically significant p-value <0.05.

n Results

Quality control tests were conducted
with samples of all vena cava subjected to either
decellularization protocols, by conventional
histological sections stained in hematoxylin
and eosin (HE) and Masson’s Trichrome (Figure 1).

Controle 1% SDS

2% SD

vessels, stained with H&E (for general histology),
and Masson’s trichrome (collagen stains in blue).
Generally, all decellularization agents preserved
the extracellular matrix structure of the blood
vessels in comparison to control vessels. Scale bars
=500 pm.
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Transmission electron microscopy

Elastic and collagen fibrils were the
extracellular matrix (ECM) components
observed in the native rabbit vessels (controls).
The collagen fibrils were organized into
alternating layers with relative orthogonal
orientations between the smooth muscle
cells (SMCs). The ultrastructural analysis
did not reveal alterations in the features of
the vessel matrix, even after treating with
1% SDS or 2% SD. The band periodicities of
collagen fibrils indicated that a similar spacing
between collagen molecules was kept after
the decellularization protocols. However,
in some areas of the vessels treated with
1% SDS, collagen fibrils were more loosely
packed within collagen fibers and the band
periodicities of the fibrils had been lost. No
intact nuclei or residual cells were observed in
samples subjected to either decellularization
protocols, confirming our previous findings
that these protocols are efficient in removing
cells (Figure 2).

Control

(A-B), decellularization treatment with 2% DS -
sodium deoxycholate (C-D) and 1% SDS — sodium
dodecyl sulfate (E-F). Arrows reveal collagen fibers
that are packed horizontally into thin, straight
bundles. N, smooth muscle nuclei; Col, collagen
fibrils; E, elastin fibrils; Arrow-heads, transversal
striae of collagen fibrils; # transversal section of

collagen fibrils.
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DNA

The results of the two methods of
quantification demonstrated a significant
decrease in the DNA content of the
decellularized vena cava samples in relation
to the control samples and also differed
statistically from each other, p <0.05 (figure 2).
The mean DNA values found per milligram of
vein for fluorometry and band density were:
control = 127.66 ng / mg, SD = 86.20 ng / mg
and SDS = 107.32 ng / mg; Control = 149.15 ng
/ mg,SD =73.77 ng / mg and SDS = 106.82 ng /
mg, respectively (Figure 3).

Fluorometric Densitometry
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Figure 3 - DNA remaining from decellularized rabbit
blood vessel (veins). Control with vein in natura,
2% SD — sodium deoxycholate; 1% SDS — sodium
dodecyl sulfate. In the left - DNA quantified using
fluorometry; In the right - gel band densitometry.
Data are expressed as DNA mean in ng per milligram
of blood vessel (ng/mg) + standard deviation. *
p<0.05: statistical significance versus control group.

] Discussion

Tissue engineering in blood vessels
(TEBV) still remains as a theory that is not fully
developed for practical use'®. Few case reports
have shown applications of this technique in
humans?’. Literature has many experimental
results for this purpose, but few use veins and
even fewer present results related to an ideal
venous scaffold. The use of decellularized
veins as scaffold was chosen because it
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would facilitate obtaining raw material with
application of TEBV techniques in humans, in
the future. This is based on the fact that the
great saphenous vein is easily obtainable, large
in length, and surgically consecrated to be
used as vascular grafts, mainly for treatment of
more complex cases of PAD? In addition, the
venous scaffolds produced with the techniques
described show great similarity with the
natural blood vessels, preserving many of
the components of the extracellular matrix,
as well as maintaining the biomechanical
characteristics!, what has been proved in
our previous studies'. Here we were able to
demonstrate that two protocols (2% SD and 1%
SDS) completely removed the cells, minimally
damaged the extracellular matrix structure, and
removed much of the cellular DNA. Between
the two protocols, it was possible to observe
that the 2% SD removed more DNA, therefore
it can be inferred that it was more effective
in promoting decellularization. Residual DNA
in the scaffold can be detrimental to TEBYV,
since when it suffers phagocytosis during the
biointegration process, it could theoretically
result in immediate rejection or autoimmune
diseases (allogeneic DNA) at any time. However,
based on previous studies, we believe that
the presence of residual DNA should be less
important for tissue engineering than the
extracellular matrix degradation'® or even the
presence of residues DNA neutralizing agents
such as DNase (deoxyribonuclease), which may
promote further damage to stem cells when
seeded. In vivo studies should be performed to
better understand the immunological effects
of DNA remnants.

] Conclusions

The methodology of producing scaffolds
from the presented experimental model is
applicable. Both decellularization protocal,
using 2% SD and 1% SDS detergent proves more
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efficient when compared to control, but 2% SD
had lower residual DNA rates as compared to
1% SDS. Nonetheless, the implementation of
additional studies of optimization and quality
control will be necessary to guarantee that a
minimum DNA presence in acellular scaffolds
will not cause problems such as tissue rejection
or immune-mediated diseases.
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