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Abstract
In this study we demonstrated an appli-

cation of 3D Bioprinting using different
commercially available hydrogels
(CELLINK AB, Sweden) with the aim to
identify the most suitable biomaterial for
the proliferation and differentiation of
murine muscle cells (C2C12).

Introduction
Despite the developments and innova-

tions introduced in the biomedical field,
nowadays, the replacement of tissues or
organs, irreparably damaged by injury or
disease, is an unsolved problem.1 For this
reason, great expectations have been
emerged from Regenerative Medicine and
Tissue Engineering fields, which aim to
repair, regenerate, and reproduce irre-
versibly damaged tissues and organs using
viable cells which confer specific human
tissue-specialized properties to artificial
materials.2 As a case study, hereby, we anal-
ysed at different time points, the prolifera-
tion and differentiation capabilities of
C2C12 cells in different commercial
bioinks and encapsulated in a fibrinogen
based-bioink co-printed on a PCL scaffold,
using cells seeded on plastic as controls.2
Moreover, the expression patterns of master
regulatory myogenic genes and cell viabili-
ty have been analysed in order to evaluate

the capabilities of the scaffolds to induce
myoblast elongation, alignment and differ-
entiation.3

Materials and Methods
Preparation of Bioinks: Commercially

available hydrogels were provided by
CELLINK (CELLINK® FIBRIN,
CELLINK® GelMA A, CELLINK®
GelXA CELLINK AB, Gothenburg,
Sweden) and applied following the manu-
facturer protocol. 

3D bioprinting: C2C12 myoblast laden
into the hydrogels were printed using
CELLINK INKREDIBLE+ (Cellink AB,
Gothenburg, Sweden), a pneumatic extru-
sion-based 3D bio-plotter. To ensure print-
ing process sterility the INKREDIBLE+
was placed under sterile hood and UV light
was turned on before printing. The bio-ink
cartridge was connected to a 0,41 mm noz-
zle diameter and to the air pressure. Printing
pressure and speed were set at 13 kPa and
600 mm/min, respectively.

C2C12 myoblast cell culture: C2C12
myoblast cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM; Sigma-
Aldrich, St.Louis, MO) containing 1%
antibiotic and 10% fetal bovine serum
(FBS; Gemini Bio-Products, Sacramento,
CA, USA), and incubated in 5% CO2 at
37°C. The medium was changed every sec-
ond day. For inducing differentiation,
myoblasts were cultured in DMEM with
2% FBS. 

Live/Dead assay: After 24h, 7, 14, 21
and 28 days of cell culture on a hierarchical
scaffold, the myoblast cells were stained
using 0.15 mM calcein AM and 2mM ethid-
ium homodimer-1 for 40 min in dark room.
Live and dead cells were analyzed by
images of stained samples captured by
fluorescence microscopy (Vico Confocale,
Nikon, Japan). The live cells were indicated
by their green colour, and dead cells were
indicated by their red colour.

RNA extraction: Total RNA extraction
was carried out using the reagents provided
by the Direct-zol RNA Miniprep kit, apply-
ing the protocol suggested by the manufac-
turer Zymo Research. NanoDrop™
(Thermo-Fisher Scientific) was used to
quantify the concentration of the extracted
RNA.

Gene expression analysis: The extracted
RNA was quantified by Nanodrop™, retro-
transcribed into cDNA using the iScript™
cDNA Synthesis Kit (Biorad, CA, USA)
and subsequently analysed by qRT-PCR.
The expression of the master regulatory
myogenic genes involved in muscle differ-
entiation was evaluated. 

Immunofluorescence: Phalloidin and
MF20 were used as antibodies directed
towards actin and myosin the two funda-
mental proteins of muscle differentiation.

Results
Live/dead assay was performed to

observe the viability of C2C12 cells in the
3Dprinted bio-constructs. The number of
live cells was directly counted to assess the
proliferation rate. As expected, based on
image analysis, the average viability of cells
in almost all structures was 90% within 24h
after printing which significantly increased
in both fibrinogen-based hydrogel, fibrino-
gen hydrogel and PCL after 7, 14 and 21
days, indeed, a very small number of dead
cells were observed after seven days. This
suggests that commercial bio-inks and PCL
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as scaffold are biocompatible and allows
C2C12 survival and proliferation. To quan-
tify gene expression levels for the myogen-
esis (e.g., MyoD, Myf5 and MCK) we used
real time PCR. Preliminary molecular biol-
ogy results indicated that, at 7 and 14 days
of culture, muscle genes are more expressed
in control cells with respect to cells growth
in the bio-inks and in the bio-ink co-printed
with PCL. At 21 and 28 days C2C12 cells
bioprinted in fibrinogen-based hydrogel
expressed in a statistically significance
muscle genes, indicating the beginning of
the differentiation process.

Discussion and Conclusions
In this study, a commercial cell-laden

bio-inks and PCL as scaffold were applied
to enable skeletal muscle differentiation of
C2C12 murine myoblasts. We observed that
the myoblasts grew properly into the print-
ed fibrinogen material, with an excellent
viability and with a good level of myotubes
formation. Furthermore, we have demon-
strated a positive effect of PCL and Fibrin
hydrogel co-printing that allows us to
mimic the structural properties of native tis-
sue, in particular topographical cues to
guide cell orientation. Further experiments
are needed in order to ameliorate the geom-
etry of the PCL and to design a device capa-
ble of inducing mechanical stimulation to

promote the development of organized
myotubes.
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