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ABSTRACoprinting has emerged as a promising tool in tissue engineering and
regeneratﬂcine. Various three dimensional (3D) printing strategies have been

developed "o ble bioprinting of various biopolymers and hydrogels. However, the

incorp of biological factors has not been well explored. As the importance of
personaliz icine is becoming more clear, the need for the development of bioinks
ous/patient-specific biological factors for tissue engineering applications

contai

becomes 3ore evident. We used platelet-rich plasma (PRP) as a patient-specific rich source

of autolo h factors that can be easily incorporated to hydrogels and printed into 3D
construct ontains a cocktail of growth factors enhancing angiogenesis, stem cell
recruitmen issue regeneration. Here, we report the development of an alginate-based

bioink th; can Ee printed and crosslinked upon implantation through exposure to native

calciu platform can be used for the controlled release of PRP-associated growth

factors w may ultimately enhance vascularization and stem cell migration.

This article is protected by copyright. All rights reserved.
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Introduca

N
Three-ditlgsional (3D) printers have been a major source of advancements in many areas of

engineerimchnology development. The ability of 3D printing to create acellular and

cell-laden s with pre-designed patterns, architecture and distribution of cells and
biological gac has fueled important research directed at solving challenges in the field of
tissue engMeeris® and regenerative medicine ['. As a result, considerable attention has been

focused on dev8loping strategies to facilitate 3D printing of a variety of hydrogels and

L

biopolym suitable resolution ™ *). In addition, a significant body of research has

focused eveloping biologically relevant bioinks ! Bioink is typically referred to

£

biomateri arry cells and are being printed into 3D scaffolds or tissue like structures;

bioinks ar€ a ial component of any bioprinting effort ** Y. Among various biopolymers,

d

hydrogels Tavé®been widely used in developing tissue engineering scaffolds due to their

native extracellular matrix (ECM) and their tunable physical properties and
ile ). Alginate is among the most popular hydrogels used in fiber-based
technologies, which is due to its rapid and reversible crosslinking in presence of calcium ions

into hydrogels with strong mechanical properties . Alginate is also FDA-approved for many
[7]

I

biomedic tions and has been used in a number of clinical trials

Several ave been proposed to further improve the biological function of alginate

O

hydrogels 4 g the incorporation of electrically conductive nanomaterials to improve

cell-celld jons as well as its functionalization by RGD peptides to improve cell-

n

substra ns *1. Tamayol et al. recently reported on the development of a robust

{

approach cating fibers and constructs from various hydrogels in which alginate was

used to ¢

U

sacrificial template " '”. The entrapped pre-polymer solution was then

crosslinke ginate could be removed from the construct if needed. They also proposed

A
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an alternative approach for printing of protein-based hydrogel fibers containing a sacrificial
polymeric network (alginate), in which CaCl, mist was used to form the fiber templates
during M process and a secondary polymerization step was used to create hydrogel
constructsmproach has been adopted by a number of other research groups, which

further de (],

N
The admi!stration of growth factors has shown a great promise for partial repair of damaged

tissue andgrestoration of normal physiological function . Growth factors can be
administefgd locdlly or systemically with the aim of stimulating angiogenesis, stem cell
a ifferentiation, cell survival and proliferation, reduction of apoptosis and
deling [12, 13

he importance of alginate-based bioinks

recruitme
adaptive r ] Prefabricated scaffolds create a unique opportunity for localized

delivery ﬂ factors at the site of tissue injury !'*. There are a number of studies

reporting printing of factor-eluting scaffolds !'*!. However, a key limitation is that
these scafj ally release a single factor and, depending on their source, these proteins
are expen can result in disease transmission or inflammation. Thus, bioinks that are
based on f{ ogically compatible materials such as alginate and patient-specific growth

factors could ress this key challenge. In addition, preserving the stability of the

incorp r during the fabrication and implantation of the scaffold is not feasible.
Platelet ric a (PRP) is a plasma fraction containing several growth factors including
vascul al growth factor (VEGF), platelet-derived growth factor (PDGF), tumor

all of whi

[16, 17, Pen shown to release biologically active proteins and growth factors over

several da as been widely used as a treatment for musculoskeletal disorders '®). There
are alﬂumber of animal studies using PRP in the treatment of cardiovascular
diseas . s, a bioink based on alginate and PRP could potentially be used for 3D
bioprinMaffolds for application in musculoskeletal and cardiovascular tissue

engineering. s

In this gevebped an alginate-based bioink incorporated with PRP as a source of

This article is protected by copyright. All rights reserved.

growth faitor (TGF), insulin-like growth factor (IGF), and stromal cell-derived factor (SDF),

important roles in inducing angiogenesis and the recruitment of stem cells
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growth factors for printing 3D scaffolds and tissue engineering constructs. The concentration
of PRP was optimized and the effectiveness of the released factors was evaluated. This novel

bioink Msed for engineering scaffolds that can induce a healing response in

cardiovasmusculoskeletal tissue constructs.

Results ahlssions

The goal @f this#study was to develop a bioink that is capable of eluting patient-specific
growth famP contains high concentration of platelets and its use mimics the human

injury, in which activated platelets release a number of growth factors and

>

body’s re
cytokines for inducing the healing process. Local PRP delivery has shown favorable
outcome matment of some musculoskeletal disorders *'\. In order to engineer this
bioink wi t-specific growth factors, PRP was extracted from blood sources and then
mixed Wimte (Figure 1a). Alginate is a hydrogel widely used in 3D bioprinting of

complex s. In addition, alginate-based inks also can be combined with other proteins

d

or polymerSut ricate interpenetrating polymeric network (IPN) materials. Sodium alginate
forms lution and as soon as it is in contact with Ca*" ions, solid hydrogels of Ca-

alginate, t referred to as alginate, is formed. One approach for enabling the 3D

IV

printin, e-based bioinks is through printing in solutions or nanodroplets containing

CaCl,. The latter approach does not require modification of commercially available 3D

[

printer no can result in higher resolution. To form stable constructs using alginate-

based bioi @ achieve acceptable resolution, a low concentration of CaCl, can be mixed

with the bi8 0 form partially crosslinked alginate which is highly viscous yet injectable
through tH€"printer head. The ink can be extruded through the nozzle and, as the fibers are

h

being the substrate in an environment filled with CaCl, fume, the other layer of
the fibe

fibers can be crosslinked using CaCl, solution. By connecting the printer to different

{

crosslinked to form stable fibers (Figure 1b). Immediately after printing, the

€

reservoirs ning two different bioinks, constructs with controlled patterns of different

A

This article is protected by copyright. All rights reserved.
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inks can be fabricated (Figure 1c).

Whole blood Alginate/PRP

Na *“Na

2% (wiv) CaCl, mist

__'f.\f\/‘
e N
¢ =

CaCl,droplet (mist)

500 pm

Figure I.Utic of the proposed patient-specific bioink. (a) Schematic of the extraction
orporation in alginate to form the bioink. (b) Schematic of the proposed
bioprintin®, process. (c) A typical bioprinted scaffold from alginate-PRP containing
fluorescent parti

The physi erties of the engineered ink and the crosslinked constructs are important in
determini gatability of the ink and also the suitability of the crosslinked hydrogels for

long-term ¢ of cells. Previous studies suggested that at high concentrations PRP could

This article is protected by copyright. All rights reserved.
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induce inhibitory effects on cell growth and tissue regeneration both in vitro and in vivo 2.

In the present study, the concentration of PRP in the alginate-based bioink was maintained at
50 U/Wk, which is within the range recommended in the literature '* . We
assessed t anical properties of fully crosslinked PRP/Alginate hydrogels. Circular
disks (6 Q

Experific#@™888tion. Briefly, the 100 uL of bio-ink was added to PDMS molds and then

gameter and 2 mm in height) were fabricated as described in the

was cove flat agarose sheet containing 2% (w/v) CaCl,. The bioink was slowly
crosslinkﬁo min into disks with flat surfaces. A compressive mechanical test was
conducted e compressive modulus of samples with and without PRP (50 U/mL of
bioink) w efinined (Figure 2a). The results demonstrated that PRP slightly increased the
compressive modulus of the crosslinked bioinks to ~110 kPa. This increase might be due to
the formation of Brosslinked network of activated platelets. Other important parameters that
were asse&cluded the degradation and water uptake capacity of the lyophilized

crosslinke@ bioinks containing different concentrations of PRP. The presence of PRP

enhanced t r-uptake of the bioink; thus, it is expected that construct containing PRP
may swelw more than pristine hydrogels (Figure 2b). The degradation rate of the
bioink ind RP was slightly faster than pristine hydrogel (Figure S1). The addition of
PRP to alg slightly reduced the viscosity of the formed bioink, which was not
statisti ificant (Figure S2). Rheological measurements revealed that the addition of

PRP to alginate solution did not affect the G’ and G" values significantly. While our data
demonstrid that PRP addition has an effect on the bioink gelation, which can be used to
modulate anical stiffness. The data was in agreement with the observation in the

compressific modilus of the bioinks.

tion of platelets in PRP, a cocktail of biological growth factors is released which
caling ', The goal of this research was to engineer a bioink that could
control
assessed t@a‘[e of protein release from the engineered bioinks. Since alginate does not

contain proteims, all the released proteins from the constructs were directly eluted by the

release of these factors by incorporation of patient-specific PRP. Thus, we

This article is protected by copyright. All rights reserved.
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encapsulated platelets. We compared the rate of protein release from alginate-based bioink
containing PRP with PRP that was gelled by the addition of CaCl, (Figure 2¢). To determine
the releML of the crosslinked bioink or PRP was placed in an 8 um transwell at the
interface of solution in 12-well plates. The results demonstrated that the release rate
of total m slightly (not statistically relevant though) slower from the bioink
comparféd ¥ HE™PR P gel. In addition, the total protein release from the bioink was similar to
that seen PRP gel. Similar to many hydrogel systems, the engineered bioink had an
initial bur@ followed by a gradual release of proteins over 120 hr. We also assessed
the activity released factors. In particular, we measured the release rate of active VEGF

(42 kDa), one of the key factors in angiogenesis (Figure 2d). The results showed that

S

VEGF release followed a profile similar to that of other proteins and a release rate of

approximately 1000 pg/mL was achieved, when released in 2 mL solution. The localized

U

release of thi ein may ultimately enhance the rate of angiogenesis in injured tissues.

n

Author Ma

This article is protected by copyright. All rights reserved.
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Figure 2. eal characterizations of alginate/PRP hydrogels and assessment of protein
release . (a) Compressive modulus of alginate (1% w/v) and alginate (1% w/v)/PRP

(50U/ Y els. (b) Water uptake of Alginate and Alginate/PRP hydrogels in PBS-based
solution after 24 hours. (c) Cumulative total protein release from alginate/PRP (50U/mL)
hydrogel PRP gel. (d) Cumulative VEGF release from alginate/PRP hydrogel (50U/mL).
(**: P<0.01

One of th ological effects of platelets after tissue injury is the release of factors that
are essenti cruitment of immune cells as well as stem cells to the injury site to initiate
the headi e. Similarly, PRP releases a range of factors including SDF-1 that affect

VariouSH and induce their migration. In addition, PRP releases a cocktail of factors
that also mhe maintenance of recruited cells. Accordingly, we evaluated the effect of
PRP conc ioh on the metabolic activity of mesenchymal stem cells (MSCs). Different

volumes ofbi composed of 1% (w/v) alginate and 50 U/mL of PRP was crosslinked and

This article is protected by copyright. All rights reserved.
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added to cultures of MSCs in basal medium. While the same bioink (i.e. carrying PRP with
concentration of 50 U/mL of bioink) was utilized, the addition of the culture medium reduced
the coan PRP within the culture environment. The final concentration of the PRP
in the cult ironment depended on the volume ratio between the bioink and the culture
medium. &m concentration of PRP was achieved by utilizing the same volume of
bioink @hJd"EWH#Fe media, which resulted in the 25 U/mL of culture media. The cultures were
then incu 5 days and the metabolic activity of the cultures was measured using the
PrestoBlu@(Figure 3a). The results demonstrated that PRP had a positive effect on
cellular gr >~ In addition, no inhibitory effect on cell growth was observed up to a
concentraw U/mL of PRP in the MSC culture medium. We also assessed the effect of

1

PRP on cell recruitment and cellular migration by two different assays: 1) scratch assay **

and 2) Boyden clfamber migration assay ). For the scratch assay, a monolayer of MSCs was

bioink wa§placed in the wells with in a volume resulting in a total concentration of 25 U/mL

in the cultyzemedium. The rate of scratch closure was compared by microscopy after 10 and
24 hr (Figare a ). The results showed that the presence of PRP significantly enhanced the

created anEproximately 200 pm wide scratch was created in the culture. Crosslinked

rate of ure in comparison to alginate bioink without PRP as the negative control.
This is ali ith previous observations reported in the literature demonstrating the
import PRP-induced growth factors including SDF-1 on mesenchymal cells

proliferation and migration rate®®. The migration assay was also assessed through a Boydon
chamber e&az. Cells were seeded inside a transwell culture insert with pore size of 5 um.
Crosslinkedgigink containing 50 U/mL of PRP was fabricated and placed in the bottom of

I@tha‘[ a total concentration of 10 and 25 U/mL of PRP in the culture media

was aclture 3d). The results confirmed a positive role of PRP on cellular migration.

the chaml

In additi ithin the tested concentration range of PRP, no inhibitory effect was observed

(Figurey

-

This article is protected by copyright. All rights reserved.
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Figure 3.sifect of PRP-based bioink on the growth and function of MSCs. (a) Metabolic
activity of _MSC cells treated with alginate and alginate/PRP. (b, c) Scratch assay
effect of PRP on migration and reorganization of MSCs in culture in
compariso ¢ alginate as the negative control. (d) Schematic of migration assay using

Boyden c nd migration of MSC cells in the presence of chemo attractants released
from algidte/PRP hydrogel. (*: P<0.05; **: P<0.01; ***: P<0.001)

demonstra

AnothelHt biological process that is essential for tissue healing and regeneration is
angiogeneSelets in physiological conditions after an injury initiate this process through
the secret ngiogenic factors such as VEGF, PDGF, and TNF-a ). We assessed the

effect of d the released proteins on the activity of human umbilical vein endothelial

This article is protected by copyright. All rights reserved.
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cells (HUVEC:s). The PrestoBlue data reflecting metabolic activity demonstrated a significant
boost in the growth of HUVECsS in the presence of PRP (Figure 4a). Based on the release
data prM Figure 2 a predicted VEGF concentration of approximately 50 ng/mL
would be d, which is sufficient to significantly improve the growth of HUVECs.
VEGF anmiogenic factors can also play a role on the function of HUVECs. Such
effect Whs"i888888d using a standard tube formation assay (Figure 4b)1**.. The results showed
that the fhleased from alginate/PRP-based bioinks significantly improved the length

and comp@the formed tubes (Figure 4c, d).

(a) Day 1 (C) 400 ¢
l 40000 | wpay 3 -
= 300
S0 [ s é
§ 20000 E 200
g i
2 1000 i 1 ' 2
l T ' 100
Q
Alg{no Blounk; SU/mL Bidnk; 10W/mL Bloink; 25LmL 0

PRF} of FRF In of PRP In of PRP In
medium medium medium

Blolnk (25U/mL of
’ PRF In culture

| por e medium)
Collagen
=

5 ~ Bioink (26UUmL of
— PRF in culture
" madium}
Figure 4. abolic activity of HUVECs treated with alginate and alginate/PRP over 3
days of cWliture in media without any growth factors; alginate is the negative control. (b) A
typical tion assay for assessment of the function and morphology of HUVECs.
HUVE ltured on collagen type I and treatment (alginate/PRP) was applied and the

of branch easured in five fields under each condition. The micrographs confirmed a

significant d1 ef]ce in cellular morphology. (*: P<0.05; **: P<0.01, ***: P<0.001)

This article is protected by copyright. All rights reserved.

number o;f)oints and tube length were measured. (c, d) Summary of the total number
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We assessed the printability of the developed bioink using a commercial 3D printer (BioBots,
MA). The bioink with a composition of 1% (w/v) alginate, 50 U/mL PRP, and 0.04% (w/v)
CaCl, Md and loaded into the reservoir of the printer. To improve the quality of
printingsmxtruding into a CaCl, bath, a humidifier was used to generate CaCl,

fume for nosized droplets. The fume achieved rapid partial-crosslinking of the
printed"hi§@ e fabricated constructs were then immersed into 2% (w/v) CaCl, solution.
Three diff signs including: 1) grid structure, 2) tree-like structure similar to tissue
Vasculatum serpentine lines were printed (Figure 5). The nominal dimensions and the
fabricated cts are shown in Figure 5a,b. It can be seen that the difference between the

intended d€si d the fabricated construct is approximately £200 um, which is comparable

S

to the resolution of the 3D printer (£100 um). The electronic design and the fabricated

constructs for thg tree-like and serpentine structures are shown in Figures 5c,d and Se.f,

Gl

respectivel difference between the intended design and the fabricated constructs was

less than 100 um.

g

We also 485 the possibility of engineering stable free standing 3D printed constructs.

a

After printthg,®fie constructs were peeled off using a blade without losing their physical
integri re 5g). The constructs were maintained in aqueous solutions for 24 hr at 37°C

and it w. ved that their geometrical features were preserved during the incubation

M

period (Figure Sh,i). Overall, the results suggest that the engineered bioink can be printed into

3D constrygts that are easy-to-handle. The possibility of mixing patient-specific cells with the

f

developed enables engineering constructs in which all the biological components are

patient sp minimize the chance of significant adverse immune response after their

€

implantatio

Auth

This article is protected by copyright. All rights reserved.
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shown in (a;65€)- (g-1) 3D constructs could be detached from the substrate without losing their

integritﬂ be used as free standing constructs.

S —

Conclusig

Despiter&ances in the field of bioprinting and bioinks, the incorporation of growth

This article is protected by copyright. All rights reserved.
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factors in these inks in a way that it does not induce an immune response has not been
demonstrated. PRP has been widely investigated as a biological source of growth factors that
can beM from individual patients to minimize the host immune response. PRP
releases a m factors that induce a range of physiological processes that are essential

for tissue this study, PRP was incorporated into alginate which is a biocompatible
FDA-appr&%@@ ¥ drogel frequently used in bioprinters. The incorporation of PRP slightly
increased ressive modulus of the bioink. The bioink had a gradual release of various
proteins mh factors over several days. In vitro experiments demonstrated that the

bioink con

(MSCs avw which are involved in tissue healing processes. The printability of the

engineered bioink was demonstrated by fabrication of various constructs. This bioink can be

PRP can positively affect the function of two important populations of cells

readily utilized by any extrusion-based 3D printer. The developed bioink and the fabricated
construct&n this formulation may prove to be useful in the treatment of injured tissues

ti

in vivo. addition, bioinks containing PRP can facilitate autologous and personalized

therapies.

d

Experimenta tion

Materials
All chemigal and cell culture media and reagents were purchased from Sigma-Aldrich and
Invitrogen, respectively unless mentioned otherwise.

PRP prepé

Human blood"Was centrifuged at 250 gravity for 15 min to separate red blood cells from
plasma. Tlie upper plasma phase, including the interface, was centrifuged at 1600 gravity for

10 min ti pellebthe platelets. The platelets were suspended in the platelet-poor plasma

supernatant_to create platelet-rich plasma with the concentration of ~1x10° platelet/pL.
Platelet counting i'as done with Sysmex® XN-10 automated hematology analyzer.

Formation of bioink

This article is protected by copyright. All rights reserved.

16



WILEY-VCH

Solutions of semi crosslinked alginate/CaCl, (1%/0.025% (w/v)) were prepared. The solution
was sterilized under UV overnight for biologic experiments. PRP was mixed thoroughly with
sodiuleution for making Alginate/PRP with concentration of 50 U of PRP per mL
of the bioi physical characterization, the bioinks were used to form cylindrical blocks,
6 mm in maz (2% w/v) was pre-filtered through a sterile 0.2 mm membrane and

then 3% (WIRAEEEagarose was dissolved in that. The solution was solidified in PDMS molds

to form s °C The bioink solutions were then covered with the agarose gel containing
CaCl, for @tes. Each disc was rinsed gently with PBS gently.
Mechanica acterization of the bioink fabricated constructs

Hydrogel @is th different concentrations of PRP were fabricated as described above and
their compressive mechanical properties were measured at room temperature using an Instron
5542 mechanicalffester (Norwood, MA, USA) with a 1 kN load cell following the procedures
reported 1 iterature . Samples were placed between two flat grips and were
compress§ at a strain rate of 1 mm/min. The compressive modulus was determined as the
slope of the linear region of the stress-strain curve corresponding with 0-5% strain.
Rheological ¢hagacterization of bioink

The r 1 haracteristics of the gel with time (storage, loss modulus and complex

viscosity) easured using a AR-G2 rheometer (TA Instruments). A 20 mm diameter

paralle etry with a gap height of 200 um was used for time sweeps and mineral oil
was placed around the circumference of the plate to prevent evaporation. Gels were prepared
as descrilid above and deposited directly onto the base and the plate was subsequently
lowered. iment was performed using a time sweep test at 37 °C with a 5% strain

and 10 rad r frequency. All measurements were timed to 5 min.

Assessme degradation and water uptake of the hydrogels
Alginat iscs were lyophilized for 48 hr and their dry weight (W4) was measured (n= 6
for eacWDry discs were incubated in PBS at 37° C for 24 hr. PBS buffer was

removed ly and the hydrogel discs were dried using a napkin and then weighed to
determine ater uptake after 24 hr (W;). Water uptake was calculated using the

followig ((Wi-Wy4)/W4 x100). For degradation experiments, bioink disks were
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placed in PBS and their wet weight was measured over 5 days. The numbers were used to

calculate the mass loss with respect to their initial wet Wight.

3D priMstructs using the engineered bioink

3D constmabricated by sequential fiber deposition using a BioBots Beta (BioBots,

Philadelp lvania) (bio)printer. This printer uses a pneumatic system manually

controlléd™PHERERt rusion head moves both on the XY plane and along the Z-axis over a static

platform. ists of a syringe (both 10ml and 5Sml are compatible with this printer)
inserted infa supfprt connected to an air compressor and controlled by the software (Repetier
Host v1.6.2YConstructs were designed with open source CAD software, Tinkercad

(Autodes\mzm@. The printing process was performed at room temperature. The

pressure of the extrusion system was maintained below 1 bar. The constructs were printed
either on poly(LBlysine) (PLL) coated glasses to avoid the detachment of the constructs
during the printing process. Briefly, glass slides were cleaned with NaOH (1:9 dilution in de-

ionized water) for 30 minutes, followed by ethanol and de-ionized water rinsing. The slides

were then to oxygen plasma for 2 minutes on both sides. The reactive surface was
then immeks 0.1% (w/v) solution of PLL in deionized water for 10 min and left to dry
overni

Assessmen ease profile of active compounds from Alginate/PRP hydrogels
The to
disc of Alginate/PRP was immersed in 1000 mL of PBS at 37°C. For each group, the assay
samples vsie taken in (n=06). At each time point, 200 pL of the solution was removed and
replaced withesame amount of PBS for period of analysis. The protein concentration in the
collected nt was analyzed by the Micro-BCA™ assay. The results are presented as
cumulativ as a function of time. VEGF release was assessed by Human VEGF 165
Standar: ELISA Development Kit (Peproteck, USA).

Cell CHW

HUVECs an MSCs were cultured and used up to passage 6. MSCs were cultured in
o-MEM s

<

elease from the engineered alginate/PRP bioink was evaluated. A sample

nted with 10% fetal bovine serum, 2 mM L-glutamin, 0.2 mM ascorbic

This article is protected by copyright. All rights reserved.

18



WILEY-VCH

acid,100 U/ml penicillin-streptomycin, and 1 ng/ml bFGF. HUVECs were cultured in
endothelial culture media obtained from Lonza.

10* HuM(passage 4) and 1.5 x 10* HUVEC cells passage number less than 6 were
cultivated ely on collagen coated 24 well plates (Corning In corporation, Corning,
NY). For &

bovine Se 2% H M [-glutamin, 0.2 mM ascorbic acid, 100 U/ml penicillin and 100 mg/ml

each well plate contained 500 pl media containing a-MEM, 10% fetal

streptomy ic medium plus 1 ng/mL bFGF. HUVEC media without VEGF was added
for HUVHE cellS) Transwell was placed in each well and alginate/PRP disc was placed on the
top of the rane. Presto reading was done according to the protocol provided by
company.

To perform the scratch assay, 10° MSC were seeded on each collagen coated well plate (48
well plates). ESn cells reached monolayer confluency, an approximately 200 um wide
scratch wasﬁwi‘[h a P200 pipet tip in the cell layer. Alginate/PRP or alginate discs were

placed on§the top membrane of the transwell and MSC media was added to each well.

Imaging w. at 10 hr and 24 hr after treatment.
The effecfive of the released proteins in inducing vascularization was assessed using a

standar ation assay. 48 well plates were coated with a thin layer of collagen type I.
Each well ded with 15,000 ECs and disks of alginate and alginate/PRP were placed in
transw es within the wells. The cultures were monitored over 2 days and were

imaged at different time points. The formation of tubes was assessed using Imagel

Angiogen@§is analyzer plugin. The number of loops/meshes, length of tubes and number of

branch sitesae@édes were determined.
Statistica @ s

Data are Sesented as mean * standard deviation (SD). Statistical analysis was performed
using GrthPad 'rism 6 (San Diego, USA). Data were analyzed using one- and two-ways
ANOVA wcompaﬁson. Statistically significant values are presented as *p < 0.05, **p

<0.01, an < 0.001.
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Incorporation PRP with alginate-based bioinks enabled 3D bioprinting of scaffolds
releasi ologous growth factors and proteins. The engineered bioinks can be printed
using comme bioprinters for various tissue engineering applications.
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