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Tissue engineering research is recently a popular field but the vascularization process of existing
methods limits the study area. Human Umbilical Vein Endothelial Cells (HUVEC) are essential
cell models for vascularization study in vitro. Although studies about vascular biomaterial are
mostly performed in traditional 2 Dimensional (D) cell culture, the system has some
disadvantages. However, 3D scaffold-free microtissue can be used to overcome these
disadvantages for the identification of the optimum concentration of biomaterials. IKVAV is an
active unit of laminin which is an effective protein in the extracellular matrix. IKVAV may
increase cell adhesion, proliferation, migration, and cellular differentiation. Since IKVAV directly
affects endothelial cells, the definition of the optimum concentration of IKVAV is critically
important for HUVEC growth and viability during vascularization. Thus, the study aimed
identification of the optimal IKVAV peptide concentration for the production and viability of 3D
HUVEC SFM. After peptide synthesis, 3D SFM was fabricated. 0.5 mM and 1 mM concentrations
of IKVAV peptide were treated with SFM. The control group was incubated without any peptide
concentration. Diameters and viabilities of SFMs were evaluated. 1 mM concentration showed the
highest diameter and viability. The increasing concentrations may support HUVEC growth and
viability so it may induce vascularization in vivo conditions.

1. Introduction

Tissue engineering has an important field that has

of biomaterials in vitro conditions [5]. As traditional 2
Dimensional (D) cell culture has low cost and easy

recently become popular. Tissue engineering aims to
provide restoration and regeneration of biological tissues
by using cells, engineering science, and biomaterials.
Vascularization is one of the major challenges in tissue
engineering [1]. During vascularization, endothelial cells
produce new blood vessels [2]. One of the model cell lines
in vasculogenesis is Human Umbilical Vein Endothelial
Cells (HUVEC) [3, 4]. Endothelial cells are cells that can
progress through a cell-matrix adhesion complex mediated
by integrin and laminin in the extracellular matrix in
vascular development [3, 4]. Prevascularization may be
supported by biomaterials such as growth factors,
cytokines, peptides, and proteins to generate new vessels
[1, 2].

Many different studies can be performed with
traditional cell culture techniques to understand the
effectiveness of vascular biomaterials. Traditional cell
culture systems give molecular cues to define the efficacy
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handling, it is a preferable technique for the research of
biomaterials. Thus, the primarily studies in tissue
engineering are performed on traditional 2D cell culture.
However, 2D cell culture has some limitations [3, 6, 7]. 2D
cell culture cannot mimic the natural tissues [3, 8]. 2D cell
culture outrightly presents communications between cell
to cell [5, 8]. Moreover, it may show limited cell to matrix
[3, 8]. Since the definition of the optimum dosage of
biomaterials or drugs in tissue engineering research is
critical, the traditional 2D cell culture may be limited.
Thus, new techniques are needed to evaluate the efficacy
of the components. 3D scaffold-free cell culture system
may mimic physical and biochemical features of natural
tissue in vitro conditions [5, 7, 8]. Since 3D scaffold-free
microtissue (3D SFMs) consists of cell clusters, it
constructs tissue depth. Thus, the therapeutic agents pass
through the tissue depth. 3D SFMs create the penetration
field for therapeutic agents [9]. 3D culture has a higher in
vivo mimicking capacity than 2D cell culture [3, 4, 8, 9].
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Thus, 3D SFM may be one of the qualified techniques for
the measurement of the optimal concentration of
biomaterials.

The use of peptides is quite common in tissue
engineering and regenerative medicine studies as
biomaterials. Peptides are the effects of short active
sequences in long protein chains [3, 4]. It is known that
peptides are effective biomaterials in cellular events such
as cell growth, proliferation, migration, adhesion, and
differentiation [10-12]. However, these effects can be
stimulatory or suppressive depending on the cell and
peptide types [12]. Laminin is a large cross-shaped
glycoprotein commonly found in the extracellular matrix
of basement membranes [11]. Laminin has 15 different
units which consist of a unique combination of three
subchains [13]. In case of mutation of laminin, cells may
face death. Thus, laminin is critically important for cell
viability. Moreover, it also has biological activities such as
cell differentiation, cell polarity, and angiogenesis [14-16].
As an extracellular matrix protein (ECM) laminin may
provide adhesiveness for donor cells and subsequently
mediate cellular signaling events [17]. In addition,
laminin-derived peptides may increase the interaction of
cells for angiogenesis [18]. IKVAV (lle-Lys-Val-Ala-Val)
is an active sequence of laminin-1 located at the C-
terminal end of the long arm of the al chain [19, 20].
IKVAV promotes cell adhesion, proliferation, migration,
cellular differentiation, and collagenase 1V production.
The peptide interacts directly with endothelial cells in vitro
and elicits certain biological activities, including
attachment, migration, and invasion, which are critical
during vessel formation [21]. IKVAV peptide promotes
HUVEC growth, differentiation, angiogenesis, re-
epithelialization, and collagen deposition [22, 23].
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IKVAV peptide may enhance adhesion, differentiation,
proliferation, and angiogenesis [24-26]. It is critically
important to identify the optimum concentration of the
IKVAV peptide for HUVEC proliferation and viability.
However, it has not been evaluated that the effects of
IKVAV sequence on the fabrication of 3D HUVEC SFM,
yet. Therefore, the novelty of the study is the first research
for the identification of the optimal IKVAV peptide
concentration for the production and viability of 3D
HUVEC SFM (as seen in Figure 1.).

2. Materials and Method

2.1 Materials

While all peptide products were purchased from Aapptec
(Louisville, KY, USA), all cell culture products were taken
from Sigma (St. Louis, Missouri, USA). Endothelial Basal
Medium-2 (EBM-2) was taken from Lonza, (C3156, Basel,
Switzerland). Live and Dead Cell Double Staining Kit was
purchased from Dojindo (CS01-10, Munich, German).

2.2 Solid Phase Peptide Synthesis

The solid phase peptide synthesis of IKVAV was
performed by following previous studies [3, 4, 27, 28].
Rink Amide MBHA resin in peptide synthesis and 2 eq O-
Benzotriazole-N,N,N',N'-tetramethyluronium-hexafluoro-
phosphate (HBTU), 4 eq N,N-Diisopropylethylamine
(DIEA), 2 eq Hydroxybenzotriazole monohydrate (HOBL),
4 eq of amino acids were mixed in chromatography tube.
Then, N,N-Dimethylformamide (DMF) was added and
mixed at 320 rpm for 30 minutes to swell the resin. DMF
was removed and added 20% cyclohexylamine for the
removal of F-moc protecting groups.
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Figure 1. Treatment of HUVEC microtissues with 0.5 mM and 1 mM concentrations of IKVAV peptide. After IKVAV
peptide was synthesized on resin, counted cells were added agarose mold to construct microtissue. The 0.5 mM and 1
mM concentrations of IKVAV were mixed with media and added into HUVEC microtissues
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The kaiser test (or ninhydrin test) was performed to check
whether the F-moc were separated or not. After all, IKVAV
amino acids (Isoleucine, Lysine, Valine, Alanine, and Valine)
were respectively added the peptide sequence was washed
with Dichloromethane (DCM). For each 100 mg of used
resin, 1 ml of cyclohexylamine was added and mixed. Then,
a Trifluoroacetic acid (TFA) solution containing 2.5%
Deionized Water (DIW), 2.5% Triisopropylsilane (TIPS)
was prepared. The tube was held upright and uncapped for
an hour and gently mixed every 20 minutes. After 1 hour, all
of the TFA solution liquid in the tube was precipitated into
the cold ether in the falcon tube. The falcon tube was
centrifuged 3 times at 4500 rpm and 25°C for 10 minutes.
The supernatant was poured out. The peptide was lyophilized
at 5 hours.

2.3 HUVEC Cell Culture

Cell culture of HUVEC was performed by following
previous studies [4, 8]. Dulbecco's Modified Eagle
Medium (DMEM) was used as nutrient medium
containing 10% Fetal Bovine Serum (FBS), 1% L-
Glutamine and 1% Penicillin streptomycin for HUVEC
cell culture. The nutrient medium of HUVEC at passage
number 17 (Aegean University, Bioengineering) was kept
in 2D cell culture at 5% carbon dioxide and 36.5°C
conditions. After washing the cells with Phosphate Buffer
Saline (PBS), trypsin was added and incubated for 5
minutes. The cells were separated from the surface and
became suspended. Then, cells in suspension were
centrifuged at +4°C and 900 rpm for 5 minutes.

2.4 Fabrication of 3D SFM and IKVAV Peptide Treatment

The 3D SFM fabrication process was performed
according to previous studies [3, 4, 8]. To construct SFM,
agarose molds with a volume of 330 pl were prepared using
2% agarose gel. It was kept in sterile PBS in a 24-well plate.
6x10%/75 pl cells were seeded for each agarose well. After
cells were incubated for 30 minutes to construct microtissue.
EBM-2 nutrient media without serum were prepared at 0
mM, 0.5 mM and 1 mM peptide concentrations. 0 mM group
was used as control group which doesn’t contain any peptide
or serum concentration. 500 pl nutrient medium was added
for each agarose mold. At least 3 SFM were created for each

group.

2.5 Measurement of SFM Diameters

All SFM was observed under the inverted microscope to
define SFM diameter and form as descripted in previous
studies [3, 4, 8]. SFM images were taken on the 1st, 4th and
7th days. Microscope images were taken at 10x
magnification by using the Olympus microscope-computer
interface (CKX41, Olympus, Tokyo, Japan). Diameter
lengths of SFM were obtained from the 3 different

microtissues by the ImageJ program (NIH, LOCI, University
of Wisconsin).

2.6 SFM Viability Analysis

Double Staining Kit was used to determine the ratio of live
and dead cells in the microtissues formed at day 7 [3, 4, 8].
After the nutrient media of the SFM was discarded, each
agarose mold was washed with PBS. The washing process
was repeated 5 times. After this stage, the protocol specified
in [26] was applied. Calcein-AM/DMSO, green fluorescence
and propidium iodide/purified water, red fluorescence were
stained after 15 min of incubation. Images of live and dead
cells were taken under a fluorescence microscope. Green dye
indicates live cells and red dye indicates dead cells. The
green and red images taken were combined using an
Olympus microscope-computer interface.

2.7 Statistical Analysis of the Experimental Set-up

Using the commercial software GraphPad Prism (San
Diego, CA, USA), the datas of SFM diameter were
statistically analyzed. Each three repeated experiment were
recorded to take A standard deviation. One-Way ANOVA
method was used and results were evaluated. If P value was
less than 0.05, it was accepted as statistically significant.

3. Results and Discussion

3.1 SFM Diameter Measurement

All SFM of all peptide groups was observed under the
microscope. Microscope images of SFM were taken at the
1st, 4th and 7th days as shown in Figure 2. All SFM images
showed great SFM formation in all peptide treatment groups
from the first time point to the end time point.

The average diameter graphics of 3D SFM were created
by measuring the diameter values of SFM images by using
the ImageJ program as shown in Figure 3. The results of the
peptide treatment group diameter were compared with the
results of the control group.

Mean values of diameters obtained from SFM of 0 mM,
0.5 mM, and 1 mM IKVAYV peptide were 227.15 + 8.35 um,
239.78 + 5.34 um, and 283.09 + 8.03 um (p *** <0.001) on
day 1, respectively. Statistically significance was observed
between 0.5 mM and 1 mM concentrations. The average
diameter values obtained from 0 mM, 0.5 mM, and 1 mM
IKVAYV peptide were 223.96 + 2.34 um, 246.95 + 5.16 um
(p ***<0.001), and 272.34 +2.94 um (p *** <0.001) on day
4, respectively. Statistically significance was observed
between 0.5 mM and 1 mM concentrations. Finally, average
diameter values obtained from 0 mM, 0.5 mM and 1 mM
IKVAYV peptide were 204.85 + 11.04 pm, 274.12 £2.25 um
(p ***<0.001), and 292.12 +2.63 pm (p *** <0.001) on the
7th day. Statistically significance was observed between 0.5
mM and 1 mM concentrations.
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Figure 2. Microscope images of 3D HUVEC SFM on days 1, 4 and 7
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Figure 3. Changes of 3D HUVEC SFM diameters depending on time points

The average diameter results of SFM showed that IKVAV
peptide treatment was higher SFM enlargement than the
control group. 0.5 mM and 1 mM IKVAV peptide
concentrations were effective on the proliferation of 3D
HUVEC SFM even on day 1. Diameters of all SFM
increased depending on time points. It was shown that 1 mM
concentration of IKVAV peptide supported more SFM
enlargement than the control and 0.5 mM concentration of
IKVAV. The enlargement was observed significant.
Moreover, 0.5 mM concentration of IKVAV peptide was
also effective in terms of SFM enlargement compared with
the control group. However, shrinkage was observed in the
peptide-free control group (0 mM) SFM until the 7th day.

It was understood that the IKVAV peptide supported the
HUVEC proliferation. IKVAV was a critically important
contribution to HUVEC microtissue enlargement. There was
a steady increase in the diameters of the microtissues in 0.5
mM and 1 mM peptide concentrations. It was observed that
the diameter of all SFM in 0.5 mM and 1 mM peptide
concentrations increased until the 7th day. However, the
control group showed diameter shrinkage. The reason is
likely lack of serum concentration [29]. Karaman et al.

showed that the diameter of SFMs may decrease in case of
serum starvation because serum is critical important for cell
viability and proliferation. Even though the serum
concentration didn’t include the media, the diameter of
microtissues with peptide concentrations increased. The
success of microtissue enlargement may depend on
capability of IKVAV. The effectiveness of 0.5 mM and 1
mM peptide concentrations was consistent with the literature
information. Previous studies have shown that peptide
therapy promoted cellular communications and high cellular
density in cell culture [16, 30]. It was concluded that 0.5 mM
and 1 mM concentrations of IKVAV peptide may stimulate
the growth of cells in all SFM and increase the interactions
of HUVEC. However, 1 mM concentration of IKVAV
showed more diameter enlargement.

3.2 Viability Analysis of 3D HUVEC SFM

On the 7th day, viability analysis was performed on SFM
as shown in Figure 4. Live and dead staining was performed
to analyze the efficacy of different IKVAV concentrations
by comparing the control group. It was observed that the rate
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of dead cells in the control group was higher than including
IKVVAV concentration. Green cells were also observed in all
groups. However, the 0.5 mM IKVAV group showed more
green cells than the control group. Similarly, green cells in 1
mM IKVAYV peptide were more than the control group and
0.5 mM IKVAYV peptide group. All the considerations, 0.5
mM and 1 mM IKVAV peptide concentrations were
effective groups that increase 3D HUVEC SFM viability.

As aresult, the diameter and viability of microtissues were
rather than the control group. The diameter enlargement
relates to cell proliferation in SFM [3, 4, 8]. Our results
indicated that the viability of SFM including IKVAV was
higher than the non-containing (control group). Since the
green cell was more than the control group, it was observed
IKVAV promoted the viability of SFM.

A study which was conducted by Righi et al. showed that
1.2 mM concentration of IKVAV coatings contributes to the
adhesion and proliferation of neural cells after 24 hours. The
concentration increased cell differentiation by affecting cell-
to-matrix binding [30]. Moreover, IKVAV peptide-coated
surface may support selective differentiation in neural tissue
[31]. Another study used hydrogels with 0.2 mM
concentration of the IKVAV on human melanoma cells. In
the study, IKVAV peptide provided cell adhesion and
proliferation [32]. Hosseinkhani et al. also used 0.2 mM
concentration of IKVAV on dorsal root ganglia cells. It was
found that IKVAV was an effective sequence in cell
proliferation [33] similar to our results. Parallel to our results
Kibbey et al. observed that 3.8 mM concentration of
SIKVAV enhanced HUVEC proliferation, migration, and
angiogenesis [21]. Grant et al. proved that protein-
mimicking peptides may be effective units in terms of the
attachment and adhesion of HUVEC on Matrigel. In addition,
the IKVAV sequence in the study supported angiogenesis.
While the IKVAV peptide with non-sequential amino acid
sequences did not affect angiogenesis, the correct sequence
peptide showed an angiogenesis-stimulating effect [26].

Figure 4. Viability effect of IKVAV peptide on 3D HUVEC
SFM at day 7. (A) SFM within 0 mM IKVVAYV peptide
concentration (B) SFM within 0.5 mM IKVAV peptide
concentration. (C) SFM within 1 mM IKVAV peptide

concentration

Nomizu et al. researched the IKVAV sequence, which is
one of the most potent active sites of laminin-1, and showed
the promotion of cell adhesion. 1 mM concentration of
IKVAV peptide increased cell proliferation in the study [34].
Another study used different concentrations ranging from
0.001 mM to 10 mM of IKVAV [35].

It exhibited that IKVAV promoted cell attachment in
fibroblasts. Over 1 mM concentration of IKVAV decreased
the attachment and migration of fibroblasts. They concluded
that the interaction of actin fiber structure was related to the
IKVAV peptide so it has a capacity of cells to respond.

4. Conclusion

In this study, the effects of 0.5 mM and 1 mM IKVAV
concentrations on 3D HUVEC SFM were evaluated.
Although 0.5 mM and 1 mM concentration groups of
IKVAV peptide observed higher diameter enlargement and
cell viability than peptide free group, 1 mM concentration
was the optimum concentration in terms of cell proliferation
and viability. 1 mM concentration of IKVAV may be the
optimum concentration for vascular research.
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