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Here, we investigated the effect of preparation temperature and alginate-coating on L929 fibroblast behavior on
lyophilized microporous PLLA/PLGA (95:5, w/w) scaffolds. The lower freezing temperature used during lyophi-
lization (—80 °C) resulted in smaller pores (around 50 pm) and higher compressive modulus (1500 kPa) than
those prepared at the higher temperature (—20 °C) (pore size: 120 um, compressive modulus: 600 kPa) (p <
0.01). Cell proliferation was significantly lower on the alginate-coated scaffolds (p < 0.05), probably due to
weak cell adhesion on alginate, rapid degradation/dissolution of the alginate hydrogel (40% weight loss after
2 weeks of incubation) (p < 0.05), which resulted in loss of material and cells, and the decrease in the pH (p <
0.05), which probably resulted in decreased cell metabolic activity. Cells tended to get less round on the scaffolds
prepared at —20 °C, which had lower compressive modulus and larger pores, and upon coating with alginate,
which resulted in a hydrophilic surface that had lower stiffness. When the scaffolds had closer stiffness to the
cells, the cells tended to get more branched. The most branched morphology of the fibroblasts was obtained in
the presence of alginate, a natural polymer having a similar stiffness with that of the L929 fibroblasts (4 kPa).

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Tissue engineering aims at restoring, maintaining or replacing the
biological functions of an injured tissue by using cells, scaffolds, and bio-
active molecules [1]. Cells produce extracellular matrix (ECM) which
leads to new tissue formation. Bioactive molecules such as growth fac-
tors help in regulating cell functions, including cell migration, prolifera-
tion, differentiation or ECM deposition [2,3]. Scaffolds, on the other
hand, support and guide the cells to produce the new tissue [4,5]. It is
desirable that the scaffold degrades at a controllable rate that matches
the regeneration rate of the target tissue without causing any adverse
effect in the body, and the space left behind is filled with the newly
formed tissue [6]. An ideal scaffold should be porous so as to provide
space for the cells to migrate and produce the new tissue, and to trans-
port the nutrients, oxygen, and waste products [7]. When implanted in
the body, it should provide the mechanical strength to withstand the
stress applied on it until it is degraded [8].

The cell's response to a scaffold is the main indicator of appropriate-
ness of that scaffold for the cell to grow and produce a functional target
tissue, because cell behavior mainly depends on the balance between
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cell-cell and cell-matrix interactions [9,10]. The main parameters that
regulate cell behavior are scaffold microarchitecture (porosity and
pore size), mechanical properties (stiffness, hardness and modulus),
and surface chemistry (hydrophilicity, presence of functional groups).
For instance, porosity contributes not only to nutrient permeability,
but also to cell spreading and migration [11-13]. Appropriate pore
size and interconnectivity are important for cell spreading and tissue in-
growth as well as permeability [12-21]. Mechanical properties of the
scaffolds play a major role in cell adhesion, spreading and migration
[22-35]. Similarly, surface chemistry also directs cell adhesion and
spreading [36-39].

In the literature, there have been a wide range of research on the ef-
fects of scaffold properties on cell morphology, which is the main indi-
cator of cell-material interactions [23,24,27,29-34]. However, these
studies report controversial results; some have shown increased cell
spreading when the scaffold gets stiffer [23,27,30,31], while others
have shown decreased spreading [29,32-34]. Ni and colleagues [40]
have predicted in their theoretical model that a cell would get a more
branched morphology when the stiffness of the scaffold it resides on
gets closer to the stiffness of the cell itself. Recently, we have experi-
mentally shown that each cell type exhibits a different behavior on
the scaffolds depending on the modulus of the cell itself and the strut
modulus of the scaffold [5]. We have tested the spreading behavior of
1929 fibroblasts and human meniscal fibrochondrocytes on 3D
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microporous poly(i-lactic acid) (PLLA)/poly(lactic acid-co-glycolic acid)
(PLGA) scaffolds and shown that fibroblasts which are soft (stiffness:
around 4 kPa) [41] tend to assume a more round morphology on the
scaffolds with the increasing strut modulus, while fibrochondrocytes
which are stiffer (stiffness: 28-150 kPa) [42] tend to exhibit a more
elongated behavior. In fact, morphology of the cells in the native tissues
may also vary depending on their location in the tissue which may have
different stiffness values. For example, fibrochondrocytes in the outer
region of the meniscus, which is stiffer, are more elongated or dendritic,
while those in the inner region, which is softer, are more round or po-
lygonal [42]. Similarly, although conventionally considered as spindle-
shaped cells, fibroblasts assume spindle-shaped morphology in the su-
perficial papillary layer of the dermis and round or polygonal morphol-
ogy in deeper reticular layer [43]. These studies show that the
morphology and phenotype of a cell could be directed to assume differ-
ent morphologies and phenotypes, by changing the scaffold properties
such as microarchitecture, surface stiffness and hydrophilicity.

In the current study, microporous PLLA/PLGA scaffolds of different
bulk stiffness were produced by lyophilization and coated with alginate,
a natural hydrophilic polymer that forms a soft hydrogel upon
crosslinking with calcium ions (modulus: around 4 kPa) [44]. The scaf-
folds were seeded with L929 mouse fibroblasts, one of the most fre-
quently used cells in evaluation of cell behavior and/or cytotoxicity
[25,45], and incubated for 2 weeks. The effects of microarchitecture,
stiffness and alginate-coating on the proliferation and morphology of
cells were examined.

2. Materials and methods
2.1. Materials

Poly(1-lactic acid) (PLLA) with a viscosity of 3.2-3.8 dL/g (Mv:
150 kDa) was purchased from FORUSORB (China). Poly(i-lactic
acid-co-glycolic acid) (PLGA, 50:50) (Mv: 46 kDa) was purchased from
Boehringer Ingelheim (Germany). Calcium chloride and 1,4-dioxane
were from Merck (Germany). Sodium alginate (low viscosity),
penicillin-streptomycin, and fetal bovine serum (FBS) were from
Sigma (USA). Dulbecco's modified Eagle's medium (DMEM-High glu-
cose), Alexa fluor 532-phalloidin, DRAQ5 were from Thermo Fisher Sci-
entific (USA).

2.2. Methods

2.2.1. Preparation of the scaffolds

PLLA/PLGA (95:5, w/w) solution (3%, w/v in 1,4-dioxane) was pre-
pared in a glass Petri dish, frozen at —20 °C or —80 °C, and lyophilized
for 10 h. Scaffolds were cut into cubes of 5 x 5 x 5 mm?, exposed to ox-
ygen plasma (100 W, 20 mTorr) for 1 min, and soaked in sodium algi-
nate solution (1%, w/v), washed and then soaked in calcium chloride
solution (5%, w/v) to crosslink the alginate (Coated scaffolds, C). Some
of the scaffolds were oxygen plasma-treated, but not coated with algi-
nate (Uncoated scaffolds, UC).

2.2.2. Scanning electron microscopy

The scaffolds were sectioned, and sputter-coated with
gold-palladium, and analyzed using a scanning electron microscope
(SEM) (FEL Quanta 200F, USA) under high vacuum. SEM images (n =
5 images/sample) of the scaffolds (n = 2 samples) were analyzed
using the Image] software (NIH), to determine the porosity and pore
size of the scaffolds.

2.2.3. Mercury porosimetry

Pore size distribution was determined using a mercury porosimeter
Poremaster 60 (Quantachrome Corporation, USA). The tests were per-
formed under 0-50 psi pressure, 140° contact angle, and 480 dyne/cm
surface tension.

2.2.4. Mechanical testing

Compression tests were done using a mechanical tester (Stable
Micro Systems, MT-LQ, UK), with a 100 N cell load, at a displacement
rate of 10 mm/min. Compressive modulus and compressive strength
of the scaffolds in wet state (after incubation for 24 h in 0.01 M phos-
phate buffer saline (PBS, pH 7.2)) were calculated from the elastic re-
gion of the stress-strain curve as described previously [46].

2.2.5. Degradation of the scaffolds

For degradation tests, scaffolds (n = 3) were incubated for 8 weeks
in centrifuge tubes containing 0.01 M PBS (pH 7.2) and placed on a
shaker operating at 50 rpm, 37 °C. At each time point (Weeks 2, 4, 6,
and 8), the samples were removed from PBS, vacuum dried (70 °C,
5 h), and weighed on an analytical balance with a sensitivity of
0.1 mg, and the change in weight (%) was calculated.

The pH of the PBS was also recorded at the end of each time point,
and the change in pH with respect to time was plotted.

2.2.6. In vitro studies

In vitro studies were performed using L929 mouse fibroblasts (ATCC
CCL-1, passage 13). Cells were suspended in DMEM containing
penicillin-streptomycin (100 U/mL), and 10% FBS, and seeded on scaf-
folds (seeding density = 2.4 x 10° cells/cm?®) placed in a 24-well
plate. The cells were incubated for 3 weeks with refreshing of media
every 3 days.

Cell proliferation on the scaffolds was studied using the alamarBlue®
cell viability assay kit. Scaffolds were removed from culture at various
time points (Days 1, 8 and 15), washed with PBS and incubated in 10%
alamarBlue solution (in DMEM-High glucose containing 1% penicillin-
streptomycin (100 U/mL)).

On Day 8, scaffolds were incubated in 4% paraformaldehyde for
15 min at room temperature, Alexa fluor 532-Phalloidin for 1 h at 37
°C, and DRAQS5 for 10 min at 37 °C. Scaffolds were examined under a
confocal laser scanning microscope (CLSM) (Leica DM 2500, Germany).

Morphology of cells was studied using the CLSM images (n = 13-35
cells/image). For that, the shape descriptors roundness and aspect ratio
were calculated using the Image] software.

2.2.7. Statistical analyses

Statistical analyses were performed using SPSS 23 (IBM, USA). One-
way ANOVA was performed to compare the pore size, porosity, me-
chanical properties, weight loss, and pH. Two-way ANOVA was per-
formed to test if there was an interaction between the independent
parameters (freezing temperature and coating). Levene's test of in-
equality was performed to test whether samples had equal variance.
Tukey's HSD (equal variance) or Dunnett's T3 (unequal variance) post
hoc tests were performed after ANOVA. A significance level () of 0.05
was used. Data are presented as the mean + standard deviation (SD).

3. Results
3.1. Scaffold microarchitecture

SEM examination revealed that scaffold microarchitecture varied
considerably with the change in freezing temperature and upon
alginate-coating (Fig. 1). Pore size decreased when the preparation tem-
perature was lowered from —20 °C (Fig. 1A) to —80 °C (Fig. 1B). Algi-
nate on the surface of the scaffolds was very thin, and it slightly
decreased the pore size.

Quantitative analysis of the SEM images revealed that pore size de-
creased with the decrease in preparation temperature (p < 0.01) and
with alginate-coating (p < 0.05) (Fig. 2A). Pore size of the uncoated scaf-
folds was 127 4 80 um when prepared at —20 °C, and 65 4 39 um when
prepared at —80 °C. That of the coated scaffolds was 112 4 77 um when
prepared at —20 °C, and 39 + 24 um when prepared at —80 °C. The
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Fig. 1. SEM images showing the scaffold microarchitecture. Scaffolds prepared at (A) —20 °C, and (B) —80 °C prior to lyophilization. Upper panel: uncoated scaffolds, and lower panel:

alginate-coated.

effect of temperature on pore size was more distinct than that of
alginate-coating (2-way ANOVA).

Mercury porosimetry verified these results (Fig. S1). Pore size of the
scaffolds prepared at —20 °C was in the range 30-200 pm, while that
prepared at —80 °C was in the range 10-100 um. Alginate-coating de-
creased the pore size of the scaffolds (a decrease in pore size in the
range 10-50 pm).

Porosity, on the other hand, was in the range 60-65%, and did not
change significantly with coating or preparation temperature (Fig. 2B).

3.2. Compressive properties of the scaffolds

Compressive testing revealed that lowering the preparation temper-
ature resulted in significantly higher compressive modulus (p < 0.001)
(Fig. 3A) and strength (p < 0.001) (Fig. 3B). Alginate-coating had no ef-
fect on the compressive properties of scaffolds. Compressive modulus of
the scaffolds prepared at —20 °C was 586 + 97 kPa when scaffolds were
uncoated, and 633 + 105 kPa when they were coated (Fig. 3A). Modulus
of scaffolds prepared at —80 °C was 1497 + 98 kPa when scaffolds were
uncoated, and 1415 + 153 kPa when they were coated. On the other
hand, compressive strength of the scaffolds prepared at —20 °C was
45 + 11 kPa when scaffolds were uncoated, and 35 + 5 kPa when
they were coated (Fig. 3B). That of scaffolds prepared at —80 °C was
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110 4+ 12 kPa when scaffolds were uncoated, and 128 4+ 18 kPa when
they were coated.

3.3. Degradation of the scaffolds

Degradation tests revealed a significant loss of weight with the
alginate-coated scaffolds over time (p < 0.05), while no or little weight
loss was observed with the uncoated scaffolds (Fig. 4A). At the end of
8-week incubation period, uncoated scaffolds lost 5% of their weight,
while coated scaffolds lost 40% of their weight. The pH of the coated
scaffold medium also decreased significantly over time (from 7.2 to
around 6.6) (p < 0.05), while that of the uncoated scaffolds decreased
slightly (from 7.2 to around 7.0) (p > 0.05) (Fig. 4B).

The dry weight and pH levels reached a plateau after Week 4, sug-
gesting that most of the alginate was degraded by that time.

3.4. Cell proliferation

AlamarBlue cell viability assay revealed a significantly higher num-
ber of cells on the uncoated scaffolds than the coated ones on Day 15
(p<0.05) (Fig. 5). This meant that the cell proliferation rate was higher
on the uncoated scaffolds than that on the coated ones. Scaffold prepa-
ration temperature had no effect on cell proliferation.

B

100 - m-20°C
m-80 °C
80 -
RS
:.? 60 A
7.
<
O 40 A
a
20 A
o0 A

Uncoated Coated

Fig. 2. Quantitative measurement of pore size and porosity of the scaffolds. (A) Pore size, and (B) porosity (%). Data are presented as the mean 4 SD. Significant difference after two-way

ANOVA: *p < 0.05, “*p < 0.01.
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Fig. 3. Compressive mechanical properties of the scaffolds under wet conditions (after incubation in PBS for 24 h). (A) Compressive modulus, and (B) compressive strength. Data are

presented as the mean =+ SD. Significant difference after two-way ANOVA: ***p < 0.001.

3.5. Cell morphology

Morphology of the cells was examined using confocal microscopy
(Fig. 6). Cells on the uncoated scaffolds prepared at —20 °C were
round/elongated with few cellular extensions (lamellipodia/filopodia)
after 8 days of incubation in culture media (Fig. 6A). When the scaffolds
were coated, however, cells protruded more cell extensions and exhib-
ited a more dendritic/elongated morphology.

On the uncoated scaffolds prepared at —80 °C, cells exhibited a more
round morphology than those on scaffolds prepared at —20 °C, but had
higher number of extensions. Similarly, coating with alginate resulted in
a more dendritic/elongated morphology and longer cellular extensions.

Quantitative analysis also showed that cells tended to get more
round when the scaffold preparation temperature was lower (—80 °C)
(Fig. 6B). However, when coated with alginate, cells tended to get less
round. Coating with alginate was more effective in determining the
cell morphology than the temperature (two-way ANOVA). Cells tended
to get more elongated (higher aspect ratio) with the increasing prepara-
tion temperature (—20 °C) and with coating (Fig. 6C).

4. Discussion

In order to study the effects of preparation (freezing) temperature
and alginate-coating of the lyophilized scaffolds on cell behavior,
PLLA/PLGA based scaffolds using two different freezing temperatures
(—20 and —80 °C) were prepared, exposed to oxygen plasma and
coated with alginate (coated group). As controls, a group of the scaffolds
were not coated with alginate (uncoated group). First, the effects of
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preparation temperature and alginate-coating on porosity and pore
size of the scaffolds were tested.

Porosity did not change with the change in preparation temperature
or with alginate-coating. The decrease in freezing temperature (in-
crease in cooling rate) resulted in smaller pores (Fig. 2A), due to faster
formation of crystals during freezing of the solvent (1,4-dioxane),
which in turn resulted in a higher number of crystals. Thus, the crystals
were small, and when they were sublimed during lyophilization pro-
cess, they formed smaller pores [12]. Similar observations were made
in other studies; higher cooling rates resulted in smaller pores
[4,5,46,47].

The smaller pores also led to higher mechanical properties. Scaffolds
prepared at —80 °C exhibited significantly higher compressive modulus
and strength than those prepared at —20 °C (Fig. 3). Scaffolds with
smaller pores were reported to exhibit higher mechanical properties
[5,46-48] as in the current study, although the shape of the pores also
influenced the results.

Degradation/dissolution of the scaffolds was also monitored by mea-
suring their dry weight every 2 weeks during the eight-week incubation
period (Fig. 4A). Alginate-coated scaffolds lost 40% of their weight by
Week 8, and most of this weight was lost in the first 2-4 weeks of incu-
bation. Conversely, the uncoated scaffolds lost only 5% of their weight
after 8 weeks of incubation. The reason for these different degradation
profiles could be the surface chemistry. Uncoated PLLA/PLGA scaffolds
resisted hydrolytic degradation, because they are hydrophobic and
lack functional groups. On the other hand, the alginic acid is hydrophilic
(has hydroxyl and carboxyl groups), which might enable easy access of
water to, and hydrolytic degradation/dissolution of, the alginate back-
bone. Similar results were reported in the literature. We previously
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Fig. 4. Degradation profile of scaffolds incubated for 8 weeks in PBS at 37 °C. The changes in (A) dry weight and (B) pH of the scaffolds in time. Data are presented as the mean 4 SD.
Significant difference after two-way ANOVA: *p < 0.05 for the coated (C) samples compared to uncoated (UC).
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Fig. 5. Number of L929 fibroblasts on scaffolds as determined with alamarBlue assay. Data
are presented as the mean + SD. Significant difference after two-way ANOVA: *p < 0.05.

showed that the uncoated PLLA/PLGA scaffolds lost 10% of their weight
after 2 weeks of incubation in culture media, while the alginate-coated
scaffolds lost 40% of their weight [46]. Similarly, PLLA-based scaffolds
were reported to maintain their architecture and mechanical properties
8 weeks after implantation into mice [49], while alginate hydrogels
were reported to lose their mechanical properties in just 2 days

A -20 °C

in vitro and degrade completely only after 14 days in vivo in a rat
model [50].

Rapid degradation/dissolution of alginate resulted in a decrease in
the pH of the environment (Fig. 4B), due to release of alginic acid resi-
dues upon degradation/dissolution. This, in turn, could lead to even
faster degradation of the PLLA/PLGA backbone when the scaffolds
were coated, due to the autocatalytic effect [51].

Cell number was higher on the uncoated scaffolds than on the coated
ones (Fig. 5). The reason for this could be the hydrophilicity of alginate,
which results in absorption of water molecules preventing the cells
from attaching on the scaffolds. In addition, alginate does not have bio-
active sites which help in cell adhesion [52]. Moreover, alginate is soft
and could lead to weak cell adhesion and proliferation. In line with
our finding, fibroblasts were reported to have lower cell numbers on
the alginate-coated PLLA/PLGA scaffolds than the uncoated ones [46].
Recently, we reported that proliferation rate of the fibroblasts increased
with the increasing stiffness [5]. Other researchers reported no effect of
stiffness on the proliferation rate of the fibroblasts [25]. However, they
used polyacrylamide gels with a stiffness range 0.3-55 kPa, which
may be the reason for the different results they reported. Another rea-
son for the lower cell number on the alginate-coated scaffolds could
be the rapid degradation/dissolution of alginate, which probably re-
sulted in loss of material and cells on the surface of the scaffolds.
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Fig. 6. Morphology of the L929 fibroblasts on scaffolds after 8 days of incubation. (A) Confocal laser scanning microscopy (CLSM) images of the cell-seeded scaffolds prepared at —20 °C
(left) or —80 °C (right) prior to lyophilization. Upper panel: uncoated, and lower panel: alginate-coated. Nuclei were stained with DRAQ5 (red), and cytoskeleton with Alexa fluor 532-
phalloidin (green). Morphology of the cells was analyzed quantitatively with Image] using the shape descriptors, (B) roundness and (C) aspect ratio. Data are presented as the mean + SD.

Significant difference after two-way ANOVA: *p < 0.05, **p < 0.01.
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Rapid degradation/dissolution of alginate probably resulted in rapid
drop in the pH of the medium, which might affect the cell viability.
Sung and colleagues [53] reported that in vitro cell viability was lower
on the degradable scaffolds when the degradation rate was higher;
PLA scaffolds (degradation rate: high) exhibited lower cell viability
than the PCL scaffolds (degradation rate: low). They also showed that
PLA-based scaffolds exhibited less cell attachment (immobilization)
and angiogenesis after subcutaneous implantation into mice. These
were explained with the acidic environment created by the release of
the degradation byproducts, which affected the cells negatively. These
finding are similar to our results.

Pore size had no effect on cell proliferation, since no difference was
observed between scaffolds prepared at —20 °C and those prepared at
—80 °C (Fig. 5). In our previous study, we also showed that pore size
had no effect on cell proliferation rate of the fibroblasts [5]. Some re-
searchers reported optimal pore size for cell proliferation [12,17],
while others reported increased cell proliferation rate with the decreas-
ing pore size [4].

Cell morphology changed with the scaffold preparation temperature
and coating (Fig. 6). Cells tended to get more round (high roundness
and low aspect ratio values) at the lower preparation temperature
(—80 °C), and more dendritic/elongated (low roundness and high as-
pect ratio values) upon coating with alginate. Two-way ANOVA re-
vealed that alginate-coating is more effective in determining the cell
morphology. Lowering the preparation temperature resulted in smaller
pores and stiffer scaffolds, while alginate-coating resulted in smaller
pores but had no effect on stiffness of the scaffolds, although the surface
of the scaffold would be softer than the uncoated PLLA/PLGA scaffolds
(Figs. 2 and 3). Two-way ANOVA also revealed that the preparation
temperature was more effective in determining the pore size than coat-
ing with alginate. Considering all these, one can deduce that cell mor-
phology is dependent on the stiffness and pore size. Cells get more
round with the increasing stiffness and decreasing pore size. Cells are
known to have a more branched morphology on the scaffolds with stiff-
ness matching their own stiffness [40]. When the stiffness of a scaffold
gets closer to that of the fibroblasts, the cells assume more branched
morphology. In parallel to our study, fibroblasts were reported to ex-
hibit more branched morphology on the softer scaffolds [5,13,29].

However, since alginate-coating had more effect on cell morphology
than the preparation temperature (Fig. 6B and C), there might be other
reasons affecting the cell morphology when alginate was introduced.
One reason might be the hydrophilicity of alginate. It seems that chang-
ing the hydrophobic surface of the PLLA/PLGA scaffold to hydrophilic
(by coating it with alginate) results in more dendritic/elongated mor-
phology. In fact, cell attachment has been reported to be optimal on
the slightly hydrophilic surfaces (contact angle of around 65°) rather
than the hydrophobic ones [53,54]. Another reason could be the soft-
ness of alginate. Although alginate did not affect the overall mechanical
properties of the scaffolds, it provided a soft environment for the cells
on the surface of the scaffolds (stiffness of alginate: 4 kPa) [44] that
matched the stiffness of the fibroblasts (again 4 kPa) [41]. This could ex-
plain the more branched cell morphology on the alginate coated
scaffolds.

When the preparation temperature increased, cells assumed more
branched/elongated morphology on the alginate-coated scaffolds
(Fig. 6). The most branched cell morphology was obtained when the
scaffolds were prepared at —20 °C and coated with alginate. This
shows that fibroblasts sensed the modulus of the PLLA/PLGA scaffold
even after coating it with alginate.

In summary, presence of alginate-coating resulted in decreased pore
size, decreased pH and increased degradation/dissolution rate of the
scaffolds. Alginate also led cells to elongate and protrude more cell ex-
tensions. The decreasing preparation temperature resulted in decreased
pore size and increased compressive properties, which in turn, could be
the reasons for the round cell morphology and increased number of cell
extensions.

5. Conclusions

In this study, the effects of preparation temperature and alginate-
coating of the lyophilized PLLA/PLGA scaffolds on cell behavior were in-
vestigated. Cell proliferation rate was shown to decrease with alginate-
coating, but not to change with the preparation temperature. Cell prolif-
eration rate was low on the alginate-coated scaffolds, probably because of
(i) the rapid degradation/dissolution of alginate, which results in loss of
material and cells, (ii) rapid drop in pH of the environment, which limits
cell viability, (iii) softness of alginate which leads to low cell proliferation
rate, and (iv) hydrophilicity of alginate, which results in water absorption
around the scaffolds and limits cell adhesion. Cells were also shown to get
more branched in the presence of alginate and with the increasing prep-
aration temperature of the scaffolds. The branched cell morphology was
probably related to (i) the small pore size, which provided more contact
area for the cells to protrude their lamellipodia/filopodia, (ii) softening of
the bulk (by increasing the preparation temperature) and surface (by
coating with alginate) stiffness. This study is significant in that it shows
that cells could be directed to have different phenotypes by changing
the surface stiffness and hydrophilicity of the scaffolds without changing
their bulk stiffness. Thus, tissues of different biochemical properties could
be engineered using the same cells. In fact, the spatial heterogeneity of
the native tissues could be recapitulated by locally modifying the scaf-
folds and altering the cell behavior on these regions. This shows the im-
portance of material stiffness, surface chemistry, and cell-material
interactions in designing engineered tissues. Our future studies will in-
clude the analysis of the effect of stiffness and alginate-coating on cell dif-
ferentiation and ECM production, and the test of our scaffolds in vivo.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijbiomac.2018.11.169.
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