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Abstract

large porous scaffolds.

Objective: Investigation of the cells cultivated within large porous scaffolds is problematic. This study aimed to
develop scale-down culture models (SDCMs) for high throughput microscopic analysis of the infiltrated cells.

Methods: Due to the advantages of biocompatibility and transparency, commercial glass capillaries with different
lengths (5-80 mm) and inside diameters (0.3, 1.0, 1.5, 1.7, 2.0 mm) were tailored and situated in petri-dishes to
mimic the interconnected pore structures within thick porous scaffolds. For the ease of in situ cell assessment, both
horizontal and vertical SDCMs were developed and integrated with conventional microscopic technologies.

Results: Evaluation experiments using migratory human dermal fibroblasts indicated that these SDCMs were
able to simulate varying microenvironments surrounding infiltrated cells within large scaffolds. As both individual and
aggregated cells at different parts of the capillaries were imaged noninvasively with sufficient high resolutions, it was
feasible to track the dynamic tissue formation processes without sacrificing the delicate samples.

Conclusion: This research demonstrated that these SDCMs could rapidly provide reliable data for the
mechanistic understanding of various overarching factors that contribute the colonization of the infiltrated cells in
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Introduction

Tissue Engineering (TE) aims to apply the principles of engineering
and life sciences toward the manufacturing of bio-substitutes for clinical
or diagnostic applications [1,2]. Even though dramatic advances and
developments have been made in this research field, it is still a challenge
task to manufacture fully functional tissues due to several translational
challenges [3,4]. First of all, the mechanistic understanding of the
relationships between molecules, cells, tissues and organs as a whole
during tissue regeneration is somewhat limited [2,5]. Secondly, due to
the lack of sufficient understanding, diverse three-dimensional (3D)
scaffolds, media and tissue culturing protocols have been developed;
while there is no gold standard or generic procedure for tissue culture
[3,5]. Thirdly, significant scale-up challenges still exist in TE, and new
scale-up strategies based on thorough investigation of the infiltrated
cells within the heterogeneous and anisotropic 3D scaffolds are urgently
needed [6]. Thorough investigation of the aforementioned relationships
during tissue formation based on current cell and tissue culture
technologies is problematic. As the time- honoured two-dimensional
(2D) cell cultures are far removed from the complexities cells encounter
in real-life tissues, they are usually considered as a poor proxy of cells in
vivo [7,8]. Tissue culture models thus have been developed to enhance
the physiological relevance of experiments in vitro as they can provide
more suitable 3D microenvironments for the cultured cells [6-9].
However, these tissue models are usually more labour intensive than 2D
cell cultures [9], and it is difficult to distinguish the regulatory functions
of different architectural, biochemical and biomechanical properties in
the 3D culture environments [10-12]. Very recently, we developed a
3D cell culture and imaging system (3D CCIS) to investigate the action
mechanism of specific structural and biochemical features [13]. Due
to the utilization of very thin substrates, this 3D CCIS was not suitable
for the investigation of the over-arching and dimensional factors such
as the nutrient and oxygen gradients induced by large 3D scaffolds. To

bridge the gap between the traditional 2D and 3D culture technologies,
and also complement with the 3D CCIS, the aim of this study was to
develop a set of scale-down culture models (SDCM:s) for high through-
put cell culture and investigation of action mechanisms of over-arching
and dimensional factors on the infiltrated cells.

Due to the obvious advantages such as biocompatibility [14]
and transparency, commercially available medical glass capillaries
with different lengths (5-80 mm) and inside diameters (0.3, 1.0, 1.5,
1.7 and 2.0 mm) were tailored, situated in petri-dishes to mimic the
interconnected pore structures within porous scaffolds. For the ease
of in situ microscopic analysis of the infiltrated cells from different
perspectives, horizontal and vertical SDCMs were fabricated and
integrated with conventional microscopic technologies. The migratory
human dermal fibroblast (HDF) was selected as the exemplary cell
to evaluate these models, which were then utilised to systemically
investigate the influences of various parameters including the thickness
of scaffold on the behaviours of the cultivated cells. It was demonstrated
that all these SDCM:s could be used to obtain the mechanistic insights
of cell infiltration and survival in large porous scaffolds, which is still an
unsolved problem in Tissue Engineering [15-17].
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Materials and Methods
Cell culture

The methodologies for media preparation, cell isolation and
culture were as described previously [18]. Briefly, HDFs were cultured
in flasks with Dulbeccos modified Eagles medium (DMEM, Sigma)
supplemented with 10% (v/v) new born calf serum (NBCS, GIBCO),
2 x 107 mol I glutamine (Sigma), 100I U ml" penicillin and 100
pug ml! streptomycin (Sigma), monitored using a phase contrast
microscope (Nikon TS100, Japan), and detached for experiments when
approximately 90% confluent.

Fabrication of the scale-down culture models (SDCMs)

Commercially available medical glass capillaries with inside
diameters (IDs) from 0.3, 1.0, 1.5, 1.7 to 2.0 mm were used to fabricate
three types of SDCMs. In the horizontal SDCM (Figure la), glass
capillaries with different lengths (from 5 to 80 mm) were used to
simulate the interconnected pore structures in thick porous scaffolds.
Both ends of each glass capillary (1) were inserted into the small holes
(same size as the capillary outside diameter) created in the centers of
two square silicone chips (4 mm x 4 mm, 0.5 mm thick) (2), so the
capillary was suspended horizontally in a plastic petri-dish (3). Cell
suspension (2 x 10° cells ml") (4) was added gently into the capillary
and incubated at 37°C and 5% CO, for 2 hours for cell attachment; fresh
media (5) were then added into the petri-dish to submerge the capillary
for subsequent cell culture. To understand the influences of oxygen
gradients in thick scaffolds on infiltrated cells, a horizontal SDCM with
connected capillaries (Figure 1b) was designed. Short capillaries (5-
10 mm) (1) were connected into longer ones using oxygen permeable
silicone tubes (2), then suspended horizontally using 2 pieces of square
silicone chips (4 mm X 4 mm, 0.5 mm thick) (3) in a petri-dish (4). Cell
suspension (2x10° cells ml ') (5) was added into the connected capillary
and incubated for 2 hours for cell attachment; fresh media (6) were
then added into the petri-dish for cell culture. During cell culture using
these two horizontal SDCMs, cells in border area (B, 1 mm long), near
border area (NB, 1 mm long, and 5 mm away from the near border)
and central area (C, 1 mm long) of the capillaries were monitored
non-invasively and continuously using optical microscopes. After cell
culture, the connected short capillaries were disconnected and the cells
inside each of them were also analyzed separately. In order to assess
the cultured cells from a different perspective, a vertical SDCM (Figure
1c) was fabricated. A short capillary (10 to 15 mm in length) (1) was
vertically inserted into the small hole created in a (2) horizontally
orientated supporting silicone sheet with 3 short glass rods (3) attached
underneath as the legs. For cell seeding, the supporting silicone sheet
was first rotated to keep the short capillary horizontal, cell suspension
(2x10° cells ml™) (4) was added gently into the capillary and incubated
for cell attachment. The short capillary was then re-orientated vertically
and situated in a petri-dish (5), and fresh media (6) were added into the
dish to submerge the lower part of the capillary with seeded cells for
further cell culture. During cell culture, the cells in the lower part of the
capillary (I1mm long) were monitored non-invasively and continuously.
In situ analysis of the cells inside all these three SDCMs was carried
out by simply putting the petri-dishes on the stages of inverted phase
contrast microscope (Nikon TS100, Japan) or live-cell fluorescent
microscope (Nikon Ti, Japan) and imaging the cells from underneath
the petri-dishes. In this research, multiple capillaries with different IDs
and lengths were fabricated and situated in plastic petri-dishes (9 cm
in diameter) to parallelize cell culture experiments. Before cell seeding,
all the capillaries were sterilized with 70% ethanol for 24 h, washed
thoroughly with phosphate buffered saline (PBSx3), sterile distilled
water (x3) and dried.
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Figure 1: (a) Schematic diagram of the cross sections of the horizontal scale-
down culture model (SDCM) with a long glass capillary (80 mm). The (1)
capillary was suspended horizontally by inserting each end into a small hole
(same outside diameter as the capillary) created in the center of a (2) square
silicone chip (4 mm x 4 mm, 0.5 mm thick). The horizontal capillary was then
situated in a (3) plastic petri-dish. After system sterilization, (4) cell suspension
(2%10° cells mI' in DMEM) was added gently into the capillary and incubated at
37°C and 5% CO, for 2 hours for cell attachment, (5) media were then added
into the petri-dish to submerge the capillary for cell culture. During cell culture,
the cells from (B) border areas (1 mm long), (NB) near border areas (1 mm long,
5 mm to the near border) and (C) central areas (1 mm long) as pointed by black
arrows were monitored continuously.

(b) Schematic diagram of the cross sections of the horizontal SDCM with 8 short
connected capillaries. (1) Short capillaries (Length: 10 mm) were joined together
using (2) oxygen permeable short silicone tubes (3mm long) and horizontally
suspended using 2 pieces of (3) square silicone chips (4 mm x 4 mm, 0.5 mm
thick). The connected capillary was then situated in a (4) plastic petri-dish.
After system sterilization, (5) cell suspension (2 x 10° cells mlI') was added
and incubated for 2 hours, and (6) media were added into the petri-dish for cell
culture. During cell culture, the cells from (B) border areas (1 mm long), (NB)
near border areas (1 mm long, 5 mm to the near border) and (C) central areas (1
mm long) as pointed by black arrows were monitored continuously.

(c) Schematic diagram of the cross sections of the vertical SDCM. (1) Short
capillaries (Length: 10 mm) were vertically inserted into the small holes created
in a (2) horizontally orientated silicone sheet with three (3) short glass rods
attached underneath as the legs. After system sterilization, the supporting
silicone sheet was rotated to keep the short capillaries horizontal, (4) cell
suspension (2 x 10° cells mlI') was added into the lower end of the capillary and
incubated for 1-2 hours for cell attachment, the short capillaries were then re-
orientated vertically and situated in a (5) plastic petri-dish, and (6) fresh media
were added into the dish to submerge the lower part of the capillary with seeded
cells for cell culture. During cell culture, the cells at the lower end of the capillary
(1 mm long) as pointed by the black arrow were monitored continuously.

Live cell fluorescent and confocal microscopy using Cell
Tracker™

The live-cell staining protocol for monolayer cell culture was
adopted with slight modifications. Briefly, the media inside the
capillaries were gently removed and replaced by the same amount of
fresh media with 10 uM fluorescent probe Cell Tracker™ Red CMTPX
(C34552, Invitrogen). After incubated for 24 hours at 37°C and 5%
CO,, the Cell Tracker™ reagent was replenished with fresh media. Cell
culture was then continued and the fluorescently labeled cells were
analyzed using fluorescent (Nikon Ti, Japan) or confocal microscopes
(Nikon Cl, Japan) at A_= 580nm, A_= 650 nm (for TRITC / Cell
Tracker™ visualization). After culture, the cells were fixed in 4% (w/v)
paraformaldehyde in PBS for further microscopic analysis.

Immuno-fluorescent microscopy

The conventional immune-staining protocol with Phalloidin-
FITC for monolayer cell culture was also modified for the SDCMs.
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Briefly, the media in each of the capillaries were gently removed after
cell culture. The cells inside were washed with PBS (x3), fixed in 4%
(w/v) paraformaldehyde for 30 min, and permeabilised with 0.2% (w/v)
Triton X-100 in PBS for 30 min, washed gently with PBS (x3) for 24
hours. After incubated with Phalloidin-FITC (Sigma, 20 uM) for 24
hours, washed gently with PBS (x3) for another 24 hours, fluorescent
micrographs of the immune-stained individual or aggregated cells
were captured using a fluorescent microscope (Nikon Ti, Japan) or a
confocal microscope (Nikon Cl, Japan) at A_= 495 nm, A_= 515 nm
(for Phalloidin-FITC / F actin visualization).

Viability assessment using MTT assay

Viable cells inside the capillaries were also assessed using MTT
assay. Briefly, the cultured cells inside the capillaries were washed gently
with PBS and then incubated in MTT solution (0.5 mg ml" in PBS)
for 2 hours at 37°C. Subsequently, the solution was aspirated and the
insoluble formazan product was solubilized with DMSO for 10 min,
and the optical density at 550 nm was measured using a plate reading
spectrophotometer.

Statistics

Student’s unpaired ¢-test was used to compare cell viabilities under
different culture conditions (*p<0.05, **p<0.01, **p<0.001).

Results

Continuous and noninvasive in situ cell assessment during
tissue culture

Capillaries with fixed ID (1.0 mm) and varying lengths (10, 30,
60, 80 mm) were used to mimic the interconnected pore structures in
porous scaffolds. Preliminary experiments using the longest capillaries
(80 mm) indicated that the optimal culture time period for maximum
live cells was approximately 20 days. Thus in this experiment, HDFs at
different parts of these vessels were assessed noninvasively for 20 days.
Phase-contrast microscopic analysis indicated that at earlier culture
stages (1-2 days), HDFs spread, migrated and orientated randomly on
the inner surfaces of all the capillaries as shown in Figure 2a-i. As culture
progressed, only the cells at border and near border areas (within the
range of approximately 5-10 mm) maintained normal morphologies
and aligned with each other (Figure 2a-ii), while very few cells or cell
debris were observed in the central areas (Figure 2b-iii). After cultured
for 7-12 days, some HDFs within the border areas were observed to
detach, aggregate and coordinate to bridge the inner surfaces of the
capillaries. As more cells joined in, large cell aggregates with complex
3D structures were formed as shown in Figure 2b-i.

After cultured for 20 days, the cells were immune-stained for
confocal fluorescent microscopy. Aggregated cells were imaged only
within border areas as show in Figures 3a and 3b. Further optical
sectioning analysis indicated that the 3D cell aggregates were closely
linked with the cell monolayers on the inner surfaces of the capillaries
through elongated or stretched cells; and the overall morphologies of
the cell clusters were extremely irregular as shown in Figure 3c. HDFs
were also cultured in vertical capillaries (ID: 1.0 and 1.5 mm, Length: 10
mm) for 20 days, live stained and assessed from a different perspective
using confocal fluorescent microscope; and very similar results were
obtained as illustrated in Figure 3d.

Viability assay of the cells cultured in horizontal systems

HDFs were cultured in capillaries with fixed ID (1.0 mm) and
varying lengths (10, 30, 60, 80 mm) for 20 days, and then analyzed
using MTT assay. As Figures 4a and 4b illustrated, the averaged cell

Figure 2: Phase contrast micrographs of human dermal fibroblasts (HDFs)
cultured in glass capillaries (Length: 80 mm, ID=1.0 mm). (a) HDFs (2x10°
cells ml') seeded in the capillaries were cultured continuously and imaged
noninvasively. The micrographs shown were captured at (i) 1, (ii) 4 and (iii) 12
days in the (B) border areas. (b) Micrographs of HDFs from (B) border areas
(i), (NB) near border areas (ii) and (C) central areas (iii) of the capillaries were
captured after cultured for 20 days. Cell monolayers and aggregates are
indicated by open and closed arrows respectively. Scale bar=100 pm.

Figure 3: Confocal fluorescent micrographs of human dermal fibroblasts (HDFs)
cultured in the horizontal and vertical SDCMs. HDFs (2 x 105 cells ml™') seeded in
horizontal capillaries (Length: 80 mm, ID=1.0 mm) were cultured for 20 days and
stained using (a) Cell Tracker™ (Red), (b) Phalloidin-FITC (Green). Micrographs
shown were captured from (B) border areas (i), (NB) near border areas (ii)
and (C) central areas (ii). HDFs (2 x 10° cells mI'") seeded in (c) horizontal
capillaries (Length: 80 mm, ID= 1.0 mm) and (d) vertical capillaries (Length: 10
mm, ID: 1.5 mm) were cultured for 20 days, stained using Cell Tracker™ (Red).
The micrographs of different cell aggregates shown in (i-iii) were captured using
optical sectioning. Cell monolayers and cell aggregates are indicated by open
and closed arrows respectively. Scale bar=100 pm.

viabilities across short capillaries (10 mm) were significant higher
than those across longer capillaries (30-80 mm). Further experiments
indicated that the culture period for optimal cell viability in capillaries
with fixed ID (1.0 mm) and length (80 mm) was approximately 20 days
(Figure 4c), which confirmed our preliminary experiments. In order to
understand the influence of oxygen permeability of the vessel material
on cell viability, capillaries with different lengths (30, 60, 80 mm) were
fabricated by connecting short capillaries (ID: 1.0 mm, length: 10 mm)
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Figure 4: MTT viability assay of human dermal fibroblasts (HDFs) cultured
in the horizontal SDCMs. HDFs (2 x 10° cells ml"') seeded in the capillaries
with varying lengths (10, 30, 60, 80 mm) and defined inside diameter (1.0
mm), cultured for 20 days, stained with MTT, (a) varying volumes of DMSO
(200, 600, 1200, 1600 pl) were used to dissolve formazan from capillaries with
varying lengths (10, 30, 60, 80 mm) for MTT assay; (b) defined volumes of
DMSO (200 pl) were used to dissolve formazan in each capillary, but the O.D.
values averaged to 10mm of the capillaries were plotted. (c) HDFs (2x10° cells
ml') seeded in the capillaries (Length: 80 mm, ID: 1.0 mm) and culture for
cultured for different time periods (from 1 to 65 days), and assessed using
MTT. (d) HDFs (2x10° cells ml"') seeded and cultured in connected capillaries
with varying lengths (White: 10 mm, Light grey: 30 mm, Dark grey: 60 mm,
Black: 80 mm) and defined inside diameter (1.0 mm). After cultured for 20
days, all the short capillaries (10 mm) were disconnected and the cells inside
were assessed using MTT. Results shown are means + standard deviation of
triplicate experiments.

with silicone tubes (oxygen permeability coefficient at 25°C: 600 Barrer,
approximately 400 times higher than that butyl rubber, and 60 times
higher than that of polystyrene), and used to culture HDFs for 20
days. The short glass capillaries were then disconnected and analyzed
separately using MTT assay. As shown in Figure 4d, viable cells were
detected across all the connected capillaries, which was confirmed by
microscopic analysis (images not shown).

The influences of interconnected pore sizes on cell survival

To investigate the influences of interconnected open pores within
thick scaffolds on the infiltrated cells, HDFs were seeded in capillaries
with defined length (80 mm) and varying IDs (0.3, 1.0, 1.7, 2.2 mm)
and cultured for 20 days for confocal fluorescent microscopy. The IDs
demonstrated obvious influences on cell survival as cells were detected
in more areas deep inside the capillaries as the ID increased from 1.0 to
2.2 mm (Figure 5). Cells with normal spindle morphologies were even
observed in the central areas of the thick capillaries (ID: 2.2 mm) as
shown in Figure 5d-iii, while almost no cell was detected in the central
areas of thin capillaries (ID: 0.3 mm) as illustrated in Figure 5a-iii.

The influences of media replenishment on cell survival

HDFs seeded in capillaries (ID: 1.0 and 1.5 mm, Length: 80 mm)
were divided into 3 groups. The media inside the capillaries for the
first and second groups were deliberately replenished with fresh media
every day (CED) and twice a week (CTW) respectively, while in the
third group the media inside the capillaries were not replenished (NC)
during the whole culture time period. For all these 3 groups, the media
in the petri-dishes were replenished twice a week. After cultured for
20 days, the cells inside all the capillaries were immune-stained for
confocal fluorescent microscopy. As shown in Figure 6, cells with
normal morphologies were detected across the capillaries in CED/

o
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Figure 5: Confocal fluorescent micrographs of human dermal fibroblasts
(HDFs) cultured in glass capillaries with fixed length (80 mm) and varying in-
side diameters. HDFs (2 x 105 cells ml-1) seeded in the capillaries with vary-
ing inside diameters of (a) 0.3 mm; (b) 1.0 mm; (c) 1.7 mm; and (d) 2.2 mm;
cultured for 20 days, stained using Cell TrackerTM (Red). Micrographs shown
were captured at border areas (i, v), near border areas (ii, iv) and central areas
(iii). Cell monolayers and cell aggregates are indicated by open and closed ar-
rows respectively. Scale bar=100 pm.
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Figure 6: The influences of medium replenishment on the survival of human
dermal fibroblasts (HDFs) cultured in capillaries (Length: 80 mm, ID: 1.5 mm).
HDFs (2 x 105 cells ml-1) seeded in the capillaries were cultured for 20 days.
During culture the media inside the capillaries were replenished (a) everyday
(CED), (b) twice a week (CTW), and in (c) the medium was not deliberately
changed. After culture, the cells were stained using Cell TrackerTM. Micro-
graphs shown were captured at border areas (i, v), near border areas (ii, iv) and
central areas (iii). Cell monolayers and cell aggregates are indicated by open
and closed arrows respectively. Scale bar=100 um.
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CTW groups, but no 3D cell clusters were detected in the central areas
of these capillaries. In the NC group, both individual and aggregated
cells were only observed within the border areas of the capillaries as
expected.

Discussion

In Tissue Engineering, a variety of scaffolds have been designed
and fabricated [19,20] as they play crucial roles by providing not only
physical support but also biochemical and biomechanical stimulation
to the cultivated cells [16,21]. Moreover, the overarching factors
induced within large 3D porous scaffolds also have great impacts on
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various cell behaviours [17,22,23]. Our mechanistic understanding of
these regulatory factors within 3D scaffolds is still very limited [2,5,13],
as tracking the dynamic tissue formation processes using conventional
tissue culture systems is often technically infeasible [24,25]. It is
especially problematic to achieve rapid and reliable in situ measurements
of the infiltrated cells in thick scaffolds without sacrificing the samples
[26]. Although very thin scaffold membranes or films have been
employed for the ease of continuous in situ cell analysis [13,22,27], they
are usually too thin to represent the anisotropic properties of the thick
scaffolds [28], thus the aim of this research was to design and fabricate
a set of SDCM:s to mechanistic understanding of the infiltrated in thick
porous scaffolds. Since the infiltrated cells within the SDCMs were
not sacrificed by conventional sectioning processes, it was possible to
analyse the delicate 3D cell structures using different optical microscopic
technologies, which is crucially important for the understanding of
tissue formation at cellular levels. Apart from microscopic analysis,
cell viabilities within the SDCMs were also assessed using conventional
MTT assay with slight modifications. Our evaluation experiments
indicated that these SDCMs were able to mimic complex culture
environments within large porous scaffolds such as the nutrient/waste
gradients that demonstrated significant influences on the survival of
the cultivated cells. Media replenishment experiments confirmed that
the cell necrosis deep inside the long capillaries was mainly due to the
limited mass transfer. Further investigations using capillaries connected
by oxygen permeable silicone tubes suggested that oxygen diffusion was
one of the limiting factors for cell survival in large porous scaffolds.
The significant impacts of open pore structures on cultivated cells were
recognized but still poorly understood [22,23,29]. Our cell culture
experiments using capillaries with different inside diameters provided
crucial clues about the influences of open pores on 3D tissue formation.
HDFs usually grow in monolayer on flat surfaces such as tissue culture
plates, but they formed complex 3D cell aggregates within the capillary
vessels. Optical sectioning using confocal fluorescent microscope
demonstrated that these 3D cell clusters were closely linked with the
cell monolayer on the inner capillary surfaces through elongated single
and bundled cells, suggesting the contribution of both curved surfaces
and cell monolayers on cell aggregations. Compared to monolayer
of cells on tissue culture surfaces, the cells that formed the 3D cell
structures were observed to be tightly packed as previously described
[30], and the overall appearances of the cell aggregates were extremely
irregular. Our simple medium replenishment experiments suggested
that media perfusion might be another element that influenced cell
aggregations, as almost no obvious 3D cell structures were observed
in the central areas of the capillaries for medium replenishment. For
further understanding, more detailed investigations of the influences
of media perfusion with defined flow rates on tissue formation are
necessary. In this research, other parameters such as scaffold thickness,
open pore size and culture time period on optimal cell survival were
also investigated using both in situ microscopy and MTT assay.

The SDCMs designed in this research demonstrated various
advantages. First of all, they are suitable for parallelized cell cultures.
Compared with similar studies using porous scaffolds [31,32], these
systems enable experimentalists to quickly set-up multiple parallel
cultures to mimic various 3D micro-environments within scaffolds of
different thicknesses and open pore structures, which can be used to
systematically distinguish and investigate the influences of different
regulatory factors or biological processes on the formation of engineered
tissues. Secondly, rapid and reliable in situ assessment of infiltrated
cells. Due to the use of transparent and low auto-fluorescent glass

capillaries as the culturing vessels, in situ imaging with high resolution
and morphological characterization of live cells infiltrated deep inside
the long capillaries can be conducted non-invasively for days, weeks
and even months simply using conventional microscopic technologies.
Thirdly, ease to use. As all the cell culture capillaries were situated in
normal plastic petri-dishes, various experimental operations such as
system sterilization, cell seeding, culturing, immune-staining and in
situ microscopic assessments can be carried out consecutively. Finally,
low cost. All the components such as medical glass capillaries, silicone
gaskets and plastic petri-dishes are commonly used consumables
and commercially available, thus these cell culture systems can be
established in any tissue or cell culture laboratories with very low cost.

Due to the aforementioned advantages, these SDCMs can be
employed for very different purposes. For example, by coating the inner
surfaces of the glass capillary vessels with various biomaterials, they
can be used to screen putative cellular microenvironments by testing
different ECM components and other synthetic or natural materials;
which will facilitate the design and fabrication of more functional
scaffolds. As the presence of monolayer and 3D cell structures is
crucial for efficient drug screening [33], and both were observed in the
capillary vessels, these SDCMs will be also evaluated for its potential for
high through-put screening of drugs.

Conclusion

A set of SDCMs have been designed to provide the needed
resolution, standardization and culture environments analogous to
the conditions surrounding the infiltrated cells within large scaffolds.
As both individual and aggregated cells within these in vitro models
can be imaged noninvasively and continuously using conventional
microscopic technologies, it is feasible to track the dynamic tissue
development processes for mechanistic understanding. Due to the
coexistence of cell monolayer and cell aggregates, these SDCMs can
also be evaluated for high through-put screening of drugs.
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