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In vitro systems serve as compact and manipulate models
to investigate interactions between different cell types. A
homogeneous population of cells predictably and uniformly
responds to external factors. In a heterogeneous cell pop-
ulation, the effect of external growth factors is perceived
in the context of intercellular interactions. Indirect cell co-
cultivation allows one to observe the paracrine effects of
cells and separately analyze cell populations. The article
describes an application of custom-made cell co-cultivation
systems based on protein membranes separated from the
bottom of the vessel by the 3d printed holder or kept afloat
by a magnetic field. Using the proposed co-cultivation sys-
tem, we analyzed the interaction of A549 cells and fibrob-
lasts, in the presence and absence of growth factors. Dur-
ing co-cultivation of cells, the expression of genes of the
activation for epithelial and mesenchymal transitions de-
creases. The article proposes the application of a newly

available system for the co-cultivation of different cell types.
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1 | INTRODUCTION

Cell-to-cell interactions within different cell types could be studied in vitro. Controlled conditions provide a simplified
system that can model basic cellular responses to reciprocal paracrine signals. In the cells co-cultivation system, it
is possible to model the processes of an epithelial-mesenchymal transition (EMT), in which a polarized epithelial cell
undergoes a series of changes, resulting in a high mobility mesenchymal cell. At the initial stage of transition, the
cells acquire an intermediate epithelial/mesenchymal phenotype with both epithelial and mesenchymal properties.
During EMT, gene expression changes and there is a loss of adhesive cell-cell contacts, leading to increased migration
and invasion. Modeling the EMT process makes it possible to understand the mechanisms underlying it, which could
be useful for early diagnosis of cancer and clinical control. In vitro, controlled EMT induction is a useful tool for
drug screening, identifying genes involved in the transition process, and studying the resistance of cancer cells to
therapeutic drugs [1].

Paracrine interactions between the cancer epithelial cell and normal fibroblasts lead to a mutual change in the
phenotype of both cell populations. Additionally, paracrine interactions can alter the sensitivity and response of cells
to changes in cell culture conditions. Fibroblasts, exposed to paracrine signals from the changing epithelial cells, ac-
tivate and start to dynamically interact with cancer cells, promoting tumor progression [2]. These cancer-associated
fibroblasts (CAFs) produce an excessive amount of extracellular matrix, forming a very dense stroma, and acquire an
activated phenotype through the expression of activation markers such as a-smooth muscle actin (a-SMA), fibrob-
last activation protein (FAP), and fibroblast-specific protein 1 (FSP1), SI00A4, PDGFRa / B, tenascin-C, neuron glial
antigen (NG2), desmin, CD90 / THY1, and podoplanin (PDPN) [3, 4]. Besides, CAFs act epigenetically on cancer cells
through the epithelial-mesenchymal transition [5]. The different ability to induce EMT has shown for populations of
fibroblasts [6] : breast cancer tissue fibroblasts differ from normal fibroblasts in their ability to effectively induce a
high level of EMT [7]. Thus, various factors released by fibroblasts can support the proliferation and invasion of tumor
cells [8].

Autocrine factors produced by fibroblasts maintain epithelial phenotype, survival, and proliferation of tumor cells.
During bidirected paracrine interaction between cells, their response to growth factors (GF) can change significantly.
Several growth factor receptors (epidermal growth factor (EGF), platelet-derived growth factor (PDGF), fibroblast
growth factor (FGF), transforming growth factor -1 (TGFB-1)) are over-expressed during the progression of cancer
[9]. Many growth factors have been shown to be involved in the induction and progression of cancer. This influence
is determined by the cellular environment, which can regulate the stimulated action of growth factors. Induction
of initial stages and progression of EMT in vitro can be achieved by adding different growth factors (EGF, FGF-10,
PDGF-D, TGFB-1).

EGF decreases the expression of the E-cadherin protein in epithelial cells as well as activates Zeb1 / ERK / MAPK
[10]. EGF increases proliferation, mediates invasion of epithelial cells [11], fibroblasts migration and contractility in
vitro [12]. FGF-10 is a well-known protein involved in the organogenesis of many organs, such as the lungs and the
progression of EMT. In cell lines, FGF-10 regulates and induces EMT through various types of signaling pathways [13,
14]. FGF10/FGFR2 induces cell migration and invasion in cancer epithelial cells [15] and regulates mesenchymal cell
differentiation (16). PDGF-D plays a key role in the development and progression of human malignant tumors. PDGF-
D can stimulate EMT in cell culture and during malignant transformation in vivo, which is accompanied by a decrease in
E-cadherin and increased vimentin expression [16]. PDGF-D overexpression led to increased epithelial cell invasion,
cell proliferation, migration, angiogenesis, and metastasis [17] as well as recruitment, proliferation, and functional
activities of fibroblasts [18]. TGFB-1 treatment significantly increases cell proliferation, promotes various cancer cell

invasive and cancer stem cell phenotypes [19, 20, 21]. TGF-B1 promotes the proliferation, collagen formation, tumor
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growth, and metabolic reprogramming of tumor microenvironment - cancer-associated fibroblasts [20, 22].

In this study, we show the influence of the above growth factors on fibroblast and epithelial cell cultures with and
without a co-cultivation. In our previous study [23], we discuss the development of a prototype of a cell co-cultivation
system based on a protein membrane. There are several commercially available co-cultivation systems for studying
the paracrine effects between different cell lines, but they are expensive and not available to all laboratories. Using
three-dimensional (3D) printing, it is possible to create an analog of such a system. 3D printing technology is widely
used to solve scientific problems and allows quickly and affordably to produce specially designed models for in vitro
experiments. The article shows the application 3D printing-derived protein membranes as systems for co-cultivation
of cells.

2 | MATERIALS AND METHODS

2.1 | Synthesis and modification of nanoparticles

Metal-carbon nanoparticles (MNPs) Fe@C were synthesized by using the gas-condensation technique as described
[24], in the applied magnetism laboratory of the Institute of Metal Physics, Ural Division of the Russian Academy of
Sciences. The size of the iron-carbon nanoparticles is about 10 nm in diameter [24]. The diameter of the core, which
consists predominantly of alpha iron, is about 8 nm. The saturation magnetization of these nanoparticles is about
100 emu/g, which is higher than that of iron nanoparticles often used in biology (about 70-80 emu/g), which makes
it possible to impart a greater magnetic moment to the membrane without overloading it with particles. To bind to
the protein, metal-carbon nanoparticles were modified with amino groups, according to the technique described in
detail elsewhere [25]. Briefly, derivatives of aryldiazonium, in this case, para-aminobenzoic acid, are used to modify
nanoparticles. Sodium nitrite under acidic conditions converts the amino group of PABA into a diazo group, which is
conjugated with the carbon shell of the nanoparticles, while the carboxyl group of the molecule sticks out. The car-
boxyl group allows the particles to be hydrophilized, which stabilizes their aqueous suspension, and allows subsequent
conjugation with proteins.

2.2 | 3d printing of primary mold

MSLA (masked stereolithography) 3D printers Photon (Anycubic, China), and Mars (Elegoo, China) were used to form
the primary molds with controlled shape and size. The printer firmware has been updated to the latest version. Primary
molds were printed on MSLA 3d printers (Photon, Anycubic, China) from standard gray SLA resin (Anycubic, China)
than cured with UV light. The models were printed with a vertical resolution of 25 microns, in a flat orientation, as
this provides the maximum smoothness of the mold surface.

For the preparation of secondary molds, two-component minimally viscous Alcorsil 315 silicone (Alcorsil, China)
was added to the primary ones. We used 2% of the hardener, as this provides maximum ease of use with adequate
density of the final mold. After hardening, the secondary silicone molds were washed in 99% isopropanol to remove
any impurities. Images of the model of the primary mold and its photographs are shown in the supplementary materials
(S3, 54, S5).

To prevent cell migration, a wall with a height of about 200/ mum was made at the edge of the membrane (Figure
1). This was done by modifying the primary mold 3d model accordingly. This was done by adding to the 3D model a
primary mold of a wall with a height of 200 microns along the periphery.
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FIGURE 1 A - asketch of the membrane (1 - useful membrane space, 2 - a wall that prevents cells from
migrating from the membrane). B - image of the wall at the edge of the membrane obtained with an optical
microscope and 3d reconstructed image obtained using z-stack confocal microscopy(C).
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FIGURE 2 Freshly produced membrane after washing with DMEM.

2.3 | Protein membranes preparation

BSA 20% solutions, aminated nanoparticles, and EDC (1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochlo-
ride) crosslinker were placed in silicone forms. 25/mul of iron-carbon nanoparticles, grafted with carboxy groups (4
mg/ml) is added to 1 ml of the solution BSA and sterilized through a 0.22/mum filter. Membrane polymerization was
carried out in silicone molds.

The components were premixed in 1 ml microcentrifuge tubes. There were placed 100 mg of EDC and 600/ mul of
the suspension of the protein with nanoparticles. The mixture was quickly mixed with a vortex until homogeneous and
centrifuged to remove bubbles (3000 RCF, 4 degrees Celsius). Then the suspension was transferred using a dispenser
into three silicone molds, 200/ mul each, and carefully distributed over them. Polymerization lasted for 24 hours at
room temperature in a humid atmosphere. To maintain humidity, the molds were placed in a plastic container with a
small amount of water. A humid atmosphere is necessary to prevent uneven drying of the membrane, which leads to
its twisting and unsuitability for further use.

The fully polymerized membrane was carefully separated from the silicone mold by stretching and bending the
mold itself by hand. Attempts to separate the membrane with tweezers often led to its rupture. Polymerized protein
membranes were rinsed by sterile deionized water and soaked two days in a complete tissue culture medium.

Photos of polymerized and rinsed with DMEM membranes are shown in Figure 2, and stages of the membrane’s

production shown in support materials (S6), include a failed crooked membrane after air dried (S7).
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subsectionMagnetic membrane support A magnetic non-volatile system for magnetically controlled cell co-cultivation

was constructed based on commercially available permanent NdFeB magnets. The system was constructed with three
magnets: two a cylindrical permanent magnet (d = 50 mm, h = 20 mm) to improve the uniformity of the magnetic field
and increase the field above the magnet, and a cylindrical permanent magnet (d = 10 mm, h = 3 mm). The total mag-
netic field can obtain the optimal configuration of the magnetic field, with the highest magnetic field strength in the
projection of the center of the system for holding a magnetically controlled membrane at the phase boundary (Image
3A and, in the center of the dish. The magnetic system is placed inside the box printed on a 3D printer made of PLA
plastic, equipped with interchangeable supports of different heights. The photograph 3A of the magnetic system are
given in the supplementary materials (S8). The work used a magnetic system for petri dishes, however, a magnetic
system was also developed capable of supporting multiple membranes in a 24 well plate (S1, S2).

The plastic membrane holders were printed on an FDM printer (CR-10s, CR-6SE, Creality, China) in a PLA plastic
(Bestfilament, Russia). Details of the holder’s construction are given in the supporting materials (S8(. Photos of the

plastic insert are shown in the figure 3B.

24 | Membranes permeability and capacity study

To study the capacity and permeability of membranes for low-molecular molecules, methylene blue dye (Sigma-
Aldrich, USA) was used [26].

First, the membrane was saturated in methylene blue solution (500 mM) for a day, after which the excess dye
was removed using filter paper, and the membrane was placed in a Petri dish with phosphate-buffered saline (pH =
7.4). To study the permeability the membrane was placed in a holder (printed on an FDM 3d printer) fixed on a plastic
dish 4, and immersed in a culture medium. Above the membrane in a holder was placed 500 uL of methylene blue
solution with a concentration of 50 mM. Solution samples were taken at regular intervals and the concentration of
the dye was determined by spectrophotometry (SF-102, NPK Akvilon, Russia).

The dye capacity of the membrane was determined by the amount of substance that the membrane released into
the solution. Experiments on the release of the dye from the saturated membrane and on the passage of the dye

through the membrane were carried out in an incubator at a temperature of 37 degrees, in five iterations.

2.5 | Cell cultures

A549, Hela, HEK 293, MiaPaca 2 cell line and Human foreskin fibroblasts (HFF) were obtained from the Russian
cell cultures collection of the Institute of Cytology RAS (Russia, St. Petersburg). The cells were maintained in plastic
vials containing culture medium (DMEM) with 10% FBS and 50/mug / ml gentamicin, in an incubator at + 37 » C,
5% CO2. Co-culturing of A549 and HFF cells was performed in a Petri dish with a magnetic system on top. The
magnetic holder enables maintenance of levitation of the protein membrane with nanoparticles in the volume of the
culture medium, closer to the liquid-air interface. Growth effects of peptides were determined by incubating cells for 4
days with peptides in the serum-free medium after a 72-h preincubation in 10% serum-supplemented medium alone.
Recombinant human growth factors were used at concentrations with biological activity: PDGF 50 ng/ml, TGFb 2
ng/ml, EGF 25 ng/ ml, FGF10 50 ng/ml. During co-cultivation, A549 grew on the membrane, while fibroblasts on the

bottom of a multi-well plate.
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FIGURE 3 Magnetic membrane floating under a magnetic system in a dish (A) and a membrane in a SLA
3d-printed cylindrical insert inside a 24 well plate (B).

2.6 | Cellviability assessment

MTT assay was carried out for assessing cell metabolic activity. Membranes with a monolayer of cells were washed
thrice with cultured medium, moved into a clean 24-well plate, and then, 1 ml of medium and 0.5 mg/ml MTT (Biolot,
Russia) were added into each well (37-C for 4 h). After incubation, in each well, the medium was removed and replaced
with 1 ml DMSO (Panreac, Spain) and left for 15 min long incubation. The plate was read within 1 h at OD = 590 nm
using a Lazurit plate reader spectrophotometer (Vector-Best, Russia). Membranes without cells, whether loaded with
particles or not, did not give a significant color change under similar conditions.

2.7 | RNA isolation, reverse transcription and RT-qPCR.

A Trypsin-EDTA solution (Gibco, USA) was used to separate the cells from the membrane. Then the solution with the

cells was centrifuged to precipitate them.
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FIGURE 4 Sketch of special holder for studying membrane permeability. A - hole with membrane, B - hole for
sampling.

For purification of high-quality RNA from cells we used silica-membrane RNeasy spin columns (RNeasy Mini Kit,
QIAGEN, Germany) with DNAase in column digestion according to manufacturer’s instructions. RNA integrity was
controlled by agarose gel electrophoresis. For reverse transcription 2 ug of the isolated RNA was used. Reverse
transcription was carried out with the iScript gDNA Clear cDNA Synthesis Kit (Bio-Rad Laboratories, Inc., United
States) according to the manufacturer’s instructions. For gPCR 1 ul of the cDNA of each sample was pipetted into a
96-well gPCR plate, 1 ul each primer primer (Lumiprobe RUS, Russia) (list of primers given in Table S9) , and 22 ul of a
master mix solution. GAPDH was used as a housekeeping gene, water, and RNA as negative controls were included.

Change in gene expression was determined by using the A A Ct method.

3 | RESULTS AND DISCUSSION

3.1 | Permeability and capacity of membranes

For a dye free floating membrane, the process of release of a substance has a two-stage regularity. At first, methylene
blue is released quickly, about a third of the total amount goes into solution in the first hour. This is explained by
dye accumulated in the pores of the membrane. The further release is slower and the concentration of the dye in
the membrane and the solution is completely equalized within two days. From these data, the membrane capacity
for methylene blue was also determined about 200 ng/mm3. The change in the concentration of dye in solution for
different experiments is shown in the figure below.

Also permeability of the membrane in plastic holder for the methylene blue was studied. In the beginning, the
process occurs rather slowly, since the dye saturates the membrane, and only after that it relatively slow goes into
the buffer.

Nevertheless, within about a day, the concentration of methylene blue is equal in the compartments separated
by the membrane. Thus, it was shown that the protein membrane is permeable to low-molecular substances, which is
important for its use in co-cultivation of cells. It should be noted that low molecular weight molecules can accumulate
in the membrane and then will be slowly realized.

3.2 | Cells on membranes

The general design of the biologincal experiments performed is shown in the figure 7.
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FIGURE 5 Release of the dye from the pre-saturated membraneand the passage of the dye through the
membrane in the holder

BSA protein has been used as a main component to create the membranes. The BSA with magnetic nanoparticles
was polymerized in silicone form and thin and protein membranes were obtained (Fig. 2). To avoid membrane defor-
mation, it is important to ensure uniform protein polymerization. When it dries quickly, the membrane polymerizes
unevenly and deforms during washing (S7). Polymerization in a humid atmosphere or inside silicone forms smooth
membranes. These membranes are optically transparent, cells are clearly visible on the surface in the light microscope
(Fig. 8). The biocompatibility of the 3D printing materials on the cells has been tested in a previous article ([27]). The
price of one membrane is less than 1 USD, which is almost an order of magnitude cheaper than the Transwell systems
(Corning, USA).

Cells were seeded and adhered to the surface of the membrane in a 24-well plate. After four days of cultivation,
a monolayer of cells was formed on the membrane, and the edge migration of cells stopped. A magnetic holder was
used to levitate protein membranes with cells in the volume of the cultured medium. Used magnets are very strong,
and must be handled with extreme care so that they are not magnetized anywhere. In addition to the magnetic holder
for one Petri dish, a model of the magnetic holder for a multi-well plate was proposed. A diagram of the device
of this system, as well as numerical modeling of the magnetic field optimal for maintaining magnetically controlled
membranes in it, are given in the supplementary materials (51, S2). In this work, we do not consider the effect of a
magnetic field on cells, since, according to literature data, the effect of a constant magnetic field of such strength does
not affect biological processes in cells [28, 29].

To prevent cell migration, a wall with a height of 200 um was made at the edge of the membrane. During short-
term cell cultivation on a levitating membrane in DMEM-F12 (4 days) no migration of cells from the membrane to the
bottom of the culture vessel was detected.

Comparison of the viability of different cell lines during growth on magnetically controlled membranes and stan-
dard culture plates. This effect is due to the slightly smaller available area for cell growth. The results of the MTT test
are shown in Figure 9.

Alternatively, 3D printed plastic cylindrical inserts have been constructed. The protein membrane can be inserted
between two cylinders and cling to the edge of the culture well (Fig. 3B). All technological data for the manufacture of
magnetic systems and cylindrical inserts are presented in the materials (S3). Both proposed systems for co-cultivation
of cells have some advantages and limitations. Their comparison is shown in Table 1.

According to the membrane permeability, we have chosen only one cell co-cultivation system with magnetic

nanoparticles. In such a membrane, the diffusion of molecules occurs in all directions and faster, that is important for
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FIGURE 6 Photographs of membranes in the holder for permeability studies (A and B). A - 30 minutes after
adding the dye, B - after 72 hours. C and D - dye-saturated membranes, C - 5 minutes after incubation in PBS, D -
72 hours

short-lived molecules.

3.3 | Cell co-cultivation

Epithelial cells (A549) and human foreskin fibroblasts (HFF) were used in the experiment. Fibroblast cells and A549
co-cultivated on membranes in a magnetic field. We assessed the effect of growth factors (EGF, FGF-10, PDGF-D,
TGF-1) on individual cell populations and during co-cultivation of cells (Fig. 10). Individual cell lines were used as
controls and were grown without additional growth factors. 22 samples were isolated: cultures of A549 and HFF
cells (intact cells, 4 GF for each cell line - 10 samples), co-cultivation of A549 and HFF cells (intact cells, 4 GF and a
GF combination - 12 samples). Using our co-culture systems, we evaluate the influence of these factors on individual
cell lines and their co-culture.

In epithelial cells, the expression of vimentin, fibronectin, Snail, Zeb1, and E-cadherin was used to analyze the
epithelial-mesenchymal transition by quantitative PCR (QPCR). The household reference gene was taken by GAPDH.
Several key activation proteins were assessed in fibroblasts: a-smooth muscle actin (a-SMA), fibroblast activation
protein (FAP), and fibroblast specific protein 1 (FSP1). gPCR has shown that a change in normal human fibroblasts
affects epithelial cells with paracrine factors (Fig. 10).

Among all growth factors, the addition of FGF-10 to A549 cells caused the most dramatic changes, resulting
in the increased gene expression profile of vimentin, fibronectin, Snaill, and Zebl1. A less pronounced effect was
for TGFB-1 and EGF, which is typical for EMT. However, there is a multifaceted effect of FGF-10 and other growth
factors on the expression of E-cadherin: FGF-10 activates it, while other factors suppress it. The involvement of
FGF-10 in the morphogenesis of the lung tissue from which this cell line originates can be a potential explanation of
this interaction [30]. During co-cultivation, epithelial cells change the response of A549 cells to growth factors. In
most samples, the expression of fibronectin and vimentin decreases and is enhanced only by the addition of TGF3-
1. This is especially noticeable when cells are co-cultured in the absence of additional growth factors. The addition

of exogenous factors supports cell activation and EMT: EMT markers (Snaill and Zeb1) are increased by all growth
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FIGURE 7 Experiment design diagram

factors during cell co-culture. The strongest influence on the induction of Snaill and Zeb1 was the addition of TGFS-1
to the culture medium. At the same time, the expression of E-cadherin decreased in all samples under the influence
of growth factors and upon co-cultivation of cells. Intercellular interactions of different cell types resulted in a loss of
sensitivity to FGF-10 and an increase in the response to TGFB-1. Thus, in all samples during cell co-cultivation, the
initiation and progression in EMT genes expression are noted. Interestingly, co-cultivation of cells without growth
factors inhibits the processes of EMT and cell activation, and the transcription level of markers decreases. The cells

are likely to secrete soluble growth factors that determine the mutual inhibition of EMT.

The addition of any growth factors to fibroblasts caused activation of expression aSMA, FAP, and FSP1. TGF3-1
has the strongest effect on enhancing the expression of aSMA and slightly suppresses the expression of FSP1, which
is consistent with its fibrogenic properties [31]. FGF10 expression is reduced in many samples; however, the addition
of FGF10 itself to the culture medium enhances its expression, which indicates the presence of a positive feedback
loop in fibroblasts [32]. During co-cultivation of epithelial cells and fibroblasts, paradoxical changes in the gene ex-
pression profile are observed. The expression of aSMA is markedly reduced, the expression of FGF10 disappears.
With the addition of TGFg-1, the level of FAP expression is maintained relative to a culture of fibroblasts, while FSP1
is decreased. When cells are co-cultured without growth factors and in the presence of EGF, FGF-10, PDGF-D, the
opposite picture is observed: the level of FAP expression decreases, but FSP1 is retained.

Thus, the effect of growth factors on individual cell populations and co-cultivation showed different biological
activities. It is clearly shown that the presence of different types of cells and intercellular communication completely

changes the response to growth factors. One of the possible mechanisms of changes in the sensitivity of cells during
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FIGURE 8 A549 cell culture on the membrane. A - bright field. Square pixels are clearly visible as a result of the
primary form printing on the MSLA printer. B - fluorescent image of the cells. Blue - nucleus, green - cytoskeleton
(actin)
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FIGURE 9 Comparison of cell viability of different cell lines grown on magnetically controlled membranes and
on standard culture plates

co-cultivation to growth factors is the competition of receptors for added molecules of growth factors. The changes
obtained in the experiment show the importance of the context of intercellular interactions. Short-term co-cultivation
of normal fibroblasts and tumor cells resulted in suppression of the activity of both types of cells. It may take more time
to change the physiology of fibroblasts to a CAF-positive phenotype. The application of systems for co-cultivation of
different cell types makes it possible to analyze the common influence on the physiology of cells. Our multicellular
co-culture system can be fabricated in any laboratory using 3D printing and available reagents. It can be used to
simulate paracrine interactions between different cell types.

4 | CONCLUSION

A technique was developed for creating biocompatible protein membranes that can be used for co-cultivation of cells.

The article studies the capacity and permeability of these membranes for low molecular weight substances and shows
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TABLE 1 Comparison of co-cultivation systems: magnetic and based on cylindrical inserts

Characteristic Magnetic co-culture system (5’= 3’)  Inserts system

Sterilization No additional parts in Plastic parts (cylinders) must be
the culture medium (no sterilized. The plastic used is
need to sterilization) not autoclavable and degrades

with aggressive disinfectants. It

can be treated with UV or gamma rays.

Useful area The area is limited by The usable area is less. Limited
the diameter of the well by the size of the insert.
Convenience for manipulation It is necessary to Removable plastic insert
remove the membrane allows easy removal
by tweezers. of the membrane

Epithelial cells without co-cultivation Fibroblast cells without co-cultivation
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FIGURE 10 PCR data heat map. Data shown for individual cell lines and combined cultivation. Control (separate
cell line without grown factors), cell with grown factors (EGF, FGF-10, PDGF-D, TGF3-1), cell co-cultivation with
grown factors (co-EGF, co-FGF-10, co-PDGF-D, co-TGFB-1, all grown factors) and cell co-cultivation without grown
factors (explanations in the text)

their ability to accumulate and gradually release low molecular weight substances. For the model substance used in

this experiment (methylene blue), the capacity was approximately 200 ng/mm?3.

In our model system for co-cultivation using epithelial and fibroblast cells, we have shown that the action of
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growth factors changes during cell-to-cell interaction. Intercellular paracrine interactions may be critical in regulating
the response to soluble growth factors. The proposed models for cell co-cultivation make it possible to study the
paracrine effect on the morphological and biochemical states of separated cell populations. The cell co-cultivation
systems described in this article can be produced in any laboratory and provides an economical alternative to com-

mercially available membrane inserts.
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