
Abstract. Intercellular interactions are studied using different co-
culture systems. Tumor conditioned medium-based systems, filter
inserts and direct contact co-culture systems are often used
according to research needs. In this article we present a new co-
culture technique, using negatively-charged slides (NCS) as the
culture surface. The technique was developed on a human-derived
endothelial cell line-breast cancer interaction model. Two variations
of this model are presented: In the first variation co-culture is
achieved by using one NCS and a standard tissue culture treated
dish as growing surfaces for the two cell populations respectively,
while in the second variation the two cell populations are grown on
two NCS. No significant difference was found between cell culture
on the NCS compared to regular culture plasticware and staining
was not only successfully but also easily performed. The suggested
co-culture model has the advantage of allowing real time studies
regarding cellular interactions. Additionally the two cell populations
can be independently studied. Morphology is maintained
throughout the procedure allowing morphological observation.
Moreover, low cost is a factor permitting the application of the
suggested model even in low budget laboratories. The features of
the co-culture model that we developed are presented in relation to
the salient features of other models.  

Cellular functions are usually studied in uniform populations

stemming from one original cell. This offers many

advantages in research. Assays can be performed easily

without interference by exogenous factors and the results are

reproducible, since a cell line under constant conditions

reacts in a uniform way. However cells in humans, as well as

in all other primates, are not isolated units; they interact with

each other in the context of organs and systems, in health

and disease (1-3). In this aspect, cancer cells interact

selectively with their cellular and extracellular environment,

during their local growth and spread (4).

The first attempts to perform a cell-to-cell communication

experiment were based on the conditioned media production

technique (5,6). Cells were cultured up to a certain density

and afterwards the culture medium was replaced by fresh

medium allowing the culture to proceed for a predetermined

period of time. This medium, called conditioned medium,

was then collected, cleared from cellular debris by

centrifugation and stored at -20ÆC or -70ÆC. Other

techniques involved filter inserts (provided by several

manufacturers) made of different materials (polycarbonate,

collagen and others). Cells were grown on the surface of the

inserts in an oriented fashion, allowing investigators to study

both apical and basal cell properties (7,8). Cells were co-

cultured either on both sides of the filter insert or on both

the filter insert and the bottom of the well into which it was

inserted (8,9) (Figure 1). For permeability studies the

percentage of cells migrating through the membrane of the

insert was estimated in an endothelial-cancer cells model and

in an endothelial-white blood cells model (10,11).

Another co-culture model was produced by culturing two

or more cellular populations in a common flask or Petri dish

(12, 13). The study of each one of the cell populations

grown together was implemented by using separation

techniques based mainly on immunological properties. Such

techniques require the use of a fluorescent activator cell

sorter (14,15) or the use of specific antibody-coated beads

to elute the desired cell population (16,17).

Here a new co-culture technique, using negatively-

charged slides, is presented. The technique was developed

on an endothelial-tumor interaction model. 

Materials and Methods

Cell lines and culturing materials. The EA.hy 926 endothelial cell

line was kindly provided by Dr. Del Bufalo (University of Rome,

Italy) with the permission of Dr CJ Edgell (University of

N.Carolina, USA). The MDA-MB-468 breast cancer cell line was

provided by Dr. Kardassis (University of Crete, Greece). EA.hy

926 cells were grown in DMEM with a high glucose concentration
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(4500mg/l) supplemented with Gluttamax I, fetal bovine serum

10% and penicillin/streptomycin. MDA-MB-468 cells were cultured

in DMEM with a low glucose concentration (1500mg/l)

supplemented with Gluttamax I, fetal bovine serum 10% and

penicillin/streptomycin. The cells were grown in a humidified

incubator in a 5% CO2 environment. All media and supplements

were purchased from Invitrogen, Scotland, UK. Plasticware was

purchased from Costar, USA. All chemical reagents were of

analytical grade.

Negatively-charged slides (NCS, SuperFrost Plus). The slides were

purchased from O.Kindler GmbH & Co, Freiburg, Germany.

These slides were sterilized, prior to experiments, either by

immersion in 95% ethanol or in a plasma incubator regularly used

in the hospital for sterilizing materials sensitive to high

temperatures. 

Co-culture model development

Model variation 1: Co-culture of two cell populations, using
SuperFrost Plus (SFP) slides and tissue culture dishes as growing
surfaces. An aseptically-handled slide was placed in a 10-cm

diameter tissue culture dish. EA.hy 926 cells were transferred onto

the slides as a 300-400Ìl suspension (106 cells/ml) and allowed to

attach for 5-10 min. Then, 10 ml of culture medium was added,

the upper surface of the slide being covered by the medium.

Incubation followed until confluence. In parallel, MDA-MB-468

cells were cultured in another 10-cm diameter tissue culture dish

until confluence. After confluence had been achieved in the latter

tissue culture dish, the medium was replaced by FBS-free DMEM

with high glucose concentration (4500mg/l) supplemented with

Gluttamax I and penicillin/streptomycin and the cells were allowed

to grow for another 48 h. At the end of the 48-h incubation, a slide

with the EA.hy 926 cells was aseptically transferred to the tissue

culture dish containing the MDA-MB-468 cells. A further 3-day

incubation followed. The slides were then removed and processed

properly for immunocytochemistry (Figure 2).

Model variation 2: Co-culture by growing two cell populations on two
different SuperFrost Plus (SFP) slides as growing surfaces, followed
by transferring the two slides onto one tissue culture dish. EA.hy 926

cells as well as MDA-MB-468 cells were cultured on slides exactly

as described above. Then the two slides were transferred to a new

15-cm tissue culture dish, containing serum-free DMEM with high

glucose concentration (4500mg/l) supplemented with Gluttamax I

and penicillin/streptomycin, one next to the other without direct

contact. The slides remained in this new container for 3 days and

then were processed for immunocytochemistry (Figure 2). An

outline of the models we suggest is presented in Table I.

Immunocytochemistry technique. The cells were washed once in PBS

and then were fixed in paraformaldehyde 4% for 10min. The fixed

cells were stored in 70% ethanol at -20ÆC until staining. After three

washes in TBS and preincubation with TBS-BSA 3% for 30 min at

room temperature, the cells were incubated with primary

monoclonal antibodies: anti-CD31 for endothelial cells (18) and
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Figure 1. Filter inserts used to co-culture two different cellular
populations. i) Population A grows on the filter membrane (M) while
population B grows on the well surface. ii) Both cell populations are
cultured on the filter membrane (the upper and the lower filter surface). 

Figure 2. Schematic presentation of the suggested model. i) Model
variation 1: Cell population A grows on the negatively-charged slide (S),
while cell population B grows on a separate tissue culture dish. The slide
with the cell population A is, at a predetermined time point, aseptically
transferred to the tissue culture dish containing the population B. ii) Model
variation 2: Both cell populations are cultured on negatively-charged slides
and then transferred aseptically to a large tissue culture dish. iii) Vertical
section of the above culture models.



anti-broad spectrum cytokeratin(19) and cytokeratin 19 (20) for the

MDA-MB 468 cell line. APAAP immunodetection was performed

as previously described (21,22). The antibodies, incubation time and

the source of their purchase are presented in Table II. Additional

slides were stained using Giemsa and Hematoxylin-Eosin methods.

Results 

Both models (models 1 and 2) worked in a comparable way.

There was no significant difference in cell growth rate

between the culture on negatively-charged slides and culture

on the normal tissue culture dishes (Figure 3).

The cells were well preserved in both SFP slides and the

plastic dishes, without any differences in morphology (Figure

4a-4b). There was good adherence of cells on the SFP slides

without any losses on the ensuing immunostaining.

Immunocytochemistry and cytochemistry on the cells cultured

on the SFP slides were quite successful, without the need for

any specific manipulations. (Figure 4c-4g).
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Table I. Main steps of the preparation of the co-cultured cell lines and of
the two variations of the NCS model.

Brief outline of the salient steps of the NCS co-culture model

1.Preparation of EA.hy - Aseptically appose a sterile SFP slide

926 or MDA MB 468 to a 10-cm tissue culture dish 

negatively-charged - Add 300-400 Ìl suspension 

slides (106 cells/ml) and leave for 5-10 min

- Add 10 ml medium to cover slide

surface and incubate until confluence

2. Preparation of MDA - Use a confluent tissue culture dish

MB 468 tissue culture dish - Replace culture medium with FBS-free

medium - Incubate for 48 h

3. Co-culture model 3a. Model variation 1: 

- Aseptically appose an NSC with

confluent EA.hy 926 cells to an MDA

MB 468 tissue culture dish

- Incubate for 3 days

3b. Model variation 2: 

- Add 30 ml of FBS-free culture

medium to a 15-cm tissue culture dish

- Aseptically appose an NCS slide with

confluent EA.hy 926 cells to the 

15-cm tissue culture dish

- Aseptically appose an NCS slide with

confluent MDA MB 468 cells to the

15-cm tissue culture dish

- Incubate for 3 days

Table II. Salient features of the antibodies used to immunostain the cells
grown on negatively-charged slides.

Source Target Dilution Incubation 

population time

Anti-CD31 DAKO- Endothelium 1/25 1h

M0823

Anti-broad DAKO- Epithelium 1/25 1h

spectrum M0821

Keratin

Anti-cytokeratin 19 DAKO- Epithelium 1/50 1h

M0888

Table III. Advantages and disadvantages of different co-culture models
under discussion. The model developed on negatively-charged slides is
simple, easy and cost effective.   

Negatively- Tumor- Filter inserts Co-culture on

charged conditioned models the same surface

slide model medium models

- Real time - Media are stored- Real time - Real time 

cellular (two step cellular cellular 

interaction interaction) interaction interaction

- Easy to - Medium may be - Ideal for - Allows direct 

discriminate sensitive to permeability contact of 

the two alternate freeze studies different cells

populations thaw cycles - Easy to - Difficult to 

- Easy to perform - Different batch discriminate discriminate 

staining may alter the the two the two 

techniques expected result populations populations

- Feasible - Danger of - Difficult to - Requires 

morphology medium handle special 

observation exhaustion - Difficult to equipment

- Easy to handle perform - Expensive

- Low cost staining on the

filter membrane

- Moderate cost

Figure 3. Growth curve of EA.hy 926 cells on ordinary tissue culture dish
(P60) and on SuperFrost Plus Slides (SFP). Cells counts were done in
duplicate using Trypan Blue to exclude dead cells. No difference in growth
rate is observed.  



Discussion  

In this article a new co-culture model, using negatively-

charged glass slides, is presented. Negatively-charged slides

are used in pathology laboratories since histological tissue

sections strongly adhere to their surface. In fact the model

described here takes advantage of the negative charge of the

NCS to achieve enhancement of cell-glass adherence. Thus,

using NCS, there is no need for coating the culture surfaces

with factors such as fibronectin, collagen or gelatin, which

considerably increase the cost of the experiment. According

to our findings, the cellular growth rate on the negatively-

charged surface of the NCS is comparable to the growth

rate on a common tissue culture-treated plastic surface. This

means that the two different culture surfaces (glass-plastic)

do not modify the growth rate of the cells in culture. On the

contrary, cells do not adhere well to ordinary uncoated glass

slides causing cellular growth rate reduction.         
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Figure 4. (a-b): Phase contrast images of EA.hy 926 cells growing on a SuperFrost Plus slide (a)
and on a regular tissue culture dish (b). No difference in morphology is observed. (c-g):Staining
results of the cell populations growing on negatively-charged slides: c) EA.hy 926 positively-stained
for CD 31, d) MDA-MB 468 positively-stained for keratin (MNF), e) MDA-MB 468 positively-
stained for cytokeratin 19, f) MDA-MB 468 Giemsa staining, g) MDA-MB 468 stained with
Hematoxylin-Eosin. 



Conditioned media models of co-culture are considered

simple to organize, as they require medium collection and

storage only. However, this approach may be a possible

drawback since alternating freeze-thaw cycles of the stored

media may reduce the concentration of certain molecules

that are secreted or excreted into the supernatant medium

by the cells. In the model described here, there is no need to

freez-thaw the media. Furthermore, time-response

experiments are easier in this model, since the two cell lines

grow in the same media in the same container and the

negatively-charged slides are removed at predetermined

time points according to the experimental design. Thus, it

ensures that any possible variable effect due to the

conditioned medium is reduced to a minimum as all the

samples grow in the same medium. In addition our models

show a real-time effect, as factors excreted or secreted by

one cell population immediately affect the other. On the

contrary, models using conditioned media are based on

collection and storage of media for up to one year prior to

the final experiment of cellular interaction. It is uncertain

whether storage-freezing-thawing can preserve the integrity

of all factors in the media (23-25).

Filter inserts are closer to in vivo procedures as they

permit real time co-culture, being considered technically

ideal for permeability experiments (6). However, filter

inserts are quite expensive to purchase, making long-term

experiments difficult for low budget research laboratories.

In addition, the materials of which the filter membrane is

made are easily damaged by different manipulations in

culture and following staining. Moreover, some chemical

reagents and heat (as in microwave antigen retrieval) used

in the immunostaining can derange the membrane of the

filter, not to mention the lack of transparency. Our models

do not suffer from these disadvantages. 

Co-culture models using a single culture vessel for both

cell lines are in fact sophisticated and expensive, since

antibodies are required in order to mark and study the

target cell population. For the application of these

techniques, facilities such as flow cytometry are

imperative. This restricts these techniques to research

units that afford this kind of equipment. Both analysis by

flow cytometry and analysis by antibody-coated beads –

another expensive method – neglect cellular morphology,

which is an important factor when co-culturing different

cell populations. On the contrary, in our models 1 and 2

(both cost-effective and easy to perform), cytomorphology

is preserved and immunostaining is quite effective (Figure

4c-4g). Model 2 has the additional advantage of growing

cells in the same media but on different surfaces, which

makes it easier to investigate the two cell populations

independently. A restriction in the application of our

model is that it is not suitable for direct cell-to-cell

contact studies.

All currently developed models for co-culturing

different cell populations have advantages and

disadvantages and are selected for use according to the

purpose of the study (Table III). Our model combines the

advantages of other methods (real time co-culturing,

discrete populations without the need for immuno-

phenotypic analysis) at low cost. We consider it ideal for

studying cellular interactions of a paracrine or endocrine

nature, using staining techniques (cytochemistry, immuno-

cytochemistry, immuno-fluorescence) which are easy to

perform on negatively-charged slides.    
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