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Construction of an apparatus for perfusion cell cultures which enables
in vitro experiments under organotypic conditions
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The value of cultured cells in cell biological, pharmaceutical or bio-
technological research depends on the degree of terminal cell differ-
entiation. In conventional Petri dishes or tissue culture plates it is
often difficult to achieve culture conditions which resemble the in
situ situation of intact tissue, as regards optimal cell adhesion, ex-
change of nutrients and metabolic products. These limitations
prompted us to develop simple laboratory tools which optimize the
environment of cultured cells. A perfusion apparatus with various
culture containers and compatible cell holder sets was constructed
which allows the simulation of organotypic conditions. (/) The cells
can be kept on individual and interchangeable support materials for
an optimal cell attachment. (i/) Culture medium can be perfused dur-
ing the whole culture period. (iif) One type of the new culture con-
tainer can be perfused with different media at the apical and basal
side of the cells, thus mimicking the organotypic environment that
applies for epithelial monolayers. Cell culture experiments with
renal collecting duct epithelia exhibited an excellent morphological
appearance showing typical features of principal and intercalated
cells.

Introduction

Cell culture techniques are important tools for cell and
molecular biology. However, cells kept in culture by the
common techniques can lose features of differentiation,
i.e., they dedifferentiate [2-7]. This loss of particular mor-
phological, physiological and biochemical characteristics
remains a crucial problem for cell culture techniques. Con-
siderable efforts have been undertaken to establish in vitro
models which are not only related, but are as close as pos-
sible to the in situ situation [1, 9-12].

The technical limitation of cell culture protocols using
the conventional plastic Petri dish technique is in our opin-
ion one of the main reasons for the dedifferentiation pro-
cess. To overcome this situation, we developed a perfusion
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cell culture system for anchorage-dependent cells in which
an organospecific situation can be obtained. The new tech-
nique provides the selection of an organospecific support
for optimal cell attachment, the superfusion of cells for the
whole culture period with media, and the simulation of lu-
minal/basal fluid gradients with different media [13, 14].
In the present paper we report the construction of a new
perfusion cell culture apparatus which includes various
culture containers and compatible cell holder sets. In an
initial series of experiments renal primary cultures were
grown in this apparatus under optimized conditions.

Materials and methods

To mimick the natural situation, cell cultures should be main-
tained with continuous superfusion of medium. This technigue re-
quires improved culture equipment as well as accessory tools such
as media bottles, silicone rubber tubes, pumps and specific cell
culture containers. All components should be compatible and eas-
ily interchangeable for quick and uncomplicated management in
order to minimize the risk of contamination and cell death. Com-
bining all of these needs, we constructed an apparatus for the cul-
ture of anchorage-dependent cells on a laboratory scale. All of the
main compartments were designed and constructed in our labora-
tory. Pending patents have been applied. MINUSHEET is a regis-
tered trade mark [13].

Perfusion cell culture apparatus

The perfusion cell culture apparatus consists of 4 separate com-
partments (Figs. 1, 2):
1) At the left side a cooling compartment for bottles of fresh cul-
ture medium, 2) a pump station in the middle, 3) the cell culture
housing area which is heated at 37 °C, and 4) at the right side a
second cooling container for waste culture medium is installed.
The cooling compartment is sufficient to take 4 x 1000 ml glass
bottles which can be loaded from the top. They are located at the
left and the right side of the cell culture apparatus. The stainless
steel containers have dimensions of 22 ¢cm height, 11 cm width and
41 cm depth. A cooling temperature of 6 °C for the media is main-
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medium containing aldosterone, arginine-vasopressin, and
insulin. Light microscopic observations of semithin sec-
tions revealed a monolayer of polar-differentiated epithe-
lial cells (Figs. 6a, b). When observed with transmission
electron microscopy, the cells exhibited an excellent mor-
phological appearance showing typical features of collect-
ing duct intercalated (Fig. 6¢) and principal (Fig. 6d) cells.
No differences in the structural morphology were discern-
ible when the in vitro samples were compared with sam-
ples obtained directly from the kidney [5, 8]. In contrast,
Figure 6e shows cells grown with the same medium but
under conservative conditions. The monolayer appears to
be composed of a single cell type. The dark (intercalated)
cell type does not differentiate.

The perfusion cell culture system requires basic compo-
nents which are: two glass bottles with screw caps, sili-
cone-tubing, a roller pump (0.5-10 ml/h), a perfusion cell
culture container and a heat exchanger such as a circulat-
ing water bath or a thermo bloc. Most of these pieces of
equipment can be found in an ordinary cell biological lab-
oratory. For laboratory scale use we developed the above
integrated apparatus, which renders the work with the su-
perfusion cell cultures more convenient (Figs. 1, 2). Evalu-
ating the pros and contras of our new system, the following
features make our technique preferable to ordinary culture
methods: (i) the option of constant medium perfusion, (i)
the choice of an optimal cell support, and (iii) the option to
expose monolayers to an organospecific fluid environ-
ment, including that of a transepithelial gradient with dif-
ferent media at the apical and basal side.

In particular, the technique allows a continuous admin-
istration of fresh media and constant levels of hormones, it
also allows removal of metabolites by the drainage of out-
flowing medium. Thus, we have a situation which resem-
bles the organotypic conditions much more closely than
conventional techniques. Furthermore, compared to a per-
fusion culture apparatus described previously [15], the cells
can be kept on organospecific supports. All kinds of suit-

Fig. 6. Photographic illustration of renal collecting duct epithelia
cultured for 14 days with IMDM containing aldosterone, arginine-
vasopressin, and insulin under perfusion conditions (a-d) and un-
der conservative conditions (e).—a, b, e. Light microscopic
view. — ¢, d. Electron microscopic view. The perfusion technique
produces an excellent appearance of the cultured renal collecting
duct epithelium (a, b). By the new perfusion technique it is possi-
ble to differentiate embryonic cells into lightly (d, principal) and
darkly (¢, intercalated) labeled epithelial cells of the renal collect-
ing duct. No differences in the structural phenotype were discern-
ible when the cultured cells were compared with samples obtained
directly from the kidney. — e. The micrograph shows a collecting
duct epithelium grown under conservative conditions. 1n contrast
to (a) and (b), the polarized epithelium appears to be composed of
a single cell type derived from neonatal kidney. — 500 x (a, b, e),
6000 x (c, d).

able support materials for cell attachment can be chosen to
improve growth and differentiation of cultured cells.

In summary, the new and relatively simple technique
may help to make many cell culture experiments more
comparable to the situation which applies to cells under
the physiological conditions in vivo. We are convinced that
this is an important and necessary aspect which will have a
major impact in cell culture technology for the future.
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