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Abstract Incidents with single cells and their genesis
have not been the major focus of science up to now. This
fact is supported by the difficulties one faces when
wanting to monitor and cultivate small populations of
cells in a defined compartment under controlled condi-
tions, in vitro. Several approaches of up- and down-
scaling have often led to poorly understood results
which might be better elucidated by understanding the
cellular genesis as a function of its microenvironment.
This review of the approaches of scale-up and scale-
down processes illustrates technical possibilities and
shows up their limitations with regard to obtainable
data for the characterisation of cellular genesis and im-
pact of the cellular microenvironment. For example,
stem cell research advances underline the lack of infor-
mation about the impact of the microenvironment on
cellular development. Finally, a proposal of future re-
search efforts is given on how to overcome this lack of
data via a novel bioreactor setup.
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Introduction

Up to now, biotechnical approaches on a laboratory
scale often failed to be transferred into other scales of
cultivation directly. Hence, extensive scaling studies
have always been focused by scientists to facilitate eco-
nomical profit from the newly obtained research data.
Accordingly, groups of processes have been developed in
several niches of biotechnology up to now, but general
understanding of the systems is still mostly lacking. This
primarily applies to mammalian cell culture in vitro,
where an intrinsic understanding of the cellular genesis

and microenvironment is still the subject of intensive
research.

It is usual in engineering practice to derive a con-
clusion of a lack of understanding of ongoing processes
if several scaling approaches fail consecutively. Admit-
ting this fact, every scientist has to agree on first
understanding infinitesimal incidents before returning to
scaling processes. The smallest scale accessible in cell
culture is the cell itself, but unfortunately lab-scale
investigations still contain a certain scale-up technology.
This is caused by the fact that cell populations are
mostly focused on in vitro experiments, which come
along with cell–cell interaction modifying or even
inducing differentiation. Several techniques which facil-
itate population observations are accessible at present
which govern flow cytometry like fluorescence activated
cell sorting (FACS) and related techniques like fluores-
cence microscopy and confocal laser scanning micros-
copy (CLSM).

Finally, the lack of understanding of cellular genesis
of mammalians is directly indicated by the growing
number of scientist focusing on stem cell research.

Scale-up processes

As mentioned before, several scale-up experiments have
already yielded a group of processes now being available
at huge scales. A closer look at these processes uncovers
the fact that the more genetically related to mammalians
or humans the cultivated organisms are, the smaller the
accessible scales.

Huge scale bioprocesses

Classical huge scale bioprocesses govern the regimes of
waste water treatment—the absolute winners in scaling
up—and procaryotic fermentation in stirred tank reac-
tors, where �100 m3 [5; 22] of fermenter volume are
feasible.
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In eukaryotic systems, yeast fermentations have also
been scaled up successfully into the same order of
magnitude. These researches can mainly be attributed to
the brewery and beverage industry as well as to large
scale protein expression [16, 32, 51, 74, 88].

Some specialities among these processes even govern
the scale-up of insect cell culture processes for advanced
glycosilated protein expression [49, 55].

Scale up of processes involving marine organisms

Even processes involving marine organisms have been
scaled up to hundreds of litres of culture volume [6, 8,
86]. Nevertheless, this is an excellent example of the
difficulties arising from one additional parameter in
scale modulation. Undemanding organisms like yeast
and procaryotic bacteria are relatively easy to handle as
the parameters of severe influence (nutrition, shear stress
and oxygen tension) are easy to be changed and con-
trolled. Marine organisms—being phototrophic or het-
erotrophic living entities—demand intensity and
penetration of light as additional parameters to be clo-
sely looked at. Unfortunately, the impact of light is no
longer scaleable with ease, as depth of penetration lays
claim on time dependent regulation and is not linearly
correlated with the fermenter volume.

Walter et al. [86] proposed a method of up-scaling
these fermenters taking light penetration as an parame-
ter of severe impact. From their calculations, the ‘‘Me-
dusa’’ photo-bioreactor has been developed as an
adaptation of standard aerated loop reactors to the de-
mands of phototrophic microorganisms (Figs. 1, 2).

Scale up of mammalian cell cultures

Accordingly, mammalian cell cultures, which demand
highly controlled conditions of several parameters, are

at the pinnacle of scale up processes. Some genetically
modified (and hence less demanding) cell cultures like
genetically tailored CHO-cells have been successfully
employed in larger production scales [5, 7], but none of
them have ever scaled up primary cell-cultures to this
extent.

Scaling up mammalian cell cultures is mostly associ-
ated with problems arising from the cellular microenvi-
ronment as well. The huger the scale of the setup the
more difficult becomes the homogeneous adjustment of
optimum cultivation parameters, which again might
trigger the cells to undergo apoptosis or die via outer
necrotic effects.

Effects like sufficient metabolite removal (e.g. CO2) or
maintenance with sustainable amounts of oxygen have
attracted the attention of scientists and led to several
approaches on how to achieve this [54, 57]. Nevertheless,
the need for very sophisticated methods underlines the
inherent problem of closely linked parameters, each one
negatively influencing the other.

Taking aeration as an example, researchers [28]
underline the significance of superficial gas velocity and
bubble size distribution in mammalian cell culture sys-
tems with direct aeration. Direct aeration is assumed to
be very effective due to the direct action of the oxygen
supply [57], though it comes with associated problems of
hydrodynamic shearing effects as well as foaming of the
reactor [67].

Accordingly, membrane-based oxygen maintenance
systems (i.e. indirect aeration) have been developed
passing on the effectiveness of direct aeration [67].
Abandoning highly efficient transfer systems boost
gradient problems, which can only be avoided via a
more intense mixing of the culture broth using, for
example, special roller bottle setups [3]. This again in-
duces an alteration of the cellular microenvironment
and might trigger unwanted side effects in the culti-
vated cells.

Up to now these limits persist especially due to the
unknown cell death and apoptosis mechanisms of pri-
mary mammalian cells

Scale down progresses

Immobilisation research in general

Being aware of the need for having to generate special
microenvironments to cultivate specific cells, scientist
have focused on producing small compartments and
funded a branch of research subsumable under the
heading immobilisation and microencapsulation. The
use of these techniques facilitates the creation of (micro-
bioreactors), which mimic, to a certain extent the cell
densities achieved in tissue culture in three dimensional
arrangements [12, 61].

These micro-compartments can be established via
creation of a micro-membrane using wide-spread
encapsulation techniques based on alginate and related

Fig. 1 Loops of a 100 l ‘‘Medusa’’-photobioreactor under opera-
tion conditions, working via recirculation of synthetic sea water via
continuous aeration of one tube of the loops. (Pictures kindly
provided by Christian Walter, see [85])
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matrices forming droplets with a co-acervate membrane
[25, 59, 60]. Another way of establishing a microenvi-
ronment is a complete reactor re-design, incorporating
smallest reactor compartments via hollow fibres or
membranes in a flat arrangement [25].

Microencapsulation

With microencapsulation experiments, several different
types of cells have already been cultured successfully [19,
47]. Cultivation governs several mammalian cells like
parathyroid cells [63], hepatocytes [15, 80], neurons [69,
81], islets of langerhan’s [12, 58] and T-cells, as well as
transfected hybridoma [10] cells. As a speciality, even
infected insect cells have been grown under these con-
ditions [29].

Microencapsulation of infected insect cells

Cultivation of insect cells in microcapsules is an excellent
example of elucidating the need for further investiga-
tions in diminution techniques. During the past few
years Hübner [29] has found that infected Sf21 insect
cells in microcapsules grown in standard spinner flasks
of 1 l volume persist in vitality for more than a month,
while ‘‘classical’’ suspension culture systems rapidly de-
crease in vitality after 1 week (Figs. 3, 4). These findings
can only be associated with the changed culture system
via encapsulation, as other parameters of cultivation
were kept equal to those in the suspension culture.
Hence, a change of the cellular microenvironment has
led to a significant change in cellular behaviour. The
reason for this change in behaviour urgently needs to be
clarified. As suspension cultures of infected insect cells
suffer greatly from the discharge of newly formed virus
particles through the cellular membrane it is conjectur-
able that microcapsules are in some way able to physi-
cally stabilise the infected cells against the stress of virus
release.

Microencapsulation of T-cells

In some of our recent experiments we have found a
Jurkat T-cell-line to grow as fast in sodium-cellulose-
sulphate capsules under disadvantageous conditions as
their counterparts under standard suspension culture
conditions. Cell proliferation has been tracked via
CFDA-SE (Carboxy-Fluorescein-Di-Acetate-Succim-
idyl-Ester) dilution and flow cytometric analysis of the
cells [47].

CFDA-SE dilution techniques are based on the per-
meation of the fluorochrome through the membrane of
the cell where etsterases decarboxylate the CFDA, which
thus becomes hydrophilic and trapped within the cell.
Additionally, the succimidyl ester binds to amino groups
of proteins and accordingly enhances the retention of the
molecule in the cell. Division of the cells yields a halving
of the fluorochromes per cell and hence can be detected
in the flow cytometer.

Suspension culture has been compared to the immo-
bilised cell culture. Both cultures have been grown under
static culture conditions in RPMI 1640 media supple-
mented with 10% fetal bovine serum (FCS), where the
diffusion drawbacks of the membrane of the microcap-
sules should have led to a diminished proliferation of the
cells. Actually, no significant difference can be stated
(Fig. 5), which leads to the assumption that microen-
capsulation has to inflict an additional positive influence
upon the cells, compensating for the hindrance in dif-
fusion. Further investigations are now done, eliminating
diffusion barriers via diminution of the capsules as well
as superposing convectional fluid patterns. These
experiments are expected to result in faster growing cells
in microcapsules compared to those in static suspension
cultures.

Once again, these unusual findings urgently need to
be clarified concerning their mode of action. It is con-
jecturable that the self-forming microenvironment of
small cell populations has a major impact on their
genesis in future development.

Fig. 2 Scale up of
photobioreactors applicable for
cultivation of phototrophic
marine micro organisms,
starting from the
photobioreactor screening
module (1 l) up-scaling to a ten
litre pilot-plant phase (10 l) and
ending up at maximum size of
100 l active volume. (Pictures
kindly provided by Christian
Walter, see [86])
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Microencapsulation of chondrocytes

Microencapsulation additionally offers an opportunity
to mimic an extra cellular matrix and hence has been
successfully applied to a cultivation of cells from tissue
found in complex matrices in vivo. Chondrocytes
forming complex matrices on their own have been cul-
tivated in microcapsules in recent years. A group of

possible matrices has been especially proposed by dif-
ferent researchers governing ‘‘classical’’ alginate matri-
ces [82, 68], as well as agarose matrices [30]. More
sophisticated methods incorporate self-degradation of
the matrices for later retransplantation of the in vitro
expanded cells based upon a polyglycolic acid non-wo-
ven mesh with fibrin gel matrix assistance [1]. Photo-
chemical matrix formation approaches have also been
assessed for purposes of chondrocyte immobilisation,
although significant cell losses have been observed using
these techniques [17].

Other immobilisation/encapsulation examples

Microencapsulation in in vivo models

An immunological barrier has been intentionally estab-
lished to facilitate delivery of smaller proteins or sub-
stances into the transplanted host’s body, without facing
allogenic rejection of the secreting cells [43, 79].

In this approach, sodium cellulose sulphate micro-
capsules have already successfully been transplanted
into MRL/lpr (lupus responser) mice. Microcapsules
have contained a murine hybridoma cell line secreting an
anti–idiotypic murine antibody (mab) for treating
rheumatoid diseases. After 11 weeks, untreated mice
showed the normal development of their disease, while
mice which received capsules intraperitoneally (i.p.)
displayed no visible symptom [37].

Besides these findings several approaches facilitated
continuous drug administration into the host body. This

Fig. 3 Growth of Sf21 insect
cells in micro-hollowspheres
built up from Sodium
cellulose sulphate and
Poly(diallyldimethylammonium
chloride) (PDADMAC) [29]

Fig. 4 Growth curve of an immobilised/suspension culture of Sf21
insect cells in cultivated in spinner flasks and infected with
‘‘Autographa californica Multiple nucleopolhedrovirus’’ (Ac-
MNPV) [29]
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has been undertaken with major focus on diabetes
therapy, usually using insulin secreting islets of langer-
han’s cells [59, 60] (Fig. 6). In vivo models have already
yielded several successes with xenogenic and allogenic
insulin-secreting cells transplanted into immunosup-
pressed and immunocompetent mice [58], proving the
ability of controlled release of microcapsules.

Different approaches of miniaturised immobilisation

Another well-established cultivation system employing
smallest compartments is subsumable under the heading
of ‘hollow fibre reactor systems’ or ‘membrane reactors’

[25]. These systems are an adoption of the spherical
microcapsule arrangement to a linear hollow fibre or
flat membrane arrangement with defined membrane
properties. Hollow fibre reactor systems are already
commercially available, yielding a wide variety of
applications. Mainly those governing the production
and in-situ extraction of proteins desirable for clinical
applications [84].

Nevertheless, some scientists have found potential in
these systems for an artificial liver bridging system [36, 73,
77]. Unfortunately, final success does not seem to be close
at hand, as those systems are still under clinical studies
from 1996 [73]. The main advantage of the hollow fibre
arrangement is the easily definable exclusion properties of
the membranes as well as the scale-up possibilities via
coupling several hollow fibre modules in parallel [84].

Starting from the well-known setup of microtiterplate
cultivation some successful approaches have already
been realised in the field of analysis in these compart-
ments [31, 33]. Additionally, microbial growth has been
studied in very small microtiterplate equivalent fermen-
ter compartments (�5 ml) yielding similar growth
kinetics compared to standard laboratory cultivation
approaches of 3 l volume [66].

Cellular development in humans and stem cell research

Research progresses up to now

In recent years, it has been discovered that different types
of stem cells persist in the human body. All of them share
distinctive functions and patterns which mark them as a
member of the stem cell sub-population. Specific prop-

Fig. 5 Time dependent elution of the CFDA-SE signal of tagged Jurkat T-cells under different culture conditions (Data from the author,
unpublished)

Fig. 6 Working principle of microcapsules in in vivo studies (59,
60)
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erties of stem cells govern the ability of nearly indefinite
self-renewal and capability of differentiation into other
types of specialised cells like skin cells and nerve cells [35].

Within the population of stem cells several types need
to be distinguished concerning these abilities. Top down,
one can define three subpopulations, the totipotent stem
cell, the pluripotent stem cell and the unipotent stem cell.
The fertilised egg or zygote is the only known totipotent
stem cell. Embryonic stem cells defined by their ori-
gin—that is from one of the earliest stages of the
development of the embryo, called the blastocyst—are
called pluripotent stem cells (Fig. 7). Additionally, there
is a population of adult stem cells restricted to the dif-
ferentiation into cell types of the tissue it originated

from. Accordingly, adult stem cells derived from bone
marrow are restricted to differentiate into any of the
mesoderm cell subpopulations and are defined as unip-
otent [35, 56].

Several in vitro experiments where stem cells were
cultured under altered conditions underlined these facts.
Nevertheless, only few niches of differentiation primers
are known up to now. Those results are often outcomes
of intense trial and error assays. This again underlines
the need of an assay system that allows fast and easy
analysis of the impact of certain substances on the cel-
lular genesis. Generally, the reason and mechanisms of
stem cell differentiation are still subject to intense re-
search and are not widely known.

Fig. 7 Human development
during the first 16 days of
maturation from the fertilized
egg (modified from Kirschstein
et al. 35)

Fig. 8 The postulated one way
street of stem cell development
following the haematopoietic
and (partially) mesencheymal
pathway (modified from
Kirschstein et al. 35)
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Culture systems up to now

Progress in miniaturisation of cell culture techniques
mentioned previously have already made an impact on
other fields of biotechnology. Even stem cell research
now employs similar approaches to artificially generate
miniaturised compartments. Comparability is evident
considering the wide spread ‘‘hanging drop’’ setup for
embryonic body (EB) formation, for example. These
techniques facilitate spatially controlled cultivation of
embryonic stem cells (ES) and have led to several new
results [14, 45].

Additionally, the successful cultivation of EBs has
led to a further expansion of this culture approach by
making it accessible to further commercialisation of
products derived from expanded stem cells. It emerges
that some smooth mixing and perfusion systems are
able to generate larger samples of EBs for later inves-
tigation. Nevertheless, these systems still do have to fall
back on the utilisation of feeder layer cultures, at least
at a preliminary stage [24], indicating again the lack of
knowledge about the microenvironment composition.

Generally, stem cell research is mostly restricted to in
vivo mouse models or employs feeder layers, both of
them generating an undefined microenvironment. Only
few niches of differentiation of different types of stem
cells have been found in vitro without employing these
techniques. A general differentiation pathway from an
embryonic stem cell to a fully differentiated cell is still
lacking. Nevertheless, pancreatic islet-like structures
[46], neuronal cells [2, 34] and endothelial cells [83] have
been grown from embryonic cells in different models.

Examples of known differentiation pathways in vitro

The best known differentiation pathway up to now is the
pathway of haematopoiesis from a haematopoietic
progenitor cell to a fully developed, functional immu-
nocompetent cell. This is due to the fact that techniques
for isolation and characterisation of haematopoietic
cells have already been available for a longer time.
(Fig. 8)

An excellent example for the better understanding of
this specific system is the work of Spangrude et al. [76]
and Morrison et al. [53, 52] that reveals a broad pattern
of influencing substances on haematopoietic growth and
differentiation. They elucidate the key role of cytokines
like IL-3, IL-6, granulocyte-colony-stimulating factor
(GCSF), erythropoietin and thrombopoietin via the
generation of platelet, red and white blood cells in vitro
from haematopoietic stem cells.

Starting from murine embryonic stem cells Potoc-
nik et al. [65] had been able to establish lymphocyte
differentiation by just modulating the partial pressure
of oxygen down to 5% in an in vitro system. Even
specific macrophage cells have been differentiated in
vitro via IL-3 and macrophage colony stimulating
factor (M-CSF) addition by Lieschke and Dunn [44]

in an standard microtiterplate reactor setup. These
results underline the major impact of even slight dif-
ferences in the cellular environment on the later cel-
lular genesis.

Also partially uncovered concerning its differentia-
tion pattern as a function of microenvironmental effects
is the mesodermal cell lineage. Scientists have uncovered
the effects of dexamethasone, vitamine D3 and bone-
morphogenic-protein-2 (BMP-2) on mesenchymal stem
cells and have found adipocytes, chondrocytes, osteo-
blasts and tenocytes to develop from them [38, 62, 64].
Additionally, astrocytes and neurons [72] as well as
skeletal muscles, have been derived from these stem cells
via induction with 5-azacytidine [85].

Besides the differentiation outcomes induced by a
chemically modified microenvironment, novel cultiva-
tion approaches which include mechanical stresses have
been correctly identified to influence cellular behaviour
as well as even a cell-line model [39].

Starting with embryonic stem cells, scientists [26]
have managed to postulate a pathway for neuronal
development, finding that retinoic acid is the key player
concerning the microenvironment influences.

Other cellular origins of stem cells are, by compari-
son, white spots on the map of cell differentiation in
vitro.

The in vivo models and their confusing outcomes

Moving away from the in vitro model facilitates linkages
between cells, which, at a first glance, have nothing in
common. For example, researchers [27] have injected
haematopoietic stem cells and ‘muscle-derived-stem-
cells’ into dystrophic mice and have found that both
populations were able to restore normal health status of
the mice partially (Fig. 9). On the other hand, neuronal
stem cells have been transplanted into irradiated mice [4]
and have later been found to have developed into blood
cells. Stem cells can accordingly form myeloid cells as
well [71].

Finally, some mouse model experiments give rise to
the hope that, in future, even complex organ failures like
acute liver failure might be treated via a cellular therapy,
as pancreatic cells as well as haematopoietic stem cells
have already been transferred into hepatocytes in vivo
[40, 87]. This also elucidates that a ‘non-stem-cell’ can
de-differentiate and re-differentiate to form a completely
different type of cell under correct conditions.

How to lay a spot on cellular development as a function
of the microenvironment

Genetic analysis does not hold the answer

All the facts mentioned previously cannot simply be
answered by genetic analysis, as genetics would prohibit
a cell to completely change its expression pattern. There
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is no gene decoded up to now which enables cells to
dedifferentiate and re-differentiate in a completely al-
tered manner.

In recent years 3 billion $ [11, 13] have been spent to
characterise the human genome. These investigations
have been done in the hope of understanding human
development and differentiation of cells in a more
accurate way [18]. Despite of the great achievement of
fully decoding the human genome [20], it turns out that
all results are not able to explain the development of a
human from a single cell [23].

Accordingly, other parameters had to have a major
impact on this fact. It is conjecturable that changes in
the microenvironment of living cells play a key role in
these developments, but a technique to evaluate these
impacts on a single cell level is still lacked.

Modern culture assessment systems

Flow cytomeric analysis

Flow cytometer techniques assess cell populations via an
offline method employing a nozzle hydro dynamically
focussing and decollating the cells to allow excitation of
fluorochromes coupled on the cells [75].

Unfortunately these techniques are, up to now, not
able to monitor on-line the cellular genesis of single cells.
Only shifts in population distributions can be assessed,
which come along with probing an existing culture.
These techniques are reliant on the analysis of a distinct
population governing at least several hundred cells to
allow statistical analysis. Single cells would yield only
one event being analysable yielding no statistical anal-
ysis and hence no reliable result. Additionally, current
flow cytometers with sorting option interfere severely
with the microenvironment of the cell, due to the
inherent problem of having to hydro dynamically focus
the cells in a liquid stream. Accordingly, FACS analysis
can never correctly display a genesis of distinct cells.

Fluorescence microscopy and immunohistochemistry

Based on classical phase contrast microscopy tech-
niques, fluorescence microscopy lacks the advantage of
reliable statistical analysis due to the small, stagnant
sample volume. Still it holds the basic advantage of
spatial resolution of the junction site of the fluoro-
chrome at least in an 2-D arrangement [52]. Accord-
ingly, scientists employ these techniques if spatial
resolution is crucial for a conclusion from the experi-
mental setup and if 2-D resolution is sufficient.

A limited 3-D resolution is accessible if immunohis-
tochemistry is applied on the standard fluorescence
microscopy experimental setup, as slights of tissue can
be assessed stepwise and results can be correlated to the
3-D spatial arrangement [50]. Novel methods developed

Fig. 9 Experimental setup from
Gussoni et al. [27] yielding
successfully restoring health in
lethally irradiated mice via stem
cell and smooth muscle cell
retransplantation. (modified
from Kirschstein et al. [35])

Fig. 10 REM picture of a membrane used by Büscher for single
cell retention made by laser modification of a polymer membrane
(diameter of one ‘‘hole’’ 5–5.5 lm) [9]
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during the maturation of in situ hybridisation also apply
fluorescent probes to resolve even DNA and mRNA in
an fluorescence microscopy arrangement [42].

Confocal laser scanning microscopy (CLSM)

In contrast to classical confocal fluorescence micros-
copy not a broad band excitation source (UV-Hg-
Lamp) is used and restricted to certain band-widths via
filter application, but a laser is used to ensure nar-
rowest band width distribution of exciting light. Addi-
tionally CLSM no longer enlightens the whole sample,
but a grid is overlaid and each grid-knot is excited
separately. This yields that CLSM can automatically

focus through the sample. Doing this another lens
system is applied to focus on the ‘‘pinhole’’ to exclude
light emitted from other slights of the sample.

Finally all gathered information can be rearranged to
build up a truly three dimensional picture of the analy-
sed sample [70].

The spatial and temporal resolution of CLSM sys-
tems have reached theoretical values of up to now
0.2·0.2·0.6 lm in x, y and z direction at a sampling
sequences of 0.1–30s, although 25 Hz are feasible [21].

Isolated cell reactor setup

Assuming the above stated lack of knowledge as a target
for novel bioreactor design an isolated cell fermenter is
urged to be developed, which allows priming isolated
cells with specific substances in vitro, which are sup-
posed to have a major impact on the cellular differen-
tiation genesis.

To allow a crosstalk of cells via signalling sub-
stances a multi well setup would be favourable. This
would come along with the desired effect of decoupling
cell–cell contact effects from signalling effects via sol-
uble factors. Even though feeder layer cultures are a
common experimental setup to induce cellular differ-
entiation in vitro [41], it is still unknown whether the
feeder layer acts via contact signalling or via secreted
soluble factors. It is conjecturable that a combination
of both prevails, but a decoupling of both parameters
would at least be helpful for a sensitivity analysis of
these parameters.

Some approaches already successfully decouple the
influences of soluble factors from contact signalling of
cells, employing commercially available cell culture in-
serts with different micro porous membranes. Never-
theless cell populations are employed and hence a
contact driven cell–cell signalling in between cells of the
same population is not excluded [78].

Additionally, this experimental setup has to fulfil
several aspects required for mammalian cell culture as
well as measuring technique demands. These require-
ments govern sustainable delivery of essential media
components in a highly defined way regardless of spatial
arrangement of the cells, the possibility of priming the
isolated cells with defined amounts of differentiation
inducing factors and a possibility of online monitoring
the cellular genesis.

At a preliminary stage a reactor system needs to be
developed fulfilling upper demands via design of a multi
well-plate being translucent for optical analysis of the
cells. This setup would utilize a CCD-camera to simul-
taneously monitor different fluorescence signals by
appropriate filter application. CCD-cameras allow con-
tinuous monitoring of ‘‘entrapped’’ cells, which are
tagged with specific antibodies indicating the differenti-
ation status of the cell.

Antibody application is already a widespread tech-
nique in the field of haematopoiesis due to extensive flow

Fig. 11 Time resolved inoculation of a membrane layer (see
Fig. 10) with decollated cells and retention of cells at discrete
places. Accordingly an inoculation with single cells is feasible (see
t=40 s) [9]

Fig. 12 Exploded view of the single cell reactor and assembly. [9]
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cytometry [75] and MACS development advances in
recent years, and is known to resolve even expression-
densities on cells via binding of antibodies on specific
epitopes on a cellular surface or protein.

An applicable reactor setup fulfilling most of the
upper requirements has already been developed by Bü-
scher [9]. This setup is already characterised in respect to
its optical resolution and has already been run under
sterile conditions with peripheral blood mononuclear
cells (PBMC’s)

Büscher’s setup utilises several membranes with
highly defined incorporated ‘‘holes’’ being used for cell
entrapment, ranging from 1 lm to 5.5 lm in diameter
(Fig. 10), which can retain singularised cells. Even
timely resolved inoculation densities seem to be feasible
(Fig. 11) for later single cell assessment.

The entire setup consists of a translucent observation
chamber which even can be fed with defined substances
via usage of pump 1. (Figs. 12, 13)

Application of suitable filters additionally allows a
resolution of coupled fluorochromes (Figs. 12, 15) and
hence can be applied to later analyse differentiation
patterns of cells being immobilised on the membrane as
a function of superposed gradients of soluble factors.

Future targets

Taking blood cells as a first target of research an
uncovering of way of action of proteins influencing ha-
ematopoiesis might be feasible on a single cell level in
vitro. Using the single cell assessment approach of Bü-
scher this might be feasible at a preliminary approach.
Timely resolved influences of several cytokines on sin-
gularised cells can then be assessed decoupled from the
influences of cellular crosstalk being observed in stan-
dard cultivation approaches done in well-based culture
conditions.

Coupling with information from genetic research of
these experiments should be able to bridge the gap
between genetics and proteomics.

A far more demanding task would be taking stem
cells from the blastocyst rather than haematopoietic cells
and triggering them specifically to form a distinct dif-
ferentiated cell type in vitro without the employment of
feeder layers or other uncharacterised supplements like
FCS.

Starting from the postulate implicit in Fig. 8, the
culture setup mentioned previously might even elucidate
the falseness of the ‘‘one-way-street’’ assumption, or
result in a better understanding of the factors influencing
the pathway defined in Fig. 7. Finally, it might come to
an understanding of the ‘‘confusing outcomes’’ from the
experiments from Gussoni et al. which are already
contradictory to the postulate in Fig. 8.

Fig. 13 Complete reactor
setup, using regular
maintenance of the cells via
‘‘pump 2’’/‘‘buffer’’, and
possibility of priming
immobilised cells via ‘‘pump 1’’
and rinse containment.
(modified from 9)

Fig. 14 CCD-view of the membrane layer after fluorescence
excitation and application of a ‘‘blue-filter’’ for later cellular
expression profiling (modified from 9)

104



It might additionally be thought of several ap-
proaches utilising cell populations from other,‘‘more
differentiated’’ stem cells e.g. from the mesenchymal
lineage or other bone marrow derived adult stem cells.
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