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Purpose. One of the drawbacks of polycationic and cationic liposomal
gene transfer is its sensitivity to serum. Gene therapy requires the
transfectant-DNA complex to be resistant to serum as well as blood.
Since Ca2* has proved to be an efficient cofactor of polycationic gene
transfer, we decided to investigate its effects on transfection in the
presence of serum.

Methods. We studied transgene expression of luciferase gene (pCMV
Luc) on ECV 304 human endothelial cells using H1 histone and
DOSPER as transfectants in the presence of 0—100% fetal calf serum.
Results. H1-and DOSPER-mediated transfection was found to be
inhibited by serum above the concentration of 10%. If 2 mM Ca&* or
2 mM Ce&?*/0.1 mM chloroquine was included in the culture medium
which replace the transfection mixture and was left on the cells for
24 hours postincubation, the inhibiting effect of even 100% serum
was overcome.

Conclusions. A high serum level does not interfere with binding and
uptake of H1- and DOSPER-DNA complexes, but inhibits subsequent
steps such as endosomal escape. Ca2™ in the form of nascent calcium
phosphate microprecipitates and other lysosomolytical agentsfacilitate
endosomal/lysosomal release by their fusigenic and membranolytic
activity.
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INTRODUCTION

Non-viral gene therapy is a promising approach for the
treatment of acquired and genetic disorders (1). Cationic lipid
based systems and DNA vectors exploiting receptor-specific
endocytosis as a target-specific mechanism have been used for
gene delivery. However, the efficiency of gene vectorsin vivo
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till needs to be improved. Although in many cases the effi-
ciency invitroishigh, thein vivo efficiency cannot be predicted
(2,3). One of the reasons is the inactivation of cationic DNA
vector systems by serum or blood components (4-6). Many
cationic lipid based transfection systems are inactivated in as
low as 5-10% serum (7-10).

We have focussed on the use of nuclear proteins as DNA
carrier systems for gene delivery because they are constituents
of chromatin and natural interaction partners of DNA. We pre-
pared acid nuclear extracts and subsequent protein fractions by
fractionated precipitation. Single transfection-active proteins
were obtained by FPLC. In the presence of C2%" ions in the
transfection medium, H1 histone was identified as a very trans-
fection efficient protein. The high mobility group proteins
HMG1 and HM G2 were less efficient (11,12). Synthetic polyc-
ations also showed a high transfection efficiency inthe presence
of Ca?*. We suggested that Ca?* in the form of nascent Ca(PO,);
microprecipitates formed in the presence of phosphates has
lysosomolytic activity and supports the release of the H1-DNA
complexes from endosomes/lysosomes into the cytoplasm (13).

In thispaper, wewould liketo report on transfection results
using H1 histone as a DNA packaging protein in the presence
of serum. We demonstrate that the presence of Ca?* ionsin the
cell culture medium can overcome the transfection-inhibiting
effectsof serum. Similar resultswere obtained using the cationic
transfection reagent DOSPER. The aim of these investigations
is to find experimental conditions supporting gene delivery
in vivo.

MATERIAL AND METHODS

Histone H1 and DNA

Nuclear proteins were extracted from calf thymus nuclei
with 5% perchloric acid and fractionated by acetone precipita-
tion asdescribed previously. Histone H1 was obtained by FPLC
using anionic and cationic ion exchanger columns Mono Q and
Mono S (Pharmacia). The fractions 2VAS1 and 2.5VASL/2 are
FPLC-pure H1 (11,12).

The reporter plasmid pCMV Luc wasgrown in E.coli DH5
and isolated and purified using standard methods. It encodes
the American firefly luciferase gene under the control of the
cytomegalovirus promoter.

Commercial Transfectants

DOSPER, a cationic lipid with a spermine head group
(4 positive charges), was obtained from Roche Diagnostics
GmbH Germany.

Experimental Design

In order to increase the transfection efficiency, Ca2* can
be added to the transfection or/and postincubation medium. 1f
Ca®" is added to the postincubation medium, the transfection
process can be divided into two steps, complex uptake and
trandocation to the nucleus. Both steps can be studied and
affected separately. In the absence of Ca?™ H1-DNA complexes
are taken up by the cells in the transfection phase and stored
in endosomal/lysosomal vesicles (13). In this paper, we studied
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the effects of increasing serum concentration on the cellular
uptake by adding serum to the transfection medium as well as
on transl ocation or transfection by adding serum to the postincu-
bation medium in the presence of Ca?" as outlined above. In
order to facilitate the understanding of the figures, the following
schematic description of the graphs was used: transfection
medi um/postincubation medium with the experimental condi-
tions before or after the dash as given. Transfection medium
describes buffer or cell culture medium, here RPMI, with or
without serum including transfectant and DNA which is added
to the cells for transfection. The postincubation medium is cell
culture medium containing Ca?* and serum which is added to
the cells after removing the transfection medium and washing
the cells.

Céll Culture and Transfection Protocol

ECV 304 cells, a spontaneously transformed, human
umbilical vein endothelial cell line, were cultured in endothelial
cell medium M199 with Earle’s salt and L-glutamine (Gibco
BRL) supplemented with 10% fetal calf serum (FCS). Transfec-
tion was performed as published previously (11,12). Plasmid
DNA and H1 histone as specified in the text were mixed in
0.15 M NaCl, 10 mM Tris-HCl, pH 7.6 a room temperature
and shaken for 15 min. 2 p.g of plasmid DNA pCMV Luc were
used as a reporter gene. Weight input ratios r; (protein/DNA)
of 1 and 5 were used. From these values molar charge ratios
+/— of 0.8 (here approximated as neutral) and 4 on the basis
of lysines + argininesDNA phosphate can be calculated. The
final complex volume was 100 wl. It was mixed with 0.9
ml culture medium (RPMI 1640) containing varying amounts
(0—100%) of fetal calf serum FCS (Gibco BRL) and 2-6 mM
CaCl,. At the highest FCS concentration (100%) the RPMI was
fully replaced by serum. 2 - 10° cells per well were transfected
with these transfection mixtures at 5% CO, and 37°C for 4
hours. Then the transfection mixture was removed and replaced
by 1 ml RPMI/10% FCS/2 mM CaCl, and/or 0.1 mM chlo-
roquine. After incubation for about 30 hours, the cells were
harvested and the luciferase activity measured by the Promega
assay system using a Lumat LB 9501 luminometer (Berthold).
The relative light units RLU refer to 20 wl cell extract from a
total of 150 pl containing 2 - 10° cells.

Measurement of the Calcium Concentration

The calcium concentration in the presence of RPMI and
FCS was determined by photometry in a Hitachi 747 by means
of the o-cresolphtalein-complexon method supplied as kit by
Roche Diagnostics GmbH Germany. Some measurements were
performed by flame photometry in an ELEX 6361 flame pho-
tometer (Eppendorf Hamburg, Germany).

Free C&" in the presence of RPMI and FCS was deter-
mined potentiometrically by means of the calcium electrode
using the blood gas analyzer OMNI, AVL, Graz Austria.

Viability Measurements

Viability measurements were performed in 96-well plates
using the cell proliferation kit (XTT) from Boehringer Mann-
heim, now Rochediagnostics, Germany, asdescribed previously
(12). The measurements were performed similarly to the trans-
fection experiments in order to check the influence of Ca?*
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and higher serum concentrations on the viability of the ECV
304 célls. Since H1-DNA complexes per se are not toxic (12),
they were not included in the viability experiments.

RESULTS

Ca?* lons Stabilize the H1-Mediated Transfection at
High Serum Concentrations

We checked the transfection activity of histone H1 and of
commercial transfectantsin complex with plasmid DNA in the
presence of serum. Transfection experiments performed with
H1-pCMV Luc complexes of adjusted molar charge ratios +/
— of about 0.8 (here taken as “uncharged”) and +4 (cationic)
areshowninFig. 1. ECV 304 cellsweretransfected with neutral
H1-pCMV Luc complexes (molar charge ratio +/— = 0.8) in
the presence of 0—100% serum and 6 mM Ca%" in the transfec-
tion medium. The postincubation medium contained 10% serum
as usual (13). If there was no Ca?"/chloroquine in the postincu-
bation medium, the transfection efficiency given in relative
light units (RLU) was inhibited at serum concentrations higher
than 10—20%. However, as further demonstrated in Fig. 1, this
serum inhibition can be overcome completely if 2 mM Ca?*/
0.1 mM chloroquine are added to the postincubation medium.
High transfection efficiencies were observed at serum concen-
trations between 10 and 100% (in the transfection medium)
which greatly exceeded the control values. Similar effects, how-
ever with adlightly lower transfection efficiency, were obtained
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Fig. 1. Transfection efficiency (RLU) of histone H1-DNA complexes
as a function of the concentration of fetal calf serum (FCS) in %.
Transfection experiments under conditions of no or low serum inhibi-
tion with the transfection mixture containing 6 mM Ca2*, 0-100%
FCS and the postincubation medium containing 2 mM Ca?*/0.1 mM
chloroquine, 10% FCS. “Uncharged” complexes with a molar +/—
charge ratio of 0.8 or input ratio r; (HL/DNA by weight) of 1 (m),
positive charged complexes of a molar charge ratio +/— = 4,1, = 5
(A). Transfection under conditions of high serum inhibition with the
transfection medium as above and the postincubation medium with
10% FCS without Ca?", uncharged comlpexes with +/— = 0.8 or
ri=1(e). 2 ng pPCMV Luc, 2 - 10° ECV 304 cells; with more than
2 experiments mean values and standard error are given.
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with H1-DNA complexes of a molar charge ratio +/— = 4.
We aso have observed that the stabilization of the transfection
effect against higher serum concentrations does not require
chloroquine. Transfection on a lower level can be achieved by
Ce?* aone (not shown). As further shown in Fig. 1, decreasing
RLU valueswere observed below 10% serumin thetransfection
medium under al transfection conditions used here. As shown
in Fig. 2 in viability measurements by means of the XTT test,
this decrease in RLU is due to the toxicity of Ca2* on cells
not sufficiently protected by serum (the blank value without
DNA is about 2 - 10° RLU). H1-DNA complexes were aso
included in the viability experiments. They do not influence
the viability (not shown).

Thequestionif Ca?* fulfillsacell-specific rolein overcom-
ing theseruminhibition or actsmerely indirectly by neutralizing
negative electrostatic charges on the extracellular level is of
importance. In the latter case Mg?* also should exhibit similar
effects. In Fig. 3 experiments are shown in which the influence
of the divaent cations Ca?* and Mg?" on the transfection
efficiency in the presence of serum was compared. In addition
to Ca?" and Mg?", increasing serum concentrations up to 100%
were present in the transfection medium. The postincubation
medium contained 2 mM Ca", 0.1 mM chloroquine and 10%
serum. Whereas in the presence of 6 mM Ca™" in the transfec-
tion medium the highest RLU values were observed, Mg?* in
the transfection medium resulted in adightly lower transfection
efficiency that remained nearly constant over the full range of
serum concentrations. Therefore, the complexes were taken up
in the presence of Mg?*. Complexes of a charge ratio of
+/— = 4 exhibited a similar behavior (not shown). Further-
more, Mg?* was not toxic at low serum concentrations (no
decrease in RLU) unlike Ca2* which proved to be toxic under
these conditions. However, if Mg?™ was present in the transfec-
tion and postincubation media, no transfection was observed
(in the absence of Mg?* or Ca2* in the postincubation medium
as well). Therefore, Mg?* seems not to be involved in cellular
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Fig. 2. Cell viability of ECV 304 cells in the presence of 6 mM
Ca?* (black columns) as a function of the fetal calf serum (FCS)
concentration in %. The percentages of the controls in the absence of
Ca?* (white columns) are given. H1-DNA complexes not added to the
cells (see text); XTT assay performed in 96-well plates with 4 X 10*
cells, mean * s.e., three experiments.
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Fig. 3. Comparison of the effects of Ca2* and Mg?* ions on the
transfection efficience of H1I-DNA complexesin the presence of serum.
Composition of the media: Transfection medium 6 mM Ca", 0-100%
FCS, postincubation medium 2 mM Ca?*/0.1 mM chloroquine, 10%
FCS (m); transfection medium 6 mM Mg?*, 0—100% FCS and postincu-
bation medium 2 mM Ca?*/0.1 mM chloroquine, 10% FCS (), trans-
fection medium 6 mM Mg?", 0—100% FCSand postincubation medium
2mM Mg?*, 10% FCS (A), +/— = 0.8 orr, = 1; 2 ng pCMV Luc,
2 - 10° ECV 304 cells, when more than 2 experiments mean values
and standard error are given.

processes as in the endosomal release of the complexes in the
presence of serum because transfection is suppressed if Mg?*
instead of Ca?* is present in the postincubation medium.

Ca®* Is Not Needed for the Complex Uptake

Inorder to seeif the complex uptake by the cellsisinhibited
by higher concentrations of serum, we varied this basic experi-
ment by omitting Ca2" in the transfection medium. Previously,
we had shown that complexes were taken up by cells in the
absence of Ca?* (13). Fig. 4 shows the transfection efficiencies
of neutral H1-DNA complexes without Ca2* in the transfection
medium at varying serum concentration under different condi-
tions. When increased serum concentrations were present in
the transfection medium and 2 mM Ca*/0.1 mM chloroguine
together with 10% serum in the postincubation medium, high
transfection efficiencies in the total range of serum concentra-
tions were observed. If under the same conditions increasing
serum concentrations were also present in the postincubation
medium or in both, in transfection and postincubation medium,
an inhibition of the transfection was observed. This inhibition
was more pronounced in the latter case. Thus, it seems that the
uptake of the complexes is either not inhibited or only slightly
inhibited in the presence of even high serum concentrations.
On the other hand, intracellular events such as the endosomal
rel ease of the complexes or the nuclear entry and/or the expres-
sion of the DNA could be inhibited by serum. Since we have
suggested that Ca(PO,); microprecipitates rather than the free
Ca?" support the endosomal/lysosomal rel ease of the complexes
(13, 14), it is very likely that at higher serum concentrations
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Fig. 4. Transfection measurements providing evidence for the cellular
uptake of H1-DNA complexes (see text) as a function of the serum
concentration. The media had the following composition: Transfection
medium contained 0-100% FCS without Ca?* and postincubation
medium 2 mM Ca2*/0.1 mM chloroquine, 10% FCS (®); transfection
medium with 10% FCS and without Ca?* and postincubation medium 2
mM Ca2"/0.1 mM chloroquine, 0—100% FCS(A); transfection medium
without Ca?* and with 0—100% serum and postincubation medium 2
mM Ca&*/0.1 mM chloroquine and 0-100% FCS (m). +/— = 0.8 or
rr =1 pg pPCMV Luc, 2 - 10° ECV 304 cells; with more than 2
experiments mean values and standard error are given.

the PO, concentration is not sufficient to generate Ca(PO,);
microprecipitates (the phosphate concentrations in RPMI and
concentrated FCS were 5.6 mM and 2.4 mM, resp.). In a series
of experiments, we therefore added 12 mM PO, to the medium
at high serum concentrations in order to regenerate the high
transfection efficiencies observed at 10% serum. An improve-
ment could actually be achieved. At 50% serum the transfection
efficiency isincreased 3.5-fold, at 90% about 50-fold, however,
without reaching the initial values at 10% serum (not shown
here). The low RLU values in the complete absence of serum
are due to cell damage (see Fig. 2).

Free Ca?* Concentration in Serum-Containing Media

To elucidate the mechanism of Ca?*’s ability to overcome
the transfection inhibition by serum, we performed measure-
ments of the total and free Ca®* concentration in RPMI con-
taining serum concentrations of 0—90% FCS (Fig. 5). Since
without addition of exogeneous Ca?" there was no transgene
expression, we were confronted with aproblem of the availabil-
ity of free Ca?* for cellular processes related to transfection.
Binding of Ca?* to serum proteins could reduce free Ca?*
concentration from the mediawhich should be measurable. The
free Ca2* concentration in serum reaches a value of about 1.44
mM at 90% FCS. At 0% FCS, i.e. in RPMI, we find 0.33 mM
Ca’". Thetotal Ca?" concentration in this range increases from
0.45 mM to 3.15 mM Ca*. When no exogeneous Ca?" is
added, transgene expression was not detected in the full serum
range. Only after addition of 2 mM exogeneous Ca" to the
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Fig. 5. Concentration of total Ca?" and ionic C&?* in RPMI containing
0-90% FCS. The total (m) Ca?* concentration and the ionic (free)
Ca* concentration (®) were determined in RPMI containing 0-90%
serum and after adding 2 mM exogenously Ca?* to RPMI and serum,
(V) total and (A) ionic Ca?*. The measurementswere performed twice,
mean values are given.

postincubation medium, transgene expression was obtained at
al serum concentrations in the transfection medium (Fig. 1).
Fig. 5 also shows the measured free and total Ca?* concentra-
tions after the addition of 2 mM exogeneous Ca2* to the RPMI/
serum solutions, i.e. under conditions which would result in
transgene expression. Free Ca?" concentrations between 0.98
mM and 2.74 mM Ca2* were measured in the full concentration
range of FCS. In contrast to this, 2.22 mM at 2.5% FCSto 5.0
mM Ca?" were measured for the total Ca?* concentration. At
0% FCS the total Ca?* concentration after addition of 2 mM
Ca®" was not measurable because of binding of free Ca?* to
cuvette walls. These data prove that a considerable lack of free
Ca?" exists in RPMI and that this lack increases as the serum
concentration increases. We suggest that the major part of the
added C&?" is bound to free phosphates contained in RPMI
(5.6 mM) which results in the formation of calcium phosphate
microprecipitates Ca(PO,4);. With increasing serum concentra-
tions further amounts of free Ca?* also could be bound to
negative serum proteins. This could be derived from the graph
for the free Ca2" concentration after the addition of 2 mM
exogeneous Ca2* that increased less compared with that of the
total Ca?* concentration (Fig. 5). Therefore, it is likely that
Ca(PO,); microprecipitates play arolein overcoming theinhibi-
tory effect of serum on transfection. However, substituting the
free Ca?* by preformed Ca(PO,); precipitates (total concentra-
tion of 2 mM Ca*) in the postincubation phase did not result
in the full transfection efficiency. We obtained about 20% of
the efficiency in the presence of ionic Ca&2* at 10 and 50%
serum and 80% of the efficiency at 90% serum. Therefore,
other unknown factors are aso involved in the effect. Fig. 6a
showsthe relationship between transfection efficiency and input
Ca?* concentration in RPMI for Ca?* concentrations <2 mM.
The transfection medium contained 10% FCS and no Ce&?*.
The postincubation medium contained increasing Ca2* concen-
tration and 10% FCS. In Fig. 6b the measured total and the
free Ca2* concentration is given as afunction of the Ca?" input
concentration. The figure showsthat even at 1 mM Ca?* added
in the postincubation phase the full transfection activity was
reached. The difference of total and free Ca®" measured at
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Fig. 7. Transfection efficiency (RLU) of the cationic liposomal reagent
DOSPER as a function of the serum concentration. Transfection
medium 2 mM Ca?*, 0—100% FCS, postincubation medium 10% FCS
(@), transfection medium without Ca?*, 0—100% FCS, postincubation
medium 2 mM Ca*/0.1 mM chloroquine, 10% FCS (m). 5 ug
DOSPER, 2u.g pCMV Luc, 2 - 10° ECV 304 cells; with more than 2
experiments mean values and standard error are given.
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these low Ca?* concentrations could indicate the existence of
nascent microprecipitates.

Ca?* Increases the Serum Stability of DOSPER

Finally, we studied the sensitivity to higher serum concen-
trations of the commercia transfectant, DOSPER. A question
of great interest for the use of the cationic liposome DOSPER
was, whether DOSPER which like most of the lipoplexes is
inhibited by serum during transfection, could be stabilized in
a similar way as H1 against serum inhibition by Ca?*. Fig. 8
shows that DOSPER has a maximum transfection around 10%
FCS when 2 mM Ca" is present in the transfection medium.
The serum concentration ranged from 0—-100% in the transfec-
tion medium. The postincubation medium contained 10% FCS.
The decrease at 0% is due to Ca?* toxicity. If there was 2
mM Ca?*/0.1 mM chloroquine in the postincubation medium,
transfection efficiency at first decreased 20—-30 fold from the
highest levels of transfection at low serum (0-5%) and then
remained on this level in the full serum range. This means
stabilization against serum on a lower transfection level.

DISCUSSION

The ability of serum to inhibit transfection isawell-known
phenomenom. It represents one of the most important draw-
backs of the nonviral genetransfer in vivo. The processeswhich
result in the inhibition of the gene delivery are described for
lipofection in some detail. Yang and Huang (5) demonstrated
that thisinhibition is due to negative serum proteins which bind
to lipoplexes resulting in an inhibition of their binding to cells.
They worked with 20% fetal bovine serum. It is possible to
circumvent these effects by increasing the +/— charge ratio of
the complexes resulting in an overcompensation of the negative
charges of the serum proteins. Ogris et a. (6) were able to
identify negative serum proteins which specifically bind to
DNA/Transferrin-PEI complexes. It is expected that these pro-
teins, IgM, fibrinogen, fibronectin, and complement C3, are
transfection-inhibiting serum proteins. Using lipopolyamines
Escriou et a. (16) found that in the presence of 10% serum
the DNA uptake is only dlightly affected, but the transgene
expression greatly reduced. Lipoplexes were present in small
vesicles, probably endosomes, in the presence of serum and
were not translocated to the nucleus. In the absence of serum,
the vesicles were larger and heterogeneous in size and shape.
They contained large aggregates of lipoplexeswhich wereactive
in transfection. The authors argue that the smaller vesicles in
the presence of serum have difficultiesin rel easing the transgene
DNA complex into the cytoplasm. This could be an additional
explanation for the inhibition of the transfection by serum.
Mizugichi et a. (10) suggested that the serum inhibition of
transfection could be due to the presence of serum nucleases
degrading the transgene DNA.. Our results exclude this possibil-
ity. Another explanation of these authors concerned the binding
of serum components to the cell surface interfering with the
uptake of lipoplexes by the cells is aso in contradiction to
our results.

Transfection experiments in the presence of more than
20% serum have only been published rarely (10,17,18). How-
ever, such experiments are necessary in order to obtain full
information on the effects of serum under in vivo conditions.
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Using histone H1 as a DNA carrier protein, we have demon-
strated that transfection is possible even in the presence of
100% serum if 2 mM Ca"/0.1 mM chloroquine is present in
the postincubation medium. Although most of the experiments
were performed in the presence of Ca2* and chloroquine, the
same conclusion was also obtained with Ca2* aone. Here, we
observed 20% smaller RLU values. Previously, we have shown
that the addition of small concentrations of Ca" (2 mM) to
the cells after the transfection, i.e. in the postincubation phase,
resulted in high transfection rates. 10% serum was present in
the postincubation medium, postincubation time was 24 hours
(13). While the DNA uptake during the transfection period of
4 hours was not affected by Ca?", transgene expression was
observed only if Ca?* was present during postincubation. This
was attributed to a facilitated endosomal/lysosomal release of
the complexes in the presence of Ca?*. According to these
results, also a higher serum level (up to aimost 100%) does
not interfere with binding and uptake of complexes, but inhibits
subsequent steps such as endosomal/lysosomal escape. Ca?*
aswell as Ca?*/ chloroquine, the latter with a higher efficiency,
still functions as an lysosomol ytic factor under these conditions.
From our measurements of free and total Ca?* concentration,
we suggested that Ca?* under our transfection conditionsin the
presence of serum is present in the form of calcium phosphate
micropreci pitates Ca(PO,); which have fusogenic and membra-
nolytic activity (13,14). Severa transfection experimentswhich
were performed at Ca?™ concentrations <2 mM, in the absence
of chloroguine and at 10% serum indicated that even at 0.8
mM Ca?" the maximum in transfection was reached. There
was evidence from our Ca2™ measurements that beginning with
0.4 mM Ca?* nascent microprecipitates exist. This conclusion
isfurther supported by the solubility product (on amolar basis),
Cat - (HPO,)~ ~ = 24 - 1075, a pH 7.0, which indicates that
Ca(PO,); microprecipitates will form whenever this product is
exceeded (15). This condition was fulfilled in our experiments.

We studied complexes with approximately neutral +/—
charge ratio which should not bind to negatively charged serum
proteins and complexesof achargeratio +/— of 4 which should
bind to such proteins. The positively charged complexes showed
a decrease in the transfection efficiency of 50%. This decrease
could be dueto an interaction of the complexeswith acid serum
proteins resulting in a diminished uptake by the cells (5). How
is Ca?* able to overcome the serum inhibition of transfection
if it is not by binding serum proteins to the complexes or to
the cell surface? The experiments in which Ca?* was replaced
by Mg?" indicate the specific role of Ca?* and exclude interac-
tions between the extracel lular components of the system which
also would be influenced by Mg?*. In the presence of serum,
irrespective of the presence of Mg?" in the transfection or
postincubation medium, Ca?" has to be present in the postincu-
bation phase in order to overcome serum inhibition. The com-
plexes are also taken up by cells in the absence of Ca*,
otherwise we would not observe transfection if Ca?" is present
in the postincubation phase. An immunocytochemical study
indicating that the uptake of the complexes takes place in the
transfection phase and not after cell adsorbtion during the post-
incubation is in preparation (see also ref. 13). On the other
hand, using neutral HI-DNA complexes, the serum inhibition
was restricted to the postincubation phase. The postincubation
phase involves the translocation of the transgene DNA from
the endosomes/lysosomes to the nucleus, the nuclear entry and
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the expression. As already mentioned, Ca?* might be endocy-
tosed in form of Ca(PO,); microprecipitates (19) and quickly
distributed over the vesicular compartment of the cell. Due to
their fusogeni c and membranolytic activity, these microprecipi-
tates are able to support transport and rel ease of the transfecting
HI-DNA complexes from endosomes/lysosomes into the cyto-
plasm in the perinuclear region. Therefore, we suggest that the
unknown serum effectors inhibit transfection on this level. It
could be serum proteinswhich are taken up by the cellstogether
with the transgene DNA complexes by endocytosis. They could
inhibit the endosomal/lysosomal release of the transgene DNA
complexes in the presence of serum. The endpoint would be
their lysosomal digestion.

It should be mentioned that similar results concerning an
overcoming of the serum inhibition of the transfection by addi-
tion of Ca?*/chloroquine were also obtained in single experi-
ments using CHO cells (not shown here). However, in this
stage, a generalization of these results on other cell typesis not
yet possible. The results obtained with the cationic liposomal
transfectant DOSPER concerning the stabilization against
serum components using 2mM Ca?*/0.1 mM chloroquine com-
pare well with H1. The only similarity between H1 and
DOSPER is its cationic character. Therefore, our conclusions
might be valid for polycations in general.
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