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Cytotoxic effects of some inflammatory
mediators on microencapsulated cells*
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One of the implantation problems in immunoprotected living cells is the appearance of local
inflammatory phenomena around microcapsules. Some of the mediators released in such
pathophysiological conditions were tested. A toxic action of compounds such as elastase,
collagenase, free radicals and lysozyme was evidenced. Interleukins 1 and 2 revealed no
cytotoxicity within the test limits on the experimental cellular model chosen. These results
underline the importance of inflammatory mediators released by adjacent, or even resident,

cells in the implant.

1. Introduction

The implantation of living and functional cells in
microcapsules has in recent years represented an at-
tractive alternative in the treatment of some human
diseases. The bioartificial pancreas has been proposed
for the treatment of insulin-dependent diabetes.
Microcapsules have been developed with various
methods and materials, including biopolymers [1-4].
Hybrid functional units have been tested in vitro with
varying success. The fundamental properties of these
entities are based on two characteristics: the absence
of material toxicity and a controlled porosity of the
capsular membrane. The aim here is to avoid the fatal
contact between the antibody and the implanted cells.
Nevertheless, whatever capsular structure is used and
despite immunoprotection, many in vivo studies have
shown that grafted cells do not survive, or that they
lose some of their functional characteristics after a
period of time [5, 6]. These observations led us to
examine some immunological phenomena, which
might intervene in this cell destruction, in particular
inflammatory local phenomena, which are of great
importance regarding the dual functions of immune
surveillance and responsiveness in the direct vicinity of
such implants.

These experiments were designed to test some well-
known soluble mediators which are permeable to the
capsule wall. Our results indicate that embedded nat-
ural killer sensitive cultured tumour YAC-1 cell line
are effectively protected from cell-cell mediated lysis.
Proteolytic enzymes killed these embedded cells when
pathophysiological concentrations were used. More-
over, the different soluble cell products tested, which
are released and are present in the fluid isolated from
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an inflammatory site and which are endowed with a
potential cytotoxic effect upon encapsulated cells,
provided mixed results.

2. Materials and methods

2.1. Reagents

Natural killer (NK} cells were obtained from rat
spleen according to Heberman’s technique [7].

Supernatant of spleen cell culture was obtained by
stimulating 1.5 x 10° cells ml~* of RPMI 1640 (Gibco)
with 2 ug mi~* Concanavalin A for 24h and I1-2 level
in such supernatant was determined according to the
technique of Gillis et al. [8].

Human recombinant Il-1-B was obtained from
Genzyme. One nanogram protein correspond to
100 U 1l-1 according to the manufacturer’s speci-
fications.

Collagenase from Clostridium histolyticum, lyso-
zyme and riboflavin were supplied by Boehringer,
Gibco, and Sigma, respectively.

Human pancreatic elastase was used. The enzyme
was purified in our laboratory by the procedure of
Largman et al. [9] and used after 30 min incubation
with trypsin.

2.2. Cell lines, agarose embedding and
cytotoxicity assays

The different inflammatory products studied were
assayed by using a 3!Cr-release test with the following
procedure. Target cells were U 937 (a human mye-
lomonocyte cell line) and YAC-1 (a Moloney leukemia
virus-induced-murine-lymphoma) cell lines. They
were labelled by incubating 6 x 10° cells with 200 pCi
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Sodium->*Cr-chromate overnight at 37 °C in humidi-
fied 5% CO, atmosphere. After washing the labelled
cells three times, the cells were divided in two parts
and centrifuged. One part acted as a reference and was
tested without any modification; the second half of the
cells was embedded in agarose beads according to a
technique previously described [10]. Target-labelled
cells were dispersed in a 1.5% agarose solution (type
IX, gelification ¢t < 15°C, Sigma). The agarose micro-
spheres were obtained by extrusion of these mixtures
through a needle into the inner tube of a coaxial
polyethylene capillary, into which paraffin oil (Isopar
M, Exxon Chemical) was pumped through the outer
tube. Lowering the temperature produced perfectly
spherical and homogeneous microbeads, which were
collected in the bottom of a cool receiving flask. Then,
the cells, either embedded or not in agarose, were
placed in plastic tubes (about 1.5x 10° cells in each
tube). Cell culture supernatant, cytokine or other re-
agents were then added in different concentrations to
each tube and incubated for 4h at 37 °C in a humidi-
fied atmosphere of 5% CO, in air. All the samples
were performed in triplicate. The tubes were then
centrifuged and the amount of *!Cr released into the
supernatant was measured. Spontaneous release
{target ceils in medium alone) was less than 30% of
maximum release in all experiments. Total release was
obtained by incubating labelled target cells with HC1
1 M. All reagent activities were expressed as the per-
centage cytotoxicity as follows:

% cytotoxicity

test cpm — spontaneous cpm « 100
"~ total cpm — spontaneous cpm '

3. Results and discusssion

Natural killer cells: Target (T) YAC-1 cells were
mixed with splenic effector (E) cells at E/T ratios of
200:1, 100:1, 50:1, 25:1. The NK cells, which require a
direct contact with tumour target cells to be lysed,
showed no cytolytic action on agarose-embedded
YAC-1 labelled cells (Fig. 1). The percentage of specific
51Cr-release, i.e. the number of cells killed during the
4h test, was equal to spontaneous ! Cr-release, what-
ever the E/T. The polymer obstructed cell penetration.
This classical NK cell-mediated cytotoxicity was not
MHC-restricted. The cells had a cytotoxic action ir-
respective of the presence of the antibody, and seemed
to secrete no substance capable of lysing these tumour
target cells.
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Figure 1 Four-hour natural killer cell activity on cells embedded in
agarose microbeads (—e—), or on free cells (-o-).

Culture supernatants from mitogen-stimulated rat
spleen cells mainly contain molecules synthesized and
released by the T-helper lymphocytes. When such
cultures are stimulated by mitogen Concanavalin A
{Con A), supernatants are tested, routinely used and
titrated as a typical growth factor assay in the prolifer-
ation of an Interleukin 2-dependent cytotoxic T-cell
line [8]. This medium obtained with Con A was used
at different concentrations, the first being similar to
those found when lymphocytes are stimulated in vivo
during a pathological state. These supernatants (pure
or diluted) did not show any toxic effect on the cell
lines tested either on the embedded cell line or on the
free cell suspension (data not shown).

Interleukin-1p (I-1B) is a cytokine which plays an
important role in many physiological responses. It is
produced by many cell types, particularly by macro-
phages and monocytes. Il-1 affects a wide range of
target tissues and is thought to be an important
mediator of the inflammatory response by acting as a
growth factor for fibroblasts, by inducing the release
of prostaglandin E,, by stimulating the secretion of
proteases and new cytokines, by inhibiting some meta-
bolic functions and by generating free radicals [11].
Such are a few of the direct or indirect multiple actions
of this polypeptide. 1I-1 was tested at concentra-
tions varying between 20 ngml~* and 2 pgml~?! of
medium. Some authors have clearly shown that Il-1
concentrations greater than 1 ngml™! inhibit insulin
secretion, and even account for severe cell injuries
within pancreatic islets [12, 13]. On our cell model no
significant direct cytotoxicity was observed when the
I1-1 was used at such concentrations (data not shown).

The lysozyme is a Bglucosidase detected early at an
abnormal rate in response to a non-specific inflam-
matory stimulus, i.e. non-antigen specific [14]. In vivo
assays are performed during the inflammatory phase
and correspond to the minimal concentrations tested
in our experiment (5 pg ml~ ). This enzyme is released
by degranulation of various cells (polynuclears,
macrophages, etc.). We found only a limited toxicity
on the cells used, and only at relatively high lysozyme
concentrations. At 5 mg of lysozyme per mli, the cyto-
toxicity rate was about 5% (data not shown).

Elastase and collagenase are two proteases in the set
of proteolytic enzymes which intervene systematically
in the presence of an inflammatory phenomenon.
Concentrations of 500 ug ml~* to 100 mg mi~?! for
collagenase and of 1.89 ug ml~! to 70 pg ml~? for
elastase were used in this study. Minimal values of
these concentrations took into account the usually
enzymatic content of secreting cells and the specific
activity of our proteases (especially collagenase) [15].
These enzymes can kill cells swiftly and at a high rate
(Figs 2 and 3). Agarose in this case has a slight
protective action towards elastase (Fig. 3).

Our latest test is an assessment of the toxic power of
free radicals. These chemical compounds are widely
encountered mediators in the multiple stages and
reactions of cellular life [ 16]. The cells which intervene
in the inflammatory process are sensitized: they pro-
duce superoxide anions and other oxidizing species.
These species are the consequences of respiratory
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Figure 2 Four-hour collagenase activity on cells embedded in
agarose microbeads (—e-), or on free cells (-o-).
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Figure 3 Four-hour elastase activity on cells embedded in agarose
microbeads (-e-), or on free cells (~-o-).
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Figure 4 Four-hour free radicals activity on cells embedded in
agarose microbeads (~e-), or on free cells (-0-). Free radicals were
generated by incorporating riboflavine to culture medium.

burst, but may also be the result of more specific
reactions such as those of the arachidonic acid meta-
bolic cascade. Free radicals have strong effects but are
short-lived. For this reason, to test their action on
embedded or free cells, we mimicked their action by
introducing riboflavin into the culture medium. We
used riboflavin concentrations of 12-120 ugml™?! of
medium. The mixture was then exposed to light. The
riboflavin became oxidized and therefore produced
free radicals. Results showed that both on embedded
and free cells the toxic action of these compounds was
exerted during the 4h test (Fig. 4).
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4. Conclusion

This initial study investigates whether some molecular
products known to form during host defence could
pass through microcapsule-protected cells. These mo-
lecules are of low molecular mass (less than 150 kDa).
Some are secreted proteins such as cytokines (Il-1 and
I1-2) involved in immunity and inflammation, where
they regulate the amplitude and duration of response.
They are usually produced transiently and locally,
acting in a paracrine or autocrine manner. Others are
enzyme molecules also produced by stimulated im-
munocompetent cells such as elastase. These results
confirm the cytotoxicity of compounds such as elas-
tase, collagenase, free radicals, and lysozyme at high
concentrations. No direct toxic effect of II-1 and 11-2
was found in our target cells.

However, the initial context is important, i.e. the
action of such mediators toward grafted cells such as
Langerhans islets. These are groups composed of vari-
ous cell types. It may be that some of these cells react
to cytokines. When passing through the encapsulation
membrane, the I1-1 (for example) could bind to various
cells of the islets (resident macrophage receptors) and
therefore trigger the immunological cascade. A real
attack on the implanted cells results in a generalized
reaction such as degranulation, protease synthesis and
free radical genesis. In time, a sort of slow-acting
cytokine-mediated autodestruction causes definitive
cell necrosis.

We have demonstrated the toxic action of some of
the inflammatory mediators which could act without
the direct intervention of immune complexes such
as antibody-antigens. This list is, of course, not ex-
haustive but underlines the complexity of the problem.
With a direct action, they could kill cells if their
synthesis were not correctly regulated. Aithough their
function is only indirect, it is nevertheless fundamental
insofar as these compounds could thus maintain and
amplify the previous inflammatory response. Despite
the presence of a semi-permeable membrane, it seems
possible that in living cell implantation, initiation of
an inflammatory response against these foreign bodies
mediates in a more or less complex way the produc-
tion of such molecules; cell survival is then seriously
compromised. These problems will probably be solved
by technical improvements in the production of better
non-inflammatory materials and polymers.

This preliminary study indicates that beyond the
strictly immunological problem and the fact that the
cells of the immune system in particular depend on
regulated interactions with other cells to activate and
direct the response to infection, the implantation of
hybrid functional units must take into account the
various biological molecules synthesized and secreted
by the cells which are activated after an inflammatory
stimulus.
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