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Abstract

The implementation of Registration, Evaluation and Authorisation of new and
existing Chemicals (REACH) will increase the number of laboratory animals used,
if alternative methods will not be available. In the meantime, REACH promotes
the use of in vitro tests and, therefore, a set of appropriated alternative testing
methods and assessment strategies are needed.

The immune system can be a target for many chemicals including environmental
contaminants and drugs with potential adverse effects on human health. The aim
of this study was to evaluate the predictivity of a set of in vitro assays to detect
immunosuppression. The tests have been performed on human, rat and murine
cells. Different endpoints have been assessed: cytotoxicity, cytokine release,
myelotoxicity and mitogen responsiveness. For each of these endpoints IC50s
values have been calculated.

Six chemical substances, representative of the full range of in vivo responses and
for which good human and/or animal data are available either from databases or
literature, have been selected: two chemicals classified as not immunotoxic
(Urethane and Furosemide), and four (tributyltin chloride (TBTC), Verapamil,
Cyclosporin A, Benzo(a)pyrene) with different effect on immune system.

All the tests confirmed the strong immunotoxic effect of TBTC as well as they
confirmed the negative controls. For one chemical (Verapamil) the IC50 is similar
through the different tests. The IC50s obtained with the other chemicals depend
on the endpoints and on the animal species.
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The clonogenic test (CFU-GM) and the mitogen responsiveness showed similar
IC50s between human and rodent cells except for Cyclosporin A and TBTC.

All different tests classified the compounds analyzed in the same way.
1. Introduction

In October 2003 the European Commission adopted a new EU regulatory
framework for chemicals (COM, 2003 644). Under the proposed new system
called Registration, Evaluation and Authorization of Chemicals (REACH)
enterprises that manufacture or import more than 1 tonne of a chemical
substance per year would be required to register it in a central database. REACH
would give greater responsibility to industry to manage the risks from chemicals
and to provide safety information on the substances. The aim is to improve the
protection of human health and environment through the better and earlier
identification of the properties of chemical substances.

In vivo studies are very expensive, require a high number of animals and raise
important ethical concern. For this reason the European policy is promoting
alternative methods to the use of laboratory animals, in order to reduce and
whenever possible replace animals employed for scientific studies and costs (Balls
et al., 1995). Different institutes are developing in vitro tests able to predict
compound's effects in vivo. In vitro methods standardized and validated have
replaced or reduced some in vivo tests (Genshow et al., 2002 and Pessina et al.,
2003).

Among important target organs of chemical exposure is the immune system.
Immunotoxicity can be defined as the adverse effect of chemicals or agents on
the immune system. The effect may be increased immune activity, manifested as
either hypersensitivity or autoimmunity, or decreased immune activity, with
reduced ability to fight infectious agents and increased incidence of cancer
(Snodin, 2004).

A workshop, held at ECVAM in 2003 (Gennari et al., 2005), reports the state of
the art of in vitro systems for evaluating immunotoxicity. This project is based on
workshop recommendations and is focused on immunosuppression.

The purpose of this study was to compare the predictivity of several in vitro tests,
i.e. proliferation assays and cytokine production using both human and rodent
cells. A panel of six substances was selected: four positive and two negative
compounds, chosen among drugs and chemicals. The four with known toxic
effects on immune system were: Verapamil, Benzo(a)pyrene, Cyclosporin A,
Tributyltin chloride (TBTC). The two not immunotoxic were Urethane and
Furosemide.

Verapamil is a calcium-channel blocker, used for hypertension and arrhythmias
treatment. It has been shown that Verapamil inhibits, in a dose-dependent
fashion, the proliferation of T-cells after mitogen stimulation (Birx et al., 1984
and Chow and Jusko, 2004).

Human exposure to Benzo(a)pyrene occurs primarily through cigarette smoking,
inhalation of polluted air and by ingestion of food and water contaminated by
combustion effluents. Benzo(a)pyrene is present as a major component of the
total content of polynuclear aromatic compounds in the environment (IARC,
1983). In addition to being carcinogenic and mutagenic, Benzo(a)pyrene has
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been found to be potent immunosuppressant. Effects have been documented on
cell-mediated immunity, humoral immunity, and on host resistance.

Cyclosporin A is a powerful immunosuppressant with a specific action on T-
lymphocytes. It is widely used to prevent organ graft rejection (Martindale,
2002b).

Tributyltin chloride (TBTC) is an organotin compound used as plastic stabilizer,
catalytic agent, agricultural pesticide and as antifouling agent in paints. It causes
thymus atrophy in rodents (Snoeij et al., 1987), depletion of lymphocytes in
spleen and lymph nodes, lymphopenia and alteration of serum immunoglobulin
levels (Kimura et al., 2005).

Urethane is utilized as a solubilizer and co-solvent in the manufacture of
pesticides, fumigants, and cosmetics, as an intermediate for pharmaceuticals, and
in biochemical research (HSDB, 2000). Furosemide is a potent diuretic. It is used
in the treatment of oedema associated with heart failure, including pulmonary
oedema, and with renal and hepatic disorders (Martindale, 2002a).

2. Materials and methods
2.1. Drugs

Urethane (99%) was supplied by Sigma-Aldrich (St Louis, MO, USA); it was
solved in water. Furosemide was supplied by APP (American Pharmaceuticals
Partners, Schaumburg, IL), it was solved in water for injection. Verapamil
hydrochloride was supplied by ABBOT LABORATORIES (North Chicago, USA) as
water solution containing Verapamil hydrochloride 2.5 mg/ml and sodium chloride
8.5 mg/ml. Benzo(a)pyrene (97%) was supplied by Sigma-Aldrich and solved in
DMSO. Cyclosporin A was supplied by BEDFORD LABORATORIES (Bedford, OH,
USA) as Cyclosporin 50 mg, polyoxyethylated castor oil 650 mg, absolute alcohol
33.2% (v/v) and water for injection. Tributyltin chloride (TBTC, 96%) was
supplied by Sigma-Aldrich and dissolved in DMSO.

Drug dilution of test compounds were prepared freshly for each experiment in
DMSO (TBTC, Benzo(a)pyrene), water (Urethane) or in culture medium
(Verapamil, Cyclosporin A, Furosemide).

The final concentration of DMSO never exceeded 0.5%.
2.2. CFU-GM assay

Cord blood cells were seeded in MethoCult-H4001 medium (Methocult, StemcCell
Technologies, Vancouver, BC, Canada). This medium contains 1% of
methylcellulose in IMDM, 30% FBS, 1% of Bovine Serum Albumin (BSA), 2 mM L-
glutamine and 10 ng/ml granulocyte-macrophage-colony stimulating factor (GM-
CSF).

Briefly, 22 pl of 200x drug solutions and 300 pl of cells (1.1 x 10° cells/ml) were
added to tubes containing 4 ml of MethoCult. About 1 ml of methylcellulose-cell
suspension was then seeded into the 35 mm Petri dishes.

The cultures were incubated at 37 °C and 5% CO, under saturated humidity for
14 days.
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The final concentrations of drugs were from 0.1 uM to 160,000 uM for Urethane,
from 0.01 pM to 150 uM for Furosemide, from 0.1 yM to 113 pM for Verapamil,
from 0.1 yM to 200 pM for Benzo(a)pyrene, from 0.1 pM to 66.6 pM for
Cyclosporin A, from 0.001 uM to 3.3 pM for TBTC.
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2.2.1. Source of progenitor cells

Human cord blood cells were used as the source of progenitors for the CFU-
assays.

Cord blood cells were obtained, frozen, from Biopredic (Rennes, France) and
thawed before using, as indicated by supplier. Cells were diluted in 30% FBS-
IMDM and used for the clonogenic test at a cell density of 1.1 x 10° cells/ml.

2.2.2. Colony scoring

A CFU-GM (colony forming unit-granulocyte macrophage) colony is defined as an
aggregate containing 50 or more cells. Morphologically, four classes of CFU-GM
colonies can be observed: compact, diffuse and spread multicentric and multifocal
colonies. A compact colony has a central dense nucleus with a peripheral halo.
Diffuse and spread colonies are without an apparent nucleus. Multicentric colonies
appear with two or more dense nuclei nearby and with a common peripheral halo
growing at the same depth in the plate. Multifocal colonies are aggregates of
several colonies or clusters with or without a peripheral halo (Pessina et al.,
2001).

2.2.3. Expression of results

Cell proliferation is expressed as a percentage of growth, with respect to the
number of colonies in control dishes (100%).

Although the number of colonies scored in control plates, at a fixed density,
varied between experiments performed on different days, differences in absolute
colony counts did not affect the IC values. Colony formation linearity was used as
acceptance criteria for colony growth in control dishes or well plates. In each
experiment at least two different concentrations of cells were plated as described
by Pessina et al. (2001).

The concentrations of test compound which inhibit growth by 50% of CFU-GM
(IC50) in comparison with control cultures were calculated using the Hill function
analysis.

Results are reported as the mean % standard error of at least two experiments,
each done in triplicate.

2.3. Cytokine release
2.3.1. Study protocol

Peripheral blood was obtained from healthy subjects. Subjects were selected
according to the guidelines of the Italian Health authorities and to the Declaration
of Helsinki principles. Criteria for exclusion were abnormal laboratory values,
medication known to affect the immune system, i.e. steroids and non-steroideal
antinflammatory drugs, or patients suffering from malignancies, inflammations
and infections. Subjects were enrolled among colleagues and were informed
about methods and aims of the study. Blood samples (5 ml) were taken by
venous puncture with sodium citrate 0.5 M as anticoagulant. Sodium citrate was
chosen instead of heparin or EDTA as anticoagulant, since functional assays were
performed using the whole blood assay and heparin may be contaminated with
endotoxin, while EDTA interferes with cell activation. Blood was diluted 1:10 with
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cell culture medium RPMI 1640 (Sigma, St Louis, USA) containing 2 mM L-
glutamine, 0.1 mg/ml streptomycin, 100 IU/ml penicillin as previously described
(Kirchner et al., 1982).

2.3.2. Cytokine production

For the evaluation of cytokine production, cultures were set up in 24 well plate
(Iwaki, Hasai, Japan) containing 0.5 ml of 1:10 diluted whole blood in medium
alone or in the presence of increasing concentrations of the selected chemicals
and of lipopolysaccharide (LPS, from Escherichia coli serotype 0127:B8, Sigma) at
final concentration of 1 yg/ml or phytohemagglutinin (PHA, Invitrogen, Paisley,
UK) at final concentration of 1.2 pg/ml. Cells were incubated for 24 h for LPS-
induced TNF-a release and 72 h for PHA-induced IFN-y release at 37 °Cin a
humidified 5% CO, incubator. Cell-free supernatants obtained by centrifugation at
1200 rpm for 5 min were stored at —20 °C until measurement. Cytokine
production was assessed by ELISA using commercially available kit
(Immunotools, Friesoythe, Germany). Results are expressed in pg/ml. Each
chemical was tested on three different donors.

2.4. Proliferation with anti-CD3 stimulation
2.4.1. Human lymphocytes proliferation

Peripheral blood was collected by venous puncture on EDTA in human volunteers
after filling an agreement form. Mononuclear cells (monocytes and lymphocytes)
were isolated from peripheral blood (EDTA) using Ficoll hypaque gradient
centrifugation (Pharmacia). Lymphocytes proliferation was induced using anti-
CD3 antibody (UCHT-1 clone) directed to the epsilon chain of the human CD3
complex. Anti-CD3 antibodies was precoated on 96 wells plates 24 h before
adding the cells at room temperature (4 pug/well in 100 pl of PBS). On the day of
the experiment, complete media (RPMI 1640, penicillin, streptomycin, glutamine,
sodium pyruvate, 10% fetal bovine serum) 50 ul, chemical 50 pl and
mononuclear cells (4 x 10°/well) 100 pl were added in this order. Cells and
chemicals were diluted in complete media. Cells were then incubated at 37 °C,
5% CO, for 48 h or 72 h. 3H-thymidine (0.5 pCi/well) was added 6 h before the
end of the experiment. At the end of the experiment cells were harvested and
radioactivity was counted using a  counter (Beckman). Results were expressed
in cpm.

2.4.2. Mouse lymphocytes proliferation

Splenocytes (mouse C3H strain) were isolated from C3H mice using mechanical
dissection and counted using trypan blue.

Lymphocytes proliferation was induced using anti-CD3 antibody (1452C-11
hybridoma) directed to the epsilon chain of the murine CD3 complex. On the day
of the experiment, cells (4 x 10°/well) 50 pl, chemical 50 pl, complete media

50 pl (RPMI 1640, penicillin, streptomycin, glutamine, sodium pyruvate, 2-
mercaptoethanol) at 5 x 107> M, (10% fetal bovine serum) and antibody 50 pl
(10 pg/ml) were added in this order. Cells, chemicals and antibody were diluted
in complete media. Cells were then incubated at 37 °C, 5% CO, for 48 h or 72 h.
*H-thymidine (0.5 pCi/well) was added 6 h before the end of the experiment. At
the end of the experiment cells were harvested and radioactivity was counted
using a B counter (Beckman). Results were expressed in cpm.
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2.5. Proliferation test on rats cells
2.5.1. Animals

SPF-bred female Wistar rats of the strain Hsd cpB:WU were used (Harlan
Winkelmann GmbH, Borchen, Germany).

2.5.2. Cell material

Cell suspensions obtained from spleen were tested. In a first step the optimal cell
density for stimulation regimes with the T cell mitogen Concanavalin A was
determined 1 x 10° cells/well (2 x 10° cells/ml) were subsequently used.

Measurements were done in quadruplicates in each case (50 ul/well).
2.5.3. Medium

Cells were cultured in RPMI 1640 additioned with L-glutamin (Invitrogen Life
Technologies, Karlsrhue, Germany), sodium pyruvate, MEM (non-essential amino
acids), penicillin/streptomycin, B mercaptoethanol and 5% mitogen free fetal calf
serum.

2.5.4. Mitogen stimulation

Concanavalin A (ConA, Sigma) was used to stimulate cell proliferation. Cells were
incubated for 24 h with ConA at the final concentrations of 2 pg/ml.

The application volume was 50 pl/well to give a final volume of 100 pl/well (50 pl
cell suspension and 50 pl mitogen or medium alone).

2.5.5. BrdU incorporation

Mitogen stimulation was assessed by BrdU (5-bromo-2’deoxyuridine)
incorporation using the Cell Proliferation ELISA BrdU Kit (Roche), following
Supplier's specifications. The ELISA was purchased from Roche (Roche
Diagnostics-Applied Science, Mannheim, Germany).

Briefly, 10 pl of the BrdU solution in RPMI medium (1:100 diluent) was added to
each well after incubation periods of 24 h or 48 h. The plates were then incubated
for another 24 h at 37 °C and 5% CO,. After this final incubation period with BrdU
the plates were centrifuged at 1200 rpm for 10 min, labeling medium carefully
removed and plates dried at 60 °C for 1 h.

Cells were then incubated with FixDenat Reagent 200 pl/well for 30 min at RT,
then washed three times with buffer 300 ul/well. Anti BrdU labeling was done
adding 100 pl/well for 60 min at RT and then washed with buffer 200 pl/well,
three times. Substrate solution 100 ul/well was added and after about 8 min of
incubation, 1 M H,S0O, 25 pl/well was added to stop the reaction. Plates were
mixed on a shaker for 1 min (300 rpm) and the absorbance read at

450 nm/630 nm.
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2.5.6. MTT assay

The analysis of cell viability was performed by the MTT assay. MTT solution 5 mg
MTT/ml was prepared in sterile PBS (MTT, Sigma), while isopropanole/HCI
solution (isopropanole Merck) was prepared mixing 100 ml isopropanole with
0.4 ml HCI 10N.

Cell suspension was distributed on a 96 well plate, 100 ul cell/well. Cells were
incubated with mitogen for 24 h or 48 h at 37 °C and 5% CO,. After incubation,
10 pl MTT was added to 100 pl cell suspension and cells were shaked (very
slowly) for 4 h at 37 °C, then centrifuged at 1200 rpm for 2 min. Supernatant
was carefully removed and 10 pl of 3% SDS, 50 ul isopropanole-HCl were added
to each well and slowly shaked for 15 min. Absorbance was evaluated by a
photometer at 570 nm, using 630 nm reference

2.6. Proliferation test on mouse and rats cells

Spleen cells from rat (Wistar Rivm:TOX, males) and mice (Balb/c, Rivm, males)
were incubated for 24 h with increasing concentrations of the selected chemicals
in six well-plates at 37 °C and 5% CO,: 2.5 ml of the chemical solution was
added to 2.5 ml of a cell suspension at 1 x 10’ cells/ml| (RPMI 1640, 1% penicillin
and streptomycin, 10% FCS). After incubation, cells were harvested washed twice
and resuspended at 4 x 10° cells/ml. Cell viability was assessed by trypan blue
dye exclusion. To evaluate mitogen responsiveness, Concanavalin A (ICN-
biochemicals), LPS from E. coli serotype 0127:B8, (Sigma-Aldrich) and Lectin
from Phytolacca Americana (Sigma-Aldrich) were used. In wells of 96 round
bottom well plates 0.1 ml of the cell suspension was added together with 0.05 ml
of the mitogens (final concentrations in the wells: ConA: 3.33 pg/ml; LPS:

16.5 pg/ml; Lectin: 5 pg/ml) and incubated for 48 h. Twenty hours before
terminating the incubation, 3H-thymidine (Amersham, 10 ul/well, 1 uCi) was
added. The cells were harvested on glass fibres filters (LKB-Wallac, Turku,
Finland), using a multiple cell culture harvester (LKB-Wallac). Scintillation liquid
(LKB-Wallac) was added to the filters and the radioactivity in the filters was
counted in a liquid scintillation counter (LKB-Wallac).

Each test was performed in triplicate; spleen cells from rat were tested on an
individual animal basis; spleen cells from mice were pooled and divided in three
portions.

2.7. LDH

Three solutions were prepared: 50 mM phosphate buffer, 60 mM sodium
pyruvate, 18 mM NADH. These were used to prepare a reaction mixture: 50 mM
phosphate buffer 98 ml, 60 mM sodium pyruvate 1 ml, 18 mM NADH 1 ml.

Cells were plated in 96 well plates (15,000/cells per well) and incubated in DMEM
with 2 mM glutamine, 10% FBS for 24 h and then treated with compounds.

After 24 h of incubation 1 ml medium was collected from cell plates and kept on
ice. The rest of medium was aspirated. Cells were washed twice with PBS without
Ca’* and Mg®* and then scraped off after adding 1 ml cold PBS without Ca®* and
Mg?*, to each well. Samples were collected in 1 ml eppendorf tubes and kept on
ice until processing. It is better to analyze samples straight after collecting them,
however if this is not possible they can be kept at 4 °C for 24 h. Cells have to be
sonicated just before analysis. About 1 ml cuvettes were prepared with 20 pl of
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sample and 1 ml of reaction mixture. Samples were read one by one at 340 nm
(2 min for each one).

Enzyme activity can be expressed as pmol/min or pmol/min/I (U/I):

AAbsorb, = Vo= 1000 pmol

e xd o Ar min
MAAbsorb. = Vo= 1000 pmol
o Voo d w0 A minl

V. is the total volume in the cuvette (1020 pl). V; is the sample volume. tis the
wave length. d is the distance between the light origin and the cuvette. At is the
time of reading.

2.8. Statistical analysis

The concentrations which inhibit the 50% of growth (IC50) were calculated
according to the Reed and Muench formula (Reed and Muench, 1938) and Hill
function analysis. Data were expressed as mean + standard error of the mean.
3. Results

3.1. Viability tests

Before performing functional assays, cytotoxicity was evaluated through different
tests: MTT, trypan blue dye exclusion and LDH. The IC50 values (M) obtained

for each compound, after 24 h exposure, are reported in Table 1. Not cytotoxic
concentrations were used for proliferation and cytokine release analysis.

Table 1.
Viability data
Compounds Cytotoxicity tests: IC50 (M)

Mouse Rat Human
Urethane >10,000 >10,000 >10,000
Furosemide >1000 >1000 >1000
Verapamil >15 >15 >100
Benzo(a)pyrene | >200 >200 >50
Cyclosporin A 15.61 (£1.9) >6 >5
TBTC 0.046 (+0.06) | 0.02 (£0.001) | >0.1

This table summarizes cytotoxic test results performed by all laboratories
participating on this study.
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3.2. CFU-GM test

In Fig. 1 dose-response curves of the selected compounds tested are reported.
Urethane treatment decreased the colony number only at very high
concentrations (1000 uM), while for Furosemide there was no decrease in the
colony number at the concentrations tested. Verapamil, Benzopyrene, Cyclosporin
A and TBTC induced a dose-related decrease in the colony number after 14 days
exposure.
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Fig. 1. CFU-GM test-graphs show the colonies number counted at different
compound concentrations (uM). Colonies were counted after 14 days exposure.

3.3. Mitogen stimulation on rodent spleen cells

Rat and mouse spleen cells were treated with chemicals for 24 h and then with
LPS or PHA for 48 h to assess mitogen responsiveness. In Fig. 2, the IC50 values
calculated for each compound in both species are reported. All positive
compounds inhibited cell proliferation. The IC50 values were in the same range
for both rat and mouse for all substances tested, a part from TBTC for which rat
IC50 was higher than mouse IC50 (0.007 £ 0.0002 versus 0.002 £0.0002 with
PHA, 0.007 £ 0.0006 versus 0.0025 £ 0.0002 with LPS). The negative
compounds failed to modulate mitogen response (data not shown).
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Fig. 2. Comparison between rat and mouse IC50 values. (A) LPS stimulation at
48 h. (B) PHA stimulation at 48 h. 3H-thymidine was added to assess mitogen
responsiveness.

Rat spleen cells were also stimulated with ConA at 48 h or 24 h (Fig. 3). IC50

values were higher after 24 h stimulation than after 48 h for all compounds
tested.
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Fig. 3. Comparison between ConA treatment at 24 h and 48 h. Rat spleen cells
were treated with compounds and then stimulated with ConA for 24 h. In the
second case cells were treated with compound and mitogen for 48 h.
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3.4. Anti-CD3 antibody stimulation on mouse spleen cells and human
lymphocytes

Mouse and human cells were treated with anti-CD3 antibody to stimulate T
lymphocyte proliferation. In Table 2 the IC50 values calculated after treatment
are reported. Also in this case, both Urethane and Furosemide were confirmed
negative in both the two species.

Table 2.

Anti-CD3 antibody stimulation

Compounds Anti-CD3 antibody stimulation: IC50 (uM) ‘

Mouse lymphocytes | Human lymphocytes ‘

Urethane >10,000 >17,000 ‘

Furosemide >1000 >100

Verapamil 30.27 (£3.5) 20.95 (£1.16)

Cyclosporin A 0.13 (£0.05) 1.00 (£0.13)

TBTC >0.1 Not tested

|
|
Benzo(a)pyrene | >160 12.82 (£1.11) ‘
|
|

Cells from mouse lymphocytes and from human peripheral blood have been
stimulated with anti-CD3 antibody and treated with compounds. IC50 values (uM)
have been calculated.

The effect of Benzo(a)pyrene among mouse and human cells was very different:
the IC50 values was 12.82 (£1.11) uM for human lymphocytes, while the
compound did not inhibit murine cells proliferation even at the highest dose
tested.

The IC50 value for Cyclosporin A was 10 time higher in human than in mouse
lymphocytes, while the IC50 values for Verapamil were similar between mouse
and human lymphocytes.

3.5. Cytokine release from human lymphocytes

The effect of the selected chemicals on cytokine production was assessed using
the whole blood assay. Each chemical was tested in at least three donors. Since
the amount of cytokines produced varies among donors, it was not possible to
combine values, and therefore it was more meaningful to compare the trend of
modulation. In fact, despite the different cytokine produced the effects of the
different chemicals were consistent among donors.

In Fig. 4 are reported the effect of the selected chemicals on a representative
donor, while in Table 3 the data are summarized. The “+” symbol means that
cytokine release is modulated (both as increase or decrease), while the “—"
symbol means that there is no modulation in respect to vehicle treated cells.
Compounds tested were classified as positive if one or more parameters were
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altered at, at least, one concentration or only one parameter in a dose-related
fashion in more than one donor.
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Fig. 4. Cytokine modulation on a representative donor. Graphs on the left show
the TNF-a (pg/ml) release upon LPS and compound stimulation. Graphs on the
right show INF-y (pg/ml) release upon PHA and compound stimulation.

Table 3.

Cytokine release analysis

|
Compounds z:nor zgnor zgnor zznor Classification
| TNF | IFN | TNF | IFN | TNF | IFN | TNF | IFN
| Urethane - - - + - - - N
| Furosemide - + - + - - + Cytotoxicity
| Verapamil + + + + + + + P
| Benzo(a)pyrene | + + - + + - + p
| Cyclosporin A - + - + - - + P
| TBTC + + + + + P
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INF-y was measured after 72 h PHA stimulation, TNF-a after 72 h LPS
stimulation. '+’ symbol means that there is a variation in cytokine releasing which
can be an increase or a decrease; ‘-’ symbol means invariability. P stays for
positive (immunotoxic), while N negative. Furosemide cannot be classified.

All four positive compounds modulated PHA-induced IFN release, and with the
exception of Cyclosporin A, they also modulated LPS-induced TNF-a release. The
negative compound Urethane was overall unable to affect TNF-a and IFN-y
production, while Furosemide at high concentrations, which resulted to be
cytotoxic, decreased PHA-induced IFN-y release, while TNF-a release was not
affected.

3.6. IC50 comparison through different species

Where applicable, for each compound tested the IC50 was calculated and results
compared by species. Table 4 shows that Urethane and Furosemide were
confirmed as not immunotoxic. Verapamil and Benzo(a)pyrene IC50 values were
in the same range for both rodents and human. Cyclosporin A and TBTC IC50 is
higher in human than in rodents. Mouse seemed, in particular, the most sensitive
to Cyclosporin A and TBTC treatment.

Table 4.

IC50 comparison

Compounds Mouse Rat Human

Urethane No effect No effect No effect

Furosemide No effect No effect No effect

Verapamil 13 < IC50 < 30 17 < IC50 < 30 20 < IC50 < 22

Benzo(a)pyrene | 10 < IC50 < 18 9 <IC50 < 13 11 < IC50 < 12

Cyclosporin A 0.08 < IC50 < 0.3 0.16 <IC50<0.18 |1 <IC50< 8

TBTC 0.002 < IC50 < 0.003 | 0.007 0.07

The IC50 values (UM) obtained from each different test are reported as range.
“No effect” means that the compound is not immunotoxic.

All tests performed showed that from Verapamil to TBTC toxicity increase, with
the same trend in all species.

4. Discussion

At present, no validated in vitro tests are available that can replace (Hartung et
al., 2004) in vivo methods to evaluate immunotoxicity (Gennari et al., 2005).
Significant progresses have been made in the last years to promote the
establishment of new sensitive methods to assess immunotoxicity (Wagner et al.,
2006 and Dean, 1997).

The purpose of this study was to assess and compare the potentiality of different
in vitro tests to correctly identify known immunotoxic compounds. Overall, all
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assays were able to correctly classify the selected chemicals. At present, in vivo
immunotoxicity assessment relays on weights of lymphoid organs, histopathology
of primary and secondary lymphoid organs, total white blood cell counts,
immunophenotyping of peripheral blood leukocytes and quantification of total
serum immunoglobulin levels. In vitro models could be used for pre-screening of
immunotoxic potential, as a strategy. One could start from evaluation of
myelotoxicity; compounds that damage or destroy the bone marrow are
immunotoxic, since all progenitors derive from the pluripotent stem cells present
in the bone marrow (Luster et al., 1985 and Kim et al., 2001). Thus, if a
compound is myelotoxic it would not be necessary to evaluate other endpoints.
The methodology for evaluating myelotoxicity, in vitro, the CFU-GM test, has
been recently validated (Pessina et al., 2003). In addition, compounds that are
not myelotoxic may affect lymphocytes which are the primary effectors and
regulators of acquired immunity. If the cells are viable (80% or greater) basic
functionality can be determined assessing cell proliferation using mitogens such
as plant lectin (PHA, ConA) or anti-CD3 and anti-CD28 antibody (especially for T
cells). In parallel, proper immune functionality depends on cytokine production
and their quantitative alterations can also be considered as a measure of
immunomodulation (Gennari et al., 2005).

There is also the need to use more than one end-point due to the complexity of
the immune system and to the different mechanism of action of the compounds
(Lebrec et al., 1995).

In the present study, both cell proliferation and cytokine production were used to
assess the immunotoxic potential of xenobiotics. Both proliferation and cytokine
release are considered to be very relevant to investigate the toxicity towards the
immune system (Langezaal et al., 2001). Proliferation was evaluated with CFU-
GM test, with Anti-CD3 antibody stimulation and with different mitogens (LPS and
some lectins). Despite differences between tests used and the different species
analyzed, all tests agreed in classifying compounds through all species. Urethane
and Furosemide were confirmed not immunotoxic. Other compounds revealed
immunotoxic with an increasing toxicity degree from Verapamil to TBTC, in all
species. Verapamil and Benzo(a)pyrene immunotoxicity, generally, was similar in
all species, while Cyclosporin A and TBTC seemed to have a stronger toxic effect
on mouse than on rat cells. Human cells were more resistant than rodents cells to
Cyclosporin A and TBTC treatment, in fact IC50 values were 10 times higher in
human than in rat cells. The comparison between IC50 values from CFU-GM test
and anti-CD3 stimulation on human cells showed a different sensitivity to
Cyclosporin A. The CFU-GM assay measured the clonogenicity of myeloid
progenitors, whereas anti-CD3 antibody stimulates specifically T lymphocytes
which are the primary target of Cyclosporin A toxicity (Sigal et al., 1991). This
put in evidence the mechanism of action of the drug and the ability of the two
tests to discriminate the proliferation of different cell populations.

Regarding cytokines release, IFN-y and TNF-a were used as markers. TNF-a is a
pleiotropic inflammatory cytokine, produced by several types of cells, but
especially by macrophage. TNF-a plays an important role in the immune response
to bacterial, and certain fungal, viral, and parasitic invasions as well as in the
necrosis of specific tumors (Janeway et al., 1999). IFN-y is produced by
lymphocytes activated by specific antigens or mitogens and is a potent activator
of macrophages.

The amount of cytokine produced depends not only on the treatment but also on
the donor. It is, however, possible to observe the same trend among the different
donors. At least three donors should be used to establish consistency and more
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than one end point should be considered: INF-y resulted more modulated than
TNF-a, probably because the compounds tested had mainly lymphocytes as target
cells.

Cytokine release analysis agreed with proliferation tests results, in compounds
classification, as discussed before.

5. Conclusion

This preliminary study shows that, in vitro tests performed well in classifying the
selected compounds (both chemicals and drugs). Each test analyzes a particular
aspect of immunotoxicity, for this reason is important to develop an integrated
system able to detect the most relevant endpoints. In the next phase,
immunostimulation will be also considered.

A comparison between different tests performance will be established and a
formal pre-validation study will be set-up on the most promising methods.
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