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Abstract

Mice with severe combined immunodeficiency were transplanted with human peripheral blood lymphocytes
(hu-PBL-SCID mice). The response to immunisation with birch pollen was used to study possible effects of diesel
exhaust particles (DEP) and aluminium hydroxide (Al(OH);) on human IgE production in this human in vivo model.
The adjuvants were well tolerated, as determined by the number of human cells in the peritoneal cavity at the end of
the experiments. Total and birch pollen-specific IgE was detected in 76 and 41% of the mice, respectively. In the
present experiments where the mice were stimulated early with birch pollen, a doubling in percentage of hu-PBL-
SCID mice with production of specific IgE was observed, as compared to later stimulation used in previous
experiments. Although a tendency to higher total IgE levels was observed after treatment with DEP, no statistically
significant adjuvant effect of DEP or Al(OH); could be demonstrated. Electron microscopy analysis after im-
munogold labelling showed that the major birch pollen allergen Bet v I was released from the pollen grains and
adsorbed to the surface of the DEP. Early stimulation with allergen appears to be important for optimal production
of specific IgE in the hu-PBL-SCID model. However, our results show that further improvements are needed in order
to demonstrate the expected effects from adjuvants and environmental pollutants. © 1998 Elsevier Science Ireland
Ltd. All rights reserved.
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1. Introduction

Allergic diseases represent an increasing prob-
lem in the industrialised world. Since the preva-
lence of allergic diseases seems to be higher in
urban than in rural areas (Ishizaki et al., 1987;
Keil et al.,, 1996), the effect of diesel exhaust
particles (DEP) has attracted attention. It has
been shown that aromatic hydrocarbons from
DEP have an adjuvant effect on IgE production
in cell cultures (Takenaka et al., 1995). DEP has
also been shown to enhance specific IgE produc-
tion in vivo using mice as a model system, both
by intraperitoneal, intranasal and intratracheal
injection of allergen and DEP (Muranaka et al.,
1986; Takafuji et al., 1987; Suzuki and Kanoh,
1993; Fujimaki et al., 1994, 1997; Levik et al.,
1997). In humans, DEP has been shown to in-
crease both total and specific IgE levels in nasal
lavage fluid (Diaz-Sanchez et al., 1994, 1997).
Aluminium hydroxide (Al(OH);) is a commonly
used adjuvant in vaccines, and has been shown
to enhance IgE production in mice (Beck and
Spiegelberg, 1989), probably by suppressing Thl
development via an IL-4-dependent mechanism
(Brewer et al., 1996).

Mice with severe combined immunodeficiency
(SCID) lack mature T- and B-cells, and can
therefore easily be transplanted with human cells
without the problem of immunological graft re-
jection (Bosma et al., 1983; Mosier et al., 1988).
We have previously reported that human periph-
eral blood lymphocytes (PBL) showed a better
engraftment and a better antibody response when
transplanted into SCID mice than into RAG-2
(recombinase activating gene-2) knock-out mice
(Steinsvik et al., 1995). Several workers have be-
gun using SCID mice transplanted with human
PBL (hu-PBL-SCID mice) as a model to study
human allergy, and the production of total as
well as specific IgE has been reported (Saxon et
al., 1991; Pestel et al., 1994; Spiegelberg et al.,
1994; Steinsvik et al., 1994; Chiang et al., 1995).

In the present experiments, we explored if
early stimulation of the human donor cells would
improve the production of specific IgE in hu-

PBL-SCID mice. As immunotoxicity studies are
difficult to perform on humans there is a need
for alternative human models. Therefore, we
wanted to explore the potential of hu-PBL-SCID
mice for such studies. In particular, we investi-
gated whether human IgE production could be
modulated by DEP and AI(OH); in this experi-
mental human in vivo model.

2. Materials and methods
2.1. Animals

Thirty-nine 6—8-week-old C.B-17 male scid/
scid (SCID) mice were obtained from Gl
Bombholtgidrd, Ry, Denmark, under a license
from Fox Chase Cancer Center. The mice were
housed and tested for spontaneous immunoglob-
ulin production (leakiness), as previously de-
scribed (Steinsvik et al., 1995). The experiments
were performed in conformity with the laws and
regulations controlling experiments with animals
in Norway, and were approved by the local
officer of the Experimental Animal Board under
the Ministry of Agriculture.

2.2. Birch pollen, diesel exhaust particles and
aluminium hydroxide

Batch suspensions of birch pollen (Allergon
Ab, Engelholm, Sweden) and diesel exhaust par-
ticles (DEP) (Standard Reference Material, SRM
1659, US National Institute of Standards and
Technology (NIST), Gaithersburg, MD) were
made at concentrations of 2 and 10 mg/ml, re-
spectively. For addition to cultures for prestimu-
lation, RPMI 1640 medium with glutamine, 10%
FCS and 1% penicillin/streptomycin (RPMI com-
plete) was used to make the batch suspensions,
while Hanks Balanced Salt Solution (HBSS) was
used for intraperitoneal (i.p.) injection into hu-
PBL-SCID mice. AI(OH); (Superfos Biosector A/
S, Vedbaek, Denmark) was delivered at a
concentration of 30 mg/ml. Each suspension was
stirred in a Whirlmixer, then allowed to stand
for at least 1 h, and then stirred again immedi-
ately before use.
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2.3. Experimental procedure

Venous blood was obtained from one donor for
three experiments. Experiments la, 1b and 2 were
started in November, March and early June, re-
spectively. In the identical experiments la and 1b
(put together and for simplicity referred to as
experiment 1), peripheral blood Ilymphocytes
(PBL) were separated from the blood by Lympho-
prep (Nycomed, Oslo, Norway) centrifugation, as
described by Boyum (1968). Separated cells were
preincubated on plastic dishes (catalogue no.
3060, Costar, Cambridge, UK) in RPMI complete
with addition of either medium only, birch pollen
(25 pg/ml), or birch pollen (25 pug/ml) and DEP
(50 or 500 pg/ml). After 24 h incubation (37°C,
5% CO,), the cells were counted in a Biirker
chamber, and 15-41 x 10° viable human cells
were transplanted i.p. to groups of four to six
SCID mice. At days 8 and 21 after transplanta-
tion, the mice were injected i.p. with either birch
pollen (25 pg), or birch pollen (25 pg) and DEP
(50 or 500 pg).

In experiment 2, venous blood was obtained
from the donor and separated, as described
above. The cells were counted and 26 x 10° viable
human cells were transplanted i.p. to three groups
of four SCID mice. At days 1 and 8 after trans-
plantation, the mice were injected i.p. with either
birch pollen (25 pg), birch pollen (25 pg) and
DEP (500 pg), or birch pollen (25 pg) and
AI(OH); (500 pg).

The mean levels of total and birch pollen-spe-
cific IgE in serum from the donor were 123 ng/ml
and 27 U/ml, respectively. Serum from the donor
was shown to be negative for IgG antibodies to
Epstein-Barr virus (EBV) capsid antigen by the
immunofluorescence technique EB-VCA TFA Kit
IT (Organon Teknika Corporation, Durham, NC),
kindly performed by Dr Anne-Lise Bruu, Depart-
ment of Virology, National Institute of Public
Health, Oslo, Norway.

2.4. Collection of mouse blood samples and
peritoneal lavage fluids

The mice were bled four times during the exper-
iments with a method previously described

(Steinsvik et al., 1995). After sacrificing the mice
(36-37 days after transplantation), peritoneal
lavage was performed by i.p. injection of 2.5 ml
heparinised HBSS. The trypan blue exclusion
method was used to determine viability of cells
from the peritoneal cavity (median value: 97%,
range: 88—100%).

2.5. Flow cytometry

Cells from peritoneal lavage fluid were washed,
resuspended in HBSS and incubated with a FITC
labelled monoclonal antibody against human
CD45 lymphocyte antigen (KC56 (T-200)-RDl1,
Coulter) for 30 min at 4°C, washed twice in PBS
with 0.2% BSA, and finally resuspended in 250 pl
PBS/BSA. The antibody was shown not to react
with murine lymphocytes (data not shown). Fluo-
rescence intensity was measured using the Coulter
Epics®-Profile II flow cytometer, where scatter
gates were set on the lymphocytes. The data were
corrected for background staining with the appro-
priate isotype control (FITC-conjugated mouse
IgGl1, Coulter). Measurements of human CD45
lymphocytes below 2% were considered as
background.

2.6. Determination of total and birch
pollen-specific human IgE

Determination of total human IgE was per-
formed with ELISA, as previously described
(Steinsvik et al., 1995). Briefly, mouse anti-human
IgE mAbs 4.15 and 7.12 (2 pg/ml, 50 pl/well;
overnight incubation) were used for coating the
microtiter plates (Dynatech Immulon 11 M129 B).
After washing with Tris—T,, (0.1 M Tris—HCI
buffer, pH 7.4 with 0.05% Tween-20), non-specific
binding sites were blocked with Tris—T,,/1% BSA
for 1 h. After further washing, the mouse sera
were added (diluted 1:5 or 1:10, 50 pl/well; 3 h
incubation). The plates were thereafter washed,
and ALP-conjugated goat anti-human IgE (Sigma
A-3525) was added in a dilution of 1:3500 (50
pl/well; 3 h incubation). Finally, colour reaction
was obtained by adding 1 mg/ml 2-p-nitro-
phenylphosphate (Sigma 104-105) in a di-
ethanolamine buffer, pH 9.8 (100 pl/well), and the
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Table 1
Percentage and total number of human CD45-positive cells in peritoneal lavage fluid from hu-PBL-SCID mice 3637 days after
transplantation
Experiment no. Allergan/adjuvant n Percentage Cell no. (x 10%
Median Range Median Range
1 None 4 58 42-62 90 44-129
Birch pollen 8 54 7-85 63 3-232
+500 pg DEP 7 59 11-84 80 15-152
+50 pg DEP 7 26 6-84 41 4-167
2 Birch pollen 3 75 62-80 145 98-195
+500 ng DEP 4 61 20-85 66 33-151
+500 pg AI(OH), 4 48 3-63 38 3-160
Total - 37 56 3-85 79 3-232

A, was measured after about 40 min in an
automatic ELISA plate reader (Thermo,,,,
equipped with SoftMax software, Molecular
Devices, Menlo Park, CA). Serum concentrations
of human IgE were determined with a standard
serum calibrated against the CAP-system®. The
detection limit in this assay was 1.25 ng/ml. Con-
trols for human IgE (Pharmacia Total IgE Con-
trol, Kabi Pharmacia, Uppsala, Sweden), mouse
Ig and sera from non-transplanted SCID mice
were included in the analysis. No cross-reactivity
against the other Ig-classes was observed.

Birch pollen-specific human IgE analysis was
performed with the CAP technique (Kabi) (Ewan
and Coote, 1990). The sera were either undiluted
or diluted (1:2, 1:3, 1:4, 1:5 or 1:20), dependent on
the amount of serum obtained from the mice. The
detection limit in this CAP technique was 0.35
U/ml.

2.7. Immunogold labelling and electron
microscopy

Immunogold labelling and scanning electron
microscopy of polycarbonate filter specimens of
25 pg/ml birch pollen grains and 500 pg/ml DEP
in HBSS, were performed as previously described
(Ormstad et al., 1995). Mouse monoclonal anti-
Bet v I (clone M82 D3/C8, Smith Kline Beecham,
Middlesex, England) was used as a primary anti-
body, and the probe used was goat anti-mouse
IgG conjugated with 30 nm gold particles (Bio

Cell Research Laboratories, Cardiff, UK). The
immunogold labelling was shown to be specific, as
neither the primary antibody nor the gold-conju-
gated antibody was able to bind directly to the
DEP. As a negative monoclonal antibody control
we used an anti-human serum albumin antibody
(clone ZMHSA, Zymed, San Francisco, CA).

2.8. Statistical analysis

Statistical analysis was performed using the Sig-
maStat® software (version 1.0, Jandel Scientific
GmbH, Erkrath, Germany). The non-parametric
Mann—Whitney U-test and Spearman’s rank cor-
relation test were used, with P = 0.05 as the limit
for statistical significance.

3. Results
3.1. Flow cytometry analysis

At the end of the experiments (36—37 days after
transplantation), the percentage and total number
of human CD45-positive cells was determined in
peritoneal lavage fluid from the hu-PBL-SCID
mice (Table 1). Neither with regard to the per-
centage of human CD45-positive cells nor with
regard to the absolute cell number were any statis-
tical significant differences found between the var-
ious groups. The median percent and total
number of CD45-positive cells for all the trans-
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Table 2

Number and percentage of hu-PBL-SCID mice positive for human IgE in the different groups (median and range of maximum
serum IgE concentrations obtained in these mice during the experiments are shown)

Experiment no. Allergen /adjuvant Positive® Maximum IgE (ng/ml)
n % Median Range
1 None 4/4 100 21.5 12.9-60.2
Birch pollen 6/8 75 18.9 2.92-70.7
+500 pg DEP 6/7 86 44.6 13.7-620
+50 pg DEP 5/7 71 239 1.40-53.3
2 Birch pollen 2/3 67 28.2 4.29-52.1
+500 ug DEP 3/4 75 26.8 2.33-54.1
+500 pg AI(OH), 2/4 50 8.90 6.50-11.3
Total - 28/37 76 26.3 1.40-620

*IgE concentrations>1.25 ng/ml.

planted mice was 56% and 79 x 10* cells, respec-
tively. In two mice the peritoneal lavage fluid
contained < 2% CD45-positive cells, which was
considered as a negative result. These two mice
had no measurable human serum immunoglobu-
lin, and were therefore excluded from the study,
since they most likely represented graft failure.
The percentage of CD45-positive cells in peri-
toneal lavage fluids showed statistically significant
correlations both with the maximum concentra-
tion of total and birch pollen-specific human IgE
in serum (r =0.65 and 0.55, respectively).

3.2. Total human IgE

Detectable amounts of human IgE were found
in 76% of the mice (Table 2). The median value of
maximum IgE in all the positive mice was 26.3
ng/ml with a range from 1.40 to 620 ng/ml. In
experiment 1, the maximum IgE level (median
value) in the group that received birch pollen and
500 pg DEP was twice as high as the level in the
group receiving only birch pollen, while these two
groups had similar median levels in experiment 2.
Fig. 1 shows the kinetics of IgE production as
median values for the various groups of mice. In
both experiments, the group of mice stimulated
with birch pollen and 500 pg DEP attained the
highest median IgE level, although the differences
were not statistically significant.

3.3. Birch pollen-specific human IgE

Only mice that had been stimulated with birch
pollen produced detectable amounts of birch pol-
len-specific human IgE (Table 3). Among these
mice, 45% had measurable levels of birch pollen-
specific IgE, with a median value of 4.56 U/ml
(range 0.42-1296 U/ml). Maximum birch pollen-
specific IgE concentrations showed a statistically
significant correlation with the maximum concen-
tration of total IgE (r=0.56). Fig. 2 shows the
kinetics of birch pollen-specific IgE production in
individual hu-PBL-SCID mice. In experiment 1,
one mouse that was stimulated with birch pollen
and 500 pg DEP produced extremely elevated
levels of specific IgE as compared with the other
hu-PBL-SCID mice (maximum value: 1296 U/ml).
No statistically significant differences between the
groups were detected.

3.4. Immunogold labelling and electron
microscopy

Analysis in the scanning electron microscope
(SEM) showed that the diameter of the birch
pollen grains in our preparation was typically
20-30 pm. Furthermore, DEP had the character-
istic structure of clustered, spherical subunits (Fig.
3b). When analyzing the immunogold labelled
specimens in the backscatter electron imaging
(BEI) mode of SEM, the gold probe was visu-
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Fig. 1. Median values of human IgE in 4-8 hu-PBL-SCID mice in experiments 1 and 2 are shown. In experiment 1, the cells for
transplantation were prestimulated as indicated, and transplanted mice were boosted i.p. with the same amount on days 8 and 21
after transplantation. In experiment 2, the mice were injected i.p., as indicated, at days 1 and 8 after transplantation. Dotted lines

indicate the detection limit.

alised on the surface of the DEP (Fig. 3a). This environment and adsorbed to the DEP. The gold
shows that the birch pollen allergen Bet v I was probe was detected both on small and larger DEP

released from the pollen grains in the humid aggregates.



T.E. Steinsvik et al. / Toxicology 128 (1998) 219-230 225

Table 3

Number and percentage of hu-PBL-SCID mice positive for human birch-pollen specific IgE in the different groups (median and
range of maximum serum IgE concentrations obtained in these mice during the experiments are shown)

Experiment no. Allergen/adjuvant Positive® Birch pollen-specific IgE (U/ml)
n % Median Range
1 None 0/4 - - -
Birch pollen 3/8 38 4.56 1.28-38.8
+500 pg DEP 3/7 43 3.39 0.77-1296
+50 pg DEP 3/7 43 4.98 1.15-6.69
2 Birch pollen 3/3 100 1.47 1.45-13.8
+500 ug DEP 2/4 50 3.50 0.42-6.58
+500 pg AI(OH), 1/4 25 5.61 -
Total - 15/37 41° 4.56 0.42-1296

aIgE concentrations>0.35 U/ml.®> Among all the mice immunised with birch pollen, 45% had measurable levels of birch

pollen-specific IgE.

4. Discussion

At the end of the experiments (36—37 days after
transplantation), a median level of human CD45-
positive cells in peritoneal lavage fluid of 56%
(Table 1) shows that the human cells were prop-
erly engrafted in the murine peritoneal cavity.
Significant correlations were found between the
percentage of human cells and IgE concentra-
tions. However, we did not do further analysis of
the anatomical location of the IgE-producing
cells, which may differ with time after transplan-
tation and immunoglobulin class (Aaberge et al.,
1994), as antibodies used for detection of human
B cells have shown high levels of non-specific
binding to murine cells (Mosier et al., 1988, 1989).
In the experiment in which Al(OH),; was used
(experi-
ment 2), we did not prestimulate the human cells
prior to transplantation, as a preliminary experi-
ment showed that prestimulation with Al(OH),
resulted in significantly lower levels of CD45-posi-
tive cells as compared to control groups (data not
shown). In the present experiment, neither the
percentage or total number of human CD45-posi-
tive cells (Table 1), nor the viability of the cells
(data not shown) in the groups receiving DEP or
Al(OH); were significantly different from the con-
trols. However, the group receiving Al(OH); had

a relatively low level of CD45-positive cells in
peritoneal lavage fluids (Table 1), and also had
fewest responders with regard to both total (Table
2) and specific IgE production (Table 3). The total
IgE level in this group had the lowest median
value, and only one mouse responded with spe-
cific IgE production. Altogether, our experiments
suggest that AI(OH); may have an inhibitory ef-
fect on the development and function of human
cells transplanted into SCID mice, whereas DEP
in the amounts used was well tolerated.

In experiment 1, the maximum IgE concentra-
tion in the group that received birch pollen and
500 pg DEP was twice as high as the maximum
concentration in the group only receiving birch
pollen (Table 2). Although the difference did not
reach statistical significance, the groups that re-
ceived birch pollen and 500 pg DEP had the
highest median total IgE level at all time points
both in experiments 1 and 2 (Fig. 1). Altogether,
this suggests that DEP have a promoting effect on
the production of human IgE in this in vivo
hu-PBL-SCID model. Because of the practical
circumstances we have no data on mice given
DEP or AI(OH); alone. One mouse that received
birch pollen and DEP produced extremely high
levels of specific IgE, as compared to the other
hu-PBL-SCID mice (maximum value: 1296 U/ml).
The donor used was EBV-negative, and this
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Fig. 2. Birch pollen-specific human IgE in individual hu-PBL-SCID mice in experiments 1 and 2 are shown. In experiment 1, the
cells for transplantation were prestimulated as indicated, and transplanted mice were boosted i.p. with the same amount on days 8
and 21 after transplantation. In experiment 2, the mice were injected i.p., as indicated, at days 1 and 8 after transplantation. Dotted
lines indicate the detection limit.

mouse did not suffer from any detectable tumor
development. All the other mice immunised with
birch pollen and DEP that produced specific IgE

had a still increasing level at the end of the
experiments (Fig. 2). These results suggest that

DEP also may act

as an adjuvant on specific
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Fig. 3. Backscatter (a) and secondary (b) electron micrographs of a immunogold labelled solution with DEP (500 pg/ml) and birch
pollen grains (25 pg/ml), showing that the major birch pollen allergen Bet v I was bound to DEP aggregates. The primary antibody
was mouse IgG1 anti-Bet v I, and the probe used was goat anti mouse IgG conjugated with 30 nm gold particles. Magnification x
10800.
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human IgE production in vivo, but the effect was
not strong enough to become statistically signifi-
cant in our experiments. One explanation for this
may be that the birch pollen grains themselves can
act as an adjuvant, either because they are a
persisting particle like the carbon core of DEP, or
by releasing a low amount of birch pollen aller-
gens for a prolonged period. If this was the case,
the system was already strongly driven for IgE
production without DEP or Al(OH); so that an
additional adjuvant effect would be hard to ob-
tain. An adjuvant effect would perhaps be more
easy to reveal with a non-particulate allergen.

Electron microscopy analysis of a suspension of
birch pollen and DEP showed that birch pollen
allergens were released from the pollen grains,
and that the major birch pollen allergen Bet v 1
actually was adsorbed to the DEP. An adjuvant
effect could therefore be explained by the DEP
being able to carry and release allergens for a
prolonged period. A positive correlation found
between total and birch pollen-specific IgE in the
groups receiving birch pollen and 500 pg DEP
(r =0.80) indicates that a putative adjuvant effect
of DEP could result from a general stimulatory
effect on the IgE production. Other mechanisms
in addition to DEP’s carrier effect could therefore
be responsible for an adjuvant effect, and there is
evidence that the production of IgE-promoting
cytokines is enhanced by DEP (Fujimaki et al.,
1994; Diaz-Sanchez et al., 1997).

In previous experiments, we found that birch
pollen-specific human IgE production in trans-
planted SCID mice seemed to require the use of
cell donors with the specific allergy, and that it
was most readily obtained during or after a pe-
riod of donor allergen exposure (Steinsvik et al.,
1997). In these earlier experiments, both some
birch pollen-immunised and some non-immunised
hu-PBL-SCID mice produced specific IgE. In the
present experiment 1, that was started out of the
pollen season, only mice prestimulated with birch
pollen produced specific human IgE. This is in
accordance with our previous experiments started
out of the pollen season (Steinsvik et al., 1997). In
the present experiments, we stimulated the cells in
vitro prior to transplantation (experiment 1), or
immunised the mice just after transplantation (ex-

periment 2), and 45% (15/33) of the immunised
mice produced birch pollen-specific human IgE.
In our previous study (Steinsvik et al., 1997),
where the mice were immunised with birch pollen
later in the experiment (after 7 and 21 days), only
21% (10/48) of the immunised mice produced
specific IgE. Thus, early immunisation with birch
pollen resulted in a doubling of percentage of
mice with specific IgE in our experiments. The
importance of stimulation prior to or early after
transplantation of cells into SCID mice also seems
to be valid for other Ig-classes (Mosier et al.,
1988; Duchosal et al., 1992; Pollock et al., 1994;
Albert, 1997). The presence of human Ag-present-
ing cells in the peritoneal cavity may explain the
success with early immunisation, as we have pre-
viously shown that transplanted cells migrate to
other sites over time (Aaberge et al., 1994).

It might be argued that this animal model,
where both transplantation of cells and immunisa-
tion with pollen and adjuvants are done intraperi-
toneally, is not comparable to a real life situation
where pollen grains and DEP come into contact
with the human body via breathing and inhala-
tion into the lungs. In comparable experiments
however, DEP has been shown to have an adju-
vant effect on murine specific IgE production
regardless of whether the mice were injected in-
traperitoneally, intranasally or intratracheally
with pollen and DEP (Muranaka et al., 1986;
Takafuji et al., 1987; Suzuki and Kanoh, 1993;
Fujimaki et al., 1994, 1997). Also, because trans-
planted cells are able to migrate (Tary-Lehmann
and Saxon, 1992; Steinsvik et al., 1995), the site of
transplantation and immunisation of SCID mice
is not likely to be critical for the physiological
relevance of the experiments. Recently, we have
observed that human PBL from allergics migrate
to the lungs after i.p. transplantation into SCID
mice (to be published).

In the hu-PBL-SCID model, a major problem is
the large experimental variation (Pollock et al.,
1994), which to some extent can be reduced by
using human donors with known responder prop-
erties in repeated experiments (Steinsvik et al.,
1997). In the case of seasonal allergies, starting
the experiments in the allergy season will result in
uncontrolled allergen exposure of the cell donor,
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which we have documented affect the specific IgE
response of transplanted SCID mice (Steinsvik
etal., 1997). Starting the experiments out of the
pollen season combined with the use of in vitro
prestimulation or early in vivo immunisation with
succeeding boostering, is likely to give a more
controllable experimental system with more re-
sponders and minimised experimental variation.
Our results shows that further optimisation of the
hu-PBL-SCID model is needed in order to
demonstrate in vivo effects of adjuvants and envi-
ronmental pollutants.

Acknowledgements

The authors wish to thank Dr Andrew Saxon,
UCLA, Los Angeles, CA, for providing two IgE
monoclonals (clones 4.15 and 7.12) for the IgE
ELISA. We would also like to thank Ase Eikeset
and Berit A. Stensby for their expert technical
assistance, and Mona Iren Skullerud for provid-
ing excellent care for the animals. This study was
generously supported by VISTA (The Norwegian
Scientific Academy and Statoil).

References

Aaberge, 1.S., Leikvold, R.-B., Steinsvik, T.E., Stien, T., Dju-
pesland, P.G., Lovik, M., 1994. Isotype-dependent local-
ization of human antibody-secreting cells in the
SCID-TMC-hu mouse. Scand. J. Immunol. 40, 691.

Albert, S.E., McKerlie, C., Pester, A., Edgell, B.J., Carlyle, J.,
Petric, M., Chamberlin, J.W., 1997. Time-dependent induc-
tion of protective anti-influenza immune responses in hu-
man peripheral blood lymphocyte/SCID. J. Immunol. 159,
1393-1403.

Beck, L., Spiegelberg, H.L., 1989. The polyclonal and antigen-
specific IgE and IgG subclass response of mice injected
with ovalbumin in alum or complete Freud’s adjuvant.
Cell. Immunol. 123, 1-8.

Bosma, G.C., Custer, R.P., Bosma, M.J., 1983. A severe
combined immunodeficiency mutation in the mouse. Na-
ture 301, 527-530.

Brewer, J.M., Conacher, M., Satoskar, A., Bluethmann, H.,
Alexander, J., 1996. In Interleukin-4 deficient mice, alum
not only generates T-helper-1 responses equivalent to Fre-
und’s complete adjuvant, but continues to induce T-helper-
2 cytokine production. Eur. J. Immunol. 26, 2062-2066.

Boyum, A., 1968. Separation of leucocytes from blood and

bone marrow. Scand. J. Clin. Lab. Invest. 21 (Suppl. 97),
77-89.

Chiang, B.-L., Chou, C.-C., Ding, H.-J., Huang, M.-S., Chen,
J.-M., Hsieh, K.-H., 1995. Establishment of human IgE
system in severe combined immunodeficient mice with
peripheral blood mononuclear cells from asthmatic chil-
dren. J. Allergy Clin. Immunol. 95, 69-76.

Diaz-Sanchez, D., Dotson, A.R., Takenaka, H., Saxon, A.,
1994. Diesel exhaust particles induce local IgE production
in vivo and alter the pattern of IgE messenger RNA
isoforms. J. Clin. Invest. 94, 1417—-1425.

Diaz-Sanchez, D., Tsien, A., Fleming, J., Saxon, A., 1997.
Combined diesel exhaust particulate and ragweed allergen
challenge markedly enhances human in vivo nasal rag-
weed-specific IgE and skews cytokine production to a
T-helper cell 2-type pattern. J. Immunol. 158, 2406—2413.

Duchosal, M.A., Eming, S.A., Fisher, P., Leturq, D., Barbas
III, C.F., McConahey, P.J., Caothien, R.H., Thornton,
G.B., Dixon, F.J., Burton, D.R., 1992. Immunization of
hu-PBL-SCID mice and the rescue of human monoclonal
fab fragments through combinatorial libraries. Nature 355,
258-262.

Ewan, P.W., Coote, D., 1990. Evaluation of a capsulated
hydrophilic carrier polymer (the immunoCAP) for mea-
surement of specific IgE antibodies. Allergy 45, 22-29.

Fujimaki, H., Nohara, O., Ichinose, T., Watanabe, N., Saito,
S., 1994. IL-4 production in mediastinal lymph node cells
in mice intratracheally instilled with diesel exhaust particu-
lates and antigen. Toxicology 92, 261-268.

Fujimaki, H., Saneyoshi, K., Shiraishi, F., Imai, T., Endo, T.,
1997. Inhalation of diesel exhaust enhances antigen-specific
IgE antibody production in mice. Toxicology 116, 227—
233.

Ishizaki, T., Koizumi, K., Ikemori, R., Ishiyama, Y.,
Kushibiki, E., 1987. Studies of prevalence of Japanese
cedar pollinosis among the residents in a densely cultivated
area. Ann. Allergy 58, 265-270.

Keil, U., Weiland, S.K., Duhme, H., Chambless, L., 1996. The
international study of asthma and allergies in childhood
(ISAAC): objectives and methods; results from German
ISAAC centres concerning traffic density and wheezing
and allergic rhinitis. Toxicol. Lett. 86, 99—-103.

Lovik, M., Hegseth, A.-K., Gaarder, P.I., Hagemann, R.,
Eide, 1., 1997. Diesel exhaust particles and carbon black
have adjuvant activity on the local lymph node response
and systemic IgE production to ovalbumin. Toxicology
121, 165-178.

Mosier, D.E., Gulizia, R.J., Baird, S.M., Wilson, D.B., 1988.
Transfer of a functional human immune system to mice
with severe combined immunodeficiency. Nature 335, 256—
259.

Mosier, D.E., Gulizia, R.J., Baird, S.M., Wilson, D.B., 1989.
On the SCIDs? Nature 338, 211.

Muranaka, M., Suzuki, S., Koizumi, K., Tokafuji, S.,
Miyamoto, T., Ikemori, R., Tokiwa, H., 1986. Adjuvant
activity of diesel-exhaust particulates for the production of
IgE antibody in mice. J. Allergy Clin. Immunol. 77, 616—
623.



230 T.E. Steinsvik et al. / Toxicology 128 (1998) 219-230

Ormstad, H., Namork, E., Gaarder, P.I., Johansen, B.V.,
1995. Scanning electron microscopy of immunogold la-
beled cat allergens (fel d 1) on the surface of airborne
house dust particles. J. Immunol. Methods 187, 245-251.

Pestel, J., Jeannin, P., Delneste, Y., Dessaint, J.P., Cesbron,
J.Y., Capron, A., Tsicopoulos, A., Tonnel, A.-B., 1994.
Human IgE in SCID mice reconstituted with peripheral
blood mononuclear cells from Dermatophagoides
pteronyssinus-sensitive patients. J. Immunol. 153, 3804—
3810.

Pollock, P.L., Germolec, D.R., Comment, C.E., Rosenthal,
G.J., Luster, M.., 1994. Development of human
lymphocyte-engrafted SCID mice as a model for im-
munotoxicity assessment. Fundam. Appl. Toxicol. 22,
130-138.

Saxon, A., Macy, E., Denis, K., Tary-Lehmann, M., Witte,
O., Braun, J., 1991. Limited B-cell repertoire in severe
combined immunodeficient mice engrafted with peripheral
blood mononuclear cells derived from immunodeficient or
normal humans. J. Clin. Invest. 87, 658—-665.

Spiegelberg, H.L., Beck, L., Kocher, H.P., Fanslow, W.C.,
Lucas, A.H., 1994. Role of interleukin-4 in human im-
munoglobulin E formation in hu-PBL-SCID mice. J. Clin.
Invest. 93, 711-717.

Steinsvik, T.E., Aaberge, 1.S., Belsnes, D., Gaarder, P.L.,
Lovik, M., 1994. Specific human IgE response after immu-
nization with birch pollen in SCID mice transplanted with
human peripheral blood mononuclear cells-a model for

human allergy? Toxicol. In Vitro 8, 1049—-1051.

Steinsvik, T.E., Aaberge, 1.S., Gaarder, P.I., Bjonness, U.,
Lovik, M., 1997. Total and birch pollen-specific human
IgE in mice with severe combined immunodeficiency trans-
planted with human peripheral blood lymphocytes: donor
dependence, seasonal variation and in vivo half-life. Int.
Arch. Allergy Immunol. 112, 175-183.

Steinsvik, T.E., Gaarder, P.I., Aaberge, 1.S., Lovik, M., 1995.
Engraftment and humoral immunity in SCID and RAG-2-
deficient mice transplanted with human peripheral blood
lymphocytes. Scand. J. Immunol. 42, 607-616.

Suzuki, T., Kanoh, T., 1993. The adjuvant activity of pyrene
in diesel exhaust on IgE antibody production in mice. Jap.
J. Allergol. 42, 963-968.

Takafuji, S., Suzuki, S., Koizumi, K., Tadokoro, K.,
Miyamoto, T., Ikemori, R., Muranaka, M., 1987. Diesel-
exhaust particulates inoculated by the intranasal route
have an adjuvant activity for IgE production in mice. J.
Allergy Clin. Immunol. 79, 639-645.

Takenaka, H., Zhang, K., Diaz-Sanchez, D., Tsien, A., Saxon,
A., 1995. Enhanced human IgE production results from
exposure to the aromatic hydrocarbons from diesel ex-
haust: direct effects on B-cell IgE production. J. Allergy
Clin. Immunol. 95, 103-115.

Tary-Lehmann, M., Saxon, A., 1992. Human mature T-cells
that are anergic in vivo prevail in SCID mice reconstituted
with human peripheral blood. J. Exp. Med. 175, 503-516.



