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These studies were conducted to investigate the potential use of
a flow cytometric analysis method for the identification and dif-
ferentiation of chemicals with the capacity to induce irritation,
IgE- or T cell-mediated hypersensitivity responses. An initial
study investigated the ability of equally sensitizing concentrations
(determined by local lymph node assay) of IgE-mediated (Toluene
Diisocyanate-TDI) and T cell-mediated (Dinitrofluorobenzene-
DNFB) allergens to differentially modulate the IgE+B220+ pop-
ulation in the lymph nodes draining the dermal exposure site.
Sodium lauryl sulfate (SLS) was also tested as a nonsensitizing
irritant control. Female B6C3F1 mice were dermally exposed once
daily for 4 consecutive days, with the optimum time point for
analysis determined by examining the IgE+B220+ population 8,
10, and 12 days post-initial chemical exposure. At the peak time
point, day 10, the IgE+B220+ population was significantly ele-
vated in TDI (41%), while moderately elevated in DNFB (18%)
exposed animals when compared to the vehicle (0.8%), and re-
mained unchanged in SLS (2.2%) exposed animals when com-
pared to the ethanol control (2.5%). Experiments in our laboratory
and others have demonstrated that the draining lymph node
B220+ population becomes significantly elevated following expo-
sure to allergens (IgE- and T cell-mediated), not irritants, allowing
for their differentiation. An existing mouse ear swelling assay
was used to identify chemical irritants. Therefore, using the end-
points of percent ear swelling, percent B220+ cells, and percent
IgE+B220+ cells, a combined irritancy/phenotypic analysis assay
was developed and tested with tetradecane (irritant), toluene di-
isocyanate, trimellitic anhydride (IgE-mediated allergens), benza-
lkonium chloride, dinitrofluorobenzene, oxazolone, and dini-
trochlorobenzene (T cell-mediated allergens) over a range of
concentrations. Based upon the pattern of response observed, a
paradigm was developed for continued evaluation: Irritant expo-
sure will result in significant ear swelling without altering the
B220+ or IgE+B220+ populations. Exposure to sensitizers (IgE-
mediated or T cell-mediated) will increase the B220+ population
and the percent ear swelling will remain unchanged or will signif-
icantly increase, depending on the irritancy capacity of the chem-
ical. Both the IgE+B220+ and B220+ populations will become
elevated at the same test concentration following exposure to
IgE-mediated, hypersensitivity inducing allergens. At its peak, the

percent of IgE+B220+ cells will be equal to the percent of B220+
cells. The B220+ population will increase at a lower test concen-
tration than the IgE+B220+ population, following exposure to T
cell-mediated, hypersensitivity inducing allergens. At its peak, the
percent of IgE+B220+ cells will reach less than half that of the
percent of B220+ cells. The irritancy/phenotypic analysis method
may represent a single murine assay able to identify and differ-
entiate chemicals with the capacity to induce irritation, or IgE-
mediated or T cell-mediated responses.

Key Words: flow cytometry; IgE-mediated response; T cell-
mediated response; hypersensitivity; mouse.

Hypersensitivity responses are commonly grouped into 4
dominant classes, Types | through IV (Gell and Coombs,
1963). Type |, immediate hypersensitivity responses occur
within minutes of exposure in a previously sensitized individ-
ual. They are primarily mediated by IgE antibody, the produc-
tion of which is largely influenced by the presence of interleu-
kin-4 (IL-4). Examples of IgE-mediated hypersensitivity
responses include hay fever, asthma, hives, and urticaria. Type
IV, delayed hypersensitivity response, occurs 24 to 72 h fol-
lowing exposure, in a previously sensitized individual. They
are primarily cell-mediated responses influenced by the pres-
ence of interferony (IFN-v), a cytokine known to inhibit the
production of IgE. An examplef@ T cell-mediated hypersen-
sitivity response is the allergic contact dermatitis caused by
poison ivy (Finkelmaret al,, 1988a,b; Fong and Mosmann,
1989).

Allergic and irritant contact dermatitis accounts for 15% to
20% of all reported occupational diseases. Decreased worker-
productivity engendered by occupational skin disease results in
an estimated loss of one billion dollars annually. Similarly,
approximately 30% of adult asthma may be credited to occu-
pational exposure, with occupational asthma costing an esti-
mated $400 million yearly (NIOSH 1996). Irritation, Type |
(Ige-mediated hypersensitivity responses), and Type IV (T
cell-mediated hypersensitivity responses) represent a meaning-
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developing methods for the identification of chemicals capable
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of eliciting irritation, |gE-mediated, and T cell-mediated hyior one week prior to use and randomized into dose groups for exposure.

persensitivity responses. By identifying these chemical hazaﬁﬁma' care and use were performed following NIH guidelines. Animals were

: . - maintained on a 12-h light/dark cycle with the temperature and humidity
and controlllng their Workplace levels or release into the epnonitored, ensuring they remained at acceptable levels (18 -26°C and 40-70%

vironmept, the incidence of ?‘dverse responses and result@itive humidity). Food (Agway Rat and Mouse Ration; NIH 07) and tap
economic losses should decline. water were availabled libitum

Many newly developed murine hypersensitivity models Chemicals and antibodies. Toluene 2,4-diisocyanate (TDI), 2,4-dini-
have focused attention on the local environment of the lymphfluorobenzene (DNFB), sodium lauryl sulfate (SLS), n-tetradecane (Tet),
nodes draining the site of dermal chemical exposure. |nciudlépd12alkon|um chloride (BkCI), 4-ethoxymethylene-2-phenyloxazol-5-one (ox-

amona these are the cvtokine finaerprinting assay and @iolone—Oxaz), acetone, the vehicle unless otherwise stated, and 2,4-dinitro-
g y gerp 9 y (Iaorobenzene (DNCB), were purchased from Sigma (St. Louis, MO). Tri-

recently validated local lymph node assay. The local lympReiiiic anhydride (TMA) was from Aldrich Chemical (Milwaukee, WI).
node assay identifies chemical sensitizers by their capacityet@anol (ETOH), the SLS vehicle, was from Fisher Scientific (Pittsburgh, PA)

induce significant draining lymph-node cell proliferation foland diluted to 30% with deionized water. The RA3-6B2 (anti-B220), R-35-72
Iowing dermal exposure, as measured3thymidine incor- (anti-IgE), 2.4G2 (anti Fgll and Feylll i.e., Fc Block®), and B3B4 (anti-

b . P - CD23) monoclonal antibodies and isotype controls with FITC or PE label were
poration (Kimberet al.,1995). Although effective in identify- purchased from Pharmingen (San Diego, CA).

ing potentlal sensitizers, the local Iymph node assay does r]q_tocal lymph node assay. The LLNA procedure was a modification of the

Fjiﬁeremiate |9E'mediated from T cell-mediated hypersensitiViethod developed by Kimbet al, (1989) and later described by Hayesal,
ity responses (Kimbeet al., 1994). (1998). Five mice per dose group received 1@l5of the appropriate test
It is well documented that many of the cytokines present firemical concentration or vehicle to the dorsal and ventral surface of each ear

the local environment during an immune response promoteOdS‘Fe daily for three consecutive days. Mice were rested on day four. On day
suppress IgE antibody production. thus affecting the Otemﬁvia, the mice were injected intraveneously (iv) via the lateral tail vein with 0.2
pp g yp , gthep 19 (20 uCi) of *H-thymidine (specific activity of 0.2.Ci/ml). Five h later the

occurrence of !gE‘mediated hypersensitivity responses (Colemagk were sacrificed by COnhalation. The left and right draining cervical
et al,, 1994; Finkelmaret al,, 1988a, 1988b; Mosmaret al., lymph nodes of each animal, located at the bifurcation of the jugular vein, were
1991; Shimodaet al.,1996). It may be possible to identify andexcised and placed into 4 ml cold phosphate-buffered saline (PBS). A single

differentiate chemicals capable of eliciting IgE-mediated or gell suspension was g_enerated by_ dissociating the lymph nod_es be_ztween the
cell-mediated hvpersensitivity responses by assessing the Ifros_ted ends of two microscope slides. Cells were washed twice with 10 ml
yp y P y g ﬁé(s and precipitated in 3 ml 5% trichloroacetic acid (TCA) overnight at 4°C.

els of these cytokines in the draining lymph nodes of animatgjiowing resuspension in 1 ml TCA, the cells were transferred to 5 ml of
following dermal chemical exposure (Dearmah al. 1995, scintillation cocktail. *H-thymidine incorporation was determined with an
1996). Since increased total serum IgE levels have been 6B Wallace 1218 Beta Counter. Samples were counted for 5 min each and
served following dermal exposure to chemicals known to Cau@g counts per min (CPM) for each animal adjusted for beta counting efficiency

. . . . 3.6%) to generate disintegrations per min (DPM) values. Mean DPM—
IgE-mediated responses in humans, investigators have £ ground were calculated for each dose group

pioposed using the murine total §erum I9E E_LISA, (EnzymeExposure and tissue isolation. For the phenotyping assay, the irritancy-
Linked Immunosorbent Assay) to identify IgE inducing allerassay dosing method described by Hageal, (1998) was used. Briefly, mice
gens (Dearmaret al., 1992; Potter and Wederbrand, 1995)were exposed by applying 12:8 of the appropriate chemical concentration to
This has proven difficult, as the total serum IgE levels dffe dorsal and ventral surfaces of each ear, once daily for 4 consecutive days.

animals exposed to dinitrochlorobenzene (DNCB), a Chemid:éillowing sacrifige via.C(;) inhaIatipn, the diaining cervical lymph hodes
located at the bifurcation of the jugular vein, and, when appropriate, the

considered not to induce an IgE-mediated response, were ‘?)Ic%liteal lymph nodes, perihilar lymph nodes, and spleens were excised and

nificantly eIeyated When_cc_)mp{:\red to the controls. Additiofaced into PBS. In early studies, the lymph nodes from each anatomical
ally, a considerable variation in the total serum IgE levelscation for each dose group were pooled, and phenotypic analysis was
among individual animals was observed as well as a differengsformed on three replicate samples taken from the pooled lymph node cells

in the IgE response among different strains of mice (Dearmﬁri\iess otherwise indicated. In later studies, as the method was refined, analyses
et al. 1992 1998) were performed on right and left lymph nodes pooled from individual animals.

o . . . Analyses of the spleens were performed on three replicate samples taken from
These studies investigate the potential use of a single MurRgen cell suspensions from individual animals.

assay as a screening method for the identification and differphenotypic analysis. Phenotyping was performed using flow cytometry.

entiation of chemicals with the capacity to elicit irritation Briefly, the lymphoid organs in PBS, were dissociated using the frosted ends

IgE-mediated, and T cell-mediated hypersensitivity responsektwo microscope slides. Cell counts were determined on a Coulter Counter

Following dermal chemical exposure, the method relies upor{ZSB' or Z2 model), and approximately 10° cells per sample were added to

rameters: th rcent r swellin th rcent the wells of a 96-well plate. A volume of 100l was used on all remaining
parameters. € perce ear Swelling, € perce ps. The cells were washed with a PBS staining buffer containing 1.0%

IgE+B220+ draining lymph node cells, and the percent Ofovine serum albumin (BSA), and 0.10% sodium azide and then incubated
B220+ draining lymph node cells. with 1.0 ug of Fc Block for 5 min at 4°C. The appropriate antibodies, at a 1.0
g dilution in staining buffer were incubated with the samples for approxi-
mately 45 min in the dark at 4°C. After washing, cells were incubated with 10
MATERIALS AND METHODS g of propidium iodide (PI) in the dark at 4°C for five min. Cells were washed,

resuspended in staining buffer, and analyzed on a Becton Dickinson FACScan
Animals. Pathogen-free female B6C3F1 mice, aged 7 to 14 weeks, wese FACSVantage flow cytometer using a Pl viability gate. A PBS sample

obtained from Taconic Farms (Germantown, NY). Animals were quarantinstieath lacking chelators was used, as the interaction between soluble IgE and
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surface CD23 is calcium-dependent (Richards and Katz, 1990). Ten thousand TABLE 1

viable events were collected for each sample. Computer analysis was perproliferative Response Following DNFB and TDI Exposure
formed on gated lymph-node cell populations. For measurement of surface

IgE-expressing cells, a modified acid-stripping method of Kumaggaal, Dose group DPM Fold increase
(1975) was used. Briefly, an aliquot of cells was incubated in a solution of

0.005M KCI, 0.09M NaCl, 0.05M sodium acetate, and 1.0% newborn calfs qtone 13.1- 4.6

serum (NCS) for approximately 1 min. Following addition of 10 ml 1 mM

PBS/HEPES, the cells were centrifuged, the supernate was removed, and the().Ol% 39.3+ 9.9 3.0
cells were resuspended in the appropriate volume of staining buffer. The 0.05% 4721+ 57.3 35.9
mRE2-1 cell line, a Chinese hamster ovary (CHO) cell line transfected with the 0.10% 1107.3+ 168.7* 84.3
murine CD23 gene, was kindly provide by Dr. Daniel Conrad (Medical 0.15% 1837.0+ 223.3%* 139.8
College of Virginia/Virginia Commonwealth University) and used as one of 5 .atone 7.9+ 1.2

the acid-stripping controls. The cells were maintained as described bgtCho DI

al., (1997). mRE2-1 cells were incubated with 5 or &g of murine IgE 0.5% 597 5+ 96.5% 83.8
antibody per million cells for one h at 4°C and stained for phenotypic analysis 1.0% 911.0+ 35.3% 127.8
prior to or following acid stripping. 250 866.3+ 42.9%* 121.5

ELISA. Following sacrifice, blood samples obtained via cardiac puncture
were placed in 10x 75 mm culture tubes, allowed to clot for 1 h, and Note.Female B6C3F1 mice\, 5 per dose group) were exposed once daily
centrifuged at approximately 3000 rpm (1650g) for 20 min. The serum for 3 consecutive days by receiving 12.% of test article or vehicle to the
fractions were removed and stored in microtest tubes at —30°C until analyzedrsal and ventral surfaces of each ear. On the 5th day, animals were injected
Quantification of serum total IgE levels was achieved using a modified ELISAth *H-thymidine. Five h later the animals were sacrificed via,@alation
based on the assay described by Keegiaal, (1991). Dynatech Immulon-2 and the draining cervical lymph nodes excised. The level of cellular prolifer-
microtiter plates were coated with 10,0g/ml of B1E3 anti-mouse IgE ation, a measure of sensitization, was determined by quantifying of the amount
antibody in PBS overnight at 4°C. The blocking buffer was a PBS, 2.0% NC&# *H-thymidine incorporation into the draining lymph nodes by beta scintil-
10 mM HEPES solution. After blocking at 37°C for one h, serial dilutions ofation counting. Values presented are the dose group mean BFE.
standard (mouse IgE anti-DNP) beginning at 500 ng/ml and samples beginning Represents @ < 0.05 as compared to the respective acetone control using
at a 1:10 dilution in blocking buffer were incubated on the plate for two h @unnett's.
37°C. After washing, R1E4 anti-mouse IgE secondary antibody conjugated to* Represents g < 0.01 as compared to the respective acetone control
biotin was added to the plate at a £g/ml concentration in blocking buffer for using Dunnett’s.
two h at 37°C. After washing, the plates were then incubated with Streptavidin-
Alkaline Phosphatase atudg/ml in blocking buffer for one h at 37°C. Finally,
alkaline phosphatase substrate was added and the plates were read on a . .
Beckman Vmax model plate reader at 405—650 nm (for intrawell correctioff al, 1976; Garcia-Perez, 1978). The ability of TDI and
approximately 30 min later. The data were analyzed using the IBM Softm&NFB to induce sensitization following dermal exposure was

Pro 1.2.0 program. Test sera antibody values were calculated by compariggamined in the LLNA (Table 1). A dose responsive increase
with known amounts of standard. A standard curve was generated using lin rproliferation was observed in DNFB exposed animals be-

values from the Log/Log analysis (values allowing for a slope close to 1.0). . L 0 .
The hybridomas used to generate the capture, secondary, and IgE stan QJJ"”Q Slgmflcam at the 0.1% DNFB concentration (1107

antibodies for the mouse IgE ELISA were also kindly donated by Dr. DaniéN€an DPM), reaching a maximum of 1837 mean DPM fol-

Conrad, and were purified using an abbreviated method ot (1980). lowing 0.15% DNFB exposure compared to 13 mean DPM for
Ear measurements. As an indicator of irritancy, the ears of each mousdhe control. At all concentrations tested, the proliferative re-

were measured prior to initial chemical application and post-measured 25ponse induced by TDI exposure was significant, reaching a

following final chemical application using a modified Mitutoyo engineer'snayimum level of 911 mean DPM in the 1.0% TDI exposure
micrometer (Hayest al,, 1998). To determine the 24 h. percent change in ear )
swelling the following equation was used: (mean thickness of ear 24 h a&FOUp ComparedOt a 7 mean DPM for the control. The fold

chemical application / mean thickness of premeasuredke&f0) — 100. increase was approximately .140 and 120 for the O-:_|-5%. DNFB
Statistics. All test groups were statistically compared to the appropriat@nd 2.5% TDI exposed ammals, and was not S'gn'flcantly
control using the JMP 3.2.2 software for the PC. Homogeneity of data waéfferent when compared via Student$est, suggesting that

determined using Bartlett’s test (Bartlett, 1937). Homogeneous data wé¢lgese two concentrations are equally sensitizing.
analyzed for significance using Dunnett’s test and nonhomogneous data were

analyzed using the Tukey-Kramer test (Dunnett, 1955; Tukey, 1977). For tb“evelopment of the IgE Draining Lymph Node B
ELISA data, the animal values were transformed using a natural logarithmic Cell Phenotype

transformation, allowing for parametric analysis via Dunnett’s (Dearetah,

1998). Data with unequal sample number§ were gnal_y_zed using the COChrarI‘nitiaI phenotypic analysis studies showed that an increased
t-test (Cochran and Cox, 1975). Comparison of individual dose groups to

control were performed using Studentest. IgE+ 'B cell population dev.elop.eq.in.the draining lymph nodes
of animals 8 days following initiation of a 10-day dermal
exposure regimen with the known IgE inducing allergens TMA
and TDI (data not shown). Based on this data, a time-course
study was performed to determine the optimum time point for
analysis of the draining lymph node IgEB cell population in
Initial studies used known IgE-mediated (TDI) and T cellanimals exposed to xenobiotics, using the 4-day irritancy assay
mediated (DNFB) hypersensitivity inducing allergens (Butchetosing schedule described by Hawtsal. (1998). This dosing

RESULTS

LLNA Results
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FIG. 1. Time course flow cytometric analysis of the 1¢B220+ population in the draining lymph nodes of female B6C3F1 mice following dermal 2.5%
TDI, 0.15% DNFB, or 40% SLS exposure. Animals were exposed once daily for 4 consecutive days. The draining lymph nodes were removed and pooled f
each dose group at each time point. At days 8 and 12, there were 4 animals per dose group, except for the acetone and ETOH groups, where there were 8 anir
At day 10, there were 10 animals for each dose group, except for the acetone group where there were 20 animals. Values presented are the aveedge of 3 repl
samples taken from the pooled lymph nodes. (Left) Percent of I§Ecells prior to acid stripping. (Right) Percent of IgEB cells following acid stripping.

protocol was chosen because it would permit the incorporationt detected at any of the time points examined in the DNFB
of the irritancy assay parameters into the method. The similand SLS exposed animals. The lack of a measurable surface
ity between this dosing regimen and the 3- and 4-day LLNRE expressing B cell population in the 0.15% DNFB-exposed
dosing protocols would also allow for comparison betweesmimals, coupled with the small size of the population in the
chemical test data obtained with the phenotypic analysis as3ayl exposed animals, suggested that the majority of theHlgE
and the LLNA (Lovelest al,, 1996; Woolhiseet al,, 1998). lymph node B cell population in these dose groups prior to acid
Equally sensitizing doses of TDI (2.5%) and DNFB (0.15%stripping was comprised of B cells staining positive by the
were employed and a 40% SLS nonsensitizing irritant contrdétection of soluble IgE bound to B cell surface CD23.
(Woolhiseret al, 1998) was also included in the study design. As a control to ensure complete removal of surface bound
The draining lymph node cells were double stained for IgE angE prior to phenotypic analysis, mRE2-1 cells constitutively
B220 and the percentage of 1gBB220+ cells was determined expressing CD23 were incubated with saturating concentra-
on 8, 10, and 12 days following initial exposure (Fig.1).  tions of murine IgE antibody. The IgECD23+ population
The IgE+ B cell population (Fig. 1, left), was elevated inwas examined prior to and following the acid stripping proce-
animals exposed to TDI and to a lesser extent in DNFBlure. As shown in Table 2, when the mRE2-1 cells were
exposed animals, peaking 10 days following initial exposuiecubated with 1Qug of IgE, the percent of IgECD23+ cells
and appearing to decrease by day 12. At the peak time poings decreased from approximately 98% to 0.7% following
the percent of IgEB220+ cells for the TDI exposed animalsacid stripping, suggesting the acid stripping method efficiently
was 41%, approximately a 52-fold increase over the acetone
control. The IgE-B220+ population for DNFB exposed ani-

mals only reached 18%, a 23-fold increase over the acetone TABLE 2
control. This population was unchanged in SLS (2.2%) ex- Controls for the Acid Stripping Procedure
posed animals when compared to the ethanol control (2.5%3. _ _
. ?se group Pre-acid Post-acid
The percent of surface IgE expressing B cells, a componen
of the IgE+ B cell population, was also examined (Fig. 150 ug IgE 945+ 2.7 0.1+ 0.1

right). To accomplish this, surface-bound soluble IgE antibody.o ug IgE 97.9+ 0.1 0.7+ 0.2

was removed from the B cell surface by briefly incubating _ . . _

these cells with a mild acid prior to phenotypic analysis. ThisNote.mREZ-l cells were incubated with varying concentratlon; of IgE and
llowed for the sole detection of surface IGE expressin }ramed for the percent of IgECD23+ cells prior to and following acid

a . 9 p ) 9 ipping were determined via flow cytometry. Values represent the nmtean

cells. A measurable population (5-5%). was .present in tRE of three replicate samples taken from the pooled mRE2-1 cells of each IgE

lymph nodes of the 2.5% TDI exposed mice. This cell type waisse group.
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TABLE 3 Correlation of the Development of the IgiB220+
Representative Surface Molecule Controls Phenotype with Total Serum IgE Levels
Marker Pre-acid Post-acid  Given that the observed increase in tgB cell population
appeared to reflect the increased binding of soluble IgE to B
IgM+ 18.5x0.3 23413  cell surface CD23, the total serum IgE levels of the previously
CD23+ 445+ 0.8 41.3+ 0.2

phenotyped animals were measured. The total serum IgE levels
were found to positively correlate with the development of the
Note. Percent of surface expressed molecules prior to and following adgE+ lymph node B cell population in TDI exposed animals.
stripping in animals following dermal exposure to 2.5% TDI. Values represeiihe total serum IgE levels of the 2.5% TDI exposed animals
the mean= SE of three replicate samples taken from the pooled drainingara slightly increased on day 8, peaked at a significantly
lymph node cells of the pre or post acid siripping exposure groups. increased level at day 10, and remained significantly elevated,
though lower, by day 12 when compared to the acetone con-

) ) trols. When examined, the DNFB and SLS exposed animals
removed soluble IgE. Also, in a separate experiment, ¢y not exhibit significantly altered total serum IgE levels. At

percent of CD23- mRE2-1 cells was unchanged by acidhe peak time point 10 days following initial exposure, total
stripping (approximately 90% prior to and 88% following aciderym IgE levels were 24-fold higher in the TDI (4056 ng/ml)
stripping), suggesting the decreased percent ofHGB23+  exposed animals, and unchanged in the DNFB (138 ng/ml),
mMRE2-1 cells following acid stripping was not caused bynd SLS (328 ng/ml) exposed animals when compared to the
decreased CD23 levels. Likewise, in other acid stripping coacetone (167 ng/ml) and ETOH (312 ng/ml) controls (Table 4).
trol experiments using lymph node cells, CD23220+, and

IgM+, populations were not altered by the acid strippingnatomical Variation in the Development of the

procedure, suggesting this method does not affect surfacetlgE+B220+ Phenotype

expressed molecules, including surface IgE (Table 3). . .
Initially in five repeat experiments, the IgEB220+ popu- In subsequent experiments, the lgB cell population was
' analyzed at the peak time point, 10 days following initial

lation, following acid stripping, was detected at levels fromhemical exposure. The anatomical variation in the develop-

0.1% to 8.2% and was present only 10 days following initi%_]ent of the IgE- B cell population was examined by com-

exposure. However, additional studies demonstrated a Shiﬁp'gring the percent of IgEB220+ cells present in lymphoid
the time course of development of this population (data Ng{yans draining (cervical lymph nodes) or distal to (perihilar
shown). This suggested that the measurement of e on nodes, popliteal lymph nodes, and spleen) the dermal
IgE+B220+ population, following acid stripping, would not exposure site (Fig. 2). No differences were seen in the percent-
represent a reproducible methodology, preventing its usegdfes of IgE- B cells at different anatomical locations when
establishing the phenotypic analysis assay. Therefore, the cg@Ramining the acetone and naive groups. Although the-I§E
tinued development of the phenotypic analysis methodology|l population was elevated in all of the lymphoid organs
was based on the evaluation of the tgB220+ population examined in the 2.5% TDI exposed animals when compared to
prior to acid stripping (Fig 1, left). The mechanism responsibtae acetone control, the population was approximately 2-fold
for the variability of the development of the IgEpopulation higher in the draining lymph nodes of 2.5% TDI exposed
following acid stripping was not investigated further. animals when compared to the distal lymphoid organs in these

B220+ 45.0+ 0.1 447 0.0

TABLE 4
Time Course of Total Serum IgE Levels Following Dermal Exposure to Sodium Lauryl Sulfate,
Dinitrofluorobenzene, or Toluene Diisocyanate

Day 8 IgE Day 10 IgE Day 12 IgE
Chemical N (ng/ml) N (ng/ml) N (ng/ml)
Acet 8 496+ 113 19 167+ 28 7 274+ 52
ETOH 8 128+ 39 8 312+ 122 2 145+ 33
SLS 4 261+ 143 9 328+ 114 4 161+ 65
DNFB 4 181+ 17 10 138+ 20 4 429+ 116
TDI 4 926+ 333 10 4056+ 951** 4 1606+ 367**

Note. Serums from individual animals used to generate the data in Figure 1 were analyzed for the amount of total serum IgE by ELISA. Values are th

dose-group meart SE. Dose groups: acetone, 30% ETOH, 40% SLS, 0.15% DNFB, and 2.5% TDI.
** Represents @ < 0.01 as compared to the acetone group using Cochtaas.
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LIS sample in the acetone, ETOH, and SLS dose groups it was
necessary to pool the lymph nodes of two animals in order to
obtain the cell number necessary for analysis.

Significantly sensitizing doses of TDI, TMA, Oxaz, and
BKCI, as previously determined by a local lymph node assay
and significantly irritating concentrations of SLS and Tet, as
previously determined by a mouse ear swelling irritancy assay,
were employed (Woolhiseat al., 1998). At the concentrations
tested, SLS, Tet, BKCI, TMA, and TDI were significantly
irritating, as indicated by the increase in 24-h percent ear
swelling (Table 5). Similar to previous observations by others,
0.05% Oxaz exposure did not result in significant irritation
(Tarayreet al., 1984; Woolhiseet al., 1998).

Previous data from our lab (data not shown) and others
(Gerbericket al,, 1997; Sikorskiet al., 1996) suggested that

2

Perceal IgE+BII0+
=

L0+

WLEHB ] e e

w po ph sp st pn ph p = po pb 3p measuring the percent of B220draining lymph node cells in
animals following chemical exposure may allow for the dif-
MNalve Acelone ™ ferentiation of irritants from T cell-mediated, hypersensitivity
inducing sensitizers. Similar results were obtained in this

Dosc Group study, with the B228 population significantly elevated in

animals exposed to the sensitizers (TDI, TMA, Oxaz, and

FIG. 2 Comparison of the percent of IgEB cells in draining and distal BkCl), while unchanged in the irritant (SLS and Tet) exposed

. . . ; i 0 !
lymphoid organs in Ealves, or following dermal (_:hemlcal (2.5% TDI oL nimals as compared to the controls (Table 5). Although TDI
acetone) exposurdN = 10 for all dose groups. Animals were exposed as

described: sc, cervical lymph nodes; po, popliteal lymph nodes; ph, parahﬁ%{?d TMA have the potential t‘? inquc? T Ce"'mediate_d hyper-
lymph nodes; and sp, spleens. Data presented are the average of three repf@fsitivity responses, they primarily induce IgE-mediated hy-
samples taken from the pooled lymph nodes of each dose group at ep@rsensitivity responses (Dearmah al, 1991; Sonet al.,
anatomical site. The spleen data presented are the average of the indiviquatg- Teeet al.. 1998 Thorneet al. 1987). This suggests the
animal values for each dose group. measurement of the B220 population may allow for the differ-

same animals. This suggested the draining lymph nodes were TABLE 5

the most suitable anatomical site for examination of this po&iﬁ%ﬂ;ﬁg‘;:;j:;(g?gfh‘;ﬂ:ﬁi Igiyt:;()ﬁ;j;;:;gllel‘)f;}’rg

ulation. to Known Human Irritants, Type I and Type IV Sensitizers
Expanded Panel of Chemicals 24-h % ear
. . . . . . . g i b b

To aid in the differentiation of irritants from sensitizers, theP°S¢ 9"°UP swelling % B220+ % IgE+B220+
phenotyp'lc.analy&s method was mc_:o_rporated into the protp.g_@etone (3.6 1.3) 197+ 09 3.8+ 2.0
for an existing mouse ear-swelling irritancy assay. The abilityho, ETOH 1.8+ 1.3 16.1+ 1.3 0.2+ 1.0)
of the combined irritancy/phenotypic analysis assay to identi#{p% SLS 53.0r 5.7* 22.0*2.0 3.2+ 1.4
and differentiate chemicals with the capacity to elicit an irri40% Tet 110.0t 15.0* 21415 2.7x1.4

ion. laE-m i rT -m i h rsensitivi r _.O% BKCI 40.0+ 5.7* 35.3*+ 1.8** 45+ 23
tation, g ?d ?tzd, or b ce eid ?ted I yEe set s.t éy eé.os% Oxaz 3.4-25 36.8+ 1.4** 23.1+ 1.7%
sponse was tested using a panel of well-characterized Coffjy; 36.0 8. 2% 415+ 1.3% 305+ 3.4%
pounds (Table 5). Known irritants (SLS, Tet) (Lee and 5o TDI 190.0+ 5.5+ 412+ 1.1% 36.1 + 3.6*

Maibach, 1995; Moloney and Teal, 1988), IgE inducing sen=
sitizers (TDI, TMA) (Dearmaret al,, 1998; Soret al., 1998), Note. N= 10 for all dose groups, except acetone, ETOH, and 40% SLS
astrong T cell-mediated hypersensitivity inducing Sensitizgfoups, wheréN is 20. For phenotypic analysis, each sample is the average of

. . replicates, with 5 samples for all dose groups. For each sample in the acetone,
(Oxaz) (De Sousat al, 1969), and a strong irritant with aETOH, and SLS dose groups, the replicates were taken from the pooled lymph

weak ability to induce T cell-mediated hypersensitivity (BKClhodes of two animals. For all the other dose groups, the lymph nodes of
(Fuchset al, 1993; Schnuctet al, 1998) were tested and individual animals were analyzed. The values presented are the dose-group
compared to the controls. Additionally, the increased lymplieant SE. All dose groups were compared to the acetone vehicle, except for
node cell number resulting from exposure to sensitizing coR® 0% SLS droup, which was compared to the 30% ETOH vehicle.

. . ** Represents g < 0.01 as compared to the appropriate control using
centrations of these allergens allowed for the analysis of the ., an's t-test.
lymph nodes of individual animals and the incorporation of b+ represents g < 0.01 as compared to the appropriate control using

statistical analyses into the methodology. However, for eaChnnetts.



212 MANETZ AND MEADE

TABLE 6
Irritancy/Phenotypic Analysis Dose-Response Studies with Oxazolone, Benzalkonium Chloride,
Dinitrochlorobenzene, and Tetradecane

24-h ear Total IgE
Dose group swelling Percent B226 Percent Ige-B220+ (ng/ml)
Experiment #1
Acetone 21+16 10.9+ 0.9 0.0+ 0.6 68+ 20
OXAZ
0.025% 0.6+ 1.3 21.1+ 1.3* 5.6 = 1.5* 52+9
0.050% 2.9+-1.0 27.0* 0.5** 3.8+0.8 47+ 8
0.100% 0.4+ 1.1 29.1+ 1.9* 54+17 76+ 21
0.250% 4.6+ 2.6 31.6* 1.3* 155+ 2.1* 228 £ 63*+*
BKCI
0.25% (1.1+1.1) 13.1+ 0.5 0.4+ 0.2 39+ 6
0.50% 49+ 13 16.7+ 1.8* 26*1.8 103+ 33
1.00% 19.1+ 3.0%*** 19.9 *= 2.0** 29+11 63+ 12
2.50% 57.9+ 6.8%*** 24.3 + 1.65% 4.1+0.9 44+ 13
Experiment #2
Acetone 0.4- 1.0 13.2+ 0.8 1.1+ 0.3 45+ 6
DNCB
0.05% 0.7+ 1.3 18.8+ 0.7** 15*0.7 53+ 21
0.10% 15+1.3 19.4+ 1.0% 53+1.8 60+ 11
0.50% 31.4+ 5.gxe* 26.0 = 0.7** 170+ 1.9 252 & G xx*
1.00% 61.6+ 10.8**** 27.2 £1.6* 170+ 2.9 213+ 67**
Tet
10% 6.1+ 1.4 10.7+ 1.0 0.9+ 0.4 59+ 9
20% 41+ 1.3 12.2+ 0.8 0.6+ 0.3 65+ 21
30% 25+23 142+ 1.1 3.0+ 1.0 60+ 13
50% 40.8+ 9. 2%xx* 13.8 = 1.7 2.7+ 0.7 55+ 15

Note.Values represent the group meanSE. For chemical concentrations which were expected to induce significant lymph-node cell proliferation (0.1%
OXAZ, 0.25% OXAZ, 1.0% BKCI, 2.5% BKCI, 0.05% DNCB, 0.10% DNCB, 10% Tet, and 20% Tet) there were five animals per group. For vehicle and all
other chemical concentrations, in order to reach cell counts required for phenotypic analysis, two animals were pooled for each sample egsaltimgails t
per group,N = 5. For the ear swelling data, both ears were measured for each animal resultiniyl iof 40 or 20. For the phenotypic analysis, each sample
value is the average two replicates. Values in parentheses are negative.

* Represents @ < 0.05 as compared to the acetone group using Dunnett’s.

** Represents @ < 0.01 as compared to the acetone group using Dunnett’s.

*** Represents gp < 0.05 as compared to the acetone group using Cochtdas.

**+x Represents ap < 0.01 as compared to the acetone group using Cochtar&.

entiation of irritants from sensitizers, regardless of their abilignalysis assay (Table 6). DNCB, a well-known T cell-medi-
to induce IgE-mediated or T cell-mediated hypersensitivitgted, hypersensitivity inducing allergen was included at rele-
responses. vant sensitizing concentrations (Kligmanal., 1959; Loveless

When examined, animals exposed to sensitizing concenteaal, 1996). Exposure to at least one concentration of Tet and
tions of known IgE inducing chemicals (TMA, TDI) possesseBKkCI resulted in significant irritation as indicated by the in-
greater than 30% IgE B cells in the draining lymph nodes creased percent ear swelling, similar to previous observations
(Table 5). The percent of IgE B cells was moderately ele- (Table 5). Exposure to DNCB also resulted in significant
vated in Oxaz exposed animals when compared to control. TiRgtation at the tested concentrations, similar to reports by
percent of IgE- B cells was significantly greatep (< 0.05) in  others (Bleuminlet al., 1973; Takasu, 1975; Woolhiset al.,
the TMA and TDI exposure groups when compared to they9g). with the exception of Tet exposed animals, which
Oxaz exposure group. showed an irritant response only at the highest concentration
tested, the irritation elicited by exposure to these compounds
was dose responsive. The B22@opulation, a proposed in-

A range of concentrations of Oxaz, BKCI, and Tet similar tdicator of sensitization, was dose-responsively increased in
those previously examined by others in the murine local lymginimals exposed to the known T cell-mediated, hypersensitiv-
node assay (Dearmaet al, 1991; Lovelesset al, 1996; ity inducing allergens. The B220 populations were signifi-
Woolhiseret al.,, 1998) were tested in the irritancy/phenotypicantly increased at concentrations of 0.025% Oxaz and 0.05%

Dose Response Studies
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TABLE 7
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Irritancy/Phenotypic Analysis Dose Response Studies with Toluene Diisocyanate, Trimellitic Anhydride, and Dinitrofluorobenzene

24-h ear Percent Total IgE
Dose group swelling Percent B226 IgE+B220+ (ng/ml)
Acetoné (21+11) 12.9+ 0.5 0.1+ 0.1 62+ 5
Acetoné 01+1.2 123t 1.4 0.3 0.1 55+ 15
Acetoné 03x15 17.5£ 0.8 0.8+ 0.5 29+ 2
TDI
0.19% (2.4= 1.6) 16.4+ 2.0 1.4+ 0.8 57+ 14
0.5%" 14.8+ 3.3** 9.2 = 2.5%* 23.9+ 3.1** 719 = 164***
1.0098 94.4+ 19.3* 32,5+ 2.2%** 7.8 £2.3* 2827 * 888***
2.50% 229.1* 16.8* 38.0*= 1.3*** 33.1 £ 1.9% 6500 * 2361***
DNFB
0.005% 1.3+26 18.7+ 2.3 0.1+ 0.1 44+ 5
0.019%6 6.0+ 44 25.0+ 2.5%* 0.8+x04 54+ 13
0.059%6 33x21 34.6* 0.5** 10.1 = 1.9** 96 + 19
0.159% 37.9+ 4.8* 24.8+ 1.9%** 12.1 + 0.8** 226 + 13**
0.309% 160.5+ 5.9 29.9 £ 2. 2% 15.2 = 2.0** 150 + 32*
TMA
0.19%" 1.8+1.6 119+ 1.1 0.8+ 0.6 58+ 16
0.5% 78+ 1.7 16.2+ 0.8 0.4+ 0.3 68+ 16
1.0% 1.1+1.2 34.2+ 0.9%** 20.5 = 1.8%** 163 =+ 30**
109 10.8+ 2.2** 36.8 = 0.7*** 30.5 & 1.2+ 461 * 96**
25%° 7.0x26 42.8+ 1.9A** 35.4 & 2.4%** 698 + 65**

Note.Data presented is compiled from three studies. Values represent the dose group I8Eanom analysis of individual animals, 5 animals per group.
For the 24-h ear swelling, both ears of each mouse were measured, resultiniyl i 9. Each phenotypic analysis sample was the average of 2 replicates,
with 5 samples per dose group. Values in parentheses are negative.

* Experimental groups from Experiment #1.

® Experimental groups from Experiment #2.

¢ Experimental groups from Experiment #3.

* Represents @ < 0.05 as compared to that experiment’s acetone group using Tukey-Kramer.

** Represents @ < 0.01 as compared to that experiment's acetone group using Tukey-Kramer.

*** Represents gp < 0.01 as compared to that experiment’s acetone group using Dunnett’s.

DNCB, which were also found to be significantly sensitizing ianalysis of the lymph nodes of individual animals for all of the
the local lymph node assay (Dearmetral., 1991; Lovelesgt exposure groups, including the acetone control. TDI, TMA,
al., 1996; Woolhiseet al., 1998). Following exposure to 0.5%and DNFB were tested at a range of concentrations including
BkClI, the B2206+ population was significantly increased whethose previously examined by others in the local lymph node
compared to control. This was not surprising as benzalkonitamssay (Dearmaet al., 1991; Maureet al., 1991; Woolhiseet
chloride is reported to be a weak contact sensitizer in humaads 1998). The data presented in Table 7 are the compilation of
(Schnuchet al, 1998). Exposure to the irritant Tet, up tathree separate experiments, as it was necessary to extend the
concentrations of 40%, did not affect the B22@opulation dose responses for these chemicals in order to obtain no-effect
(Table 6). levels for all of the parameters investigated. Exposure to TDI
The percent of IgEB220+ lymphocytes was not signifi- and DNFB resulted in dose-responsive increases in ear swell-
cantly altered following exposure to BKCI or Tet at the coning, reaching significant levels at 0.15% DNFB (38%) and
centrations investigated. At concentrations 10-fold higher th@mb% TDI (15%) concentrations compared to acetone controls
required to induce an elevation in the B220population, (0.05% and —2.1%, respectively). The irritancy response to
0.25% Oxaz and 0.5% DNCB exposure induced a moderdt®lA was minimal, with a significant increase only detected in
elevation in the IgB-B220+ population. These same animalsanimals exposed to 10% TMA (11%) when compared to the
showed a moderate, yet significant increase in total IgE. Thentrol (0.25%) (Table 7).
total serum IgE levels in the 0.50% DNCB and 0.25% Oxaz The B226+ lymph node cell population became signifi-
exposed animals were maximal at 252 ng/ml and 230 ng/mhbntly elevated compared to the controls, beginning at concen-
respectively, compared to their respective acetone controlsti@ftions of 0.5% TDI, 0.01% DNFB, and 1.0% TMA. The
45 ng/ml and 68 ng/ml (Table 6). increase was dose-responsive for all three chemicals. For each
Additional refinement of the assay methodology (reducingimarily IgE inducing allergen, the IgEB220+ population
the number of replicates per sample) allowed for phenotygi@came significantly elevated at the same chemical concentra-
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tion that resulted in a significant increase in the B22fop- Previous studies indicated that animals undergoing an IgE
ulation (0.5% TDI and 1.0% TMA). The percentage ofesponse tdNippostrongylus brasiliensigfection contained a
IgE+B220+ cells approached the percentage of B22€ells, measurable (2.7%) surface IgE expressing B cell population in
suggesting the majority of the B cell population was stainintipe draining mesenteric lymph nodes (Katetal., 1983). The
IgE-positive. Additionally, the total serum IgE levels of thessurface IgE expressing B cell has recently been shown to be
animals became significantly increased at the 0.5% TDI andcessary for IgE production. Following stimulation with
1.0% TMA test concentrations. With animals exposed tmown IgE inducing allergens, animals lacking B cells with the
DNFB, a T cell-mediated, hypersensitivity inducing allergergbility to express surface IgE produced negligible amounts of
the IgE+B220+ population became significantly elevated at total and antigen-specific IgE (Achagt al.,, 1997). With the
higher concentration (0.01% DNFB) than was required fonctional role of this population in mind and the absence of a
significantly increase the B220 population (0.05% DNFB). significant surface IgE expressing B cell population in DNFB
At its peak level, the percentage of 1gB220+ cells was exposed animals, measuring this population appeared to be a
approximately half the value of the percentage of B cells, aotential method for identifying chemicals able to elicit IgE-
indicated by the B22® population. Following exposure tomediated hypersensitivity responses. However, during repeat
primarily IgE inducing chemicals (2.5% TDI and 25% TMA),experiments, a shift in the time course of the development of
the IgE levels in exposed animals reached 6500 ng/ml and 885 population was observed (from day 10 to day 9), which
ng/ml, respectively, as compared to the moderate levels oemplicated its use in establishing the phenotypic analysis
duced in animals exposed to 0.15% DNFB (226 ng/ml). Theethodology (data not shown). Although not applicable to this
total IgE levels for the acetone controls ranged from 29 ng/miethodology, the surface IgE expressing B cell population
to 62 ng/ml (Table 7). generated by TDI exposure was greater than the surface IgE
expressing B cell population previously detected in animals
DISCUSSION responding to parasitic infection (Katore al, 1983). The
ability of this method to generate a surface IgE expressing B
The initial goal of these studies was to develop a phenotypiell population of this size may be useful for generating suf-
analysis method for the identification of potential IgE-mediicient cell numbers to perform functional studies of this cell
ated, hypersensitivity inducing allergens by their ability tpopulation.
modulate the presence of IgEB cells in the draining lymph  The majority of the draining lymph node IgE B cell
nodes of animals following dermal exposure. For the initigdopulation in the TDI and DNFB-exposed animals consisted of
development of this methodology, animals were dermally eB-cells staining Ig& by detection of soluble IgE bound to the
posed to chemicals known to elicit irritation (SLS), IgE-mediB cell surface. Since CD23, the low affinity IgE receptor, is
ated (TDI), or T cell-mediated (DNFB) hypersensitivity reprimarily expressed on the B cell surface in the mouse, it seems
sponse in humans (Butchet al,, 1976; Garcia-Perez, 1978;likely that soluble IgE is binding the B cell via CD23 (Wald-
Lee, 1995), with the development of the IgEiraining lymph schmidtet al., 1988). The percent of CD23 B cells with
node B cell population investigated via flow cytometry. Initiabound IgE would depend on the level of soluble IgE present in
studies also examined the draining lymph node CD3, CDthe draining lymph node environment, as determined by local
CD8, and IgM populations, but these markers provided r{draining lymph nodes) and/or systemic (bone marrow and
useful information (data not shown). The presence of antlgEspleen) IgE production. It would be expected that the devel-
B cell population was detected in the draining lymph nodes opment of the IgE-B220+ population would positively cor-
animals dermally exposed to TDI and to a lesser extent DNFilate with total serum IgE levels, as was the case in most
The IgE+ B cell population was determined to be composed aflergen-exposed animals (Tables 4, 6, and 7). However, in
two subpopulations. The smaller subpopulation consisted stime cases, the IgEB220+ draining lymph node cell popu-
surface IgE expressing B cells and was only detected in TRtion was increased following allergen exposure, while the
exposed animals. The larger subpopulation consisted of B cetital serum IgE levels were unchanged. In these cases, local,
staining IgE+ by the detection of soluble surface bound IgEraining lymph node IgE production may be sufficient to
and was detected in TDI and at a lower level in DNFB exposguiovide soluble IgE that binds B cell surface CD23, resulting in
animals. Since equally sensitizing TDI and DNFB concentran increased IgEB220+ draining lymph node population
tions were tested (Table 1), their differential ability to increasgithout elevating total serum IgE levels (Table 4, 0.15%
the IgE+B220+ population (prior to and following acid strip- DNFB; and Table 7, 0.05% DNFB). The reproducible mea-
ping) appeared to represent a qualitative difference between siieement of the IgEEB220+ population prior to acid stripping
two chemicals. allowed for its use as an end point in the development of this
The presence of a small surface IgE expressing B ceaflethodology.
population (5.5%) in the draining lymph nodes of TDI exposed The phenotypic analysis method was incorporated into an
animals was consistent with studies examining the develagstablished mouse ear-swelling irritancy assay and the poten-
ment of surface IgE B cells in response to parasitic infectiontial of this irritancy/phenotypic analysis assay to identify and
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TABLE 8 it is essential to test the candidate compounds over a range of
Paradigm for the Identification and Differentiation of Chemi- concentrations.
cals with the Capacity to Induce Irritation, IgE-mediated, or T Previous comparisons between the available murine assays
cell-mediated Hypersensitivity Responses and guinea pig models for the identification of IgE inducing

allergens determined that murine assays were more rapid, cost

effective, and easily performed (Briatico-Vangesal., 1994).

In a single assay, this method examines the potential for

Irritant + - increased IgE production similar to the murine total IgE ELISA

IgE-mediated * + % IgE+B220+ = % B220+° and identifies sensitizers, as does the local lymph node assay.

T cell-mediated =+ + %IgE+B220+ <50% B220+" | aqdition, the assay may have the potential to differentiate
* At its peak, the percentage of IgB220+ cells will approximately equal Irritants f_rom sensitizers and |gE IanC|ng sgqsuﬂzers from T

the percentage of B220cells. Additionally, the percent of IgEB220+ cells ~ Cell-mediated, hypersensitivity inducing sensitizers.

will become significantly increased at the same test concentration that signif-In conclusion, using the IgEB220+ marker, the develop-

ice}’ntly_elevates the percent of B22Ccells. . . ment of an IgE- draining lymph node B cell population was
Atits peak, the percent of IgEB220+ cells will remain below 50% of the  hserved in animals following exposure to known human IgE

percentage of B226 cells. Furthermore, the concentration of chemical rei-nd in llergens. Tim urse experiments determined the
quired to significantly increase the |gB220+ population will be signifi- ucing allergens. eco p

cantly greater than the concentration necessary to elevate the:Baggula- POpulation peaked 10 days following initial chemical exposure.
tion. The IgE+ B cell population was determined to be composed of
two subpopulations represented by surface IgE expressing B
cells and B cells staining IgE by detection of soluble IgE
differentiate chemicals with the capacity to elicit irritationpound to the cell surface, presumably via CD23. In most cases,
IgE-mediated, or T cell-mediated responses was investigatbgl’elopment of the IgE B cell population was dose-respon-
with a well characterized panel of compounds. Irritants, Igive and correlated with the animal®tal serum IgE levels,
mediated and T cell-mediated, hypersensitivity inducing seanother known indicator of IgE-mediated hypersensitivity re-
sitizers were identified and discriminated by their differentiaponses. The B220 marker was found to be dose-responsively
ability to modify the 3 assay parameters: percent ear swellirgevated by both IgE inducing and T cell-mediated allergens
percent B226- cells, and percent IgEB220+ cells. Based and unaffected by irritants. By evaluating ear swelling, as well
upon the results of these studies, the following paradigm was the levels of the B220 and IgE+B220+ populations over
developed for further testing (Table 8). a range of test concentrations, the combined irritancy/pheno-
Exposure to known chemical irritants should result in inypic analysis method may be useful for the identification and
creased ear swelling, without significantly altering the B220 differentiation of chemicals able to induce irritation, IgE-me-
or IgE+B220+ populations. Sensitizer exposure (IgE- or T™iated, or T cell-mediated hypersensitivity responses. These
cell-mediated) may or may not result in increased ear swellirgfudies have focused on dermal exposure to low molecular
depending on the chemical’'s capacity to induce irritation amnaeight chemicals, but preliminary data also indicates that a
will dose-responsively increase the B22(opulation. Fol- maodified form of this method may be applicable to respiratory
lowing exposure to IgE-mediated, hypersensitivity inducingxposure with high molecular weight proteins.
chemicals, the initial increase in the 1gB220+ population
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