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The mouse intranasal test (MINT) was developed to assess the
immunogenic potential of detergent enzymes. The BDF1 mouse
(H-2b/d), a cross of C57Bl/6 (H-2b) 3 DBA/2 (H-2d) has been used
for most of the development work. Preliminary data in the
CB6F1(H-2d/b), a cross of Balb/c (H-2d) 3 C57Bl/6 showed that
this strain was similar to the BDF1 in its response to enzymes.
These data also showed that the parental strains responded dif-
ferently to the enzymes. To understand better the influence the
major histocompatibility complex (MHC) background has on im-
mune responses to enzymes, 3 different enzymes were tested in 4
inbred strains (C57Bl/6, DBA/2, Balb/c, and C57Bl/10), 2 hybrid
strains (BDF1 and CB6F1), and 2 congenic strains (Balb.B10 and
B10.D2). BDF1 mice rank enzymes the same as the guinea pig,
which in turn correlates with sensitization in occupationally ex-
posed humans. The ranking is based upon the dose of enzyme
needed to give one-half maximal IgG1 antibody response (ED50)
where Termamyl is more potent than Alcalase, which is equipotent
to Savinase. The H-2d strains ranked the enzymes the same as the
BDF1 but generated ED50s for the proteases that were one order of
magnitude greater than the BDF1 ED50s. The response to Ter-
mamyl was the same in the two F1 strains and the H-2d strains.
The H-2b strains did not rank the enzymes the same as BDF1 but
the ED50s for the proteases were similar to the ED50s in the F1
strains. The response to Termamyl in the H-2b strains was lower
than the response in the F1 and H-2d strains. Initial data show that
the inbred strains will make enzyme-specific IgE antibody to high
doses of enzyme with DBA/2 > Balb/c > C57Bl/6 in terms of the
robustness of the response. The IgG1 responses in the congenic
strains were similar to the responses in the H-2 matched strains. In
addition, the antibody response to enzymes was consistent regard-
less of the source of BDF1 mice. The responses to these enzymes
are clearly MHC linked with a role for Class II I-E molecules
indicated. The current data strongly support the use of the F1
hybrid as an appropriate strain for evaluating allergic responses to
enzymes.
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Occupational IgE antibody-mediated allergic responses and
asthma to enzymes used in the detergent industry were first
described by Flindt (1969) and Pepyset al. (1969). These
reactions were noted shortly after the start of extensive man-
ufacture of enzyme-containing detergents (Newhouseet.al.,
1970; Greenberget al., 1970; Shapiro and Eisenberg, 1971).
As a result, enzyme manufacturers developed less dusty en-
zymes and the industry instituted extensive dust control mea-
sures and exposure guidelines. The incidence of allergic re-
sponses and occupational asthma caused by detergent enzymes
is now a rare event (Juniper and Roberts, 1984; Floodet.al.,
1985; Sarloet al., 1990; Schweigertet al., 2000).

A guinea pig intratracheal (GPIT) test was developed to
assess the relative allergenic potential of new enzymes when
compared to a reference protease, Alcalase (Ritzet al., 1993).
This enzyme was chosen as the reference since the bulk of our
human experience has been with this protease and the ACGIH
established a threshold limit value of 60 ng pure protein/m3

(ACGIH, 1998). The model has been used to rank enzymes as
more potent, less potent or equipotent to Alcalase and exposure
guidelines established for these materials based upon the
guideline for Alcalase. Prospective evaluation of skin prick test
reactions among workers exposed to these different enzymes is
consistent with the ranking obtained in the GPIT model (Sarlo
et al., 1997). The GPIT model is a very useful method for
evaluation of enzyme allergenic potential. However, it is time
consumptive and expensive. This limits its use as a screening
tool, and development of alternative models that are faster and
cheaper was initiated.

A mouse intranasal test (MINT) method was developed to
assess the immunogenic potential of enzymes (Robinsonet al.,
1996). In this model, BDF1 mice receive 3 intranasal doses of
enzyme in saline or detergent matrix on days 1, 3, and 10. Sera
are collected on day 15 and the enzyme-specific IgG1 antibody
response is measured by ELISA. This method of dosing in this
murine strain resulted in a robust dose-response to the refer-
ence allergen Alcalase. The model was able to detect the
adjuvant effect of detergent matrix on the immune response to
Alcalase. Continued work in the model showed that the MINT
was able to rank other bacterial and fungal enzymes used in the
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detergent industry in the same manner as the GPIT test (Rob-
insonet al., 1998). This was key to the continued development
and validation of the mouse model as a means to determine the
allergenic potencies of enzymes. During the course of this
work, the immune response to selected enzymes in other mu-
rine strains was assessed. This preliminary work showed very
similar responses to Alcalase in BDF1, CB6F1, and C57Bl/6
strains but lowered dose-responses in the CD1, Balb/c, and
Swiss strains (Robinsonet al., 1996). Other work showed that
the C57Bl/6 strain did not recognize the bacterial amylase,
Termamyl, in the same way as the BDF1 mouse (unpublished
observation). These data suggested that the ability to distin-
guish enzyme potencies in a manner similar to the guinea pig
and man was linked to the major histocompatibility complex
(MHC). In order to better understand the influence of MHC on
immune and allergic responses to enzymes, we evaluated 3
immunologically distinct enzymes in two F1 strains, 4 inbred
strains, and 2 congenic strains. The enzymes were tested in the
hybrid BDF1(b/d) and CB6F1(d/b) strains along with the parent
strains, C57Bl/6(b), DBA/2(d) and Balb/c(d). The congenic strains
were the B10.D2 (C57Bl/10 background with DBA/2 MHC
Class II) and Balb.B10 (Balb/c background with C57Bl/10
MHC Class II). We also tested the enzymes in the C57Bl/10
strain. Finally, we examined whether the source (e.g., different
suppliers) of BDF1 mice had an influence on the response to
enzyme allergens.

MATERIALS AND METHODS

Animals. Female BDF1, CB6F1, Balb/c, DBA/2, and C57Bl/6 mice
weighing 18–20 g were obtained from the Charles River Breeding Laboratory
(Portage, MI). Female BDF1 mice were also obtained from the Charles River
facility in Raleigh, NC, Harlan Sprague-Dawley (Indianapolis, IN), and Harlan
SeraLab, (Bicester, UK). The female C57Bl/10, B10.D2 (H-2d), and Balb.B10
(H-2b) mice were obtained from Jackson Laboratories (Bar Harbor, ME). The
mice were housed in cages with wood-chip bedding. Female Sprague-Dawley
rats weighing 250–275 g were obtained from Harlan Sprague-Dawley (Indi-
anapolis, IN) and housed in cages with wood-chip bedding. All of the animals
were kept in rooms controlled for humidity (30–70%), temperature (67–77°F),
and 12-h light and dark cycles. Animals were allowed feed (Purina mouse or
rat chow) and waterad libitum. All animal treatments were done in accordance
with procedures approved by an Institutional Animal Care and Use Committee.
The NIH guidelines for the care and use of laboratory animals were followed
throughout the course of these studies. Five to 8 mice were included in each
dose group across all studies.

Test chemicals. Alcalase (serine protease), Savinase (serine protease), and
Termamyl (amylase) were obtained from Novo Industri A/S (Bagsvaerd,
Denmark). Protein levels were determined by Kjeldahl nitrogen analysis and
were as follows: Alcalase [35.4%], Savinase [21.2%], and Termamyl [52%].
All enzymes were diluted (on a protein weight basis) in 0.9% sodium chloride
containing 3 mg/ml of a detergent matrix. The detergent matrix used consisted
primarily of anionic and nonionic surfactants, silicate builders, and perborate
bleach and was formulated by The Procter & Gamble Company.

Intranasal dosing method. Animals were anesthetized by an intraperito-
neal (ip) injection of a mixture of Ketaset (11.1 mg/kg) and Rompun (8.33
mg/kg). The anesthetized animals were placed in a supine position, backs
down at a slight angle and dosed intranasally with enzyme in saline plus
detergent matrix. Dosing solutions were administered in volumes of 10ml/

mouse divided equally between the 2 nostrils. The dosing solutions were gently
placed on the outside of each nostril and inhaled by the mouse. Following
administration of the enzyme solutions, the animals were placed on their backs
upon a mound of slightly angled bedding with their heads angled slightly
downward. This orientation prolongs the retention of the dosing solution in the
nasal cavity (Robinsonet al., 1996). Dosing was repeated on days 3 and 10 and
blood was collected on day 15, unless otherwise indicated.

Enzyme linked immunosorbent assay (ELISA) for mouse IgG1 antibody.
Enzyme-specific IgG1 in mouse serum was measured by a capture ELISA
method. The assays were either conducted manually or using the Zymark
robotics system (Zymark Corp., Boston, MA). Briefly, 96-well plates (Maxi-
sorp, Nunc, Netherlands) were coated with rabbit anti-enzyme antibody in a
carbonate coating buffer. Optimal concentrations of enzyme protein were
added to the coated wells followed by diluted mouse sera. A mouse IgG1
reference serum was generated for each enzyme by injecting mice with enzyme
in alum adjuvant. The reference was used to standardize the test conditions for
all ELISA plates. Goat anti-mouse IgG1 alkaline phosphatase conjugated
antibody was added at a 1:2000 dilution (Southern Biotechnology) followed by
p-nitrophenyl phosphatase substrate (Kirkergaard and Perry, Gaithersburg,
MD). Absorbance of the wells was measured by a microplate reader (Molec-
ular Devices, Sunnyvale, CA) at 405/490. For each dilution of serum tested,
the optical density (OD) of normal sera tested at a 1:8 dilution was subtracted
from the OD of the test sera. A plot of the titration curve for the test sera was
created using a log-log curve fit (Softmax, Molecular Devices). A linear
portion of each curve was derived and the serum dilution at an absorbance of
0.5 OD was calculated by interpolation. Titers for serum samples were ex-
pressed as log 2 of the interpolated dilution.

Rat passive cutaneous anaphylaxis (PCA) test.Shaved female rats were
intradermally injected with dilutions of mouse sera in isotonic saline. Mouse
sera from the high-dose groups were tested in the PCA. After 48 h, the animals
were challenged via an intravenous injection of enzyme (1mg protein/kg) in
1% Evans blue dye (Sigma, St. Louis, MO). The titer of specific IgE antibody
was defined as the log 2 of the reciprocal of the last dilution of sera that
produced a blue spot at the injection site. Sera were randomly selected and
heated at 56°C for 90 min, then re-tested in the rat PCA. Loss of reactivity at
the injection site confirmed the presence of IgE antibody.

Data analysis. The ED50 values (the dose of enzyme producing a half-
maximal serum IgG1 titer) were determined from the IgG1 response versus
enzyme-dose curve. These were determined using the SigmaPlot logistics
curve fitting software program (SigmaPlot for Windows, Version 2.35, Jandel
Scientific, San Rafael, CA). Relative enzyme potency determinations were
made by dividing the ED50 value obtained for Alcalase by the ED50 value
obtained for the test enzyme.

RESULTS

IgG1 Response to Alcalase, Savinase and Termamyl in
CB6F1 and Inbred Strains

The calculated ED50s for the 3 enzymes tested in all the F1
and inbred strains are shown on Table 1. In CB6F1 mice,
Termamyl was approximately 3–5 fold more potent than Al-
calase or Savinase and the 2 proteases were equivalent (less
than 2-fold difference). The ED50s to Alcalase, Savinase, and
Termamyl were very similar to those obtained in BDF1 mice
(Table 1; Robinsonet al., 1998). The H-2d strains (Balb/c,
DBA/2) recognized Termamyl as more potent than Alcalase or
Savinase and generated ED50s for this enzyme similar to the
ED50s calculated from the F1 mice. These inbred strains rec-
ognized the 2 proteases as equivalent in potency but the ED50s
were about 10-fold greater than the ED50s for these proteases in
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the F1 mice. Therefore, the potency difference between Alca-
lase and Termamyl was 2533 in DBA/2 mice and 953 in
Balb/c mice. The H-2b strains recognized Alcalase and Savi-
nase as equivalent in potency with ED50s very similar to the
ED50s in the F1 strains. Termamyl was not recognized as more
potent than the proteases in the 2 H-2b strains. The C57Bl/6
strain recognized Termamyl as similar to Alcalase and Savi-
nase. The C57Bl/10 strain recognized Termamyl as less aller-
genic than the 2 proteases.

IgG1 response to Alcalase, Savinase and Termamyl in
Congenic and H-2 Matched Strains

The IgG1 antibody response to Alcalase, Savinase and Ter-
mamyl administered to the C57Bl/10 H-2b and DBA/2 H-2d

mice along with the H-2 matched congenic strains are shown in
figures 1 and 2. The responses to Alcalase, Savinase and
Termamyl in the Balb.B10 mice were very similar to the

responses to these 3 enzymes in the H-2 matched C57Bl/10
mice (Fig. 1). The responses to these enzymes in B10.D2 mice
were similar to the responses in the H-2 matched DBA/2 mice
(Fig. 2).

IgE Response to Alcalase, Savinase and Termamyl in Inbred
Strains

Figures 3, 4, and 5 show IgE titers in individual serum
samples to selected doses of Alcalase, Savinase, and Termamyl
in 3 inbred strains, respectively. DBA/2 (H-2d) mice showed
distinctly higher IgE titers to these enzymes vs. the other 2
strains. The Balb/c (H-2d) mice showed equal or slightly higher
titers vs. the H-2b C57Bl/6 mice. Lower doses of Termamyl (1
to 10 mg) induced high IgE titers in the Balb/c and DBA/2
mice, whereas high doses of the proteases (30mg and 60mg)
were needed to induce comparable IgE titers. Comparable IgE
titers to equivalent protein doses (30mg) of Termamyl, Alca-

FIG. 1. IgG1 antibody response to Alcalase (circles), Savinase (squares),
and Termamyl (diamonds) in C57Bl/10 (solid symbols) and Balb.B10 (open
symbols) mice. The ED50s for Alcalase and Savinase in the C57Bl/10 mice
were 0.16mg/mouse and 0.21mg/mouse, respectively.

FIG. 2. IgG1 antibody response to Alcalase (circles), Savinase (squares)
and Termamyl (diamonds) in DBA/2 (solid symbols) and B10.D2 (open
symbols) mice. The ED50s for Alcalase, Savinase, and Termamyl in the DBA/2
mice were 7.8mg/mouse, 3.7mg/mouse, and 0.03mg/mouse, respectively.

TABLE 1
The ED50 to Alcalase, Savinase, and Termamyl in Six Strains of Inbred and Hybrid Mice:

Potency and Association with H-2 and I-E

BDF1 CB6F1 DBA/2 Balb/c C57Bl/6 C57Bl/10

H-2 b/d d/b d d b b
Alcalase ED50 0.25 0.16 7.6 1.9 0.22 0.16
Savinase ED50 0.3 0.2 3.7 2.7 0.15 0.2
Potency: Savinase vs. Alcalase 0.833 0.83 2.13 0.713 1.53 0.83
Termamyl ED50 0.05 0.05 0.03 0.02 0.28 .1
Potency: Termamyl vs. Alcalase 53 3.23 2533 953 0.783 –
I-E 1 1 1 1 – –

Note.ED50s given inmg/mouse.
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lase, and Savinase were obtained in C57Bl/6 mice. Heat inac-
tivation of randomly selected sera abrogated the rat PCA
response confirming the presence of IgE antibody in the sam-
ples (data not shown).

IgG1 Response to Alcalase and Savinase in BDF1 Mice
from Different Suppliers

The IgG1 antibody dose-response curves to Alcalase and
Savinase administered to BDF1 mice obtained from different
laboratory animal suppliers in the U.S. and the U.K. are shown
in Figure 6. The responses to both enzymes were consistent
among mice obtained from 2 different breeding sites from
different suppliers in the U.S. and U.K. In addition, the re-
sponse to these enzymes was consistent among BDF1 mice

obtained from different breeding sites within the same supplier
in the U.S. (data not shown).

DISCUSSION

The guinea pig intratracheal test has been used to assess the
relative allergenic potential of enzyme allergens used in the
detergent industry. The data from this test are used to establish
occupational exposure guidelines. These guidelines are used as
part of a total program to control exposure and reduce occu-

FIG. 3. IgE antibody titers to 30mg (circles) and 60mg (triangles)
Alcalase in Balb/c, C57Bl/6, and DBA/2 mice.

FIG. 4. IgE antibody titers to 30mg (circles) and 60mg (triangles)
Savinase in Balb/c, C57Bl/6, and DBA/2 mice.

FIG. 5. IgE antibody titers to 1mg (circles), 3mg (triangles), 10mg
(squares) and 30mg (diamonds) Termamyl in Balb/c, C57Bl/6, and DBA/2
mice.

FIG. 6. IgG1 antibody response to Alcalase (circles) and Savinase (dia-
monds) in mice obtained from Harlan, UK (closed symbols) and Charles River,
U.S. (open symbols). The ED50s for Alcalase for U.K.- and U.S.- sourced mice
were 0.34mg/mouse and 0.27mg/mouse, respectively. The ED50s for Savinase
for U.K.- and U.S.- sourced mice were 0.36mg/mouse and 0.32mg/mouse,
respectively.
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pational sensitization and allergy to enzymes (Peters and
MacKenzie, 1997; SDA, 1995). The model has been used to
evaluate non-enzyme protein allergens; therefore, it also has
utility outside of the detergent industry. The mouse intranasal
test is being developed as a simpler and more cost-effective
alternative or supplement to the guinea pig model. Previous
work in the mouse showed that different strains will respond
differently to enzymes. However, the BDF1 strain generated
responses to enzymes that were closely linked to the data
generated in guinea pig tests, which in turn correlates with
observations in man. The initial data from different strains
prompted us to examine the role of MHC haplotype in the
immune response to enzyme allergens. Also, since the BDF1
strain is generated via the cross of 2 inbred strains, it became
important to demonstrate consistency of immune responses
among animals obtained from different sources. The data pre-
sented clearly show the importance of strain selection for
development and validation of murine models of allergy. The
data also provide clues to understanding why some enzyme
allergens are more potent than others.

The enzymes Termamyl, Alcalase, and Savinase were cho-
sen for testing because these enzymes are immunologically
distinct (Arlian et al., 1990; unpublished observation), have
been tested in the guinea pig model, and are widely used in the
detergent industry. In addition, our use of these 3 enzymes has
allowed us to collect prospective skin prick test data on ex-
posed workers. Termamyl was ranked as approximately 3- to
10-fold more potent than Alcalase in the guinea pig test (Sarlo
et al., 1997) and the MINT (Robinsonet al., 1998). Prospective
skin prick test data from workers exposed to both high and low
levels of these enzymes confirm the greater potency of Ter-
mamyl (Sarloet al., 1997; Schweigertet al., 2000). The 2
proteases are considered equivalent in potency in both the
guinea pig and mouse models. Prospective skin prick test data
from workers exposed to these enzymes under comparable
conditions of exposure show similar rates and prevalence of
sensitization (Sarloet al., 1997).

We evaluated these enzymes in two F1 strains that were
H-2b/d or H-2d/b haplotype, the 3 parental strains that were either
H-2b or H-2d, and 2 congenic strains. Since it was difficult to
obtain an ample supply of congenic mice from C57Bl/6 stock,
we used congenic mice developed from C57Bl/10 stock. For
this reason, we also tested the 3 enzymes in the C57Bl/10
parental strain. Also, the supply of congenic mice within the
required age and weight range was limited, so we were limited
to testing a minimum number of doses of each enzyme.

The IgG1 antibody responses to Termamyl, Alcalase, and
Savinase were very similar between the BDF1 and CB6F1
mice. The similarity was noted in both the shape of the dose-
response curves and the calculated ED50 values. Both F1 strains
ranked Alcalase and Savinase as equipotent and ranked Ter-
mamyl as 3- to 5-fold more potent than the proteases. Both
strains also recognize and rank a fourth enzyme, a cellulase, in
a similar manner (data not shown). This was consistent with

the guinea pig and human databases (Robinsonet al., 1998).
The F1 strains share the C57Bl/6 H-2b parent strain but differ
in the H-2d parent strain.

The IgG1 antibody response to the enzymes was dependent
upon the MHC haplotype of the mice. The IgG1 antibody
response to Alcalase and Savinase was similar among the two
H-2b inbred strains (C57Bl/6 and C57Bl/10), the two F1 strains
and the H-2b congenic strain (Balb.B10). The ED50 values for
Alcalase and Savinase ranged from 0.15mg to 0.30mg for all
the strains but could not be calculated for the congenic strain.
Limited numbers of animals allowed us to test only 2 doses of
enzyme. The antibody titers from the congenic animals were of
similar magnitude to the antibody titers from the F1 and inbred
strains. The IgG1 antibody response to Alcalase and Savinase
was also similar among the two H-2d inbred strains (Balb/c and
DBA/2) and the H-2d congenic strain (B10.D2). However, the
ED50 values for both proteases were at least one order of
magnitude higher than the ED50 values calculated from the
responses generated in the H-2b and F1 strains. The H-2d

strains recognized the 2 proteases as equipotent but required
higher doses of protein to generate the dose response. Again,
we could not construct a complete dose-response curve with
the congenic mice, but the antibody titers overlapped with the
titers generated in the H-2 matched DBA/2 strain. Although
H-2b and H-2d mice were able to “rank” Alcalase and Savinase
as equipotent, the H-2d haplotype was associated with a shift in
the threshold for responsiveness to these protease antigens.

The antibody responses and potency estimates to the amy-
lase Termamyl were different among the strains. The two F1
strains correctly ranked and estimated the potency of this
enzyme. Comparison of ED50 values for Alcalase and Ter-
mamyl estimated Termamyl as 3- to 5-fold more potent than
Alcalase. The H-2d strains also ranked Termamyl as more
potent that Alcalase. The Termamyl ED50 values from Balb/c
and DBA/2 mice were very similar to the ED50s calculated
from the two F1 strains. However, the potency estimate within
the H-2d inbred strains was well out of the range of potency
estimates calculated from guinea pig and F1 strain data (Rob-
inson et al., 1998; Sarloet al., 1997). This was due to the
higher ED50 values calculated for Alcalase. The H-2d congenic
strain also recognized Termamyl as more potent than Alcalase
or Savinase but the limited dose-response curve did not allow
calculation of an ED50 value.

The H-2b inbred strains (C57Bl/6 and C57Bl/10) did not
recognize Termamyl as more potent than either of the pro-
teases. The Balb.B10 congenic mice, possessing the H-2b

MHC complex from C57BL/10 mice, did not recognize Ter-
mamyl as more potent than Alcalase or Savinase. The response
to Termamyl in this congenic strain overlapped with the H-2-
matched C57Bl/10 strain. The C57Bl/6 mice recognized Ter-
mamyl as equipotent to the proteases with an ED50 value
comparable to the ED50s calculated for the proteases. Interest-
ingly, the C57BL/10 and Balb.B10 strains recognized Ter-
mamyl as less potent than the proteases with ED50s estimated

303MHC AND ALLERGY TO ENZYMES IN MICE



to be greater than the ED50s for the proteases. While the
C57Bl/6 and C57Bl/10 strains share H-2b MHC haplotype and
lack Class II I-E molecules, there are minor differences be-
tween the strains. The most notable difference is found in the
IgH2 region which is linked to immunoglobulin diversity in the
B-cell compartment (personal communications, Jackson Lab-
oratories; Melchers and Rolink, 1999). It is possible that the
differential response to Termamyl between the B6 and B10
mice is due to differential recognition of B cell epitopes. It is
also possible that antigen uptake and processing may vary
between these 2 strains. It is clear from these data that the H-2b

haplotype is associated with a shift in the threshold for respon-
siveness to Termamyl.

Due to limited volumes of serum, we were only able to
measure IgE titers to the 3 enzymes at a few dose levels.
Qualitatively, we found that the H-2d mice (Balb/c and DBA/2)
produced a range of IgE titers to lower doses of Termamyl that
were comparable to the range of titers produced to higher doses
of Alcalase or Savinase. This was consistent with the IgG1
antibody data. Similarly, the H-2b C57Bl/6 mice produced a
comparable range of IgE titers to equivalent protein doses of
Termamyl, Alcalase, and Savinase. Again, the IgE response
was consistent with the IgG1 antibody data. Taken together,
the IgG1 and IgE antibody responses appear to be linked to the
MHC haplotype. Additional testing for IgE antibody at other
doses will allow us to make better quantitative comparisons of
responses to the enzymes in various strains of mice.

We know that the H-2b C57Bl/6, C57Bl/10, and Balb.B10
strains lack the MHC Class II I-E alpha chain (Marguiles,
1999). Therefore, these mice lack the I-E heterodimer that is
involved in antigen presentation and thymic selection of T-cell
repertoire. Unlike I-E positive strains, I-E negative mice do not
have deletions of T cells that carry specific T-cell receptor
V-beta phenotypes (Vacchio and Hodes, 1989). We theorize
that the inability of the H-2b I-E negative strains to recognize
Termamyl as a more potent allergen is due to the T-cell
repertoire engaged during the immune response to the amylase.
Since these animals do not form I-E heterodimers, presentation
of peptides along with selection of reactive T cells may be
compromised. Hence the inherent potency of the protein is not
detected in these strains. Conversely, the I-E positive H-2d

strains do recognize Termamyl as a more potent allergen. The
ability to form both I-A and I-E heterodimers probably leads to
selection of T cells that lead to a robust response to the
amylase. In contrast, the H-2d strains required much higher
doses of protease to generate IgG1 antibody titers; the thresh-
old for response to the proteases was higher in the H-2d strains
vs. the H-2b or F1 strains. The presence of H-2d Class II I-A
and I-E molecules appears to be linked to the higher threshold
response to the protease allergens. The data we have generated
suggests that class II I-E is linked to the quality of the antibody
responses to Termamyl and the proteases. Phenotyping en-
zyme-responsive T cells in the H-2b strain and comparing that

to the phenotype of enzyme-responsive T cells in an H-2d

strain will allow us to examine this problem.
Why do the BDF1 and CB6F1 mice respond to Termamyl

and the 2 proteases in a manner similar to guinea pigs and
humans? Again, we need to look at the presence of I-E in these
strains. While the BDF1 and CB6F1 mice carry H-2d Class II
I-A and I-E ab chains, they also carry H-2b class II I-A ab
chains and the I-Eb chain. While the I-A can be of homolo-
gous ab chains, I-A heterodimers can form by mixingab
chain isotypes so that antigen-presenting cells can also present
peptides in the context of I-Aadbb and I-A abbd. I-E het-
erodimers can also form by mixing I-Ead with I-E bb. Finally,
there can be mixing of trans-isotypes so that an I-Aa chain can
pair with an I-Eb chain. The mixing and matching of I-A and
I-E ab chains from different haplotypes leads to a greater
variety of antigen-presenting molecules (Malissenet al., 1986;
Matsunagaet al., 1990; Natarajanet al., 1992). Since T cells
must recognize peptide epitopes in the context of the MHC I-A
and I-E molecules, heterogeniety in the I-A and I-E can lead to
recognition of all epitopes important to the inherent potency of
enzyme allergens and the selection and expansion of a varied
T-cell repertoire. Examination of the phenotype of responding
T cells in the F1 strains will allow us to confirm our hypothesis.

The data we have generated to date confirm the F1 hybrid
strains as the best choice to use for model development. This is
based on the correlation of ranking and potency estimates
between the F1 strains and the guinea pig data, which in turn
correlate with skin prick test prevalence data in exposed hu-
mans. While we have a limited set of data in the CB6F1 strain,
we have been able to correlate the BDF1 response to over 10
different enzymes with the response in the guinea pig model
(Robinson et al., 1998; unpublished data). The F1 strains
possess both H-2d and H-2b Class II I-A and I-E heterodimers.
The clues from the data generated in the inbred and congenic
strains indicate how important these Class II molecules are for
the recognition of the inherent potency of enzyme allergens.
Continued evaluation of immune responses to different pro-
teins in the F1 strain, with correlations to the response in
exposed humans, will either support or refute the conclusions
we have made and their predictiveness for humans.
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