The House Dust Mite Allergen,Dermatophagoides
pteronyssinus Promotes Type 2 Responses by Modulating the
Balance Between IL-4 and IFN+*

Emmanuel E. Comoy,* Joel Pestel, Catherine Duez|, Geoffrey A. Stewart*
Catherine Vendeville,* Charles Fournier2 Fred Finkelman,T André Capron,*
and Georges Thyphronitis*

A common property of allergens is their potential to generate type 2 cytokine responses. To understand the mechanisms involved
in this phenomenon, we have evaluated the polarizing potential of a major allergeermatophagoides pteronyssinus(Der p 1),

in an heterologous immunization system using the glutathion&-transferase of the parasiteSchistosoma mansor(iSm28-GST) as
immunogen. In previous studies, we showed that immunization with the Sm28-GST emulsified in CFA induced a nonpolarized
immune response. In contrast, when alum was used as adjuvant, a type 2 immune response was induced against Sm28-GST. Using
this experimental model, we examined whether the administration of Dep 1 together with Sm28-GST influenced the nonpolarized
and/or the Th2 profiles induced by the CFA or the alum immunization, respectively. Our results showed that the introduction of
Der p 1 in the CFA immunization protocol was associated with diminished anti-Sm28-GST IgG2a Ab titers, reduced IFNsmRNA
expression, and frequency of IFNy-producing cells. In contrast, the introduction of Der p 1 in the alum protocol did not affect
IL-4 or Ig isotype responses. The effect of Dep 1 was specific, since coimmunization with tetanus toxin fragment C did not affect
the profile of the response against Sm28-GST. Furthermore, inactivation of g 1 reduced its ability to modify the immune
response profile, suggesting that its protease activity played an important role in deviating the immune response. Our results
suggest that the Der p 1 has the ability to modify the profile of an immune response by modulating the balance between the
polarizing cytokines IL-4 and IFN-+y. The Journal of Immunology,1998, 160: 2456 —-2462.

volved in the pathogenesis of anaphylactic type reac-ability to generate IgE and Th2 cytokine responses. Some direct

tions in humans and in animals. Immune responsesvidence showing that the proteolytic enzyme papain stimulates
against allergens are characterized mainly by specific IgE Ab protL-4 gene expression has been provided recently in support of this
duction (2, 3) and eosinophilia (4). Since IgE production (5—7) anchypothesis (16). Also, the possibility that the major allergen of the
eosinophil maturation and migration (8, 9) are positively con-house dust miteDermatophagoides pteronyssin@er p 1)Z may
trolled by the type 2 cytokines IL-4 and IL-5, respectively, aller- modulate IgE expression through its ability to cleave membrane
gens are thought to be able to induce type 2 cytokine response€D23 to its soluble form has been proposed in recent studies (17,
This is supported by studies showing that allergen-specific T celll8). However, determination of whether allergens possess Th2-
clones from allergic patients produce type 2 cytokines when stimpolarizing capacity in vivo is complicated by the fact that immu-
ulated in vitro (10-12). In addition, these patients do not show anization in adjuvants is often needed to elicit an immune response
generalized predilection to mount type 2 responses, since themgainst allergens, and adjuvants themselves may influence the type
response against nonallergens is usually nonpolarized (10, 119f the immune response generated (19, 20). In previous studies, it
However, since allergen-specific T cells have been obtained imas been shown that a bystander immune response could influence
these studies from already sensitized individuals, the possibilitgthe type of the response against an irrelevant Ag (21-23). We
that factors other than the allergen itself are responsible for theeasoned, therefore, that it would be possible to test the polarizing
initiation of a type 2 response cannot be excluded. capacity of an allergen in an heterologous immunization system.

The observation that many allergens, especially aeroallergen3,o do that, we examined whether coadministration of Der p 1
and parasite Ags possess proteolytic activities (13—15), has raisadfluenced the immune response against an irrelevant Ag, for in-
stance, thé&schistosoma mansogiutathioneS-transferase (Sm28-
*INSERM U167, and'U416 Institut Pasteur de Lille, FrancéDepartment of Mi- GST). In a previous study, we showed that immunization with
crobiology, University of Western Australifl.ab. Traitement de Dories, Centre 0.  Sm28-GST in CFA induced a nonpolarized immune response, in
Lambret, Lille, France; an8Department of Medicine, University of Cincinnati, Cin- contrast to immunization in aluminum hydroxide (AH), which in-
cinnati, OH 45221 - . .
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’ ’ ' ‘study, we show that administration of D1 together with Sm28-
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1 seems to be, in part, dependent on its protease activity, sindatensity and input cDNA was defined for each cytokine, as previously
inactivated De p 1 presented reduced capacity to modulate im-de?C“bEd (1t9,f27)- | - ONA for the housekeeo

; ] o correct for sample variations, ¢ or the housekeeping gene
mune responses against Sm28-GST. HPRT was initially quantified, and a correction factor was applied to each
. sample. Signal intensities were then compared with those obtained for sam-
Materials and Methods ples from control mice, and results were expressed as index of stimulation
Mice comparing to the control, arbitrarily considered as 1.

Six- to eight-week-old female BALB/c mice were purchased from IFFA- Lymphocyte cultures

CREDO (L'Arbresle, France). Mice were maintained under pathogen-free N . )
conditions throughout the study. Spleens and inguinal lymph nodes were isolated from mice on day 7 after

immunization, and cells cultured in a concentration of 40° cells/ml of
Ags RPMI 1640 supplemented with 10% FCS (Boehringer Mannheim), 2 mM
L-glutamine, and 25 mM 2-ME. Cells were stimulated in triplicate with

Escherichia coliexpressing recombinant Sm28-GST was cultured in LB ejther 20ug of Sm28-GST, 2Qug of conalbumin (as a negative control),

medium, and recombinant protein was purified as previously describe@r 5 ug of Con A (Sigma) per ml. Supernatants from 72-h cultures were

(24). Recombinant tetanus toxoid fragment ¢ (TTc) was purchased frongollected and frozen until IL-4 and IFN-were determined.

Boehringer Mannheim (Meylan, France). De1 was isolated by affinity

chromatography from fecally enriched spent mite growth medium as preLymphokine measurements by ELISA

viously described (25). The material eluted from the mAb affinity column ) )

was further purified by chromatofocusing and the protein identified byConcentrations of IL-2, IL.-4 and IFN- were determined by ELISA.

using an insoluble protease substrate (Azocoll; Calbiochem, SydneyClones producing mAb for detecting IL-2 (JES-1A12 and JES-5H4), IL-4

Australia). (I_3VD—4 anq BVD-6), and IFNy (R46A2 and AN—18) _by ELISA (28) were
Enzymatic activity of De p 1 was inhibited either by heating (95°C, Kindly provided by Dr. A. O'Garra (DNAX). Ninety-six-well plates (Nunc,

1 h) (see Ref. 26), or by adding the cysteine protease inhibitor E-64 (trand¥aperville, IL) were coai 2 h at37°C with capture Abs (50 to 100
epoxysuccinyk-leucylamido-(4-guanidino) butane; Sigma, St. Quentin, ng/well) in either carbonate buff_er or PBS. After washing \{wth PBSD/O.l%
France), at 7 mol/mol of Der p 1. Twee_n 20, supernatants were dllutgd 1/2 and added overnight at 4°C. After
washing, 25 to 50 ng of biotin-conjugated Ab were added per well for 90
Immunizations min at room temperature. After additional washing, peroxidase-labeled
streptavidin was addedifd h atroom temperature. This was followed by
Mice were injected s.c. in the base of the tail with 29 of recombinant  washing and substrate addition. Supernatants were compared with standard
Sm28-GST adsorbed on AH (final concentration 0, 6% w/v) or emulsifiedcurves, generated by serial dilutions of rIL-2, IL-4, and IFNPharMin-
(v/v) in CFA (Difco Laboratories, Detroit, MI). In most experiments,20  gen, San Diego, CA). The sensitivity of these ELISA ranged from 0.3 to 40
of Der p 1 were injected/mouse, unless otherwise mentioned. In coimmung/ml for IL-2, 1 to 500 pg/ml for IL-4, and from 60 to 16,000 pg/ml for
nization experiments Sm28-GST andrOe 1 were present in the same |FN-vy.
immunization mixture.
ELISPOT assays

IL-4- and IFN-y-secreting cells were evaluated by ELISPOT assay, as
IgG1 and IgG2a Ab response to Sm28-GST were measured by ELISA agreviously described (29). Briefly, 96-well plates (Immulon I1) were coated
previously described (19). Briefly, 96-well plates (Immulon II; Dynatech, overnight with capture Abs for IL-4 (BVD-4) or IFN- (R46A2) (500
Denkendorf, Germany) were coated overnight with Sm28-GST (@5 ng/well) in PBS at 4°C. Single-cell suspensions from spleens of immunized
well) in 0.1 M carbonate buffer, pH 9.6, at 4°C. After washing, serial mice, or from 3-day cultures with Sm28-GST or conalbumin, were serially
dilutions of sera were added, in PBS/0.1% Tween 20/0.5% gelatin for 2 hiluted (first concentration of 0.5 10° cells/well) and incubated in coated
at room temperature. Plates were then washed and biotin-conjugated gogfates overnight at 37°C. After extensive washes in PBS and PBS-Tween
anti-mouse 1gG1 or IgG2a Abs (Southern Biotechnology Associates, Bir{.1%, 200 ng/well of biotin-conjugated Abs for IL-4 (BVD-6) or IFiX-
mingham, AL) diluted at 1/45,000 were added foh atroom temperature.  (XMG-6) were added fo2 h at37°C. After additional washing, alkaline-
After further washes, peroxidase-coupled streptavidin (Jackson Immuphosphatase-labeled streptavidin (Jackson ImmunoResearch) was added
noResearch, West Grove, PA) was added for 30 min. After extensive waslfor 1 h at37°C. Then, the substrate solution (1 mg/ml of 5-bromo-4-chloro-
ing, 50 ul of substrate solution (1 mg/ml orthophenylene diamine, Sigma, 3-indolyphosphate (Sigma) in a 0.1 M 2-amino-2-methyl-1 propanol (Sig-
St. Louis, MO) was added to the wells. The color reaction was terminatedna)) was mixed with 0.6% Sea-plaque agarose (FMC Bioproducts, Rock-
by addition of 50ul of 3 N HCI, and OD was measured at 492 nm. land, ME) and 10Qul of this solution were added per well. Spots were

counted using a dissecting microscope.

Ab measurement by ELISA

Reverse transcription-polymerase chain reaction (RT-PCR)

Spleens and inguinal lymph nodes were removed from mice after cer-Stat's'tlc'f’II analysis

vical dislocation and stored immediately in RNAzol (Bioprobe, Mon- Because normality of data distribution was not demonstrated, nonparamet-
treuil sur Bois, France). RNA was extracted according to the manufacric tests (Kruskal-Wallis and Mann-Whitney) were used to evaluate for
turer’'s instructions. Levels of cytokine mRNA were assessed by astatistical differences in Ig production and cytokine expression among dif-
semiquantitative RT-PCR, as previously described (27). RNA was referent groups of mice.

verse transcribed using an RNase H-Reverse Transcriptase (Superscript

I; Life Technologies, Gaithersburg, MD). Briefly, 25y of RNA were Results

heated 10 min at 70°C, then mixed with 1 mM of each dNTP (Phar- . . e . .

macia Biotech., Orsay, France), 0.4 mM of random hexamers (pd(N)eC0administration of Dep 1 modifies the isotypic response
Pharmacia), 40 U of RNase inhibitor (Pharmacia), and 200 IU of re-against Sm28-GST

verse transcriptase in reaction buffer supplied by the manufacturer. Th . .
mixture was incubated fol h at37°C and 5 min at 95°C, and then Fn a previous study (19), we demonstrated a strong correlation

frozen at—20°C until PCR analysis. PCR was performed on the result-b€tween specific IgG1 and IgG2a anti-Sm28-GST Abs and IL-4
ant cDNA to amplify HPRT, IL-4, IL-10, and IFNy. Reaction mixtures —and IFN-y expression, respectively, in mice immunized against
(2f5 ul)hcontalnecil %Oto nggscD’T\lAA, fol\% n(;fl\éldof eagh dNTF’thS to tSCIJ(_pm)oI Sm28-GST in different adjuvant formulations. Thus, mice immu-
of each primer, 1.5 to 3.5 mM of Mggl(depending on the cytokine ; ; . ; ; g
(see Ref. 19) and 1.25 U of Tag DNA polymerase (Promega, Madison,mzed. with Sm28hGST in CFA made a r_lonpolarlzed_][_esponse char
WI). Amplifications were performed as follows: 94°C, 3 min and 40 s; acterized by both IL-4 and IFN—producthn_and spe_C| iclgGland
followed by 21 to 34 amplification cycles (94°C, 20 s; 54°C, 30 s; 72°C, [gG2a Abs. When Sm28-GST was administrated in alum, a type 2
45 s) determined so that a linear relation existed between the amount eesponse developed with high IL-4 and IgG1 anti-Sm28-GST ti-
E‘Iggteg':;':']ﬁ r?;grit(?iig?s\:igﬁgg|EL%?:gtbE)%zgltigr?dcgaliﬁa\:\éﬁ esgi‘g:]‘;rs” ters. In preliminary experiments, we also observed that, similarly
were quantified with a Phosphorimager (Mc;lecular Dynamics, Evry,to SmZ.S'GST' isotypic profiles againstiel were influenced by
France). To compare different samples, the number of amplificatiorfh€ adjuvant used (data not shown). However, when the CFA was

cycles that resulted in a linear correlation between radioactive signaused as adjuvant, the anti-Dp 1 1gG1/IgG2a ratio was higher



2458 Der p 1 PROMOTES TYPE 2 RESPONSES

7 7
B IgGl
5 6 A [ty £ 61 IgG2a
= N I
) = 5
R
o 4] S O 2 N o
) 8 ° A A ‘2 3]
v 3 8 b % F-YN E 21
= & A =
s, 2 2 E
= aA -
5 1 0 IgGL 4 0
= A IgG2a 0 10
0 A s
— 4+ — 4+ Der p 1 (ug/mouse)
Derp1 FIGURE 2. Dose-dependentinfluence of Bl on theanti-Sm28-GST

1gG1 (solid bars) and IgG2a (shaded bars) responses induced by immuni-
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sponses induced by immunization with Sm28-GST in CFA in the presencgatt;logwgg 2”;_8?81-/'” CFA: l_\/Ilcct:aF(iO/glroup) werle |mdrT;run|zetddonce S'f'
(shaded symbols) or absence (open symbols) of Der p 1. Mice were ime! mee- (2Qug/mouse; in ) alone, or pius ditierent doses o
munized s.c. with a single dose of Sm28-GST (@@mouse; in CFA) Der p 1. Sera were collected 28 days after immunizations, and anti-Sm28-

alone or in the presence of 20y of Der p 1. Sera were collected 28 days GST 1gG1 and IgG2a Ievels_were measurgd by ELISA. Results '(niean .
SE) are expressed as logarithm of sera titers. One representative experi-

after immunizations, and anti-Sm28-GST IgG1 and IgG2a levels were t out of two is sh Statistical diff 0.05) bet Sm28
measured by ELISA. Results from six independent experiments each conmgq ou doswgésés(;‘\;vgl alls_ icatart ersnch;{ ) d) etwdeer_lthm -t
prising 5 to 10 mice are shown in this graph. Each symbol represents th%k (*-)an mes- €r p L-mmunized mice are denoted with an aster-

Ig titer of an individual mouse. The bars show the median.

than the anti-Sm28-GST IgG1/IgG2a ratio, suggesting that the imof Der p 1 had no effect on IgG titers; with 20g a 2.6-fold
mune response against D@ 1 presents a more Th2-like profile. decrease of IgG2a was observed, but no statistically significant
Based on these results, we examined whether affinity-purified Degliference was demonstrated. In contrast, withdpof Der p 1

p 1 would influence isotypic profiles against coinjected Sm28-GSThoth 1gG1 and IgG2a diminished but only the latter showed a
in CFA. In initial experiments, similar isotype profiles were ob- statistically significant decreasg (< 0.05). In contrast to the ef-
served in 14-, 21-, and 28-day sera from single-dose immunizedect that the presence of Dp 1 had on Sm28-GST isotypic pro-
mice. Because on day 28 higher anti-Sm28-GST titers were obfiles, no changes on Dg 1 Ab profiles were observed in coim-
served, only this time point was examined in subsequent experimunized mice (data not shown).

ments. In six independent experiments, average and median IgG2aThese results suggest thate 1 has the potential to inhibit
anti-Sm28-GST titers strongly diminished in Der p 1-coinjected Thl-associated isotype production against an irrelevant Ag.
mice; IgG1 titers also diminished but to a lesser degree (Fig. 1). . ) o

For statistical analysis we first determined, using the Kruskal-walD€r P 1 influences cytokine mRNA expression in vivo

lis nonparametric rank test, that inter-experiment variation was noSince IgG2a production is promoted by IFNand inhibited by
significant. Based on this, results from all the experiments werdL-4 (30), these results prompted us to examine whether Der p 1
grouped and analyzed together. Comparison of IgG2a anti-Sm28&oimmunization would influence the expression of these cytokines.
GST titers in mice immunized with both Sm28-GST and Der p 1As expected from a previous study (19), immunization of mice
or with only Sm28-GST showed that the former had significantlywith Sm28-GST in CFA induced increased IL-4 and IFMIRNA
lower titers (p < 0.01; Mann-Whitney test). In contrast, IgG1 expression in draining lymph nodes 7 days after immunizations
titers were not statistically different in the two groups of mice. (Fig. 3). Similar IL-4 mRNA levels were expressed in Sm28-GST/
Also, the 1gG1/IgG2a ratio significantly increaseg € 0.02) in Der p 1 and in mice immunized with Sm28-GST alone. At the
Sm28-GST/Der p 1-immunized mice (data not shown). To elimi-same time, IFNy mRNA expression decreased to almost baseline
nate the possibility that the decrease in the anti-Sm28-GST titerkevels in Sm28-GST/Drep 1 immunized mice. This decrease was
was due to antigenic competition, control experiments were perstatistically significant p < 0.02) as demonstrated with the Mann-
formed in which mice were immunized with Sm28-GST plus TTc. Whitney test. Similar results were observed on day 10 after im-
Analysis of sera, 28 days after immunization, showed that IgGImunization (data not shown). Because IL-10 has been shown to
and 1gG2a anti-Sm28-GST titers were similar in single- and co-inhibit IFN-y production (31, 32), the expression of mMRNA coding
immunized animals (data not shown). To further confirm that an-for this cytokine was also examined in the same mice. In fact,
tigenic competition was not the reason of the diminished anti-IL-10 mMRNA expression did not increase significantly in either
Sm28-GST titers in Der p 1l-coimmunized animals, mice weregroup of mice on day 7 (Fig. 3) or at any other time point examined
immunized with 10 or 4Qug of Der p 1 plus Sm28-GST, or with (4, 8, 24, 48, and 96 h, and 10 days) (data not shown).

the latter alone, in alum (Th2 protocol). With this protocol, Der p  To further analyze the effect of D 1 onlL-4 and IFN-y

1 had a dose-dependent positive effect on IgG1 titers, while IgG2aRNA expression, kinetic experiments were performed. As shown
anti-Sm28-GST titers remained at baseline levels in all groups ofn Figure 4, IL-4 mRNA expression increased similarly, as early as
mice (data not shown). This result was confirmed in four indepen4 h after immunization, in both groups of mice. At later time
dent experiments, in which IgG1 titers increased from 1.3- to 3.4points, however (24 and 48 h), the increase in IL-4 mRNA in Der
fold in Der p 1-coimmunized mice. However, no statistically sig- p 1 coimmunized mice was larger than in the group immunized
nificant difference was demonstrated. A dose effect affpgdwas  with Sm28-GST alone. Statistical analysis of three independent
also observed in the CFA protocol. As shown in Figure 2,80  experiments showed that the difference observed at 48 h was
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cytokine mRNA expression. Results are expressed as stimulation indices, 15
relative to control mice injected with 0.9% NaCl (open bars), (arbitrarily
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h_lghly significant (p < 0.01). At the 96- and 168-h time points, ricyRe 4. Kinetics of IL-4 (A) and IFN-y (B) mRNA expression after
SImIIa_r levels Of ”_-'4 mRNA were Observ_ed' IFb‘!-mRNA ex'_ immunization with Sm28-GST in the presence or absence of Der p 1. Mice
pression was similar in both groups of mice until the 96-h time (five/group) were immunized s.c. with Sm28-GST (@§/mouse; in CFA)
point. At 168 h, however, a highly significant differencp € alone (open bars), or in the presence ofi2Dof Der p 1 (shaded bars). At
0.01) in IFN-y mRNA expression was observed between thethe indicated time points mice were killed and RNA from inguinal lymph
Sm28-GST and the Sm28-GST/iDg 1 immunized mice. IFNy nodes was assessed by semiquantitative RT-PCR for cytokine mRNA ex-
mRNA increased 10-fold in the former group and only 2-fold in Pression. Results of three independent experiments are combined and ex-
the latter. These results show thatrpel exerts a positive effect pressed as stimulation indices, as compared with RNA values from control
on early IL-4 mRNA and a negative effect on late IFNexpres- micg that hgd been injected with 0.9% NaCl (84=terials and Methoc)§
sion. Without excluding other possibilities, this result suggests thapaustical diferences between Sm28-GST- and Sm28-GST/Der p 1-immu-
the diminution of Thi-associated response in Der p 1-C0immu—mzed mice at the indicated time points are noted with arrows.
nized mice could be the result of the early increased production of
IL-4, which inhibits later IFNy expression.

IL-4 and IFN-y production in single- and coimmunized mice

Experiments were performed to examine whether the D& ef-
fects on IFNy and IL-4 mRNA expression resulted in similar 1000
changes in the production of these cytokines. To this end we an-
alyzed the frequency of IL-4- and IFN-producing spleen cells, in
mice immunized with Sm28-GST or with Sm28-GST plus Der p 1
in CFA or in AH ex vivo, by ELISPOT assay. Splenocytes of
Sm28-GST/Der p 1-immunized mice had a significantly lower fre-
quency ( < 0.05) of IFN-y production as compared with their
counterparts that received only Sm28-GST in both the alum and
the CFA immunization protocol (Fig. 5). In fact, the frequency of
IFN-vy-producing cells dropped even lower than that of the control
mice that received only normal saline. In contrast, the frequency of Derpl
IL-4 producing cells was not affected by the presence of Der p 1.
To determine whether the Ag-driven cytokine production was also Sm28 GST Sm28 GST
diminished in Sm28-GST/Der p 1-immunized mice, spleen cells + Alum + CFA
from 7-day immunized mice were stimulated in vitro with Sm28- FIGURE 5. Ex vivo frequency analysis of IL-4-producing cells (solid
GST for 3 days, and the frequency of IL-4- and IFNproducing bars) and IF_Ny-producmg cells (shaded bars) after |mmun|zat|ons W|_th
cells was determined by ELISPOT. We found that Sm28-GST->M28:GST in the presence or absence of Der p 1. Mice (three or five/
. group) were immunized once s.c. with Sm28-GST (i2fimouse; in CFA
Stl.mulate.d Ce”S, from both SWZS'GST' and Sm28-GST/De'r Por alum) alone, or in the presence of a@ of Der p 1. Seven days after
1-immunized mice showed similar frequencies of IL-4 production;ymunizations, mice were killed, spleen cells from individual mice (first
(data not shown). In contrast, the frequency of Iffigroducing  experiment) or from each group were pooled (second experiment), and
cells in the latter group decreased approximately threefold in comserial dilutions of the cells deposited on anti-IL-4- or anti-IFMoated
parison with that observed in the Sm28-GST-immunized groupwells to determine the frequency of cytokine-producing cells.

W IL4
IFN-y

Secreting cells/106




2460 Der p 1 PROMOTES TYPE 2 RESPONSES

g’ . W Gl . :
& = 7 19G2a E [J Conalbumin
= L
; Py o Wl Sm28 GST
) J J = 301
&
® s
e s £
) b3 .
Z 5 20
g4 g
= =y
0 10
= T

3 Heat- rol E

Derpl mactlvated +E-l:$4 bt 0 [—— ]
Derpl c Heat-inactivated
X L X . ontrol — Derpl D 1
FIGURE 6. Effect of inactivation of Der p 1's enzymatic activity on €r p

anti-Sm28-GST IgG1 and IgG2a responses. Mice (five/group) were single-
dose immunized s.c. with Sm28-GST (2@/mouse; in CFA) alone or in Sm28 GST + CFA
the presence of 2fg of Der p 1 in anative form or inactivated by heat or ) L )
with the E-64. Sera were collected 28 days after immunizations, and annFIGURE 7. Effect of De p 1 coimmunization on IFNy production after
Sm28-GST IgG1 (solid bars) and IgG2a (shaded bars) levels were meéAg specific stimulation in vitro. Mice (three/group) were either immunized
sured by ELISA. Results (meah SE) are expressed as logarithm of sera s.c. with Sm28-GST (2fig/mouse; in CFA) alone or in the presence of 20
titers. (One representative experiment of two is shown.) »g of nat|ve_ or heat-inactivated Der p 1. Seven d_ays_ a_fter |n_1ml_1n|zat|0n
mice were killed and spleen cells were stimulated in triplicate in vitrx (4
10° cells/ml) with either Sm28-GST (2@g/ml, solid bars) or conalbumin
(20 ng/ml, open bars) as an irrelevant protein. Supernatants were assessed
for IL-4 and for IFN-y by ELISA. Results are expressed as the mean of
Collectively, these results suggest thatPel diminished the fre-  triplicates (-SE).

qguency of IFN+ but not that of IL-4-producing cells.

The immunomodulatory effects of D® 1 are probably due to Discussion

Its protease activity Currently, it is not known why the immune response to allergens

To determine whether the protease activity of Pel isnecessary  polarize to type 2. Moreover, no direct evidence exists demon-
for its immunomodulatory effect, experiments with the specific strating that allergens are the primary factor causing type 2 cyto-
cysteine protease inhibitor E-64 or heat treatment were performedine deviation of the immune response. Since, in nature, allergens
In the first experiment (Fig. 6), we examined whether inactivatedenter the organism in association with a multitude of substances,
Der p 1 modified isotypic responses against the Sm28-GST inthe possibility exists that some other factors associated with the
coimmunization experiments. In this experiment, Sm28-GST-im-allergen drive the response to type 2.

munized mice showed a relatively high specific anti-Sm28-GST In the present study, this question was studied by comparing the
IgG1/lgG2a ratio of 4.2. In active D@ 1 coimmunized mice, both response induced against an irrelevant Ag, the Sm28-GST, in the
IgG1l and IgG2a titers diminished, with the latter showing apresence or absence of the major domestic allergen, Der p 1, in the
slightly larger decrease. When heat-inactivated pé& was used, immunization mixture. We have observed that, when both Ags
both IgG1 and IgG2a titers increased, but only the IgG2a titeremulsified in CFA were injected in mice, D@ 1 was able to
demonstrated a statistically significant increase when comparesubstantially decrease the Thl-associated IgG2a response against
with those of mice that received native Dg 1 (p < 0.05). A Sm28-GST. In addition, analysis of IFX-and IL-4 showed that
similar increase was observed in the group of mice that receive®er p 1 induced an imbalance in the expression of these cytokines.
Sm28-GST/Dep 1 in combination with the specific cysteine pro- In particular, the expression of MRNA coding for IFNas well as
tease inhibitor E-64. In addition, Ab titers in control mice that the frequency of IFNy-producing cells was inhibited. It is of in-
received Sm28-GST plus E64 were similar to those in mice im-terest that when alum was used as adjuvant, the frequency of IFN-
munized with Sm28-GST alone, excluding the possibility thaty-producing cells in Der p 1/Sm28-GST-immunized mice dropped
E-64, by itself, affects the Ab response (data not shown). Next, wdelow the levels observed in control mice. Since IL-4 and HN-
examined the effect of heat-inactivatedrpel onlFN-y expres-  are antagonistic cytokines that reciprocally inhibit each other’s ex-
sion. Mice immunized with Sm28-GST alone or with Sm28-GST pression (33), one would expect that decreased JFé¥pression

plus native Dep 1 orheat-inactivated Dep 1 were killed 7 days  would result in increased IL-4 expression and IgG1 production. To
later, and spleen cells were cultured for 3 days with Sm28-GST oour surprise, we observed a small but reproducible decrease in
conalbumin in control cultures. Cells from Der p 1-coimmunized IgG1 production in the CFA protocol. Also, even though an early
mice produced threefold less IFthan cells from mice immu-  (48-h) increase in IL-4 mRNA expression was observed in Sm28-
nized only with Sm28-GST (Fig. 7). Cells from mice coimmunized GST/Der p 1l-immunized mice, no significant increase was ob-
with heat-inactivated Dgp 1 showed only a 40% decrease in their served at later time points at either the mRNA level or in terms of
capacity to produce IFNx Statistical analysis showed that signif- frequency of IL-4-producing cells. A possibility explaining this
icant differences existed between all groups of mice. These resulbservation is that the Der p 1, in addition to affecting IFN-
were confirmed when the frequency of cells producing H-iWas  expression, also affects the expression of other cytokines that are
examined by ELISPOT assay. Dp 1 reduced the frequency of involved in stimulating IL-4 expression. A good candidate for that
IFN-y-producing cells by 3.5-fold, in contrast to heat-inactivatedis IL-2 since: 1) IL-2 has been shown to positively influence de-
Der p 1 inwhich reduction was only 1.8-fold (data not shown). velopment of the IL-4-producing cells (34, 35), 2) IL-2 is a Thl-
Thus, these results strongly suggest that the immunomodulatorgssociated cytokine (36), and 3) IL-2 is central in the development
effects of De p 1 are, in part, due to its protease activity. of the immune response. According to this hypothesis, the small
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diminution of the type 2 response at either the cytokine or theCD23 positively influences IgE production (45, 46), it was pro-
isotypic level is secondary to the substantial decrease of the Thftosed that through this mechanism,rQe1 stimulates IgE re-
function and the diminution of the IL-2 production. Our prelimi- sponses. In a recent study, evidence was presented showing that
nary experiments support this hypothesis since Con A-stimulatethe allergenicity of the bee venom phospholipasdesAdependent
spleen cells from Sm28-GST/Der p 1-immunized mice showedn its lipolytic activity, through which phospholipase, Mduces
reduced capacity to produce IL-2, in comparison with mice im-mast cell degranulation and IL-4 secretion (40). In addition to the
munized with Sm28-GST alone (data not shown). Another possiabove findings, our study is the first to suggest that, due to its
bility is that the De p 1 inhibits IL-12 production. IL-12, through protease activity, an allergen, Der p 1, is able to modulate the
its induction of IFN< production, can substantially increase syn- immune response at an additional level, by influencing the balance
thesis and secretion of IgG2a. In addition, although large and sudetween the antagonistic cytokines IL-4 and IFNHowever,
tained IL-12 responses inhibit IgG1 production (37), smaller andsince in most experiments De 1 was inactivated by heat treat-
less sustained IL-12 responses can promote the secretion of all Ig@ent, which may affect the three-dimensional structure and the
isotypes, including IgG1 (38, 39). Thus, Dp 1 inhibition of a  aggregation level of the Der p 1, we cannot exclude the possibility
relatively limited IL-12 response would have precisely the effectsthat the enzymatic activity of De 1 is not theonly mechanism by
that have been observed in the present study: marked inhibition afhich this protein affects cytokine expression. The use of recom-
IgG2a production and modest inhibition of IgG1, with consider- binant De p 1 lacking enzymatic activity may clarify this question.
able inhibition of IFN+ and a variable effect on IL-4 production. It is noteworthy that Dep 1 was able to modulate the immune
The proposed inhibitory effects of D@ 1 onlIL-12 might result  response against an irrelevant Ag in both immunization protocols.
from Der p 1 induction of a cAMP-activating agent, such as BGE In the light of our results, it is likely that an initial allergic reaction

In fact, other allergens (40) have been shown to elicit R@#ich may positively influence the development of type 2 responses
through the induction of cAMP inhibit IL-12 production (41). Sev- against additional Ags. This may explain in part why many atopic
eral other mechanisms may account for the observed effects of Déndividuals develop allergies to multiple substances. We are pres-
p 1 on cytokine expression. A recent observation, showing that Deently examining this issue with experiments that use SCID mice
p 1 induces changes in intracellular calcium flux on cultured hu-reconstituted with PBL from allergic individuals (47).

man bronchial epithelial cells (C. King and G. Stewart, manuscript In conclusion, our data suggest that the major allergen, Der p 1,
in preparation), brings up the possibility thatDe 1 afects cy-  has the capacity 1) to induce type 2 responses by modifying the
tokine production by inducing similar changes on T or other im- IL-4/IFN-+y balance in favor of the former and thereby to influence
munocompetent cells. Pg 1 may also be acting indirectly by isotypic profiles, and 2) to influence a bystander immune response;
modulating proinflammatory cytokine production by other cell also its protease activity is important in modulating the immune
types. In that respect, it is of interest thatrpel stimulates IL-6  response.

production by epithelial cells (C. King and G. Stewart, unpub-
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